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Executive Summary

The U.S. EPA Ultraviolet (UV) Monitoring Network was established in 1995 with the
eventuablacement of Brewer spectrophotometers at seven urbarmlosaind 14

national park sites. The 21 monitorisigescovered a large geographic area, from Denali
National Park in Alaska to Virgin Islands National Park off the southeast coast of the
continental United States. The instrument sites representedeaakelgvations,

population densities, and climate zones, and together the 21 instrumergd tfogm

largest network of spectrophotometers the world. The uniform nature of the instruments,
data collection, calibration, and overall network operation @ffeunprecedented

opportunity to addresswide rangeof scientificissuesconcerning UV surface irradiance.

This report summarizes a set of scientific analyses using the UV measurements collected
at the 21 sites. The results help quantify many relatipasietween surface UV levels

and atmospheric parameters over a range of geograpbhganrd terrains. The analyses
demonstrat¢éhe high quality of the data and the widespread usefulness of the network in
addressing the scientific questions related toikluding the influence of factors such

as latitude, elevation, pollution, changing ozone amounts, and surface albedo.

To ensure thenost robusscientific results, the data values were screened for quality

based on ten major criteria. A high percentaiggata passed all ten tests, and the overall
rate of quality data collection was better than had been expected based on the stringency
of the tests and occasional disruption of monitoring due to regular servicing of the
instruments. Of the 40,000 dayisdata collected from all 21 sites, roughly 35,000 days
passed all ten tests and were used in the various task analyses.

For each of the 21 sites, one of the first steps involved developing a climatology of UV
levels to examine the seasonal cycle as agetlaily, monthly, and interannual variations

in surface UV. The UV climatology differed from location to location, as a result of the
strong influences of latitude, elevation, and local cloud conditions on surface UV levels.
The Brewermeasured UV vaks agreed well with radiative transfer model calculations
across the network, although differengegsxcess of 20%vereobservedat individual

sites and in individual seasons. These differences might be related to the effects of
surface albedo, local dation levels, or other factors. Overall, the differences shed light
on the importance of in situ monitoring for obtaining accurate information about UV
levels at various sites.

The Brewer data provide important quantitative information about UV chavgesime

in many, distinctly different, geographic areas. Overall, UV levels at seven of the sites
were observed to decrease during the time period of monitoring, while the data at three
sites suggested a slight increase, and the data over time fentaming 11 sites showed

little clear longterm change. At all of the U.S. EPA monitoring locations, the time

period of data collection was less than ten years, and the derived trend information is
therefore a summary of the changes observed at thedodiMbcations over the

available time period of record. The trend estimates are not likely to be representative of
long-term patterns that could be expected to continue through the next few decades.
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Quantifying the UV changes offers useful informationdomparing the UV behavior
with observed ecological or human health effects ofeskeover the same time period.

Further analyses of spectral trends provided information on the attribution of UV changes
to cloud and aerosol changes or to changes in dewaks and confirmed the sensitivity

of surface UV amounts to these parametésall locations thetwo largest influences
onvariability in daily and monthly averaged UV levels are Sun angle and clouds. The
results from analyzing the U.S. EPA Brewetwork data suggest some surprises about
the effectiveness of clouds in blocking UV. The results suggest that moderate clouds
(having an optical depth of 10 at 340 nm) attenuate less than 50 percent of the UV that
would have reached the surface of thetliean a clear day. This improved quantitative
knowledge of cloud effects is useful in efforts to estimate UV in remote locations, or for
the future, when cloud amounts could be expected to change as a result of other
atmospheric changes.

Stratospheric zone also has a strong and direct influence on UV radiation, which can be
guantified once the effects of Sun angle and clouds have been taken into account. The
ratios of clear sky, monthlgiveraged UV radiation at distinct wavelengths with monthly
averagd ozone from the Total Ozone Mapping Spectrometer (TOMS) were shown to be
in very high agreement, with typical correlations coefficients greater than 0.8 at all sites
and often greater than 0.9. Daily ozone and UV data, which show even larger variations
than monthlyaveraged values, were used to illustrate thelmear influence of total

column ozone on UV levels. The results confirm a strong, exponential relationship
between ozone and UV measured by the Brewers under clear sky conditions as well as
under thin, moderate, and thick cloud conditions.

Several aspects of the scientific analyses completed using the U.S. EPA Brewer data
related to examining the stability of the monitoring network over the time period of data
collection. Radiative transferlcalations of clear sky UV levels using measured ozone
values were compared with the clear sky Brewer UV measurements for each location.

The rdio of these two values provi@a indication of the stability of the network, and,

while individual sites showesmalltrends in these ratios, the netwstowedanaverage

change of less than 1.5% per decadlbe overall stability of the network data and the

high agreement between the measured and estimated UV values were surprising given the
complexities of theetwork and the inherent challenges in measuring UV accurately, and
provide evidence of the high quality of the EPA Brewer data.

The results of the analyses provide information on the ability of the network to capture
changes in UV due to atmospheric opes including clouds, and particularly ozone.

The robustness of the results indicates that the network data are valuaWederange

of scientific studies, including efforts to study ecosystem and other terrestrial responses
to changing UV doses. Overall, the data records provide sufficient information for
developing a climatology of UV at the 21 sites, and offer quantitative resulterning

the effects of atmospheric parameters on surface UV. Full details are available in the
complete task reports, accessiblétyp://cires.coloradedu/science/groups/weatherhead
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1. Introduction: Ozone Changes and UV Monitoring

The amount of wultraviolet radiation (UV)

ozone |l evels in the Earthoés stratosphere.

stratosphere experienced measurable tieplattributable tchumanproduced halogen
compounds. This depletion increased in severity as a function of increasing latitude
(Figure 1). During the past two decades, stratospheric 0zone amounts over northern
hemisphere midatitudes have decreasedoapximately 3 percent from their p©80
values. The depletion has been most pronounced in the winter and spring: springtime
19972001 values were ~4 percent below the 1#80 levels (WMO, 2003). The

eruption of Mt. Pinatubo in 1991 further contributedbzone depletion in the early

1990s.

1979-1995

Figure 1. Total column ozone trends from 1974995. Trends are computed with data
removed for two years after the eruption of Mt. Pinatubo. For the Northern Hemisphere
the ozone losses are greatest in the spgtime. Data are from version 8 of the merged
TOMS/SBUV(/2) dataset; units are percent per decade.

In the Northern Hemisphere, analyses have suggested that depletion has lessened in the
years since the mii990s, except at very high latitudes followweyy cold Arctic

winters (Figure 2). For instance, the time series of stratospheric ozone amounts through
the late 1990s shows a clear recovery from the impact of Mt. Pinatubo. Analyses of
emerging data have suggested that o0zone amounts may also enlgeigimecover due
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to the reduction of ozone depleting substances in the atmosphere (Reinsel et al., 2002;
Newchurch et al., 2003; Reinsel et al., 2004). These recent changes i& oemhetion
through the early and miti990s followed by perhaps the begings of an ozone

recovery are therefore likely to have had a discernible influence on surface UV levels
(WMO, 1999; 2003).

1996-2003

Figure 2. Total column ozone trends from 1992003. Trends from the merged total column
ozone dataset suggest that since 198 trends for the northern hemisphere midlatitudes
have been either positive or null. The change in trend was also found to be positive or null
everywhere. Data are from version 8 of the merged TOMS/SBUV(/2) dataset; units are
percent per decade.

Theeffects of changing ozone levels on surface UV are best understood through direct
measurements, however monitoring surface UV is fundamentally difficult. Long, stable
time series needed to detect trends in surface UV irradiance have not been widely
available, although the 1990s did bring about an increase in the availability of higher
quality observations (Weatherhead and Webb, 1997). Identifying cleaitdong

changes in surface UV doses is not easy, and typically requires at least fifteen years of
data to counter the effects of lontgrm variability (Weatherhead et al., 2000). Still,
analyses of existing records have provided some information about the nature of UV
changes. Kerr and McElroy (1993) published the first evidence of upward trends in UV
B, but the results were based on fewer years of data than are considered necessary for
estimating longterm environmental trends. After more time had passed with continued
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monitoring, McKenzie et al. (1999) examined UV values at Lauder, New Zealand, and
found that clear sky values for the period 19999 were 12 percent higher than those in
1990. Fioletov et al. (2001) and Tarasick et al. (2003) have estimated increases in UV
levels over Canada, with the magnitude of the changes observed to depertdaa It
general, all other things, including clouds and pollution, being équaich in reality is

not the cas@ northern hemisphere midtitude U\:B increases since the 1970s are
estimated to be about 7 percent in winter and spring and 4 percent iresanuhfall

(UNEP, 1998).

Factors other than stratospheric ozone further complicate analysis of surface UV. Sun

angle, clouds, pollutants, and surface reflectivity can vary dramatically over time at a

single measurement site, and each can alter the amounf UV r eaching Earth
biosphere. Direct measurements of surface UV are important both for addressing these

various factors, and for improving our understanding of UV effects. U\texgosure

can be detrimental to many different organisms onthe &ath sur f ace, havi ng
guantifiable implications for both human and ecosystem health. UV radiation can also

lead to materials degradation, affecting wood, paints, and plastics and other synthetic

materials.

To address some of the questions related to UVsxpaand changes in UV levels, the

U.S. Environmental Protection Agency established a network of instruments to measure
surface UV in seven urban areas and, in conjunction with the National Park Service, at 14
national parks throughout the U.S. A maphef 21 monitoring locations is shown in

Figure 3. Monitoring began at many locations in the-t880s, and the data from all 21
stations are now available for analysis. This report summarizes the results of several
tasks analyzing the Brewer UV data. Thé&. EPA funded the study to examine a

number of scientific questions with regard to the UV data, including evaluation of
changes in UV levels over time, as well as quantifying the effects of ozone, clouds, Sun
angle, pollutants, and other factors on goef UV amounts.
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Figure 3. The locations of the U.SEPA UV monitoring sites cover a broad geographic area
and include many different ecosystems. The network includes 7 urban locations and 14
national park locations, representing elevations ranging from near sea level to almost 2,900
meters.

At each mortoring site, the data were collected using a Brewer MKIV
spectrophotometer (Kerr, 1985), which measures UV radiation over a wavelength range
from 286.5 to 363 nm. This wavelength range covers both thé (B20-400 nm) and

UV-B (290320 nm) part of the ggtrum. The spectral UV data available from the U.S.
EPA Brewer network allow analyses of UV behavior during recensyasmvell as of

the factors affecting surface UV, including atmospheric conditiatisude and

elevation.

The data have undergosignificant evaluation to assure quality and have a stated
uncertainty of 7 percent, which, particularly in polluted areas, can be significantly better
than observations from satellite. Michael Kimlin led the final efforts to incorporate all of
the knownphysical corrections to the data to produce the dataset used in this report.
These corrections include: dark count, dead time, stray light, outliers, cosine correction,
temperature and drift.

The Brewer instruments perform spectral scans ofBJAhd UVA radiation at set Sun
angles throughout the course of the day. Extra measurements are completed during the
time period around noon. Over the period of data collection, each instrument has
undergone a yearly calibration check, and site operators havebaéable to conduct

more frequent maintenance and verifications at each of the locations. The network
operating procedures are described in greater detaipat/\www.epa.gov/uvnet/
background.html.


http://www.epa.gov/uvnet/
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Atlanta - Noon, October 21, 2001
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Figure 4. A single scan from the Brewer instrument at Atlanta, Georgia. Data are collected every
half nanometer from 286.5 nm through 363 nm. The data at the lowest wavelengths (below 292nm)
are difficult to interpret because the signal to noise ratio is genatly low. Processing for

instrumental bias can result in physically unrealistic values. Scans are taken throughout the day
allowing for a detailed spectral mapping of the location.

The U.S. EPA Brewer instruments composed the largest spectral UV nmanitetwork

in the world, providing high quality spectral information for a variety of scientific

purposes. The data provide spectral information for analyses of numerous changes and

effects, and the measurements at specific solar zenith angles allceaii@r signal

detection. The results can be particularly useful for UV effects research because of the

net workoés | arge |l atitudinal and | ongitudinal
ecosystem types. The uniformity of the instrumentation, calibratimhmaintenance

provides a consistent data useful for a wide range of scientific studies and allows for

networkwide comparisons and conclusions.

2. Computation of Biological UV Amounts

Biologically weighted UV values used for many types of analysesalculated directly
from the Brewer UV irradiance measuremenif/ is measured as an irradiance, which
denotes the energy flow per unit area reaching a surface. Irradiance can be integrated
over a spectrum of interest, for instance 290 to 400 nmVowalelengths reaching the
terrestrial environment. The UV irradiance, or dose rate, is written as
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00nm
UVerythemadiosarate = J:::ZSOF (ﬂ’)ﬁ(ﬂ“)di ’ (1)

where F is the spectral irradianfes an action spectrum corresponding to a specific
biological effect, and the produistintegrated over the entire wavelength range of
interest. The resulting measurement is expressed as a dose rate in units of ifWatts m
(WHO, 2002). Integrating these values over the length of a day pravidkegime
integrated UV dose.

One of thestrengths of the EPA Brewer network is that the measurements of wavelengths
between 286.5 nm and 363 nm allow for the application of a variety of different action
spectra to examine very specific biological responses. In the equation above, the UV
irradiances are weighted with a biological response spectrum that roughly mimics the
human skin reddening response to UV. For many biological effects, the action spectrum
most commonly used is that of McKinlay and Diffey, given by

1, for 251<298nm

B(A) = 102 wherea=0.094x(298-1), for298<A<32&m (2)
10b,whereb:0.015<(139—/1), for328<1<400hm

The McKinlayDiffey curve represents the standard erythemal action spectrum adopted
by the Commission Internationale de I'Eclairage (CIE) to represent the average skin
response over the UB and U\*A regiors of the spectrum (CIE, 1998). The Diffey
weighting function corresponds to the human health effects of UV exposure and was the
spectral weighting function used in these analyses. Although other studies of UV effects
(on plants, wildlife, or fisheries, for example) can be completed with the Breeetralp

data, the reports presented here focus on UV in general and its relation to human health.

3. Quality Assurance of the U.S. EPA UV Data

The first step in the analysis of the spectral UV data involved a review of the available
data with scientistat the University of Georgia (UGA), responsible for the data

collection and screening, to determine any potential biases at particular sites. UGA
personnel expended considerable effort producing a Level 1 data product suitable for
scientific use. In théevel 1 data files, any problem values in the data, including missing
scans or extremely high or low points, were flagged. The criteria that UGA personnel
used to screen the data are contained in
These two dteria were 1) that the data compared reasonably well to a clear sky model
and 2) that approximately the right number of scans were taken on a given day.

Before proceeding with the analyses of the UV data, we employed at least seven
additional criteria. These additional criteria eliminated roughly 12 percent of the daily
values. The checks were necessary to prevent systematic problems thatfearide

the overall results. The additional screening did not include a thorough evaluation of the
spectradata, however, and it remains possible that some problems could exist in the

10
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individual spectral values. The additional quality assurance tests are summarized as
follows:

Test 1: The data were checked to defindithe of the first scan (Figure 5For the
daily data to pass this test, the first scan had to have occurred within one hour of when
the first scan was scheduled to occur.

R.T.P FLAG 1 - TIME OF FIRST SCAN

midn W

6 pm

noory

6 an

1995 < 1998 X 2001
+ 1996 V 1998 2002
X 1997 2000 2003

J FM A M J J A S O N D

Figure 5. The time of the first scan for each day is shown for Research Triangle Park. A
total of 1,957 points ae plotted, though most are not visible because of their overlap. Points
that are deemed to acceptable are plotted as open black circles with small black dots in the
centers. Paints that are determined to be unacceptable are identified as colored symbols
with the color and symbol coded to represent the year. The orange arrows indicate start
times that are off the scale of theyaxisd that is, occurring after midnight.

Test 2: The data were checked to defineithe of the last scan (Figuré.6For the
daily data to pass this test, the last scan had to have occurred within one hour of when the
last scan was scheduled to occur.

11
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R.T.P FLAG 2 - TIME OF LAST SCAN
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Figure 6. The time of the last scan for each day is shown for Research Triangle Park. A
total of 1,957 points are plottedthough most are not visible because of their overlap. Points
that are deemed to have an acceptable start time are plotted as open, black circles with
small black dots in the centers. Points that are determined to be unacceptable are identified
as coloredsymbols with the color and symbol coded to correspond to the year. The brown
arrows indicate start times that are off the scale of the-axisd that is, occurring after
midnight. Similar plots were generated and examined for all 21 locations.

Test 3: The minimum solar zenith angles were check@dure 7. This test verifies
whether scans were taken near solar noon. For the daily data to pass this test, the
minimum solar zenith angle recorded was required be within three degrees of the
expected solazenith angle for that time of year.

R.T.P FLAG 3 - MINIMUM SOLAR ZENITH ANGLE

80
60 1 @
40 T
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Figure 7. The minimum solar zenith angle is plotted for each day of spectral UV radiation
measurements at Research Triangle Park. A total of 1,957 points are plotted on this page,
though most are not visible becaues of their overlap. Points that are deemed to have an
acceptable minimum solar zenith angle are plotted as open black circles with small black
dots in the centers. Points that are determined to be unacceptable are identified as colored

12
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symbols with the olor and symbol coded by year. Similar plots were generated and
examined for all 21 locations.

Test 4: The number of scans in a single day was checked (BjguFais test evaluates
whether enough data were taken to provide a reasonable estintetedaftime

integrated value. The criterion for this test is that the number of scans must not differ
from the scheduled number of scanstha time of year by more than The data

flagged as unacceptable may have scientifically useful data but atedhete so that

daytime integrated results can be compared. In many cases, a day will have insufficient
number of scans because the site operators interrupted the scanning schedule to perform
necessary, routine checks on the Brewers.

R.T.P FLAG 4 - NUMBER OF SCANS

40

20 1

J FM A M J J A S O N D

Figure 8. Thenumber of scans is reported for each day of spectral UV radiation
measurements at Research Triangle Park. A total of 1,957 points are plotted, though most
are not visible because of their overlap. Points that are deemed acceptable are plotted as
open black circles with small black dots in the centers. Points that are determined to be
unacceptable are identified as colored symbols with the color and symbol coded by year.
Arrows indicate values that are off the plotting area. Similar plots were generatednd
examined for all 21 locations.

Test 5: The data were visually evaluated for spikes. Spikes are-lenoelh

phenomenon with the Brewer instruments, though their causes are not completely

understood. Spikes result in extremely large values $orgle wavelength measurement

in a single scan and do not represent a robust measurement of atmospheric composition.

Many spikes had already been removed through

To visually inspect the data for spikes, eachdég was exained individually (see
Figure 9. In a normal day of monitoring, between ten and forty scans are taken

13
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throughout the day. Each scan consists of 154 separate measurements taken every half
nanometer between 286.5 nm and 363 nm. These values should rretueal

progression with higher values generally at the longer wavelengths and during the middle

of the day and lower values for the shorter wavelengths and near sunrise and sunset for

all wavelengths. A somewhat smooth transition between the higloaridvels is

expected, with some disruption due to clou8pikes are unusual values noted in a single
wavelength measurement and can be identified as anomalously high measurements in an
examination of a single dayoéspkeswegea essi on of
identified as unacceptable. Fixing the one erroneous point would be possible, but was

beyond the scope of this study.

Riverside 1998
227

150

100

50

Figure 9. The above plot shows the 32 scans on a single day from Riverside for August 15,
1998. The xaxis is the scamumber and the yaxis is the wavelength number from shortest
wavelength (286.5 nm) to longest wavelength (363 nm). The highest radiation levels are in
red and the lowest are in purple. The horizontal striations represent bands of high ozone
absorption. On this particular day, one extremely high value occurred in the 22 scan for

the 140" wavelength. This pattern represents a spike, a common problem with Brewer
instruments. It is not a physical representation of the UV reaching the biosphere, but an
anomaly that should be removed from the analysis. The rest of the day appears normal
with the highest UV levels near the middle of the day and at the longest wavelengths.

14
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Test 6: The data were assessed for problems with iopaie time sequencesigbre

10). Occasionally, the data were written to files incorrectly, with two days of data
recorded to one daily file. In these cases, the daymegrated UV was observed to be
much higher than usual. We identified and screened these instancekibg foocases

in which the order of the solar zenith angles was out of line with what would happen
during a normal day. The test also looked for uneven or highly irregular sampling during
a day.

R.T.P
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VS 2.0
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Figure 10. Solar zenith angles are shown for fourteedays at Research Triangle Park.
The x-axis is the scan number for that day and the-gxis is solar zenith angle for that scan.
In a normal monitoring day, measurements are taken at roughly equal solar zenith angles
throughout the day with more frequentmonitoring near solar noon and at sunrise and
sunset. If monitoring and recording proceeded appropriately, these plots would show
decreasing solar zenith angle, followed by a leveling off and then increasing solar zenith
angles. The examples illustratea@ne of the problems that can occur. In the first plot, the
file may contain a full day of monitoring and then the first five scans from the next
morning. In the second plot, the file may contain the morning of one day and then a full
day of monitoring perhaps from the next day.

Test 7: The data were checked to assure that the biologically weighted UV values were
within range (Figurd1l). Observed daytimentegrated UV values are rarely above 7,000
Joules/metétday and should never be equal to zeigemythe sensitivity and locations of

the Brewer instruments. All reported values greater than 9,000 Joule&/dagtand

less than or equal to zero were omitted from further evaluation. The cause of the unusual
high values may have been spikes in thgar the merging of two days or two partial

days of data into one file. The cause of a report of 0 may have been due to missing or
otherwise unacceptable data screened by staff at the University of Georgia. No efforts
were made to determine the cautéhese unusual values, however an inspection of
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when they occurred at each site showed no patterns consistent with an atmospheric cause.

Many of these data could be recovered if the cause were understood sufficiently.

Gaithersburg

8000 1

6000 1

4000 1

2000 1

Figure 11. Daytime-integrated, biologically weighted UV levels are plotted for the
Gaithersburg site. The xaxis represents the day of year and the-gxis corresponds to
biological UV in units Joules/nf. Data not flagged are shown in black circles with small
dots in the middle. The arows indicate values above 9,000 Joules Frand the color
indicates the year in which the high value occurred. Values that were reported as 0.0 are
illustrated by the colored symbols near the bottom of the plot. No negative values were
observed in the dita.

In addition to the tests outlined above, days of data were examined for irregularities not
deemed physical (see Figur®). The UV measurements from the U.S. EPA network

were required to pass all of the outlined tests to be used in the analyssailogically
weighted UV. The number of data points removed in the screening process represented
only a small portion of the data collected (less than 15 percent network wide), but the
screening was necessary because only a few unusual points hab#ityhéo change the
results of the analyses. In total, the results of the extensive quality screening resulted in
over 35,000 days of data being identifi
between 10 and 50 UV scans.
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Acadia 2000
262

150

100

50

Figure 12. The aboveplot shows the 28 scans on a single day from Acadia on September 8,
2000. The xaxis is the scan number and the-gxis is the wavelength number from shortest
wavelength (286.5 nm) longest wavelength (363 nm). The highest radiation levels are in red
and the lowest are in purple. The measurements for the first half of this day appear normal
with the highest values occurring at the longest wavelengths and as solar elevation
increases. The afternoon shows problems with the instrument occurring at 325 nrithe
afternoon measurements are not physically representative of the atmosphere and the entire
day has been omitted from the analyses.

A number of tests were not included because they were beyond the scope of this project.
Individual wavelengths were euated using only a coarse visual screening as described
above. Examination of the spectral data showed that screening the values as a function of
Sun angle would be beneficial, particularly if the data are going to be used in a manner
that is highly sengve to a particular wavelength.

It is important to note that the data publicly available from University of Geargla

from EPA have not been screened as described in this section. Researchers interested in
using the data can therefore apply their own quality assurance designed around particular
scientific uses. The data publicly available have been screened fpiimsanmentation

issues as described in the documentation available on the U.S. EPA and University of
Georgia web sites.

17



Final Report for U.S. EPA Analysesof Ultraviolet SolarRadiation Data

4. UV Climatology and Results From Each Site

The analyses of the U.S. EPA Brewer data provide extremely useful information about
the seasonal UV values observed at each of the Brewer sites. In this section, some of the
results of the analyses for each location will be summarized. The figures include
information on the seasonal cycle of UV, the typical clear sky and median values
expected at each site, and changes in spectral UV over the time period of monitoring.

The site summaries also include information on the effects of Sun angle, clouds, and
ozone at each site.

Location information for each of the Brewer instrument siteansnsarized in Table 1.

All values are for daytime integrated CIE weighted UV measured by the BreWses.

table also includes reports of the average mean sky UV and maximum clear sky UV at
each site. These two values provide information that is vergdaallly relevant: the
average mean sky UV can be roughly translated to annual integral of UV dose, while the
maximum clear sky values represent the extremes for each site.

Table 1. Location information and mean sky and c&grUV values (Joules/tday)
for each of the Brewer sitessing the CIE weighting
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Site Latitude/ Elevation Start Average | Maximum

(Brewer instrument #) Longitude Date mean sky | clear sky
uv uv

Glacier National Park, 48.7°N, 113.4°W| 424 m 1997 2178 5645
Montana (96134)
Denali National Park, 63.7N, 149.0W 661 m 1997 1014 3860
Alaska (96141)
Olympic National Park, | 48.°N, 123.4W 32m 1997 1835 4953
Washington (96147)
Rocky Mountain National | 40.0N, 105.3W 2896 m 1998 2926 7451
Park, Colorado (98.46)
Hawaii Volcanoes Nationa 19.4°N, 55.3°W | 1243 m 1999 5081 8925
Park, Hawaii
Boulder, CO (93L01) 40.PN, 105.2W 1689 m 1996 2687 6342
Gaithersburg, MD (105) | 39.1°N, 77.2W 43 m 1994 2273 5644
Acadia National Park, 44 /N, 68.3W 137 m 1998 1900 5069
Maine (96138)
Everglades National Park,| 25.#N, 80.7W 18 m 1997 3612 6057
Florida (96135)
Chicago, IL (94103) 41.8°N, 87.8W 165 m 1999 2195 5691
Atlanta, GA (94108) 33.8N, 84.8W 91m 1994 2849 5921
Research Triangle Park, | 35.9N, 78.9W 104 m 1995 2494 5159
NC (92-087)
Great Smoky National 35.6N, 83.8wW 564 m 1996 2809 6034
Park, TN (96132)
Big Bend National Park, | 29.3N, 103.2W 329m 1997 4311 7425
Texas (96130)
Albuquerque, NM (94 35.I°N, 106.6W 1615 m 1998 3627 7070
109)
Sequoia National Park, | 36.5N, 118.8W 549 m 1998 2937 6299
California (96139)
Virgin Islands National 18.PN, 64.8W 30m 1998 4487 6480
Park, U.S. Virgin Islands
(96-144)
Shenandoah National Par| 38.BN, 78.8W 325m 1997 2666 6327
Virginia (96-137)
Canyonlands National 38.59N, 109.8W 814 m 1997 3281 7372
Park, Utah (961L33)
Riverside, CA (94112) 34.0°N, 117.3W 84 m 1995 3152 6374
Theodore Roosevelt 46.9N, 103.4W 238'm 1998 2367 6480

National Park, North

Dakota (96131)
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Acadia National
Park

Latitude: 44.4N
Longitude: 68.3NV
Elevation: 137 m

Acadia
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Acadia National Paris the farthest northeast location of any of the sites in the netwc
The northern latitude location results in a very large seasonal cycle with the averag
in the summer more than eight times the average UV in the winter. The curve plotte
purpleabove represents the clear sky UV values for the site. The curve plotted in k
marks the median UV values for the site: half of the measurements are above and
below this curve. All qualiyscreened measurements over the entire period of apera
are included in this figure, however small, skerim variations along the curves are
expected because only a handful of years of data are available from the site. As
monitoring continues, these variations would be minimized.

In the springtime, theurves are farther apart than during the fall. This difference co
be attributed to a higher frequency of occurrence of cloudiness during the spring m
or may be associated with the higher total ozone column values known to occur in
spring. Wiatever the cause, it is clear that for the time period of record available, tc
UV values at Acadia are somehow suppressed during the spring months.
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Acadia

The time series of daily CIE UV values for Acadiastrates both the seasonal cycle ai
the interannual variability at the site. The trend over time for the radiation at each

wavelength suggests an increase inBYadiation, although the monitoring period is r
currently long enough to provide infoation on the significance of the derived trends.
The bottom left figure illustrates that the majority of the variability in daily UV is due
Sun angle and clouds. When these two factors are accounted for, the effects of oz

apparent. The bottonght figure shows measured UV radiation atd&yree solar

zenith angle plotted against simultaneous daily ozone measurements from satellite
different cloud conditions. Changes in ozone are found to strongly affect the meas

surface UV even underery thick clouds.
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Albuquerque, NM

Latitude: 35.IN
Longitude: 106.8V
Elevation: 1615 m
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The metropolitan area of Albuquergiseknown for its dry, hot climate in the summer anc
generally mild winters. The southern location and high elevation of the site results in
extremes of UV levels. The clear sky values (those in the top 10 percent) for the site
plotted in purple intie above figure. The blue curve represents the median UV values
the site: half of the measurements are above and half are below this curve. All quality
screened measurements over the entire period of operation are included in this figure
however sma/| shortterm variations in the curves are expected because only a handfu
years of data are available from the site. As monitoring continues, these anomalies v
be minimized.

The differences between the clear sky UV and median UV values are &pgeat during
the summer, and are also apparent during the spring. In the fall, there is very little
difference between the clear sky and median values. The summer and springtime
differences could be attributed to a higher frequency of occurrenceunficéss during
those months, although other factors, including ozone, may also play a role.

22



Final Report for U.S. EPA Analysesof Ultraviolet SolarRadiation Data

Albugquerque

The time series of daily CIE UV values for Albuquerque illustrates both the season:
cycle and the interannual variability. The trend oveetfor the radiation at each
wavelength suggests a decrease inrBJkadiation at wavelengths less than 310 nm,
however the monitoring period is not yet long enough to provide information on the
significance of the derived trends. The bottom left figutesitiates that the majority of
the variability in daily UV is due to Sun angle and clouds. When these two factors .
accounted for, the effects of ozone are apparent. The bottom right figure shows m:
UV radiation at 6edegree solar zenith angle tikd against simultaneous daily ozone
measurements from satellite for different cloud conditions. Changes in ozone are f
to strongly affect the measured surface UV even under very thick clouds.
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Atlanta, GA

Latitude: 33.8N
Longitude: 84.4£W
Elevation: 91 m
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The twentycounty Atlanta metropolitan area is home to more than four million people,
is an important urban location for UV monitoring in the southern part of the Cle&r sky
UV values (the top 10 percent of all values) are plotted in purple in the above figure.
blue marks represent the median UV values for the site: half of the measurements ar
and half are below this curve. Small, shrtm variationslong the curves are apparent ¢
expected because only a handful of years of data are available from the site The figu
includes all qualityscreened measurements over the entire period of operation: as
monitoring continues, any variations would be miiziead.

At the Atlanta site, the clear sky and median values curves begin to deviate in the eal
spring and reach a peak difference in the summer months. The clear sky and mediai
become more closely aligned again in the fall, and remain that waygththe winter wher
clear sky UV values are at their lowest. The differences that occur through the spring
summer, and early fall could be evidence of changing cloudiness during these month
seasonal cycle of ozone might also affect these difte®
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Atlanta

The time series of daily CIE UV values for Atlanta illustrates both the seasonal cycl
the interannual variability. The trend over time for the radiation at each wavelengtr
suggests that there has been little changeBurddiation diring the monitoring period,
except at the shortest wavelengths. -AVadiation has slightly increased, probably du
to clouds. The discontinuity near 325 nm indicates a problem with the data and is |
indicative of atmospheric changes in UV. The botteft figure illustrates that the
majority of the variability in daily UV is due to Sun angle and clouds. When these t
factors are accounted for, the effects of ozone are apparent. The bottom right figur
shows measured UV radiation at@@gree solazenith angle plotted against
simultaneous daily ozone measurements from satellite for different cloud condition:
Changes in ozone are found to strongly affect the measured surface UV even unde
thick clouds.
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