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1. INTRODUCTION
Associated with poorly designed or improperly aimed outdoor lighting in urban
areas, light pollution has gone from a local nuisance to a global problem in the one
hundred years since the advent of the electric light bulb (Ploetz, 2002). As the nighttime
glow of cities and suburban areas has increased, the nearly 7000 stars once visible to the
naked eye under pristine conditions has shrunk to approximately 25 of the brightest
celestial objects in the most light polluted cities (International Dark Sky Association,
1997). The true ramifications of this dramatic increase in skyglow have only recently
begun to emerge, as scientists observe negative impacts on migrating animals, human
hormone levels, astronomical observatories, and most evidently, the slow disappearance
of the night sky behind a pall of artificial light (Ploetz, 2002).
In this context, it was the author’s goal to ascertain and document the degree to
which the night sky of Corvallis, Oregon, is polluted by artificial illumination. This was
accomplished by estimating the limiting visual magnitude, the magnitude of the dimmest
star just visible to the averted naked eye, for various locations around Corvallis via the
International Meteor Organization’s star count method. These limiting visual magnitude
observations were carried out over the period from November 2008 to April 2009 and
compared to observations made in different locations around the state of Oregon for the
purpose of context. Additionally, night sky conditions and easily recognizable celestial
objects were photographed using a camera and telescope separately and in combination to
illustrate the impact of light pollution on the limiting visual magnitude and the quality of
the night sky.
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The purpose of this research initiative is twofold. First, the author hopes to raise
awareness about the impact of light pollution on the night sky, and directly demonstrate
that impact using the city of Corvallis as a case study. Second, the author hopes that this
research will serve as a record for citizens of the city of Corvallis regarding the
prevalence of light pollution in their community, a record which, to the best of the
author’s knowledge, has not been kept in any published or widely accessible form. With
this base knowledge firmly established, it is the author’s hope that Corvallis can take
steps to mitigate its light pollution as the community continues to grow, thereby
preserving an unspoiled view of the night sky for future generations.
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2. BACKGROUND AND LITERATURE REVIEW

2.1. Light Pollution
The term “light pollution” generally refers to excessive nighttime illumination in
manners or locations in which it is not desired (Ploetz, 2002). Light pollution results
when light emitted by a fixture fails to illuminate its intended target and instead travels
outward or upward into the atmosphere, where it is scattered by air molecules and
suspended aerosols (Macrobert, 1996). Poorly designed lighting fixtures may emit 35%
or more of their total output above the horizontal plane directly into the sky depending on
the shroud and lens design, contributing nothing to the intended area of illumination
(Macrobert, 1996). Additionally, approximately 10% of the fixture’s total light output is
reflected upward off the ground, resulting in a total of 45% or more of the fixture’s light
output eventually dissipating in the atmosphere as light pollution (Macrobert, 1996).
This concept is illustrated below in Figure 1.
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Figure 1: Light Output from a Street Lamp (Adapted from Macrobert, 1996)

The combined effect of thousands of light fixtures emitting unused light upward
into the atmosphere in this manner results in the familiar sky glow surrounding urban
areas at night. Some studies estimate that one third to one half of all outdoor lighting
misses its intended target, resulting in wasted energy costing between one and two billion
U.S. dollars annually (Ploetz, 2002).
Astronomers were the first to note the negative effects of light pollution, as
electric lighting in cities degraded the quality of the night sky and forced observatories to
move further and further away from populated areas (Ploetz, 2002). The National
Astronomical Observatory of Japan, built in the heart of Tokyo in 1878, was forced to
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relocate outside the city in the 1920’s and is now restricted to solar observations and
transit timings because of Tokyo’s severely light polluted skies (Kosai, 1992).
Observatories around the world are now confronting similar dilemmas, with light
pollution now affecting even the telescopes perched atop Mauna Kea on the isolated
island of Hawaii (Kosai, 1992).
The damaging effects of light pollution are not limited to astronomical
observations, however, as scientists have discovered that excessive artificial nighttime
light poses a serious environmental hazard as well. It is believed that migrating birds
naturally use the constellations as a means of navigation and are lead off course by
excessive artificial light, resulting in the deaths of approximately 100 million birds
annually by collision with human-made structures. Sea turtles that emerge onto land to
lay eggs are lead astray by excessive beach front lighting, and their hatchlings, which
normally use the nighttime luminescence of the ocean to guide them to the water, can be
misled in the same manner. Artificial nighttime lighting has also been shown to disrupt
circadian rhythms and hormone levels in humans, leading to shifts in sleeping patterns
(Ploetz, 2002).
To the average citizen, however, the most readily discernable effect of light
pollution is the degradation or outright disappearance of stars in the night sky in towns
and cities. A typical suburban sky may be 10 times brighter at zenith, the celestial north
pole, than a sky unaffected by light pollution. This level of background luminance often
relegates the Milky Way invisible along with many of the night sky’s fainter stars
(Macrobert, 1996). The sky in large cities may be 25 to 50 times brighter at zenith than a
pristine sky, reducing the number of visible objects to only a handful of the very brightest
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stars suspended in a permanent artificial glow (Macrobert, 1996). To date, relatively few
organized studies to measure the impact of light pollution have been conducted in the
United States. As a result, the current state and historical trends of the quality of the
night sky in many populated areas is spotty at best. This study seeks to assess the current
state of the night sky in Corvallis, Oregon, and the degree to which it is degraded by light
pollution as compared to a pristine sky.

2.2. Limiting Visual Magnitude
Every catalogued star possesses a brightness value measured according to the
stellar magnitude scale, a logarithmic scale adapted from the ancient Greeks’ method of
categorizing stars according to brightness (Smith, 1995). The modern stellar magnitude
scale is based upon the fifth root of one hundred or approximately 2.512, and thus every
successive whole number denomination represents a difference in brightness of
approximately 2.512 times (Smith, 1995). The equation describing visual magnitude
appears below as Eq. (1) where Fvis is the flux incident on the eye per unit area per unit
time, and C is a constant. The negative sign results in larger positive stellar magnitude
values indicating decreasing brightness (Smith, 1995).

Mvis = -2.512 log10 Fvis + C

According to this scale, the sun, as the brightest object in the sky, has a stellar
magnitude of –26. Sirius, the brightest star, has a magnitude of approximately –1.44
(Meinel, 1983). The human eye is capable of resolving objects of approximately

(1)
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magnitude +7, or 2380 times fainter than Sirius. An 8 inch telescope, meanwhile, can
resolve objects down to magnitude +13, or 250 times fainter than the limit of the naked
eye (Hearnshaw, 1996).
The limiting visual magnitude constitutes the stellar magnitude value of the
faintest star that can be seen with the naked eye at zenith under a particular set of
observing conditions (Roggemans, 1989). The limiting visual magnitude establishes a
normalized basis by which to judge the quality of the observing conditions, and by
association, the reliability of the observations made. A number of factors influence the
limiting visual magnitude, including the presence of clouds, suspended aerosols,
observing altitude, the location and phase of the moon, upper atmospheric winds, the
zodiacal light, and the presence of light pollution (Roggemans, 1989). Under ideal
conditions with a steady atmosphere, no light pollution, and no moon, the limiting visual
magnitude can be as high as +7.5 on the stellar magnitude scale (International Dark Sky
Association, 1997). Under these conditions, an experienced observer with good visual
acuity may be able to see upwards of 7000 stars, including the faintest of the visible
structures in the Milky Way. As the amount of light pollution increases, however, the
limiting visual magnitude declines as artificial light scattered in the upper atmosphere
begins to obscure the faintest stars (International Dark Sky Association, 1997). Moderate
light pollution, such as may be found in suburbs and smaller towns, may reduce the
limiting visual magnitude to around +5.0. At this value, the number of visible stars
declines to approximately 800, and the Milky Way may no longer be visible
(International Dark Sky Association, 1997). When the limiting visual magnitude
approaches +4.0, fewer than 250 stars can be seen and the Milky Way is no longer
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visible. Under conditions of severe light pollution, such as in large metropolitan areas,
the limiting visual magnitude may be +2.0 or lower, obscuring all but 25 of the brightest
objects in the night sky.

2.3. Human Vision and Dark Adaptation
Light entering the human eye is focused by the lens onto the retina, where
photoreceptor cells generate electrical signals that the brain interprets as an image
(Davson, 1972). The retina of the human eye contains two distinct types of receptor cells,
each possessing different photoreceptor chemicals and sensitivities to light (Oyster,
1999). Cones, so called because of their cone-shaped appearance, contain three
photoreceptors sensitive to light in the yellow-green, green, and bluish-violet regions of
the spectrum, and form the basis of color vision (Oyster, 1999). Rods, so called because
of their narrow cylindrical shape, contain a photopigment known as rhodopsin, which is
sensitive to wavelengths in the blue-green region around 500 nm and is responsible for
vision in low light conditions (Oyster, 1999). When a photopigment absorbs a photon,
the photopigment is activated or “bleached,” and reacts with other enzymes in the cell to
produce an electrical signal. However, bleached photopigments are unable to interact
with more photons. Thus, photopigments in both rods and cones must be continually
regenerated for maintenance of visual sensitivity (Oyster, 1999). Regeneration in cone
cell photopigments occurs at a higher rate than rhodopsin in rod cells, making cones ideal
for daytime vision and leading to a lag in sensitivity when the level of illumination
suddenly decreases, known as the dark adaptation time (Oyster, 1999).

9
Because rhodopsin does not regenerate as quickly as the other photopigments, a
substantially larger amount of the pigment is bleached at high luminance levels (Oyster,
1999). Consequently, when the luminance suddenly drops, such as when going from a
well-lit room to the outdoors at night, the eye’s low-light sensitivity increases gradually
in direct correlation with the amount of rhodopsin present in the rods. The dark
adaptation time quantifies the time required for rhodopsin levels in the rod cells to reach
equilibrium, indicating complete transition to rod-dominated scotopic vision (night
vision) (Davson, 1972). The human eye typically requires 20 to 30 minutes to become
fully dark-adapted (Davson, 1972).
Several fundamental changes in the eye’s visual acuity accompany this transition
from normal daylight vision (photopic vision) to scotopic vision (Davson, 1972). Due to
the fact that cones cease to function at light levels below 0.3 lamberts, scotopic vision is
achromatic since a single photopigment like rhodopsin cannot be used to distinguish
color (Oyster, 1999). Furthermore, since rhodopsin is most sensitive to light at
wavelengths of around 500 nm, humans have exceptionally low sensitivity to red light
while dark adapted, making red the color of choice for lighting when the quick recovery
of scotopic vision is desired (Berman, 2007). Along the same lines, the structure of the
retina plays a significant role in scotopic vision. The center of the retina, an area
composing about 1° of the human eye’s field of view, contains only cones, so objects
appear most clearly when viewed directly under normal daylight conditions (Berman,
2007). However, the surrounding area contains primarily rods, with the concentration
peaking at about 20° from the center of the retina. This results in a blind spot at the
center of the retina in low light conditions, causing dim objects such as faint stars to
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disappear when viewed directly. However, when the eye is averted approximately 15° to
20°, exceptional light sensitivity is gained due to the high concentration of rod cells in
that portion of the retina. Thus, faint objects are best viewed using the technique of
“averted vision” (Berman, 2007).

2.4. Previous Star Counts
Perhaps the easiest way for the casual observer to measure the limiting visual
magnitude and assess the impact of light pollution is via a method known as the star
count (Schaaf, 2007). In a star count, a constellation or region of interest is defined,
preferably one passing as close to zenith as possible, and the visible stars within that
constellation or region of interest are counted and compared to star charts that list stellar
magnitudes (Schaaf, 2007). The number of stars counted corresponds directly to the
limiting visual magnitude according to the brightness values of the stars contained within
the constellation or region of interest (Schaaf, 2007). This basic method can be applied
to any constellation or region of the sky at any time of year, but has only been applied in
a coordinated and well-documented manner a few times (Aguirre, 1996-measuring the
night sky).
The first such coordinated star count was carried out in Japan in 1987, and by
1995 participation had grown to nearly 10,000 individuals, with observations submitted
from 270 cities and towns around the country (Aguirre, 1996). The yearly event provided
a wealth of information about the quality of the night sky in cities around Japan, inspiring
members of a Virginia-based astronomy club to organize a similar star count in the
Washington D.C. area (Aguirre, 1996). The club received sponsorship from the
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Washington Post, and urged citizens around the Washington D.C. area to conduct star
counts in the constellation Orion during the moonless period from February 18 to March
1, 1995 (Aguirre, 1996). Scientists were initially skeptical about the reliability of the
data the study would provide. However, when the nearly 700 usable observations were
combined into a map of the metropolitan area, the limiting magnitude values showed a
high degree of correlation with the population density in the area in which the
observations were made (Aguirre, 1996). The project ultimately proved a great success
and follow up star counts were planned, but none were ever carried out (Aguirre, 1996).
Today, one of the most successful ongoing star counts is the GLOBE at Night
project, which received nearly 7000 observations from 62 different countries between
February 25 and March 8, 2008 (GLOBE at Night, 2008). The results are displayed on
the organization’s website on an interactive map according to the date and GPS
coordinates where the observations were made. An organization managed jointly by the
University Corporation for Atmospheric Research and Colorado State University,
GLOBE stands for Global Learning and Observations to Benefit the Environment and
seeks to promote environmental education among primary and secondary school students
(Schaaf, 2007). The organization provides a series of star charts depicting the stars
visible in the constellation Orion under whole number limiting stellar magnitude values
from +1.0 to +7.0. Participants compare the charts to the view of Orion from their
observing location and submit the number from the chart that most closely matches their
view as the limiting visual magnitude for their location (Schaaf, 2007). The method is
easy to carry out with young children, but sacrifices accuracy by reporting limiting visual
magnitude values only as the nearest whole number (Schaaf, 2007).
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3. METHODS

3.1. International Meteor Organization Star Count Method
The International Meteor Organization (IMO), a non-profit organization based in
Belgium and dedicated to the amateur study of meteors, prescribes perhaps the most
comprehensive of the many published star count methods. Under the IMO star count
method, 30 individual star fields are defined in constellations selected such that the
method can be used throughout the year in both the Northern and Southern Hemispheres
(Roggemans, 1989). When making a limiting visual magnitude observation, observers
are instructed to choose at least two star fields as close to zenith as possible or at least 40°
above the horizon. Observers should note the date, time, location, presence and phase of
the moon, and details regarding cloud cover at the observing site (Roggemans, 1989).
After allowing 20 to 30 minutes for dark adaptation of the eyes to occur, the observer
should then count all the stars within the selected fields visible with the slightly averted
eye, including the boundary stars defining the count area (Roggemans, 1989). Care
should be taken not to strain the eye excessively to locate stars, as the limiting magnitude
value should represent the eye’s normal state. The resulting number can then be
compared to a table for each star field listing the number of stars visible and the
corresponding limiting visual magnitude (Roggemans, 1989). For example, IMO Star
Field Six in the constellation Pegasus contains 56 stars out to stellar magnitude +7.50. If
6 stars are counted in Field Six, then the corresponding limiting visual magnitude is
found to be +5.49 according to the tables published by the IMO. The star field charts and
stellar magnitude tables are available in the Handbook for Visual Meteor Observers,
published by the IMO, and are also available on the organization’s website.
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For the purposes of this study, all limiting magnitude observations included a
record of the date, location, time, phase of the moon and its angular distance above the
horizon, general comments regarding sky conditions including cloud cover, the presence
of skyglow, the darkness of the background sky, and the use of at least three IMO star
fields. For consistency, all observations during the months from November to April were
made between the hours of 7 pm and 11 pm when evening activity and hence the level of
outdoor illumination was thought to be greatest. At least three IMO star fields were
employed during each observation, with an effort made to choose fields located in
different portions of the sky to obtain a limiting visual magnitude indicative of the
condition of as much of the sky as possible. During the months from November to
January, the IMO star fields located in Cygnus (IMO Star Field 14), Cepheus (IMO Star
Field 7), Pegasus (IMO Star Field 6), and Perseus (IMO Star Field 2), were used to make
observations. Beginning with observations in mid-January, Cygnus was no longer 40°
above the horizon in the evening sky, necessitating the substitution of IMO Star Field 17
in the constellation Auriga. Also, beginning in mid-February, Cepheus was no longer
40° above the horizon and thus IMO Star Field 4 in the constellation Gemini was
substituted. Star charts depicting each star field and their accompanying stellar
magnitude tables appear in Appendix A.
It should also be noted that the author wore eyeglasses with a diopter of –2.25
during all observations. The eyeglass lenses were made of polycarbonate and corrected
the author’s vision to approximately 20/15. At no time were observations made by
another individual included in the author’s own observations as the uniqueness of the eye
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structure and differences in visual acuity between persons may result in markedly
different limiting magnitude observations under the same conditions (Roggemans, 1989).

3.2. Observing Locations
Within the city of Corvallis, three observing sites were chosen for their varying
levels of ambient illumination and their locations with respect to the center of town. To
reduce statistical errors, observations were always made at all three locations and the
order in which they were conducted was randomized.
The first site was the author’s backyard, located on an unmarked alleyway at the
intersection of Kings Boulevard and Van Buren Street. This site represented an area of
Corvallis near the western edge of town with very little artificial illumination in the
direction of the western sky. With the exception of two street lamps and a small number
of porch lights, the site was relatively dark. This allowed observations to be made on star
fields located in the western sky with little disruption. These included Fields 7 and 14
from November to January, and Fields 2 and 17 from March to April. From November to
January, Field 6 was positioned to the south over the Oregon State University campus,
and Field 4 moved into that location from mid-February to April. From January to
March, Fields 2 and 17 were directly to the east, above the historic downtown area of
Corvallis, and eventually passed through zenith before descending into the western sky in
April. Depending on the time of observation, Field 7 in Cepheus was located to the
northwest and thus situated in the sky glow originating from the areas of Corvallis north
of Van Buren Street. A photograph of the Kings and Van Buren site is shown below in
Figure 2, along with a picture of the prominent light sources near the site in Figure 3.
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Figure 2: Nighttime Photograph of the Kings and Van Buren Observation Site

Figure 3: Primary Sources of Illumination around Kings and Van Buren Site
The second site chosen within Corvallis was the quad of the Valley Library,
located at the eastern end of the Oregon State University Campus. The library itself
represented a massive source of outdoor illumination, often completely obscuring the
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relatively bright boundary stars of fields located directly above the building in the
southern sky. At this location, limiting visual magnitude observations were carried out
using a notebook or other obstruction to block the glare from the library windows and
other light sources around the quad to ensure an accurate assessment of the condition of
the sky itself. From this location, IMO Fields 7 and 14 were located to the northwest and
west, respectively, above Weniger Hall and Strand Hall from the months of November to
January. Also during this time, Fields 2 and 17 were located to the east above Benton
Hall, and Field 6 was located to the south above the library. By March, Fields 2 and 17
were located at zenith, Field 7 had moved into the northern sky, and Field 4 had replaced
Field 6 above the library building itself. A photograph of the Valley Library Quad site is
shown below in Figure 4, along with a picture of the prominent light sources near the site
in Figure 5.

Figure 4: Nighttime Photograph of the Valley Library Quad Observation Site
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Figure 5: Characteristic Sources of Illumination around Valley Library Quad Site
The third site chosen within Corvallis was Riverfront Park at the intersection of
First Avenue and Monroe Street in downtown Corvallis. This site was chosen because it
placed the bulk of the city’s skyglow in the west with respect to the star fields of interest.
Storefronts and streetlights constituted the main sources of illumination to the west, while
the agricultural land to the east across the Willamette River resulted in a relatively dark
sky. From this location during the months of November to January, Fields 7 and 14 were
directly above the city in the northwest and west, respectively. Fields 2 and 17 were in
the relatively dark skies east of the Willamette River, and Field 6 was once again located
to the south. Beginning in March, Fields 2 and 17 were located at zenith, and Field 4 had
moved into the southern sky replacing Field 6. A photograph of the Riverfront Park site
is shown below in Figure 6, along with a picture of the prominent light pollution sources
near the site in Figure 7.
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Figure 6: Nighttime Photograph of the Riverfront Park Observation Site

Figure 7: Characteristic Sources of Illumination around Riverfront Park Site
For purposes of comparison, limiting visual magnitude observations were also
conducted 8 miles to the north of Corvallis at Adair County Park and in downtown
Portland at Tom McCall Waterfront Park. Additionally, to establish a baseline limiting
visual magnitude for the author’s visual acuity, observations were conducted at Pine
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Mountain Observatory, a dark sky location close to Bend, Oregon, and at Warm Springs,
Oregon.

3.3. Weather Conditions and the Moon
Observations were conducted when conditions were clear or when the influence
of haze or high level clouds was deemed minimal. When the presence of clouds or haze
was sufficient to produce a halo effect around the bright boundary stars of the IMO star
fields, limiting magnitude observations were not attempted. Similarly, when scattered
clouds revealed certain star fields but obscured others, observations were not undertaken.
Observations were made throughout the lunar cycle as well, in order to obtain sufficient
data for a comparison between the effect of the moon on limiting visual magnitude and
that of light pollution.

3.4. Photographic Documentation
In an attempt to illustrate the impact of light pollution on the condition of the
night sky for the average citizen, a variety of photographic documentation methods were
undertaken. An 8 megapixel Canon Digital Rebel XT DSLR camera was employed both
as a standalone recording device on a tripod, as shown in Figure 8, and as an accessory to
an 8 inch Schmidt-Cassegrain telescope as shown in Figure 9. Using a 50 mm lens and
remote shutter release mechanism, the tripod-mounted camera was used to photograph
the sky and IMO star fields directly. It was also used to photograph streetlights, skyglow,
and other examples of light pollution.
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Figure 8: Tripod Mounted Canon Digital Rebel XT

Figure 9: Schmidt-Cassegrain Telescope with Camera Body Mounted to Rear Cell
When used with the telescope, the camera body was attached via a T-ring adapter
mount in a technique known as prime focus astrophotography, in which the telescope acts
as the camera lens. This method allowed the camera to take advantage of the telescope’s
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superior light gathering ability to photograph faint star fields and deep sky objects such as
nebulae and galaxies, which are too faint to be photographed with standard camera
lenses. A focal reducer was attached to the rear cell of the telescope which reduced the
focal ratio from f/10 to f/6.3, allowing a wider field of view and shorter exposure times.
Figure 10 shows the means by which the camera was attached to the telescope with the
focal reducer on the rear cell, an intermediary T-Adapter, and a T-ring locked into the
camera’s bayonet mount.

Figure 10: Focal Reducer, T-Adapter, T-Ring, and Camera Mounted to Telescope
While attached to the telescope, the camera was operated remotely from a laptop
via a USB connection to minimize vibration. In this manner, a number of well-known
deep sky objects such as Messier 35 and the Ring Nebula were photographed under
varying degrees of light pollution to illustrate directly the impact of artificial light on the
quality of the night sky.
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4. RESULTS

Throughout the course of this study, a total of 76 individual limiting visual
magnitude observations were carried out. Of those 76 observations, approximately 30
were conducted at the three locations of interest in Corvallis during moonless periods.
The following sections summarize the data for each Corvallis location, as well as the
findings from the Portland and Central Oregon observations.

4.1. Kings Boulevard and Van Buren Street
The Kings Boulevard and Van Buren Street location was easily the darkest of the
three Corvallis observation sites, and this quality is reflected in the limiting visual
magnitude values obtained there. During moonless periods, the highest limiting visual
magnitude value recorded was +6.35 and the average was +6.27 ± 0.05. During periods
of a full moon, the average limiting magnitude was +5.09, representing a change of 1.18
magnitudes on average. The trend of the limiting visual magnitude from new moon to
full moon for the Kings and Van Buren site for a typical period from March 27 to April 9,
2009, appears in Figure 13 at the end of Section 4.3.
To illustrate the impact of light pollution on the sky at the Kings and Van Buren
site, the following figure shows a series of photographs of Messier 35, an open cluster in
the constellation Gemini. The first photograph is a 10 s exposure, the second a 20 s
exposure, and the third a 30 s exposure, all taken at ISO 1600 through an 8 inch SchmidtCassegrain telescope. The reader will notice how the background sky brightens slightly
as the exposure time increases, a consequence of light pollution scattered in the
atmosphere.
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Figure 11: 10 s, 20 s, and 30 s Exposures of M35 from Kings and Van Buren
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4.2. Valley Library Quad
The Valley Library Quad site, although only a short distance from the Kings
Boulevard and Van Buren Street location, had significantly more outdoor lighting,
resulting in lower limiting magnitude values. During moonless periods, the highest
limiting visual magnitude value recorded was +6.00, and the average was +5.85 ± 0.10.
During periods of a full moon, the average limiting magnitude was found to be +4.94,
representing a change of 0.91 magnitudes. The trend of the limiting visual magnitude
from new moon to full moon for a typical period from March 27 to April 9, 2009, appears
in Figure 13 at the end of Section 4.3.
To illustrate the impact of light pollution on the sky from the Valley Library Quad
site, Figure 12 shows a series of photographs of Messier 35 taken at ISO 1600 with
exposure times of 10 s, 20 s, and 30 s, respectively, through a Schmidt-Cassegrain
telescope. The reader will notice the dramatic increase in the luminance of the
background sky around the stars, a direct consequence of the many unshrouded sodium
vapor lamps around the periphery of the site.
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Figure 12: 10 s, 20 s, and 30 s Exposures of M35 from the Valley Library Quad
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4.3. Riverfront Park
The Riverfront Park site was similar to the Valley Library Quad in terms of light
pollution sources, and thus the limiting visual magnitude values were quite similar.
During moonless periods, the highest limiting visual magnitude value recorded was +6.14
and the average was +5.95 ± 0.12. During periods of a full moon, the average limiting
magnitude was found to be +4.96, representing a change of 0.99 magnitudes on average.
The trend of the limiting visual magnitude from new moon to full moon for a typical
period from March 27 to April 9, 2009, appears in Figure 13 below.

Figure 13: Limiting Visual Magnitude for Three Corvallis Locations for Typical
New Moon to Full Moon Cycle
To illustrate the impact of light pollution on the sky from the Riverfront Park site,
Figure 14 shows a series of photographs of Messier 35 taken at ISO 1600 with exposure
times of 10 s, 20 s, and 30 s, respectively, through a Schmidt-Cassegrain telescope.
Again, the reader will notice the dramatic increase in the luminance of the background
sky around the stars, a consequence of the many unshrouded and poorly aimed light
sources around the site.
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Figure 14: 10 s, 20 s, and 30 s Exposures of M35 from Riverfront Park
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4.4. Adair County Park
Observations at Adair County Park were only carried out during moonless periods
for comparison with the three locations within Corvallis. The highest recorded limiting
visual magnitude was +6.69, and the average was +6.61 ± 0.10. On moonless nights, the
Milky Way was clearly visible, as were the sky glow halos of Corvallis to the south and
Albany to the northeast.

4.5. Central Oregon
Observations were made at a dark sky location outside the city of Warm Springs
in Central Oregon for the purposes of context. A limiting visual magnitude of +7.16 was
observed, within half a magnitude of the theoretical limit for the human eye. Structure
within the Milky Way was clearly visible to the naked eye, along with certain large deep
sky objects such as the Andromeda Galaxy.

4.6. Tom McCall Waterfront Park
Observations at Tom McCall Waterfront Park in downtown Portland were only
carried out during moonless periods for comparison with the three locations within
Corvallis. The highest recorded limiting magnitude was +5.13, and the average was
+5.04 ± 0.10.
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5. ANALYSIS

5.1. Kings Boulevard and Van Buren Street
Taking the limiting magnitude of +7.16 observed at Warm Springs as a
representative value for a pristine sky, the Kings and Van Buren site displayed a
reduction of 0.89 stellar magnitudes due to light pollution. Effectively, this mandated
that stars be 2.23 times brighter to be seen at Kings and Van Buren than under the dark
sky at Warm Springs. Although the decline of 0.89 magnitudes is by no means extreme,
it is enough to obscure well over half of the 7000 stars visible under +7.0 limiting
magnitude conditions (IDA, 1997). Figure 15 below illustrates this concept with a 5
minute exposure of the Big Dipper asterism taken at the Kings and Van Buren site
compared with one taken at Adair County Park, where the difference in ambient
illumination was sufficient to produce a photo with significantly reduced sky glow. The
reader will note the relative absence of sky glow and the vastly larger number of stars that
appear in the exposure under the +6.6 limiting magnitude conditions.
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Figure 15: 5 Minute Exposures of Big Dipper Taken from Kings and Van Buren
(Top) and Adair County Park (Bottom)
However, it is not just the number of visible stars that suffers with increasing light
pollution, but also color. As the amount of sky glow increases, it washes out the subtle
colors that can be distinguished in many celestial objects, like red and blue stars in the
same cluster or hints of color in nebulosities. Figure 16 illustrates this concept with a
comparison between photographs of the Ring Nebula taken at Kings and Van Buren and
at Adair County Park. The reader will notice the degradation in color suffered by the

31
image taken at Kings and Van Buren as the light pollution brightens the background sky
and begins to wash out the subtle blues, greens, and reds of the nebula.

Figure 16: Ring Nebula photographed from Kings and Van Buren (Left) and Adair
County Park (Right)
It should also be noted that the Kings and Van Buren site suffered a limiting
visual magnitude decline of 1.18 magnitudes during a full moon, significantly larger than
that experienced at either of the other two sites. A likely explanation for this lies in the
fact that the Kings and Van Buren site, as the darkest of the three Corvallis locations, had
less ambient light sources to degrade the view and was thus more sensitive to the effects
of a waxing moon. Additionally, an interesting observation emerges when the limiting
magnitudes of the Kings and Van Buren site and those recorded at Tom McCall
Waterfront Park in Portland are compared. It becomes clear that the effect of the full
moon on the Kings and Van Buren site was similar to that of the light pollution of
Portland on a moonless sky, resulting in limiting magnitudes of +5.09 and +5.04,
respectively.
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5.2. Valley Library Quad
The Valley Library Quad location showed a decline of 1.31 magnitudes as a
consequence of light pollution when compared to a dark sky at Warm Springs. This
means that stars needed to be 3.29 times brighter to be seen from the Valley Library than
from Warm Springs, and that the number of visible stars was likely reduced to below
2000 (IDA, 1997). Figure 17 shows a five minute exposure of the Big Dipper taken at
the Valley Library compared with one taken from Adair County Park, illustrating the
great disparity in the darkness of the background sky and the number of visible stars.
From the Library Quad, the glow from street lamps and the library building itself was so
intense that the bright stars in the Big Dipper can hardly be seen against the background,
and much of the rest of the photo is bleached of stars.
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Figure 17: 5 Minute Exposures of Big Dipper Taken at Library Quad (Top) and
Adair County Park (Bottom)
The colors of the Ring Nebula suffered a similar fate as well, as shown in Figure
18. As compared to the photo taken from Adair County Park, the blues and greens
inside the ring are strikingly reduced and the faint red regions at the edge of the
nebulosity can hardly be distinguished from the orange glow of the background sky.
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Figure 18: Ring Nebula Photographed from Valley Library Quad (Left) and Adair
County Park (Right)
For the Valley Library Quad site, the decline in the limiting visual magnitude as a
result of a full moon was not nearly as dramatic as that observed at the Kings and Van
Buren location, being only 0.91 magnitudes. This is likely due to the fact that the
relatively large amount of ambient illumination around the site made it less sensitive to
the effects of the moon, and its extra light was not enough to achieve even a whole
magnitude reduction as was observed at the other sites. When compared to Tom McCall
Waterfront Park in Portland, a much larger city, the difference between the two sites was
only 0.80 magnitudes, illustrating the ability of concentrated light pollution to
dramatically affect the limiting magnitude.
The Library Quad site also highlights a distinction in the effect of light pollution
when localized light glare is compared to distant sky glow. The Kings and Van Buren
site displayed a limiting magnitude that was 0.42 magnitudes higher than at the library
despite the fact that it was less than a quarter of a mile away. The glare from the library
windows and the many globe style lamp posts outside contributed significantly to the
reduction of the limiting magnitude despite the fact that the amount of sky glow was
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likely comparable to the Kings and Van Buren site. The observations conducted at Adair
County Park further support this result, as the limiting magnitude was 0.76 magnitudes
higher from eight miles out of town, where the only significant light sources were the sky
glows from Corvallis and Albany.

5.3. Riverfront Park
The Riverfront Park location showed a 1.21 magnitude decline in the limiting
visual magnitude due to light pollution as compared to a pristine sky at Warm Springs.
Consequently, stars needed to be 3.04 times brighter to be seen from Riverfront Park than
from Warm Springs, and therefore the number of visible stars was likely reduced to
below 2000 as at the Valley Library (IDA, 1997). Figure 19 shows a 5 minute exposure
of the Big Dipper taken from the Riverfront Park site compared with one taken at Adair
County Park. Similar to the Library Quad and the Kings and Van Buren sites, the reader
will note the vastly larger number of stars visible in the exposure taken under +6.6
limiting magnitude conditions, and the nearly complete bleaching of the Riverfront Park
exposure by ambient light pollution.
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Figure 19: 5 Minute Exposures of Big Dipper Taken From Riverfront Park (Top)
and Warm Springs (Bottom)
Similar to the situation observed at the Valley Library, the colors of the Ring
Nebula were once again greatly reduced by the light pollution at the Riverfront Park site
as shown in Figure 20. The blues and greens inside the ring are less apparent in the photo
from Riverfront Park than from Adair, and once again the faint red regions at the edge of
the nebulosity can hardly be distinguished from the orange glow of the background sky.
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Figure 20: Ring Nebula Photographed from Riverfront Park (Left) and Adair
County Park (Right)
The decline observed in the limiting visual magnitude at the Riverfront Park site
due to a full moon was about 0.08 magnitudes higher than the Library Quad, which is
consistent with the difference between their limiting magnitudes under a moonless sky of
0.10. Once again, the significantly lower reduction as compared to the Kings and Van
Buren site was likely due to the fact the higher background luminance levels made the
site less sensitive to the effects of the waxing moon. With respect to the limiting
magnitudes observed at Tom McCall Waterfront Park in Portland, the Riverfront Park
site displayed a difference of 0.91 magnitudes, similar to the difference observed at the
Library Quad site.
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6. CONCLUSIONS
This study sought to ascertain the degree to which the night sky of Corvallis,
Oregon, is affected by light pollution. Background information related to the limiting
visual magnitude and the stellar magnitude scale was presented, along with a discussion
on the dark adaptation characteristics of the human eye. A comprehensive review of
previous major star counts was provided, and a methodology for the current study was
laid out. Additionally, extensive nighttime photography and astrophotography was
conducted in an effort to visually portray examples of light pollution and its effects on the
quality of the night sky.
By repeatedly determining the limiting visual magnitude at three sites within
Corvallis over the course of six months, the perception of a sky moderately affected by
light pollution emerged. Moonless nights at the Kings Boulevard and Van Buren Street
location saw limiting magnitudes of +6.27 on average, while the Valley Library Quad
and the Riverfront Park sites saw values of +5.85 and +5.95, respectively. While these
values do not represent serious degradation when compared to the average value of +5.04
at Portland’s Tom McCall Waterfront Park, they denote a significant decline in the
number of visible stars when compared to a dark sky location such as Warm Springs,
which saw a limiting magnitude of +7.16. It is therefore the author’s hope that this
research will serve as a record for the citizens of Corvallis, allowing the community to
responsibly manage and preserve an unspoiled view of the night sky for future
generations as the city continues to develop and grow.
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APPENDIX A: INTERNATIONAL METEOR ORGANIZATION
STAR FIELDS
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Star charts and limiting visual magnitude tables are shown for all six IMO star fields used
over the course of this project. Additionally, photographic charts are shown for the four
star fields visible after the author procured the Canon Digital Rebel XT DSLR camera.
The star charts appear courtesy of Luc Bastiaens and the International Meteor
Organization.

IMO Field 2: Perseus
For IMO Star Field 2, the count area is defined by the corner stars Delta Persei, Zeta
Persei, and Beta Persei (Algol). Table 1 lists the number of stars visible within the count
area out to magnitude +7.50.
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IMO Star Field 4: Gemini
For IMO Star Field 4 in the constellation Gemini, the count area is defined by Alpha
Geminorum (Castor), Epsilon Geminorum, and Beta Geminorum (Pollux). Table 1 lists
the number of stars visible within the count area out to magnitude +7.50.
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IMO Star Field 6: Pegasus
For IMO Star Field 6 in the constellation Pegasus, the count area is defined by Alpha
Andromedae, Gamma Pegasi, and Alpha Pegasi. Table 1 lists the number of stars visible
within the count area out to magnitude +7.50.

IMO Star Field 7
For IMO Star Field 7 in the constellation Cepheus, the count area is defined by Alpha
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Cephei, Beta Cephei, and Delta Cephei. Table 1 lists the number of stars visible within
the count area out to magnitude +7.50.

IMO Star Field 14
For IMO Star Field 14 in the constellation Cygnus, the count area is defined by Epsilon
Cygni, Eta Cygni, and Gamma Cygni. Table 1 lists the number of stars visible within the
count area out to magnitude +7.50.
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IMO Star Field 17
For IMO Star Field 17 in the constellation Auriga, the count area is defined by Epsilon
Aurigae, Theta Aurigae, and Delta Aurigae. Table 1 lists the number of stars visible
within the count area out to magnitude +7.50.
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Table 1: Limiting Visual Magnitude Tables for IMO Star Fields (Reproduced with
permission from the IMO, May 2009)
2
N
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

Perseus
LVM
2.11
2.88
3.02
3.78
4.95
5.15
5.55
5.60
5.79
5.80
5.98
6.01
6.01
6.40
6.41
6.45
6.50
6.51
6.54
6.60
6.61
6.66
6.72
6.73

4
N
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

Gemini
LVM
1.22
2.02
3.01
3.79
5.01
5.07
5.34
5.75
5.76
5.78
6.20
6.37
6.47
6.54
6.67
6.76
6.80
6.99
7.00
7.02
7.10
7.12
7.17
7.22

6
N
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

Pegasus
LVM
2.06
2.49
2.84
4.66
5.08
5.49
5.56
5.80
6.13
6.14
6.17
6.25
6.25
6.26
6.29
6.44
6.47
6.50
6.50
6.57
6.59
6.59
6.60
6.60

7
N
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

Cepheus
LVM
2.47
3.23
4.07
4.23
4.79
5.12
5.17
5.26
5.29
5.36
5.42
5.73
5.95
5.96
6.00
6.14
6.19
6.23
6.44
6.47
6.48
6.63
6.69
6.70

14
N
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

Cygnus
LVM
2.23
2.49
3.90
4.65
4.73
4.79
4.94
5.06
5.39
5.58
5.64
5.87
5.91
6.04
6.25
6.29
6.31
6.34
6.38
6.47
6.48
6.60
6.73
6.74

17
N
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

Auriga
LVM
0.08
1.90
2.65
3.03
3.73
3.97
4.33
4.52
5.21
5.46
5.64
5.91
5.99
6.09
6.11
6.23
6.30
6.30
6.41
6.44
6.47
6.48
6.51
6.54
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25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59

6.75
6.78
6.85
6.89
6.90
7.02
7.03
7.03
7.05
7.15
7.15
7.16
7.18
7.22
7.23
7.24
7.24
7.25
7.26
7.27
7.28
7.30
7.31
7.31
7.33
7.33
7.35
7.35
7.36
7.42
7.45
7.48
7.49
7.50
7.50

25
26
27
28
29

7.43
7.45
7.46
7.46
7.47

25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56

6.67
6.68
6.68
6.69
6.72
6.73
6.74
6.82
6.87
6.89
6.89
7.07
7.07
7.10
7.11
7.12
7.12
7.14
7.15
7.19
7.24
7.27
7.33
7.37
7.43
7.44
7.45
7.45
7.45
7.49
7.49
7.50

25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52

6.71
6.72
6.84
6.88
6.92
6.93
6.94
6.97
7.01
7.04
7.06
7.08
7.16
7.18
7.23
7.24
7.25
7.25
7.27
7.29
7.30
7.32
7.35
7.39
7.43
7.44
7.46
7.49

25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51

6.82
6.87
6.90
6.96
7.00
7.02
7.02
7.08
7.09
7.10
7.12
7.13
7.23
7.27
7.29
7.30
7.32
7.33
7.34
7.42
7.42
7.43
7.44
7.44
7.44
7.47
7.47

25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
60
61
67
68
71
76

6.56
6.57
6.58
6.58
6.59
6.60
6.63
6.66
6.69
6.75
6.77
6.80
6.81
6.82
6.84
6.86
6.86
6.89
6.93
6.95
6.95
6.98
6.98
7.01
7.16
7.19
7.20
7.21
7.24
7.24
7.27
7.31
7.37
7.40
7.46
7.50

