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Summary
The first year of night time skyglow measurements from eight original locations in Central Oregon are
captured and analyzed. Additional part-year data available from four new locations are also included.
The data quantitatively show the differences in light pollution -- darkness of the night sky -- among the
12 sites. This report is updated periodically as more data become available on a quarterly basis.
We have now expanded this project to the rest of Oregon, beyond the Central Oregon pilot project, with
additional skyglow sensors currently near Mosier on the Columbia River Gorge and others in
southeastern Oregon. We solicit your support to help install sensors elsewhere in Oregon – both in builtup and rural areas.
The two sites within the skyglow dome over the City of Bend show the most light pollution. The sites
located furthest from city lights are least light-polluted: the Oregon Observatory at Sunriver, Black Butte
Ranch, Prineville Reservoir State Park, the Pine Mountain Observatory, Sisters High School, Rimrock
Ranch and Mosier.
Recognizing changes of light pollution over time is a long-term goal of this project. A valid assessment of
changing skyglow due to changes in artificial light at night requires minimization of natural lighting
effects from the Sun, Moon, clouds and Milky Way. We minimize effects from the Sun and Moon by only
including data acquired when the Sun is 18 degrees or more below the local horizon, and the Moon is 10
degrees or more below the horizon.
To minimize the influence of clouds, we use a holistic method – we incorporate all the nights of skyglow
data, whether under clear sky or cloudy sky conditions at night into density plots. The density plots
incorporate many months of data and provide a signature characteristic of each site. We extract the
high-density zones from the plots, which in the high desert environment of Oregon, where we are
currently working, are the clear, not cloudy nights.
We then apply a site-specific, data-driven adjustment for the measured brightness attributable to the
Milky Way overhead. Sites located away from light pollution yield a larger adjustment because the Milky
Way is brighter there. The data-driven adjustment for Milky Way brightness is much less for the light
polluted sites because the Milky Way is barely detectable there. The adjustment for the position of the
Milky Way in the sky successfully subdues variation across the months of the available data.
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A seasonal effect remains in the data trends – namely slightly brighter measurements during the Winter
period, which may be due to snow on the ground and sparser vegetation. Additional data in this 5-year
ongoing project are needed to track seasonal and year-to-year changes in skyglow. The overall data
analysis process shows potential for recognizing subtle changes in light pollution over time.

Background
The Oregon Chapter of IDA has had a network of continuously-recording Sky Quality Meters (SQMs) in
Central Oregon for the past year. This has been a pilot project identified as the Central Oregon Skyglow
Measurement Network. We began the skyglow measurement project in the Deschutes Basin of Central
Oregon as a pilot project due to (1) the rapid growth of population in the region, (2) probable increase
of skyglow as a result, and (3) availability of observatories and interested people in Central Oregon.
Following that one year of successful experience in Central Oregon, we are now expanding the project
to include sites from elsewhere in Oregon. We now refer to the project as the “Oregon Skyglow
Measurement Network.” (see Figure 1 for locations). We solicit your help to establish and to expand the
Skyglow Measurement Network across Oregon.
Skyglow is literally the glowing sky at night, due to both man-made artificial light and natural light. SQMs
measure the brightness of the night sky and provide a measure of both light pollution and natural light
at night. SQMs are widely used around the world for this kind of work (Kyba and others, 2015).
The project’s primary aim is to quantitatively measure, interpret, and share skyglow measurements in
Oregon to better understand the current level of light pollution in comparison to other regions and to
document changes over a five-year period. The skyglow data will help to inform action toward healthier
and safer communities with less light pollution. The data will also support local efforts to nominate sites
under IDA’s International Dark Sky Place Program.
This updated report incorporates data from a site near Mosier in the Columbia River Gorge. We have
recently installed SQMs at the OMSI Camp Hancock, the Alvord Desert and Malheur Field Station
(locations on Figure 1). Data is not yet available from those sites.
Currently, we have 15 SQM devices recording. The locations are shown in Figure 1. Sites with at least a
year of data are show with yellow circles. The other more recent sites are shown the light blue circles.
These data provide a quantitative measure of skyglow variation across Oregon. They help to support
efforts to obtain recognition of dark skies at local areas and allow useful observations on factors that
affect the darkness of the night sky in our state.
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Figure 1. Locations of the 15 SQM monitoring sites in Oregon. Two SQMs are located within the Black Butte
Ranch location. The location of the annual Oregon Star Party is shown as a red star. The background image is
from Google Earth.
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Explanation of Skyglow Measurements
Each SQM records a skyglow measurement every five minutes. Figure 2 shows typical data from five
SQMs during the night of August 1-2, 2019, which was a mostly cloud-free night during a New Moon
period. Data units are in a logarithmic scale used by astronomers -- magnitude per arc second squared
(mags/arc sec2). This unit of measure, for example, 21.5 mags/arc sec2, is like saying that the sky glows
as though the light of one 21.5-magnitude star, a very dim star, were smeared out across each square
arcsecond (a very small 2-dimensional area) of sky.

Figure 2. Typical data from SQMs at six different locations for the same single night of August 1-2, 2019.
The vertical axis in Figure 2 displays the SQM measurements – larger numbers are toward the bottom
and represent measurements of darker sky. The horizontal axis is Date and Time, over the night of
August 1-2, 2019, with labels one hour apart. The colored lines show the recorded data from five SQM
locations and additional data recorded at a temporary site during the Oregon Star Party at Indian Trail
Spring – the green line.
The data in Figure 2 show that the night sky, directly overhead at the Hopservatory and Awbrey Butte
sites, are light-polluted compared to the other sites. These two light-polluted sites are located within
the light-dome over the city of Bend. The other four sites have darker skies – they are far away from
light-polluted cities. The Oregon Star Party site (see location in Figure 1) had the darkest night sky on
August 1 – 2 and is furthest of all the sites in Figure 2 from the Central Oregon cities.

4

The International Dark-Sky Association (IDA) has a program to recognize areas that are still mostly
unaffected by light pollution. Three categories of such dark sky places are known as Dark Sky Parks,
Reserves and Sanctuaries. As shown by the horizontal dashed lines Figure 2, a Dark Sky Park or Reserve
must have SQM readings of at least 21.2 mags/arc sec2. Dark Sky Sanctuaries must meet a more strict
night sky darkness of at least 21.5 mags/arc sec2. The data suggest that all four of the darkest Central
Oregon SQM locations in Figure 2 may meet the stricter criterion. Note that other significant criteria
must also be met to obtain status as a Dark Sky Park, Dark Sky Reserve or Dark Sky Sanctuary.
Figure 2 shows that the sky overhead at the four dark sites brightens as the Milky Way rises directly
overhead, and then darkens as the Milky Way begins descending through the early morning hours. The
effect of the Milky Way brightening in the data for the two sites under the City of Bend light dome
(Awbrey Butte and Hopservatory), is not obvious because the Milky Way is washed out by the lightpolluted skies at those two sites. Instead, we see a gradual darkening through the night hours, which we
presume is due to some external lights in the City being dimmed or turned off, and fewer car headlights
as most people are sleeping. In the following, we analyze the SQM data with respect to the overhead
position of the Milky Way and apply an adjustment to minimize that brightness variation site-by-site
over time.
Effects of the Sun, Moon, Clouds and Milky Way on Skyglow Measurement
To eventually achieve the goal of measuring any increase or decrease in light pollution over a five-year
time period, we need to remove or account for variations in natural light in the SQM data. These
variations include effects of the Sun, Moon, clouds, Milky Way and airglow. We deal with the first four
effects in the following. The fifth effect, airglow, is natural light emitted from the atmosphere and varies
in a complex manner with the solar wind and the solar cycle as documented by Grauer and others
(2019).
First, we need to eliminate the effects of sunlight and moonlight. To eliminate issues with sunlight, we
only consider data recorded after astronomical twilight (dusk) and before the start of astronomical
twilight (dawn) – defined as the period during which the Sun is 18 degrees or more below the horizon.
To eliminate issues with moonlight, we only consider SQM data recorded when the Moon is 10 degrees
or more below the horizon.
Clouds at night are another significant factor that affect the brightness of the sky recorded by the SQMs.
Figure 3 shows details of the SQM data recorded during the night of August 10-11, 2019 which was a
particularly cloudy night across Central Oregon. The data show rapid variation at the 5-minute sampling
interval due to changing cloud conditions overhead during that night.
The clouds cause quite bright skyglow readings at the Awbrey Butte and Hopservatory light-polluted
sites – the artificial light from the ground reflects from the clouds downward. The opposite tends to
occur at the dark sky sites – the clouds block the starry night sky so we record a darker sky than usual.
Note that clouds at the Pine Mountain site caused readings greater than 22 mags/arc sec2 in the early
morning hours, an unreasonably dark reading for a natural sky – caused by black-appearing clouds
blocking the stars.

5

Figure 3. SQM data recorded during a particularly cloudy night across Central Oregon. The data show
rapid variation at the 5-minute sampling interval due to changing cloud conditions overhead during that
night
There are at least two approaches to handling data from the cloudy nights in a long-term analysis of
light pollution:
1) We can eliminate the cloudy nights from the data set - either by visual inspection of each night’s
data plot (perhaps facilitated by the availability of all-sky-camera fisheye images), or by an
analytical method based on jaggedness of the data, or
2) We can analyze all of the data together – both the clear nights and cloudy nights – and consider
that the variation in skyglow caused by clouds is part of the signature of light pollution at a site.
We have used both methods in the following. First, we plot all of the data together in a density plot to
learn what it tells us about the skyglow signature of the site, and subsequently we select the most
common clear night data from each site for further processing.
Skyglow Signature of a Site
Figure 4 shows the SQM measurements acquired at the Awbrey Butte Neighborhood of the City of Bend,
from July 2019 to September 2020. The vertical axis is the SQM brightness reading. The horizontal axis is
local time of the night, in minutes since 3PM of the previous daytime. Data are from all of the nights,
whether clear nights or cloudy nights, and only if the Sun is at least 18 degrees below the horizon, and
the Moon is at least 10 degrees below the horizon.
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Figure 4 is a density plot -- each small square in the plot shows how many measurements fall into that
position. (See Puschnig and others (2013) for another example of a density plot of SQM data.) So, each
small square includes one or more of the SQM measurements. The number of SQM measurements in
each small square is color-coded based on the percentage of the total number of data points available.
The red and yellow trend in the plot across the darkest sky measurements at the bottom of the plot
identifies the very frequent measurements over the time period. We call that red trend the “Most
Common Clear Dark Sky Night” or MCC for short. The large sparse, scattered area of blue and yellow
small squares above the red trend represents SQM measurements taken under cloudy skies at night.
Altogether, the plot represents the skyglow signature of the Awbrey Butte site.

Figure 4. Density plot of SQM data from the Awbrey Butte Neighborhood site. Each small square
represents the percentage of 5-minute SQM samples that fall into that zone. We take the dense red
trend across the bottom of the data as the Most Common Clear Dark Sky Nights (MCC). The sparse blue
and yellow pattern at brighter skyglow values are due to measurements under cloudy skies at night. Both
features of the density plot, the dense red trend and the sparse blue pattern above, and other subtleties
present, represent the skyglow signature of the site.
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Figure 5 shows an SQM signature density plot with an entirely different character – from the Pine
Mountain Observatory (PMO) site. The red and yellow streak of MCC at this site is positioned between
21 and 22 mags/arc sec2, which is about 4x darker than the Awbrey Butte site (20 – 21 mags/arc sec2).
(The mags/arc sec2 scale is logarithmic – small changes in value of mags/arc sec2 represent large changes
in a linear brightness scale. See Table 1 below for additional information.) And the sparse blue pattern of
clouds is entirely below the red streak, instead of above it. This signature is characteristic of dark sky
sites -- there is very little light pollution coming from the ground at the PMO site, so any clouds
overhead are not lit up from below – instead, the clouds appear black and block the starlight. Because
the clouds appear black, the data from cloudy nights plot below the red streak on the plot.

Figure 5. Density plot of SQM data from the Pine Mountain Observatory site. Note the absence of bright
readings above the red and yellow streak of MCC at this site. See explanation in the figure and in the
text.
Figure 6 summarizes the density plots for all of the SQM sites in the Oregon SQM Network which have
been recording for at least 4 months. The plots are arranged from top left to bottom right, from most
light-polluted to least light-polluted. Notice that the red streak in each successive plot falls lower,
toward darker readings, and that along the bottom row of least light-polluted sites toward the lower
right, the sparse blue points which represent measurements taken during cloudy conditions tend to
progressively appear below the red and yellow streak.
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The characteristic red and yellow streak of each of these sites in Oregon may be a feature of the
relatively dry, high desert environment of this part of Oregon which has many clear nights throughout
the year. Other climatic areas may not show such pronounced high-density streaks in SQM density plots.
In that case a method that minimizes the effects of clouds by looking at the smoothness of each night’s
data can be used as employed by Grauer and others, 2019.
Also notice that the Madras and Tetherow sites show yellow streaks at much brighter values above the
red streaks. The yellow streaks represent a recurring, probably cloudy condition, which is much less
frequent than the clear night condition represented by the dominant combined red and yellow streaks.

Figure 6. Density plots of SQM data from all twelve sites for which at least four months of data is
available.
Density plots for each of these SQM sites in the Oregon Skyglow Network are shown at better
resolution, with comments, in Appendix A.
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Most Common Clear Dark Sky Nights (MCC)
To review, we have previously eliminated the effects of the Sun and the Moon in our SQM data by only
considering data acquired when each of those bodies is at an acceptable angle below the local horizon –
18 degrees and 10 degrees respectively.
To assess long term trends of light pollution, we also wish to minimize the effects in our data of clouds
and any effects due to variation in position of the Milky Way overhead. To minimize the effect of clouds,
we identify and summarize the measurements taken during the MCC – these we believe are clear - not
cloudy - nights. We do this by manually drawing a polygon around the red and yellow high-density
streaks in the individual density plots. The data so selected is shown in Figure 7.

Figure 7. Density plots of SQM data from all twelve sites for which at least four months of data is
available and only showing the manually-selected patches of the MCC. This is the same data as in Figure
6, but only showing points that we take as the MCC – the red and yellow streaks. These points were
selected by manually drawing a polygon around the most populous bins of the data in Figure 6.
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Figure 8 shows the data of Figure 7 – the red and yellow streak data – the MCC -- displayed as a box plot,
which allows comparison among the sites. Table 1 provides the summary statistics for the MCC at each
site.

Figure 8. Box plot showing the skyglow measurement ranges of the data from Figure 7.
The sites are listed in Table 1 - top to bottom - from the most light polluted to the most pristine night sky at
the bottom. The “X Brighter” column shows a linear brightness multiplier obtained by converting the
logarithmic mags/arc sec2 values of the Mean column to the linear candelas/meter2, then comparing each
site to Pine Mtn Observatory, which is currently our darkest night time site in Oregon. The first four sites in
the list are noticeably more light-polluted than the last four sites in the list. (See this link for information
about converting from the logarithmic mags/arc sec2 scale to candelas-http://unihedron.com/projects/darksky/magconv.php)
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Table 1. Summary of the statistics of the MCC SQM data from the measurements to date in Oregon.
Adjusting SQM Data for the Position of the Milky Way
By selecting the MCC, we have minimized the effect of clouds in our data. We next apply an adjustment
for the position of the Milky Way. When the Milky Way is overhead in the field of view of the SQM, we
expect a brighter (lower mags/arc sec2) reading from the SQM and vice versa. By knowing the latitude
and longitude of each SQM site, and the date and time of each measurement, we can calculate the
corresponding orientation of our zenith-viewing SQMs with respect to the Milky Way.
In the following, the term “galactic latitude” refers to the angle between the zenith at an SQM site and
the center of the highest arc of the Milky Way in the night sky. A galactic latitude of zero signifies that
the SQM is pointed directly into the Milky Way overhead.
The left side of Figure 9 shows a plot of the SQM measurements from the MCC data on the vertical axis
versus the galactic latitude of the SQM pointing direction. These data are from one of the darker sky
sites, Black Butte Ranch. The data is colored by the galactic latitude – reds correspond to galactic
latitudes around zero.
The black line through the data on the left side of Figure 9 is a polynomial fit to the data, which shows a
broad maximum of SQM-measured brightness near galactic latitudes around zero. The data show a
brighter sky when the Milky Way is overhead.
The polynomial fit allows an adjustment for galactic latitude, which is shown in the middle of Figure 9.
The polynomial fit to the data after adjustment is now horizontal. We adjusted the data to a galactic
latitude of 30 degrees, which is midway between the high and low of the original data across the range
of galactic latitude.
The histogram on the right side of Figure 9, which is colored by galactic latitude, shows the range of
adjustment values which were applied to the MCC data from Black Butte Ranch. The range is -0.15 to
+0.25 mags/arc sec2. The adjustment raised (made darker) the SQM data near the galactic latitude of
zero by about 0.15 mags/arc sec2. The adjustment dropped (made brighter) the SQM data at galactic
latitudes higher than 30 degrees, progressively to a maximum of 0.25 mags/arc sec2 at a galactic latitude
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of 70 degrees. The SQM data, after adjustment for the variable brightness attributable to the Milky Way
position, will improve the usefulness of the SQM data to track any changes in light pollution over time.

Figure 9. Adjustment of SQM data for the position of the Milky Way in the sky for the Black Butte Ranch
site. This site does not have much light pollution at night, so the Milky Way is visible overhead. The left
part shows the original data, the middle part shows the data after adjustment for galactic latitude. The
right part shows a histogram of the adjustment values. See text for explanation.
The adjustment for the Milky Way position for the Hopservatory site, which has significant light
pollution, is shown in Figure 10. The Milky Way is hardly visible during clear nights at this site, but the
data show a small increase of brightness when the Milky Way is overhead. The corresponding
adjustment for the Milk Way position (-.02 to +.08 mag/arc sec2) is about 4x smaller in these logarithmic
units than for the Black Butte Ranch site (Figure 9).
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Figure 10. Adjustment of SQM data for the position of the Milky Way in the sky for the Hopservatory site.
This site has significant light pollution at night, so the Milky Way is barely visible overhead. The left part
shows the original data, the middle part shows the data after adjustment for galactic latitude. The right
part shows a histogram of the adjustment values. See text for explanation.
We adjusted the MCC data from each SQM site
for its particular Milky Way brightness effect.
Table 2 lists the “Shift Darker”, “Shift Brighter”
and Range of shift for each site. There is a
strong tendency for increased range of the
adjustment for the less light-polluted sites
(ordered downward in Table 2) as expected.

Table 2. Milky Way adjustment values (mags/arc sec2) for each SQM site in Oregon with four or more
months of data.
Figure 11 and Figure 12 show the MCC data for the sites with eleven or more months of data, plotted
over time. Figure 11 shows the data prior to the adjustment for the Milky Way, Figure 12 after that
adjustment. The dashed line through each data subset is a 3rd order polynomial fit to the data. Some
months of data are missing from individual sites due to failure of batteries and in the case of Pine
Mountain Observatory, due to a Winter storm which blew the SQM mounting pole off the Zenith
direction. Ignore the extensions of the dashed lines outside the zones of data in Figures 11 and 12.
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Figure 11. The Most Common Clear Dark Sky (MCC) data for the sites with eleven or more months of data,
plotted over time. These are data prior to the adjustment for the Milky Way brightness.

Figure 12. The Most Common Clear Dark Sky (MCC) data for the sites with eleven or more months of
data, plotted over time. These are data after the adjustment for the Milky Way brightness.
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Comparison of Figures 11 and 12 show that the Milky Way adjustment has subdued the variation across
the months of the existing data. This is more obvious for the darker sky sites, which are in the middle
and bottom of Figures 11 and 12.
There is a tendency at each site for slightly brighter measurements during the Winter months (Figure
11), which is subdued by the Milky Way correction, but is still present after that adjustment (Figure 12).
The brighter measurements during the Winter months may be due to a combination of snow on the
ground causing increased reflection back upward of downward-pointed artificial light at night and also
fewer leaves on deciduous trees and plants available to block artificial light in built-up areas from
escaping upward.
After minimizing the effects of the Sun, Moon, clouds and the Milky Way on the SQM data, we can now
feel more comfortable about plotting the data in a trend line over time as displayed in Figure 12. It’s
clear that we also need additional seasons of data, in this ongoing project, to recognize changes in light
pollution over time. Also, remember that brightness variations due to airglow, the light emitted from
the atmosphere itself, remain in the data. It will be worthwhile in a subsequent edition of this report to
also account for any variations due to airglow.
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Appendix A
Skyglow signature density plots for the SQM sites in the Oregon Skyglow Measurement Network that
have been operating for at least 4 months.

Figure A1. Density plot of SQM data from the Hopservatory site in the City of Bend. Note the unusually
bright data points at the top of the plot, which are derived from Nov 26-29, 2019. A significant
snowstorm hit Bend on Nov 26th, followed by cloudy conditions with additional light snow and local ice
fog. The highly reflective snow cover increased the amount of light sent upwards, which reflected back
from the clouds. Ice fog also appears quite bright to the SQM.

18

Figure A2. Density plot of SQM data from the Tetherow site.
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Figure A3. Density plot of SQM data from the Madras site.
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Figure A4. Density plot of SQM data from the Sunriver Oregon Observatory site.
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Figure A5. Density plot of SQM data from the Black Butte Ranch site.
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Figure A6. Density plot of SQM data from the Black Butte Ranch House site. This is a second SQM at
Black Butte Ranch, located 2 miles from the other SQM at BBR.
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Figure A7. Density plot of SQM data from the Prineville Reservoir State Park site.
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Figure A8. Density plot of SQM data from the Rimrock Ranch site. This site, similar to the Pine Mountain
Observatory site, is quite dark due to the absence of light pollution from the surrounding area. Clouds
that block the Milky Way therefore appear black from the ground and cause unusually dark readings the blue scatter below the MCC red and yellow streak in the plot.

25

Figure A9. Density plot of SQM data from the Sisters High School site. The thin red streak at the upper
left of the plot represents data recorded during several days of August and September 2020 during
nights of particularly smoky air conditions at this site. This plot includes only 4 months of data -- all the
data available so far. We expect the measurements of smoky air will fall into the background as more
data are collected. This observation leads to the thought that density plots which are restricted to
ranges of data over time can provide useful detail about evolving conditions at a site.
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