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MEMORANDUM

Date: September 10, 2001

To: The Honorable Chair and Members From: C.H. Huckelberry,
Pima County Board of Supervisors County Administfa

Re: Air Quality Analysis

Background

Air quality is identified under the state law that defines the elements the Comprehensive Plan as
one aspect of the Environmental Planning Element. Growing Smarter Plus requires “analysis,
policies and strategies to address anticipated effects, if any, of plan elements on air quality, water
quality and natural resources associated with proposed development under the comprehensive
plan.” The state law also calls for “consideration of air quality and access to incident solar energy
for all general categories of land use.” The attached study generally confirms the trends and
impacts identified in the February 2001 study entitied Air Quality in Pima County, and suggests two
types of strategies for maintaining air quality and ensuring compliance with federal air quality
standards: (1) air quality control program improvements, and (2) research and monitoring programs.

Potential funding sources and future legislative considerations are briefly discussed.
ir i

Carbon monoxide: In 1978 Tucson was designated as being in nonattainment based on carbon
monoxide concentrations. After implementation of effective corrective programs, the Environmental
Protection Agency redesignated the area to the status of “maintenance.” Keeping carbon monoxide
levels low will be a challenge in the future as the number of vehicle miles being traveled increases
with population growth and Tucson’s automobile dependent lifestyle.

Ozone: Ozone trends are described as nearing the threshold for violation of national standards.

Particulate: Particulate trends exceeded standards at times during 1999, leading to the creation of
a Natural Events Action Plan by Pima County’s Department of Environmental Quality.

Who Requlates Air Quality in Pima County?

The Clean Air Act, passed in 1970 to establish standards through the Environmental Protection
Agency, is administered primarily through state and local governmental entities. In Pima County,
three entities have roles: the Arizona Department of Environmental Quality; the Pima County
Department of Environmental Quality; and the Pima Association of Governments.
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The Arizona Department of Environmental Quality (ADEQ) has the primary authority in the State
of Arizona for air pollution control and abatement.

The Pima County Department of Environmental Quality (PDEQ) is the local air pollution control
agency for Pima County with jurisdiction over air poliution sources not under state jurisdiction and
delegated authority from the State to (1) regulate certain stationary sources and portable air
pollution sources, and (2) operate the Voluntary No-Drive Days (Clean Air) Program. PDEQ is
responsible for monitoring the ambient air quality of the region by collecting and analyzing air
quality data.

Pima Association of Governments is designated as the lead air planning organization for Pima
County and addresses regional air quality issues in keeping with federal, state, and local
requirements.

i issi r i i

It is significant for purposes of land use planning that 70 percent of the air pollution in the region
comes from motor vehicle emissions, trains and airplanes, as opposed to stationary sources such
as business and industry. The following programs reflect the extent to which air quality programs
are transportation control measures:

Federal Motor Vehicle Emissions Control Program

Arizona Vehicle Emissions Inspection Program

Arizona Oxyfuels Program

Pima Association of Governments Travel Reduction Program

Pima County Voluntary No-Drive Days (Clean Air) Program

Pima County Voluntary Vehicle Repair and Retrofit Program

Pima County Voluntary Lawn and Garden Equipment Collection Program
Mass Transit

Rideshare Program

The attached study suggests the following strategies to keep emissions as low as possible.

Market based programs: Emissions trading programs are thought to be more cost effective than
non-incentive based regulatory schemes.

ies: Prescribed burns add to the pollutant load, therefore
joint planning with air quality regulators is suggested in order to allow for the minimization and
mitigation of impacts.

- Increased vegetation and tree planting would reduce the heat island
problems found in urban areas and thus reduce energy demands by individuals.

- Five different building code standards are promoted by the study in the
areas of natural gas fireplaces, solar water heaters, and features that promote telecommuting,
electric vehicle use, and use of renewable energy sources.
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In the area of transportation, a number of suggestions are
offered, ranging from increased incentives and penalties to reduce emissions, measures to
maximize transportation system capacity, and land use decision making that encourages clustering
land uses so trips and vehicle miles traveled are reduced as people drive from residential to
business and commercial areas. Road paving is encouraged, along with measures to increase the
use and availability of transit.

Research: A number of research activities are proposed to expand available information about air
quality. These include expanding the monitoring network, improving modeling capability,
developing an emissions inventory, and studying the impact of poor air quality on natural systems.

i i islati ity: In general, Pima County is limited in its
ability to improve air quality through some measures since state law does not allow the County to
adopt standards that are more stringent than the existing state standards. An exception exists
when a unique local condition is proven to exist and there is a significant threat to public health or
such a measure is necessary to meet a federal standard. Funding for additional program
improvements through fees is similarly constrained.

Conclusion

While air quality is one of the most highly regulated of resources, additional analysis is needed to
better understand the impact of poor air quality on human health and natural systems.
Establishing a credible factual predicate should be a priority of Pima County under work programs
that might result from adoption of the Comprehensive Plan Update.

Attachment
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Figures 1-2 show sources of CO, PM, VOCs, No,, SO,
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As the region sees increased motor vehicle travel, the gains in air quality will be eroded. Historical
trends suggest that the region will see increased use of the motor vehicle travel, and the increase
will be at a greater rate than the increase in new residents to the region. According to Pima
Association of Governments, over the last 20 years population in the metropolitan area increased
61%, from about 520,000 in 1980 to 853,000 in 2000, while demand for travel, measured in daily
vehicle miles traveled or VMT, increased approximately 144%, from 7.2 million milesin 1980t0 17.7
million miles in 2000. This trend is due, in part, to rising incomes, which brings more discretionary
travel, and decreases in household size. Probably the single greatest factor that contributes to the
increase in vehicle miles traveled is the sprawling nature of growth in the region. Increased
distances between new residential development and major activity centers lengthens the typical trip,
and results in an overall increase in the number of miles that are traveled by households.

One might seriously question whether this trend can be sustained for a variety of reasons. Interms
of air quality alone, it means that the region may violate ozone standards within the next several
years, and in the long term, other air quality standards. A violation in air quality standards means
that the air is unhealthy to breathe by the most sensitive populations, such as children playing
outdoors, the elderly and those with respiratory illnesses.

In addition, poor air quality jeopardizes what makes this part of the world so special. The Tucson
area enjoys very close proximity to the Saguaro National Park, Coronado National Forest, and
wilderness areas. Air pollution also can result in haze, which degrades visibility and obscures the
clarity, texture, and form of the surrounding natural world. In purely monetary terms, poor air quality
may reduce the number of visitors bringing revenue to Pima County.

In the discussion that follows, specific air pollution elements and trends are identified, impacts of
poor air quality are explained, and a context for regulating air quality is established, setting the stage
for discussion of mitigation strategies. Since mobile sources, such as cars, buses, planes, trucks,
and trains, are responsible for more than 70% of air pollution in Pima County, many of the mitigation
strategies focus on transportation control measures.
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CHAPTER TWO

POLLUTANTS AND POLLUTANT TRENDS
Pollution sources emit a wide variety of pollutants. The six criteria pollutants addressed in the
NAAQS are Carbon Monoxide, Ozone (or smog), Particulate Matter, Lead, Nitrogen Dioxide, and

Sulfur Dioxide. The table below provides NAAQS for each of the six criteria pollutants. A description
of these pollutants and local and national trends are presented in the discussion that foliows.

Table 2-1

National Ambient Air Quality Standards

POLLUTANT STANDARD STANDARD
VALUE * TYPE

Carbon Monoxide (CO)
8-hour Average 9 ppm (10 mg/m’) Primary
1-hour Average 35 ppm (40 mg/m’) Primary
Nitrogen Dioxide (NO.)
Annual Anthmetic Mean 0.053 ppm (100 ppg/m’) Primary & Secondary
Ozone (O))
1-hour Average 0.12 ppm (235 ppg/m’) Primary & Secondary
8-hour Average ** - 0.08 ppm (157 ppg/m’) Primary & Secondary
Lead (Pb)
Quarterly Average 1.5 ppg/m’ Primary & Secondary

Particulate (PM 10) Particles with diameters of 10 micrometers or less

Annual Anthmetic Mean 50 ppg/m’ Primary & Secondary

24-hour Average 150 piug/m’ Primary & Secondary
Particulate (PM 2.5) Particles with diameters of 2.5 micrometers or less

Annual Arithmetic Mean 15 ppg/m’ Primary & Secondary

24-hour Average ** 65 ppug/m’ Primary & Secondary 1
Sulfur Dioxide (SO»)

Annual Arithmetic Mean 0.03 ppm (80 ppg/m’) Primary

24-hour Average 0.14 ppm (365 ppg/m’) Primary

3-hour Average 0.50 ppm (1300 rug/m’) Secondary

**The Clean Air Act, which was last amended in 1990, requires EPA to set National Ambient Air Quality Standards for pollutants considered
harmful to public health and the environment. The Clean Air Act established two types of national air quality standards. Primary standardsset
limits to protect public health, including the health of "sensitive” populations such as asthmatics, children, and the elderly. Secondary standards
set limits to protect public welfare, including protection against decreased visibility, damage to animals, crops, vegetation, and buildings.

21



Carbon Monoxide (CO)

Carbon Monoxide is an odorless, colorless gas produced by the incomplete burning of carbon-based
fuels, including gasoline, ofl, and wood. After being inhaled, CO molecules can enter the
bloodstream, where they inhibit the delivery of oxygen throughout the body. Low concentrations can
cause dizziness, headaches, and fatigue; high concentrations can be fatal.

CO is emitted from industrial processes, but the primary source of CO is motor vehicle exhaust. In
Pima County, over 70% of the CO in the atmosphere is from motor vehicle exhaust. Other sources
are from off-road vehicles, trains and aircraft. CO is found in high concentrations along the roadside,
especially where there is heavy traffic. CO concentrations tend to be highest in winter, when
temperatures are cool, wind speeds are low and a temperature inversion is present. This occurs when
a stable atmospheric layer restricts the mixing of poliutants.

Carbon Monoxide Trends

In the 1970s and early 1980s, Pima County frequently did not meet the standards for carbon
monoxide. As a result, the EPA designated the Tucson region as a "nonattainment area" for CO.
Please see Figure 2-1, showing the CO nonattainment area.

During that same time period, the federal tailpipe emission standards for new cars had been modified
to significantly reduce CO emissions from motor vehicles. Several programs were implemented
locally to combat carbon monoxide emissions, including the Oxygenated Fuel Program, the Vehicle
Emissions and Inspection Program, the Travel Reduction Program, the Clean Air Program,
improvements to mass transit and various transportation control measures. Since 1984, no violations
of the CO NAAQS have been recorded and CO is not currently considered to be a health threat in the
Tucson region.

In the year 2000, the EPA redesignated Pima County from a nonattainment area for carbon monoxide
to a maintenance area. As a maintenance area, Pima County is required to maintain existing control
measures for CO, to assure that the levels of this pollutant are maintained below the NAAQS. The
maintenance area plan for CO, known as the Carbon Monoxide Limited Maintenance Plan, also
includes requirements for monitoring major hot spot intersections in the Tucson metropolitan area to
analyze trends in CO levels.

The Limited Maintenance Plan includes an attainment emissions inventory, verification of continued
operation of the monitoring network and a contingency plan. The contingency plan provides a
procedure to prevent violations of the NAAQS. A trigger event occurs when a CO level exceeds 85%
of the standard for the 8-hour average. If two such events occur at any one site in any CO season
(October through March), a pre-violation action level is reached. This will prompt further field studies,
technical evaluations and modeling. Recommendations and implementation of mitigation measures, if
necessary, will then take place. Hot-spot events will likely be addressed with local mitigation
measures, such as transportation system improvements. If the problem were area-wide in nature,
measures such as increasing the oxygen content of fuel would be considered for implementation.

Nationally, trends are similar to those in Pima County. Total CO concentrations decreased 39 percent
during the past 10 years and emissions from all transportation sources have decreased 16 percent.
Despite a 23-percent increase in vehicle miles traveled (VMT), emissions from on-road vehicles
decreased 24 percent during the past 10 years, as a result of federally mandated automotive
emissions control programs.

In Pima County, current levels of CO remain below 40 percent of the NAAQS, but with population
continuing to grow in Pima County and more vehicle miles being traveled, these levels could increase
in the future.




Figure 2-1 showing the nonattainment area for co
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Some recent trends in carbon monoxide levels are as shown below:
Figure 2-2

Carbon Monoxide 1998-1999
CO Season - October through March
22nd / Alvernon Location

Concentration ppm

June 98 Oct 98 Dec 98 Feb 99 June 99
The CO NAAQS is 35 ppm

Source: PDEQ’s 1999 Air Quality Summary Report

As seen from the figure above, the Tucson area generally has highest CO readings in the winter
months. October 1 through March 31 is considered the CO season. This is primarily due to stagnant
air condition in the colder winter mornings. This condition causes pollutants to accumulate close to
the ground, and high concentrations of CO are normally found near congested intersections.

Daily Trends
Figure 2-3
22nd/Alvernon Carbon Monoxide
February 3, 1999 Hourly Average Values
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Source: PDEQ’s 1999 Air Quality Summary Report

Figure 2-3 illustrates how the carbon monoxide values follow the traffic flow. The rush hour traffic
becomes more congested and slower moving, causing higher levels of carbon monoxide to build up
and be recorded at the monitoring site.

CO is alocalized pollutant that disperses rapidly. High CO concentrations tend to occur when wind
speeds are low and strong inversions are present. The figure above illustrates how the carbon
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monoxide values follow the traffic flow. The rush hour traffic becomes more congested and
slower moving, causing higher levels of carbon monoxide to build up and be recorded at the
monitoring site.

Ground-Level Ozone (O3)

Ozone is a gas that is a variety of oxygen. Oxygen consists of two oxygen atoms; ozone consists of
three. Ozone in the upper atmosphere, where it occurs naturally in what is known as the ozone layer,
shields the Earth from the sun’s dangerous ultraviolet rays,

Ground-level ozone is not emitted directly from mobile or stationary sources. Ground-level ozone
comes from a series of complex photochemical reactions involving the breakdown (oxidation) of
volatile organic compounds. It is formed in the atmosphere through chemical reactions involving
VOCs, NOx and sunlight. The rate at which the reactions proceed is related to both temperature and
intensity of the sunlight. Elevated O; levels typically occur on hot summer afternoons. Typical urban
area sources NOx and VOCs are emissions from cars, buses and trucks and off-road mobile sources
(such as construction vehicles, planes and trains), power plants and factories.

Ozone levels may paradoxically be as high or higher downwind from cities than in the cities
themselves, reflecting the time needed for the atmospheric photochemical reactions to occur.
Similarly, when air masses are stagnant for a few days, precursor concentrations rise and react inthe
sunlight resulting in exceptionally high levels. This is most likely where large urban areas are
surrounded by mountains, such as Los Angeles and Mexico City.

Ozone Trends

As illustrated by the figure below showing ozone readings for one location, the levels of ozone in
general are higher in the summer months. This is due to intense sunlight, high heat, and stable air
conditions. Ozone precursor pollutants, oxides of nitrogen and VOCs, react in the presence of
sunlight and heat to form ozone.

Figure 2-4

Ozone Season 1999
03 Season - March through September
Monthly High One Hour Average, 22/Craycroft Location
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Source: PDEQ’s 1999 Air Quality Summary Report

The fluctuation in ground-level ozone is due more to changing weather conditions than to lower
emissions from any particular source. Since the major source of precursors to ozone is motor vehicle
use, concerns rise as the county’s population continues to grow and more cars are being driven more
miles in Pima County.

Figure 2-5 shows the daytime cycle of ozone in the Tucson area. As the sun begins to react on the
VOC's and NO,, ozone levels begin to rise. This rise continues through the day, as long as there is
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sunlight, or until either the VOC'’s or the NO, is exhausted. Once this point is reached the levels begin
to drop. At night the VOC and NO, levels may rise but without the sun to act on them ozone will not be
produced.

Figure 2-5

Saguaro Park East, Ozone
August 5, 1999 Hourly Average Values
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Source: PDEQ’s 1999 Air Quality Summary Report

Figure 2-5 shows the diurnal cycle of ozone in the Tucson area. As the sun begins to react on the
VOC'’s and NO,, ozone formation rises. This rise continues through the day, as long as there is
sunlight, or until either the VOC'’s or the NO, is exhausted. Once this point is reached the levels begin
to drop. At night the VOC and NO, levels may rise but without the sun to act on them ozone will not
be produced. Since ozone monitoring began in Pima County in 1973, levels have remained fairly
uniform throughout the Tucson metropolitan area. EPA promulgates standards based on both one-
hour values and eight-hour averages. The PDEQ monitoring network last recorded an exceedance of
the one-hour NAAQS for ozone in 1983. However, long-term trends (1984-1999) show that the
highest ozone levels have been measured consistently at about 90% of this standard.

With respect to the eight-hour ozone standard, monitoring data indicate that four of the seven
monitoring sites in the Tucson area are near this standard. Thus, it is possible that the eight-hour
ozone standard will be violated within the next few years, especially given the strong influence of
meteorology on ozone formation.

One of the most effective controls for the country has been the Federal Motor Vehicle Control
Program. This has reduced nitrogen oxide and hydrocarbon emissions by placing stringent emissions
regulations on auto manufacturers. Modeled forecasts of future emissions from on-road vehicles
indicate a significant downward trend in the medium-to-long term due to increasingly stringent
emission standards for new vehicles. In other words, the replacement of older vehicles with newer
vehicles is projected to overcompensate for growth in the number of vehicles and total vehicles miles
traveled. On the other hand, emissions from off-road vehicles and stationary sources should increase
roughly in proportion to the population, thereby moderating the downward trend in mobile source
emissions.

While Pima County is experiencing fairly uniform O, levels, nationally, 1-hour O, concentrations have
declined 17 percent since 1979. National total VOC emissions (which contribute to ozone formation)
from man-made sources decreased 20 percent between 1989 and 1998. National total NO, emissions
(the other major precursor to ozone formation) increased 2 percent over the same 10-year period,
although changes in data availability and methodology between 1989 and 1990 (in the other
combustion category) introduce uncertainty in this comparison.

Particulate Matter

Particulate Matter is any type of solid in the air in the form of smoke, dust, and vapors, which can
remain suspended for extended periods. PM,, and PM_ 5 are terms used to describe small particles
suspended in the air. PM,q refers to the range of particles 10 micrometers or less in size. PM, s is a
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subset of PM,, having a size of 2.5 micrometers or less. Particle composition can include everything
from fine dust to carbon (soot), and can be microscopic or visible to the naked eye.

Particulates are produced by many sources, including burning of diesel fuels by trucks and buses,
fossil fuels, mixing and application of fertilizers and pesticides, road construction, industrial processes -
(such as steel making and mining), agricultural burning, and operation of fireplaces and wood stoves.
Particulate matter in Pima County is generated from a variety of sources including traffic on unpaved
roads, unpaved shoulders, and paved streets, combustion, earth-moving, mining, construction,

and agricultural activities. In Pima County, the natural desert background comprises about one-
third of the typical urban PM,, concentrations.

Microscopic particles in the air can be breathed into lung tissue becoming lodged and causing
increased respiratory disease and lung damage. Particulates are also the main source of haze, which
reduces visibility.

Particulate Matter Trends

In 1971, EPA defined particulate matter as finely divided materials that have an aerodynamic diameter
less than 100 micrometers, and particulate matter was measured as total suspended particulates
(TSP). In 1977, the metropolitan Tucson area of Pima County exceeded the NAAQS for particulate
matter and was designated as “non-attainment.” As required under the Clean Air Act, Pima County
had to assess the sources of particulate matter and develop control strategies to reduce particulate
emissions. In 1988, following research that showed that smaller particles pose a greater threat than
the larger particles, the EPA revised the NAAQS, changing the emphasis to particles with a diameter
less than or equal to 10 micrometers, or PMy,. When the NAAQS for particulate matter changed
from TSP to PM,,, based on data from a report by Engineering-Science entited PM;, Emissions
Inventory Data for the Maricopa and Pima Planning Areas, Pima County was designated as
“unclassified” with respect to PMy. By being designated as “unclassified,” Pima County must
continue to maintain control strategies for particulate matter emissions.

In 1999 the Tucson area had levels of the PMy, concentrations that exceeded the federal 24-hour
standard several times. In fact, Pima County violated the federal standards by recording
exceedances of the standard on four separate days in 1999.

This NAAQS were further revised in 1997. While standards for PMy, are still promulgated, very fine
particles, with diameters less than 2.5 microns, or PM, 5, are the focus of the revised standard. The
EPA found that more effective and efficient protection could be provided by establishing separate
standards for coarse and fine particles because their characteristics, sources, and potential health
effects are very different.

The annual average levels of PMys remain well below the federal standard, and the monthly
maximum PM , s levels in 1999 were also, in general, well below the standards. The annual average
levels of PM4o generally remain below the federal standard; however, several exceedances occurred
in 1999. Please refer to Figure 2-6. :
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Figure 2-6

Orange Grove PM10 Annual Averages
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Source: PDEQ’s 1999 Air Quality Summary Report

Figure 2-6 illustrates the annual average PM,, readings for the Orange Grove monitoring location
from 1993 to 1999.

The 1999 violation would ordinarily require the Pima County area to be designated as being in
nonattainment of the federal standard. However, by demonstrating to the EPA and ADEQ
conclusively that these events were caused by unusually high wind events, Pima County has utilized
provisions in the Clean Air Act that will allow the region to remain in attainment of the standards.
These provisions call for the development of a comprehensive plan to protect public health and
welfare from future high wind natural events, to be called the Natural Events Action Plan (NEAP). The
NEAP, prepared by PDEQ in conjunction with ADEQ, was submitted to the EPA June 23, 2001.

Nationally, there has been 25-percent decrease in the average of annual mean PM,, concentrations
measured at 929 monitoring sites across the country between 1989 and 1998. The national
downward trend in PMy, annual means is apparent, with a leveling off of the trend occurring in the
later years.

Lead

Lead is a highly toxic metal that produces a range of adverse health effects particularly in young
children. Lead can cause nervous system damage and digestive problems, and some lead-containing
chemicals cause cancer. Lead can also harm wildlife.

Lead has been phased out of gasoline, which has considerably reduced the contamination of air by
lead. However, lead can still be inhaled or ingested from other sources. The sources for lead include
paint (for houses and cars), smelters, manufacture of lead batteries, fishing lures, certain parts of
bullets, some ceramic ware, mini-blinds, water pipes, and a few hair dye products. Stationary sources
of lead emissions include nonferrous and ferrous smelters and battery manufacturers.

Monitoring for lead was discontinued in Pima County in 1997, after PDEQ received permission for
exemption from lead monitoring by EPA. Pima County’s negligible lead levels are due in large part to
the elimination of lead in gasoline and the lack of any significant stationary point source of lead
emissions. Pima County’s negligible lead levels track with national trends. Nationally, between 1979
and 1998, ambient concentrations of lead declined 96 percent, as a result of the phase-out of leaded
gasoline.

Nitrogen Oxide (NO,)
Nitrogen Oxide is a major contributor to smog and acid rain. Nitrogen oxides are produced from

burning fossil fuels. Fuel combustion generates nitrogen dioxide (NO,) and nitric oxide (NO), which is
rapidly oxidized to NO,. Nitrogen dioxide (NO,) is a poisonous and highly reactive gas. It reacts in the
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presence of sunlight and VOCs to form ozone, and contributes through atmospheric reactions to the
formation of nitrous and nitric acid aerosols, which result in acid rain. Acid rain can harm vegetation
and run into lakes and rivers, which changes the chemistry of the water, and makes it potentially
uninhabitable for all but acid-tolerant bacteria. NO, can also limit visibility and increase urban haze.
Motor vehicles are a major source of NO, in Pima County. ‘

While the EPA has defined standards for nitrogen dioxide, concern for nitrogen oxides in eastern
Pima County focus on its role as an ozone precursor. Nitrogen dioxide can also play a part in limiting
visibility and urban haze.

Nationally, annual mean NO, concentrations have decreased approximately 25 percent since 1979.
Annual mean NO, concentrations declined in the early 1980s, were relatively unchanged during the
mid-to-late 1980s, and resumed their decline in the 1990s.

Sulfur Dioxide (SO,)

Sulfur Dioxide is an odorless gas at low concentrations, but can have a very strong smell at high
concentrations. Sulfur Dioxide gas is formed during the combustion of sulfur-containing fossil fuel
(coal and oit), during power production, metal smelting, paper manufacturing, food preparation, and
other industrial processes. Some industrial processes, such as production of paper and smelting of
metals, produce sulfur dioxide. In the past, the major source of SO, was copper smelters. A
reduction in the number of smelters and technological improvements in pollution controls have
substantially reduced these emissions. Itis an important contributor to acid aerosols and “acid rain.”

As it is with nitrogen oxides, SO, is a major contributor to smog and acid rain. SO, is closely
related to sulfuric acid, a strong acid. It can harm vegetation and metals and can cause lung
problems, including breathing problems and permanent damage to lungs.

Sulfur Dioxide Trends

Tucson has no significant sources of SO, and the levels continue to be extremely low -- below 10
percent of the federal standards. Significant sources in the past have been the nearby copper
smelters but with improved technology and reduced number of operating smelters the emissions have
decreased substantially.

Until the mid-1980s, the SO, NAAQS was exceeded at sites near nonferrous metal smelters in
Arizona, including in Ajo, which is in western Pima County. During the last 10 years, several smelters,
including the Ajo smelter, have ceased operations. The Ajo area is designated as an S0, non-
attainment area. Pima County is in the process of working with the EPA to change that designation.

The national 1998 composite average SO, annual mean concentration is 53 percent lower than 1979.
The national composite average of SO, annual mean concentrations decreased 39 percent between
1989 and 1998, with the largest single-year reduction (16 percent) occurring between 1994 and 1995.
The trend has since leveled off, declining only two percent from 1997 to 1998. The national
reductions from 1994 to1995 in ambient concentrations of SO, are due mainly to implementation of
the Acid Rain Program, part of the 1990 Clean Air Act.

Air Toxics

Air Toxics, or Hazardous Air Pollutants (HAPs) are generally defined as those pollutants that are
known or suspected to cause serious health problems, specifically, volatile organic chemicals (VOC),
pesticides, herbicides, metals, and radio nuclides. These chemicals can cause serious health and
environmental effects, including cancer, birth defects, nervous system problems, and death. The
1984 release of methyl isocyanate at a pesticide-manufacturing plant in Bhopal, India, killed
approximately 4,000 people and injured more than 200,000.
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Air toxics are also released from small stationary sources such as dry cleaners and auto paint shops,
and large stationary sources such as chemical factories and incinerators. Gasoline contains toxic
compounds that escape from liquid gasoline and form a vapor that is released into the air if special
controls are not present at the pump. In addition, when motor vehicles burn gasoline, HAPS are
emitted from the tailpipes. ‘

The Clean Air Act provided the EPA with the authority to regulate air toxics. Until 1990, the agency
listed and regulated seven air toxics. The 1990 Clear Air Act expanded that list to include 189 HAPS
to be regulated on the basis of potential health and/or environmental hazard. Pima County does not
currently monitor air toxics.

Other Pollutants

Carbon Dioxide (CO,) is the principal greenhouse gas emitted as a result of human activity (e.g.,
burning of coal, oil, and gas). If inhaled, it can be toxic in high concentrations, causing an increase in
the breathing rate, unconsciousness, and death.

Chlorofluorocarbons (CFCs) are chemicals used in great quantities in industry, for refrigeration and air
conditioning, and in consumer products. CFCs, when released into the air, rise into the stratosphere
(a layer of atmosphere high above the Earth). In the stratosphere, CFCs take part in chemical
reactions that result in reduction of the stratospheric ozone layer, which protects the Earth’s surface
from the sun. Reducing the release of CFC emissions and eliminating the production and use of
ozone-destroying chemicals is very important to the Earth’s stratosphere.

Volatile Organic Compounds (VOCs) are organic chemicals synthesized by chemists in laboratories
that produce vapors easily. Atroom temperature vapors readily escape from volatile liquid chemicals.
VOCs include gasoline, industrial chemicals such as benzene, and solvents such as toluene and
xylene. VOCs are released from burning fuel, such as gasoline, wood, coal, and natural gas. Vehicle
emissions are an important source of VOCs. Many VOCs are considered air toxics. VOCs are of
concern in Pima County because of their role in the formation of ozone.

Plant life is also a potentially significant source of VOCs, estimated by UA investigators to account for
up to one-third of the ozone precursors in the region. These plant sources of VOCs are termed
“biogenic” sources, as opposed to anthropogenic (man-made). According to the Ozone Modeling
Assessment Study (OMAS) prepared for the PAG by Andrew C. Comrie, isoprene and monoterpenes
are usually regarded as the predominant VOCs emitted by plants. Alex Guenther of the National
Center for Atmospheric Research has identified that the top isoprene emitters are Australian pine,
eucalyptus, sweetgum, aspen, oak, and spruce; the top monoterpene emitters are spruce, fir,
Douglas fir, acacia, and pine; the top emitters of other VOCs are spruce, fir, Douglas fir, western red
cedar, and orford cedar. Most crops have negligible VOC emission rates.

As explained in the OMAS study, the emission of biogenic VOC is highly dependent on leaf
temperature and light intensity. In general, all VOC emission rates increase exponentially with
increasing leaf temperature. Consequently, as opposed to anthropogenic emissions which are
correlated closely with peak motor vehicle traffic time, biogenic emissions tend to peak in the early
afternoon.

Biogenic sources of VOC and prevailing wind directions could account for the high ozone readings
being recorded at the Saguaro National Park (East).
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CHAPTER THREE

IMPACTS

The following discussion provides a glimpse into air pollution’s impacts to humans and the
ecosystem. The body of knowledge documenting the effects of air pollution on humans and the
ecosystem is increasing. The following is not intended to be a comprehensive review, and much
of the research is ongoing. It is intended, however, to underscore how important air quality is to
human health and in the protection of our natural resources.

Human Health

The NAAQS are established based on health-based criteria, with particular concern for those
populations at potentially higher risk for adverse outcomes from exposure to the criteria
pollutants. These at risk populations were defined as having a significantly higher probability of
developing a condition, iliness or other abnormal status. They include the elderly because of
lowered respiratory function, and children and adults with respiratory conditions such as chronic
bronchitis, emphysema and asthma.

Asthma is a chronic disease characterized by inflammation of the airways and lungs, which
causes attacks characterized by wheezing and shortness of breath. Asthma is of particular
concern because of the increased incidences of 1) asthma in children, 2) growing numbers of
hospital visits and 3) increased death rates associated with asthma. '

According to the Center for Disease Control (CDC), asthma is the most common chronic iliness
in childhood. In the United States, asthma affects an estimated 14 -15 million persons. The
CDC reports that among children 5 -14 years, the asthma death rate nearly doubled from 1980
to 1993. For persons aged 15 - 24 years, the asthma death rate doubled from 1980 to 1993.
The CDC reports that among persons aged 0 - 24 years, the annual hospitalization rate for
asthma increased 28%. According to the Sierra Club, from 1982 to 1996, the number of children
suffering from asthma increased by 55%. The Sierra Club reports that asthma is the number one
condition causing absenteeism in school children and is the highest ranked cause of pediatric
hospitalizations in the U.S.

Asthma is aggravated by ambient air pollution as well as indoor air contamination. The
following is a list of health affects caused by some of the specific pollutant elements discussed
earlier. Indoor air has its own hazards and is not discussed here. Many of the pollutants
discussed below are associated with specific health risks for asthmatics, but ozone and
particulate matter are pollutants of particular concern in eastern Pima County.

Carbon Monoxide (CO)

The fundamental health effect from CO lies in its ability to replace oxygen in the red blood cells,
thus reducing the amount of oxygen that can reach body cells. Symptoms of high CO
concentrations may include dizziness, slowed reaction times, and headaches. Some evidence,
though controversial, suggests acceleration of atherosclerosis. Low-level animal exposures
have been associated with abnormal fetal development and increased mortality. In humans,
symptoms of low-level exposure begin with headache, fatigue, and flu-like symptoms. Risk
groups include smokers and those with coronary artery disease.

Ground-level Ozone (O,)

Ozone has different health implications in the stratosphere and the troposphere. In the
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stratosphere (the ‘ozone layer’ which is 10-50 km (6-30 miles) above the earth), ozone provides
a critical barrier to solar ultraviolet radiation, and protection from skin cancers, cataracts, and
serious ecological disruption.

The primary health effect associated with ozone is impaired lung function and irritation of the
mucous membranes in the nose and throat which cause coughing and choking. Ozone also
aggravates chronic respiratory diseases like asthma and bronchitis. In epidemiologic studies,
ozone has been associated with increased incidences of emergency department visits and
hospitalizations for asthma and respiratory disease. In addition, the photochemical oxidants that
accompany ozone are powerful eye irritants. Animal studies suggest increased susceptibility to
bacterial infection. Some evidence supports an association between ambient ozone exposure
and increased daily mortality rates.

Ozone induced iliness observed in the laboratory includes irritation of the mucous membrane
lining the eyeball, upper respiratory irritation, cough, shortness of breath, wheezing, nausea,
malaise, and headache. Also associated with ozone pollution is a burning pain below the
sternum, which gradually increases in intensity with inspiration and declines during expiration.

Great individual variability exists in ozone responsiveness, ranging from a few individuals
suffering clinically important reactions to most persons experiencing mild responses, and the
remainder little affected. Persons at risk include persons with asthma or chronic lung disease
and those who are active outdoors for prolonged periods, such as children at play, and outdoor
workers. Increasing evidence suggests that asthmatics, after exposure to ozone, have increased
bronchial reactivity to subsequent allergens. According to Dr. Jefferson Dickey in his book, “No
Room to Breath: Air Pollution and Primary Care Medicine”, asthmatic children playing outdoors
on high ozone air pollution days are roughly 20 to 40% more likely to suffer an asthmatic attack.

Particulate Matter

Health effects of particulate matter are dependent on the size of the particles. Larger particles
(greater than 3 micrometers) are deposited in the nasal and tracheobronchial regions, and
smaller particles (less than 3 micrometers) penetrate deeper into the lungs. Nearly all particles
larger than 10 micrometers are trapped in the upper airways where they tend to be cleared by
mucous mechanisms. Studies suggest that smaller particles pose a greater health risk because
they can be deposited deeper into the respiratory system. Persons with obstructive pulmonary
disease (smokers and asthmatics) experience greater deposition of particles in remote portions
of the airway.

Acute symptoms and signs include restricted activity (including days lost from school and work
due to respiratory iliness), respiratory illnesses, and aggravation of asthma. Clinical observations
include declines in lung function, increased asthma medication use, increased emergency
department visits, increased hospitalization, increased cardiac and respiratory mortality. Groups
at particular risk of acute illness include the elderly and persons with chronic heart and lung
diseases. Clinical associations with chronic particulate pollution observed in epidemiologic
studies include bronchitis, chronic cough, respiratory iliness, asthma exacerbations, decreased
longevity, and lung cancer.

In a November 1985 “Journal of the Air Pollution Control Association”, 117 households in
Tucson were studied for respiratory problems related to indoor and outdoor air quality. The
authors of that study believed there to be ‘interactive effects’ of ozone with outdoor particulate
matter that contributed to respiratory impacts with asthmatics.




Nitrogen Dioxide (NO,)

Nitrogen dioxide (NO,) is absorbed in both large and small airways. Very high concentrations
are very dangerous, causing lung injury, fatal pulmonary edema, and broncho pneumonia. A
recent report of railroad car accidents resulted in a substantial but unmeasured community
exposure. Headache and respiratory symptoms were reported, especially in those with
underlying pulmonary disease. Animal studies find increased mortality. In humans, high
exposures for 3 hours caused airway inflammation. Low levels have been associated with a
significant increase in acute respiratory infections, sore throat, colds and absences from school,
and even lower exposures with stuffy nose and cough.

The principal harm caused by NO, in Pima County comes from the ozone that it helps to form by
reacting with atmospheric oxygen and volatile organic compounds.

Sulfur Dioxide (SO,)

The major health concerns associated with exposure to high concentrations of SO, include
effects on breathing, respiratory iliness, alterations in pulmonary defenses, and aggravation of
existing cardiovascular disease. Many types of respiratory diseases such as coughs, colds,
asthma and bronchitis are associated with high levels of sulfur dioxide. Children, the elderly,
and people with asthma, cardiovascular disease or chronic lung disease (such as bronchitis or
emphysema), are most susceptible to adverse health effects associated with exposure to SO..
At levels that are detectable by smell, SO, causes irritation of the eyes, nose, and throat. SO,
may cause chronic obstructive lung disease after high dose exposure.

Sulfur dioxide reacts in the atmosphere to create H,SO,, which forms an acid aerosol. This may
be the actual component responsible for many of the health effects observed in epidemiologic
studies.

Air Toxics

Air toxics, or hazardous air pollutants (HAPS), can cause cancer, fertility problems, and other
very serious ilinesses as well as environmental damage. Increasing attention is being paid to
the potential for urban air toxics which may aggravate asthma.

Air toxics reach the general population by directly breathing them and by accumulation and
concentration in biomass, such as plants and animals, that are subsequently ingested as food
(including fresh water fish and human breast milk). Air toxics may cause or promote cancer and
other serious health consequences, including respiratory, immune, nervous systems, birth
defects, and reproductive effects. Toxics of greatest concern include mercury and other
persistent organic pollutants. Some air toxics can cause death or serious injury if accidentally
released in large amounts. The 1984 release of methyl isocyanate at a pesticide-manufacturing
plant in Bhopal, India, killed approximately 4,000 people and injured more than 200,000.

Air Quality Index

The Air Quality Index (AQI), previously known as the Pollutant Standard Index (PSl), is an index
of air quality devised by the Environmental Protection Agency (EPA). It serves as a uniform
procedure by which daily air pollution levels are reported to the public. Air quality information is
collected by PDEQ monitors located throughout Eastern Pima County. The information is then
relayed to the media and the general public using easily understood AQI values.

The Index values represent the percentage of the NAAQS (National Ambient Air Quality
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Standards) that the pollutant's measured value falls in. For example, the 1-hour standard for

ozone is 0.120 ppm, so a concentration of .084 ppm, which is 70 percent of the standard, would
be reported as an AQI of 70.

The AQI qualitative descriptors are good (within the range of 0-50), moderate (within the range
of 51-100), unhealthy for sensitive groups (within the range of 101-150), unhealthy (within the
range of 151-200), very unhealthy (201-300) and hazardous (301-500). Therefore, in the

example cited above, with an AQI of 70, the ground-level ozone level would be considered in the
moderate range.

The following tables relate the range of AQI readings with corresponding health effects, for
Ozone, Carbon Monoxide, PM,;, and PM,,.



Air Quality Index Carbon Monoxide and Ozone

Table 3-1

. Ozone Carbon Monoxide
AQI
Category 8- hour 1- hour 8-hour
Health Effects Cautionary Heath Effects Cautionary Heath Effects Cautionary
Statement Statement Statement Statement Statement Statement
Good 0.00-0.064 0.0-4.4
0-50 ppm ppm
Moderate 0.065- Unusually sensitive Usually sensitive 4.5-94
51-100 0.084 ppm individuals may people should ppm
experience respiratory consider limiting
symptoms prolonged outdoor
exertion.
Unhealthy for 0.085- Increased likelihood Active children and 0.125- Increased likelihood Active children and 9.5-12.4 Increased likelihood People with
Sensitive 0.104 ppm | of respiratory adults, and people 0.164 of respiratory adults, and people ppm of reduced exercise cardiovascular
symptoms and with respiratory ppm symptoms and with respiratory tolerance due to disease, such as
groups breathing discomfort disease, such as breathing discomfort disease, such as increased angina, should limit
101-150 in active children and asthma, should limit in active children and asthma, should limit cardiovascular heavy exertion and
adults and people with | prolonged outdoor adults and people with | heavy outdoor symptoms, such as avoid sources of CO,
respiratory disease, exertion. respiratory disease , exertion. chest pains, in people | such as heavy traffic.
such as asthma. such as asthma. with cardiovascular
disease.
Unhealthy 0.105- Greater likelihood of Active children and 0.165- Greater likelihood of Active children and 12.5-15.4 Reduced exercise People with
151-200 0.124 ppm | respiratory symptoms adults, and people 0.204 respiratory symptoms adults, and people ppm tolerance due to cardiovascular
and breathing with respiratory ppm and breathing with respiratory increased disease, such as
difficulty in active disease, such as difficulty in active disease, such as cardiovascular angina, should limit
children and adults asthma, should avoid children and adults asthma, should avoid symptoms, such as moderate exertion
and people with prolonged outdoor and people with heavy outdoor chest pain, in people and avoid sources of
respiratory disease exertion; everyone respiratory disease, exertion; everyone with cardiovascular CO, such as heavy
such as asthma; else, especially such as asthma; else, especially disease. traffic.
possible respiratory children, should limit possible respiratory children, should
effects in general prolonged outdoor effects in general limit heavy outdoor
population. exertion. population. exertion.
<m_.< 0.125- Increased severe Active children and 0.205- Increased severe Active children and 15.5-30.4 Significant People with
Unhe m_¢_< 0.374 ppm symptoms and adults, and people 0.404 symptoms and adults, and people ppm aggravation of cardiovascular
impaired breathing with respiratory ppm impaired breathing with respiratory cardiovascular disease, such as
201-300 likely in sensitive disease, such as likely in sensitive disease, such as symptoms, such as angina, should avoid
groups; increased asthma, should avoid groups; increased asthma, should avoid chest pain, in people exertion and avoid
likelihood of all outdoor exertion; likelihood of all outdoor exertion; with cardiovascular sources of CO, such
respiratory effects in everyone else, respiratory effects in everyone else, disease. as heavy traffic.
general population. especially children, general population. especially children,
should limit outdoor should limit outdoor
exertion. exertion.
Hazardous 0.375- Severe respiratory Everyone should 0.405- Severe respiratory Everyone should 30.5-above | Serious aggravation People with
301-500 above ppm | effects and impaired avoid all outdoor above effects and impaired avoid all outdoor ppm of cardiovascular cardiovascular
breathing likely in exertion. ppm breathing likely in exertion. symptoms, such as disease, such as
active children and active children and chest pain, in people angina, should avoid
adults and people with adults and people with with cardiovascular exertion and sources
respiratory disease, respiratory disease, disease; impairment of CO, such as heavy
such as asthma; such as asthma; of strenuous activities | traffic; everyone else
increasingly severe increasingly severe in general population. | should limit heavy
respiratory effects respiratory effects exertion.
likely in general likely in general
population. population.

Source: U.S. EPA
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Table 3-2: Air Quality Index Particulate Matter

Particulate Matter (24-hour)

AQl
Heath Effects Cautionary Heath Effects Cautionary
Statement Statement Statement Statement
Good 0.0-15.4 0-54 ug/m3
0-50 ug/m3
Moderate 15.5-40.4 55-154
51-100 ug/m3 ug/m3 l
Unhealthy for | 40.5-65.4 Increased likelihood People with 155-254 Increased fikelihood People with
s itive ug/m3 of resptratqry rgsplratory or heart ug/m3 of respiratory respiratory disease,
ensiu symptoms in disease, the elderly symptoms and such as asthma,.
groups sensitive individuals, and children should aggravation of iung should limit outdoor
101-150 aggravation of heart limit prolonged disease, such as exertion.
or lung disease and exertion. asthma.
premature mortality in
persons with
cardiopulmonary
disease and the
elderly.
Unhea|thy 65.5- Increaseq People with 255-354 Increased respiratory People with )
151-200 150.4 aggravat!on of heart rgsplratory or heart ug/m3 symptoms and resplratoryldlsease
ug/m3 or lung disease and disease, the elderly aggravation of lung should avoid
premature mortality in | and children should disease, such as moderate or heavy
persons with avoid prolonged asthma; possible exertion; everyone
cardiopulmonary exertion; everyone respiratory effects in else, especially
disease and the else should avoid general population. children and the
elderly; increased prolonged exertion. elderly, should limit
respiratory effects in prolonged exertion.
general population.
Very 150.5- Significant increase People with 355-424 Significant increase People with
Unhealth 250.4 in respiratory respiratory or heart ug/m3 in respiratory respiratory disease
y ug/m3 symptoms in children | disease , the elderly symptoms, and should avoid any
201-300 and adults, and children should aggravation of lung outdoor activity;
aggravation of heart avoid any outdoor disease. everyone else,
and lung disease and | exertion; everyone especially children I
premature mortality in | else should avoid and the elderly,
persons with prolonged exertion. should avoid
cardiopulmonary moderate or heavy
disease and the exertion. |
elderly.
Hazardous 250.5- Serious aggravation Everyone should 425-above | Serious risk of Everyone should
301-500 above of heart and lung avoid any outdoor ug/m3 respiratory symptoms | avoid any outdoor e
ug/m3 disease and exertion; people with and aggravation of exertion; people with I

premature mortality in
persons with
cardiopulmonary
disease and the

elderly; serious risk of

respiratory effects in
general population.

respiratory and heart
disease, the elderly,
and children should
remain indoors.

lung disease, such as
asthma,; respiratory
effects likely in
general population.

respiratory or heart
disease, the elderly
and children should
remain indoors.

Source: U.S. EPA
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Other human impacts

Other human impacts not related to health are regional haze and visibility impairment, odor, and creation
of ‘urban heat islands’.

Regional Haze and Visibility Impairment

The scenic vistas in Pima County become impaired when light is absorbed, scattered, or extinguished by
substances in the air. This impairment can be attributed to natural or man-made sources of air pollution.
Two terms that are generally used to describe this view-obscuring phenomenon are: Visibility
impairment and regional or urban haze. Visibility impairment means any humanly perceptible change in
visibility (light extinction, visual range, contrast, coloration) from that which would have existed under
natural conditions. Regional or urban haze means visibility impairment that is caused by the emission of
air pollutants from numerous sources located over a wide geographic area. Such sources include, but
are not limited to, major and minor stationary sources, mobile sources, and area sources.

The 1999 ADEQ Visibility Report states that field studies conducted by ADEQ in the Tucson area
showed that particles less than or equal to 2.5 microns in aerodynamic diameter (PM, s) cause the
majority of light scattering and thus lead to reduced visibility. Absorption of light by gases has been
found to be minor contributors to the light extinction in the Tucson area as well. Nitrogen dioxide, a
pollutant normally present in the area from automobile emissions, absorbs significant quantities of light
and also causes reduced visibility. In addition, SO, can contribute to limited visibility and increased

. urban haze.

Meteorological conditions have a significant impact on the presence of visibility-impairing pollutants in
the ambient air. High-speed winds disperse pollutants, and stagnant conditions can lead to the
accumulation of pollutants in the air. Temperature inversions create very stable conditions, which tend
to concentrate visibility impairing pollutants near ground level. Humidity plays a role in observed haze
because particulate matter may contain chemical constituents that absorb water, causing an increase in
light extinction.

The federal government has promulgated laws to protect visibility in states that contain national parks,
such as Arizona. The provisions in these laws mandate that the states prepare an implementation plan
to assure that reasonable progress will be made in preventing or remedying existing and future visibility
impairment. To comply with federal laws regulating visibility in states with national parks, monitors have
been set up in several areas of Arizona, including Pima County. The visibility and urban haze network is
part of an ongoing study to measure the chemical composition of Tucson’s atmosphere through optical,
gaseous, particulate, and meteorological measurements that attempt to explain the nature of the haze
and sources that contribute to light extinction.

The ADEQ Visibility Report also indicated that light extinction trends remained steady in Tucson as
opposed to Phoenix, where it has increased dramatically. Light extinction in the Tucson area is highest
in November through January and shows a small weekday-weekend difference with weekend values
about 13 percent lower than the average weekday values.

The Tucson area enjoys very close proximity to the Saguaro National Park, National Forest, and
wilderness areas. The degradation of air quality and visibility would reduce the natural beauty of these
locations, and correspondingly may reduce the number of visitors bringing revenue to Pima County.

Air pollution impacts on visibility is charted below for three natural resources in Arizona: The Grand
Canyon National Park, Tonto Wilderness, and Chiricahua wilderness.




Figure 3-1: Chiricahua Wilderness Arizona Chart
Air Pollution Impact on Visibility
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The visuai range or distance you can see at Chiricahua Wiklerness ranged from 33 to $29 miles in
the last 10 years. The differences in visual range are due to the amount of air pollution in the form
of haze that impairs visibility.

Source: EPA Office of Air & Radiation, Visibility Impairment




Figure 3-2: Grant Canyon National Park
Air Pollution Impact on Visibility
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Figure 3-3: Tonto Wilderness Arizona Chart Air Pollution Impact On Visibility
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As shown by the figures, the visual range or distance you can see at Grand Canyon National Park
ranged from 61 to 145 miles in the last 10 years. Visibility ranged from 47 to 122 miles in the Tonto
wilderness during the same period of time, while at Chiricahua wilderness, visual range was 53 to 129
miles.

Odor

Odor pollution can be a major cause of discomfort and nuisance and thus affect the well-being and
health of human beings. Odors can become a nuisance at levels below health impacts and below
permitted values.

Odor complaints from businesses with air quality permits are usually regulated through the permit
conditions. The majority of the odor complaints in Pima County are caused by the use of paint products.
Other sources of complaints have included fireplaces, motor vehicle exhaust, landfills, tallow plants, and
wastewater treatment plants.

Urban Heat Islands

Urban heat islands are created when natural vegetation is replaced by heat-absorbing surfaces such as
buildings, parking lots, and streets. Solar energy absorbed into roads and rooftops can cause the
surface temperature of urban structures to become 50 - 70 F higher than the ambient air temperatures.
As surfaces throughout an entire city become hotter, overall ambient air temperature increases. This
phenomenon, known as an ‘urban heat island’, can raise air temperature in a city by 2 - 8 degrees F.

Urban warming in Tucson, and principally the Urban Heat Island effect, is not new and has been
reported as early as 1984. In comparing urban sites to non-urban sites, Andrew C. Comrie (“Mapping a
Wind-Modified Urban heat Island in Tucson, Arizona with comments on Integrating Research and
Undergraduate Learning”), found that four non-urban sites have warmed an average of 0.026 degrees
Celsius per year while two urban sites have warmed at an average of 0.096 degrees Celsius per year.
Thus, urban warming has occurred at almost three times the rate of the non-urban warming. This
translates to a rise in urban temperature of 2.1 degrees Celsius over 30 years.

The resuiting higher temper