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EXECUTIVE SUMMARY

TheUS Environment al Protection Agencyo6s Ul tr;
collecting data using Brewer instruments at various national park and urban sites in 1995.

The dates of the Brewer network operation correspond with an interesting time in terms

of changes in total column ozong¢he effects of Pinatubo were diminishing and ozone

depleting substances were starting to lessen in growth rate in the stratosphiei®

report, measurements from the U.S. EPA Brewer network are compared with radiative

transfer calculations performed by Nataly Chubarova at Moscow State University

TheDISORT model was used to estimate clear sky, noontime UV radiation at the

ground. The model simulations udsathmeasureanonthly aveaged total column

ozone valueand the actual elevation values for the Brewestiaments Pollution and

aerosol values were assumed constant, and noontime UV values were calculated for each
of the sites over the moniiag period of each instrument.

The Brewer data were first screeneddaality using a set of tests described irualiy
assurance document.sidg the quality assured data, the cleardskys were identified

by examination ofadiation levelsat 340 nm for 60 degreeslapzenith angle. [@ar sky,
noontime Brewer measuremts were compared with the modeledires, and the results
suggestemarkably good agreement across the network, with the monthly averaged
measurements and models agree to within less than 1 percent. This agreement is better
than what would be expectedalto measurement and calibration uncertainty alone.

Larger differences were noted at individual stations. The largest differences were
observedt higher elevations where the measurements were systematically up to 20
percent larger than what the maglpredicted. Individual seasons also experienced
differences in excess of 20 percent. Some of these differences appeared to be random,
related to the short monitoring time. Other dependences that appear to be systematic may
be related to local obstruotis, ordifferencedn albedo, aerosol, and pollution, all of

which could have a seasonal impact.

Overall, analysis of the ratios over time suggestgatessivestability, with the average
ratio changing only 1.5 percent per decade. This remarkablbtgtiata strong
indicationof the quality of the data andetusefulness of the network.

The systematic differences between the measurements and models, though on average

small, indicate that UV measurements are essential to understanding the deXdils of
climatol ogy at the Earthodos surface. Especi a
atmospheric conditions could vary substantially over short time periods, the model results

at some locationgver or underestimate surface UV levels by as chuas20 percent

Therefore elying on model resultisistead of measuremergsuld substantially affect

evaluations of environmental and human health effégpending on how the data may

be used
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1. Introduction

Task (f) Ac o mp-8measutements Bith thage af theUr'WV model, Total

Ozone Mapping Spectrometer (TOMS) measurements and provide an analysis of the
causes of those differenceso i sonmemtal of sever
Protection Agency (EPA) to analyze measurements from the network of ultraviolet

radiation instruments operated by EPA and the University of Georgia (UGA) in

collaboration with the National Park Service (NPS).

Other tasks address different ekmts of UVCB exposure and effects, and the results of
those tasks are summarized in the individual task reports.

The tasks defined by the U.S. Environmental Protection Agency at the start of the project
are as follows:

(a) Determine the trends in UB flux at the individual Brewer sites, at groups of
similar sites and/or across the network.

(b) Analyze the factors affecting the observations and trends at each site (and across
the network, as appropriate) including correlations with changes in the ozone
column,changes in stratospheric ozone, changes in ground level ozone, changes
attributable to other pollutants or atmospheric constituents, etc.

(c) Analyze the major factors affecting the tB/flux, including solar angle, latitude,
elevation, cloud cover, pollutidevels and composition, etc.

(d) Analyze the direct versus indirect exposures teBJXadiation and the factors
affecting the ratio.

(e) Compare the UMB flux measurements with the predictions of the National
Weather Service Ozone Watch Program, together wigmalysis of the
differences and potential causes for the discrepancies.

() Compare the Brewer U8 measurements with that of the Tropospheric
Ultraviolet (TUV) Model, Total Ozone Mapping Spectrometer (TOMS)
measurements, and provide an analysis of therdifices of those measurements
and the causes of those differences.

(g) Compare the UMB measurements with air pollution measurements to determine
the effects of tropospheric air pollution on tB/exposures.

(h) Compare trends in UNB flux measured by the netwodt midlatitudes in the
United States to United National Environmental Program (UNEP) data.



(i) Determine the effect of clouds/haze/aerosols onrBJ&kposure.

()) Analyze the directional diffuse (cloudless) sky irradiance in the32®nm (U\
B and 325400nm (U\A) wavelength bands as a function of aerosol optical depth.

(k) Analyze the directional diffuse sky irradiance in the-200nm (U\:B and U\*
A) wavelength band as a function of cloud cover, cloud type, cloud depth.

(I) Analyze the reflectancspectral albedo) for key materials (snow, beach sand,
concrete, asphalt and water) in the 296400nm (U\V:B and U\VA) wavelength
band, as appropriate for the network measurement sites.

(m) Analyze the bdirectional reflectance (forwasscattering and lzk-scattering)
for key materials (snow, beach sand, concrete, asphalt and water) in thei290nm
400nm (UVB and U\A) wavelength band, as appropriate for the network.

Task (f) compares the Brewer LB/ measurements with those of the Tropospheric

Ultraviolet (TUV) Model, Total Ozone Mapping Spectrometer (TOMS) measurements,

and provides an analysis of the differences of those measurements and the causes of those
differences. The TOMS data can be input into the TUV model to estimate a surface
irradiance vala, which can be compared against a corresponding Brewer measurement.
The analysis is completed using the most recent version of the TOMS dataset, which was
released in 2004.

In this report, the TOMS/TU\derived irradiances and Brewer irradiance measumné&ne

are compared for each site in the U.S. EPA Brewer network. The comparisons are made
for clear sky days only, so that the presence of clouds will not confound the analysis.
Clear skies are identified by high radiation at 340 nm, at a fixed solah zewjle of 60
degrees. The agreement between the modeled and measured UV measurements is
summarized for each site in the Brewer network, allowing us to evaluate differences by
region, elevation, and other factors.

2. TUV Model Description

The Tropepheric Ultraviolet (TUV) model used in this task implements the Discrete
OrdinateMethod Radiative Transfer model (DISORT) developed by Knut Stamnes

(Stamnes et al., 1988). DISORT is a matteam radiative transfer model able to

quantify the transferfaadiation in a scattering and emitting plgverallel atmosphere.

An interface improving the model 6s suitabl e
Madronich at the National Center for Atmospheric Research, and improved further by

Nataly Chubarova at bscow State University in Russia.



TheDISORTmodel uses a reference Rayleigh profile to simulate the molecular
atmosphere and provides output in 80 vertical layers at a resolution of 1 km. The
standard atmosphere profile is the 1976 reference atmosphdrezone absorption
coefficients are those developed by Molina and Molina (1986) for temperatures of 263 K
and 298 K. Sulfur dioxide (Spvalues are from McGee and Burris and nitrogen dioxide
(NOy) is based on Davidson. For our purposes, polluticongentrated in the lowest 1

km at levels 50% of ground concentration.

In coordination with Nataly Chubarova, the model was run to estimate surface UV
irradiance based on TOMS ozone amounts. The model was run for each Brewer site,
incorporating the latiide, solar zenith angle, and elevation particular to that site. Ozone
values were input based on the TOMS measurements for the location. The default values
used in the study were as follows:

Cloudiness 0%

Pollution typical*
*minimal pollution profilecontains 0.1 ppb S00.1 ppb NG, and 20 ppb 9

Minimal pollution levels were determined by examination of boundary ozone levels at a
number of locations. Because total column ozone levels are also used in this study, only
a rough approximation is neetito separate additional boundary layer pollutants in these
studies.

90 —
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40 —
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10 —

Surface Ozone (ppbv)

T | T T T T | | T T
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Day/Time

Hourly surface ozone mixing ratios measured at the University of Chicago during the period of the
Brewer Spectrophotometer observations. Values span solar times from 9:00 to 15:08ulns on each
day.

Data from Chicago show that 20 ppb of ozone is a fairly low surface ozone concentration.
Examination of data from other sites showed that for Shenandoah National Park, roughly



five percent of the data collected showed surface ozon@ @mb2 or below and for
Smoky Mountains, less than three percent of the data collected showed surface ozone of
20 ppb or below.

3. TOMS Data Description

The Total Ozone Mapping Spectrometer (TOMS) provides moimtieign zonal and

gridded dataThe TOMS irstruments measure backscattered solar UV radiation at

several distinct wavelengths, some of which are absorbed by atmospheric ozone and
some of which are notRadiation from the Sun penetrates into the troposphere, and
portions at certain wavelengths aeflected from the dense tropospheric atmosphere,
clouds, or the surface back to the satellite, so that the radiation traverses the atmospheric
column twice. The total column ozone is derived by comparing the amount of
backscattered radiation measuredhsyinstrument at an ozomdsorbing wavelength,

relative to the amount of radiation measured at aaimorbing wavelength.

The total ozone data from the TOMS instruments are processed using the TOMS Version
8 algorithm. This algorithm has been optimiZedstudies of shotterm to seasonal
variations in the data, but the data are also useful in trend analysis, particularly when
combined with the SBUV data, which are optimized for loergn trend studies. The
TOMS Version 8 algorithm uses two wavelengtBasurements (317.5 and 331.2 nm) to
derive total ozone. The algorithm has been improved to include an updated a priori
profile ozone climatology based on SAGE Il and balloon sonde profiles as well as
climatological temperature profiles to account fog seasonal and latitudinal temperature
dependence in the ozone absorption properties. The tropospheric ozormeamnal
climatology has also been updated, and more accurate radiative transfer is now
incorporated into the forward modelwever these datar the troposphere have not yet
been fully tested and will not be used in this stud@lige algorithm also contains

improved corrections for cloud, tropospheric aerosol, sea glint and rotational Raman
scattering effects, as well as improved treatmentidése reflectance over persistent
snow and ice.

4. Methods

Quiality Assurance

The first step in the analysis of the spectral UV data involved a review of the available
data with the scientists at UGA to determine any potential biases at particilan 5&@é
personnel have put considerable effort into producing a Level 1 data product suitable for
scientific use. The Level 1 data from all 21 sites were used to address several questions
about the various factors influencing UV. The spectral natufgedBtewer data, as well

as the large geographic coverage of the Brewer network (Figure 1), allow for an analysis
of changes in UV at various wavelengths, which can provide important information about



the factors affecting UV throughout the continental EdiStates and in Alaska and
Hawaii.

Denali

Hawaii

Virginislands

Figure 1. The locations of instruments for the EPA Brewer UV monitoring network operated by the
University of Georgia are shown on the map. The sites cover a large geographiasta and represent
a range of ecosystems.

Parameters relating to UV observations and temperature characterizations at each of the
Brewer sites are summarized in Table 1. Columns a through c report the latitude,
longitude, elevation, and year observasiavere begun at each site.

Table 1. Location information for the Brewer UV monitoring instruments.

Site (Brewer #) (a) Latitude/ Longitude (b) Elevation (c) Start Date
Glacier National Park, 48.7°N, 113.4°W 424 m 1997
Montana (96134)

Denali NationaPark, 63.7N, 149.0W 661 m 1997
Alaska (96141)

Olympic National Park, 48.1°N, 123.24W 32m 1997
Washington (96147)

Rocky Mountain National 40.C°N, 105.5W 2896 m 1998
Park, Colorado (964.46)

Hawaii Volcanoes National 19.4°N, 55.3°W 1243m 1999




Park, Hawaii

Boulder, CO (93101) 40.1°N, 105.2W 1689 m 1996
Gaithersburg, MD (105) 39.1°N, 77.2W 43 m 1994
Acadia National Park, 44 &N, 68.3W 137 m 1998
Maine (96138)*

Everglades National Park, 25.4N, 80.PW 18 m 1997
Florida (96135) *

Chicago, 1L(94-103) 41.8°N, 87.6W 165 m 1999
Atlanta, GA (94108) * 33.8N, 84.24W 91 m 1994
Research Triangle Park, 35.9N, 78.9W 104 m 1995
NC (92-087)

Great Smoky National 35.8N, 83.8W 564 m 1996
Park, TN (96132) *

Big Bend National Park, 29.3N, 103.2W 329 m 1997
Texas (96130)

Albuquerque, NM (94109) 35.1°N, 106.6W 1615 m 1998
*

Sequoia National Park, 36.9N, 118.8W 549 m 1998
California (96139) *

Virgin Islands National 18.3N, 64.8W 30m 1998
Park, U.S. Virgin Islands

(96-144)

Shenandoah Nanal Park, 38.8N, 78.4W 325m 1997
VA (96-137)

Canyonlands National 38.2N, 109.8W 814 m 1997
Park, Utah (96133)

Riverside, CA (94112) 34.0N, 117.3W 84 m 1995
Theodore Roosevelt 46.9N, 103.2W 238 m 1998
National Park, North

Dakota (96131) *

*A site that has a shift or other problem

Problem values in the data, including missing scans or extremely high or low points, have
been flagged in the Level 1 data files released by UGA. However, examination of the

data has identified suspicious valuleatthad not been flagged. The occurrence of such
values varies from site to site, with some sites achieving extremely good collection rates
as well as high data quality. The results of extensive quality screening of the data are
summarized in Figure ZThe data shown in red for each day have been evaluated as

being problenfree, based on set criteria. Over 35,000 days of data have been identified
as good: each of these figoodod days cont ai

1C
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FLAGS - IDENTIFIED AS GOOD DAYS

Acadia : 1693 good days Albuquerque : 1685 good days Atlanta : 1804 good days
300 300
200 200
100 100
0 0
1996 1998 2000 2002 1996 1998 2000 2002 1996 1998 2000 2002
Bighend : 1425 good days Boulder : 1850 good days Canyonlands : 1889 good days
300 300 300
200 200 200
100 100 100
0 0 0
1996 1998 2000 2002 1996 1998 2000 2002 1996 1998 2000 2002
Chicago : 1315 good days Denali: 1012 good days Everglades : 1664 good days
300 300 ! 300
200 200 200
100 100 100
0 0 0
199 1998 2000 2002 1996 1998 2000 2002 1996 1998 2000 2002
Gaithersburg : 2390 good days Glacier : 1981 good days Great Smoky : 1797 good days

19% 1998 200 2002 1% 199% 2000 a0 19% 1998 2000 200
Haw aii : 1154 good days Olympic : 1899 good days RT.P: 1710 good days
0
200
100
0
1996 1998 2000 2002 1996 1998 2000 2002 1996 1998 2000 2002
Riverside : 2328 good days Rocky Mountain : 1674 good days Sequoia : 1626 good days
300 300
200 200
100 100
0 0
1996 1998 2000 2002 1996 1998 2000 2002 1996 1998 2000 2002
Shenandoah : 2027 good days T. Roosevett : 1532 good days Virgin Islands : 1356 good days
300 300 300
200 200 200
100 10 10
0 0 0
1996 1998 2000 2002 1996 1998 2000 2002 1996 1998 2000 2002

Weatherhead Sun Sep 26 14:43:03 UMS 2004 task1.SSC

Figure 2. The data presented her are as released on the University of Georgia web site and screened
for quality. These data are used in this report to examine spectral UV changes over the time periods
of instrument operation.
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The UGA staff screened the data based onthetwo criteriaé d i n t he Ar eadmeod
associated with the site. The two criteria suggested for screening were that the data

compared reasonably well to a clear sky model and that approximately the right number

of scans were taken on a given day.

In addition to the @eening performed by UGA as discussed above, 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 which could
have had larg impacts on the results presented. However, detailed screening of the
spectral data was not possible and it is likely that some critical problems still exist in the
individual spectral values.

The additional quality assurance tests are summarizedassol

Test 1: The data were checked to define the time of the first scan. For 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.

Test 2: The data were checked to defimetime of the last scan. For 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.

Test 3: The minimum solar zenith angles were checked. 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 solar zenith angle for
that time of year.

Test 4: The number of scans in a single day was checKad test evaluates whether
enough data were taken to provide a reasonable estimate of the diayignated value.

The criterion for this test is that the number of scans must not differ from the scheduled
number of scans for the time of year by mitran 10.

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 for single wavelength measurement

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

Many spikes had already been removed through

Test 6: The data were assessed for problems with inappropriate time sequences.
Occasionallythe data were written to files incorrectly, with two days of data recorded to
one daily file. In these cases, the daytimegrated UV was observed to be much higher
than usual. We identified and screened these instances by looking for cases ith&hich
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.

12



Test 7: The data were checked to assure that DUV values were within rangeveQbs
daytimeintegrated UV values are rarely above 7000 Joules/ffedgrand should never

be equal to zero, given the sensitivity and locations of the Brewer instruments. All
reported values greater than 9000 and less than or equal to zero were foonitteother
evaluation. No efforts were made to determine the cause of these unusual values,
however an inspection of when they occurred at each site showed no patterns consistent
with an atmospheric cause of the unusual values.

Data were requikto pass all seven tests to be used in the analysis of the-Diffey
weighted UV. The number of data points removed in the screening process represented
only a small portion of the data collected (less than 15% network wide), but the screening
was necessatyecause only a few unusual points have the ability to change the results of
the analyses.

Measurement to Model Comparisons

Noontime UV values were calculated for each site over the operating period of the

Brewer instrument. The calculations were perfed using the TUV model with TOMS

estimates of total column ozone. Other model parameters are described in Section 2.

The model provides biologically weighted UV estimates for a particular time of day. In

this case, the biological weighting used ise¢hgthemal (skirreddening) response

spectrum developed by McKinlay and Diffey (1987), and adopted by the Commission

Il nternationale de | 6Ecl airage (CIE, 1998).
detail below.

Clear sky, Brewer noontime maaements were obtained for each the sites. For this
anal ysis, ficlear skyo was defined as the day
at 60 degrees solar zenith angle exceeded 300 fWYm This definition of clear sky

can be flawed for variougasons. One disadvantage of the method is that the amount of
UV expected at 340 nm at 60 degrees solar zenith angle is expected to change with
elevation. Furthermore, measurements taken at 60 degrees solar zenith angle may not
accurately reflect the @ud conditions at local solar noon. Despite these difficulties, the
method does allow for a consistent identification of clear sky days across the network.
Two advantages of this method for identifying clear skies are that it allows for variations
in ozane to be identified in the clear sky data and that it is defined based on the Brewer
data themselves.

The Brewer CIEweighted values were computed by weighting the UV irradiances with

the McKinlay-Diffey erythemal response spectrum (McKinlay and Diffe§87) adopted

by the Commission Internationale de I'Eclairage (CIE, 1998). This response spectrum
represents the standard erythemal action spectrum adopted to represent the average skin
response over the UB and UVA regions of the spectrum and is gives

13



1, for 25K 1<298nn
B() = 102, wherea=0.094x(298- 1), for298< A< 32&m (1)
10P, whereb=0.015¢(139-1), for328<1<400nm

Using this function, the CHaveighted UV irradiance, or dose rate, can be written as

00nm
UVerythemasﬂoseate = .[14:290F (l)ﬂ(;t)d/l ' (2)

where F is the spectral irradian@es the McKinlayDiffey action spectrum, and the
productis integrated over the entire wavelength range of interest. The resulting noontime
dose rate has units of mW/m

Once the measurements and model calculations are obtained, the values are plotted to
assess the agreement over time. Section 5 includeesghlting plots for each Brewer

site. We can quantitatively assess any differences by computing the ratio of the measured
noontime UV for a day to the modeled noontime UV for the same day. These ratios can
be computed using all values throughout ther ye for individual seasons.

5. Detailed Site Analyses For All 21 Brewer Locations

The following pages of plots present the results for each Brewer site. It should be kept in
mind that some of the results shown might not be entirely conclbasex on the shorter
duration of the EPA Brewer datasets.
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Acadia National
Park

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

Noon CIE

0.25 1 .
0.20 -
0.15 -
0.10 -

0.05 1

0.0 1

Acadia

Acadia National Park is located in the northeastern United States. tbig ktcation
experiences a very large seasonal cycle. The figure above shows the noontime CI
weighted measurements (black symbols) from the Brewer instrument and calculate
noontime CIE UV (purple line) from the TUV model. The clear sky values are
desgnated using the open circles, while all sky UV values are indicated by the blacl
dots. The time series of measured clear sky and modeled values over the operatin
period of the Brewer instrument are shown on the following page. The ratios betwe
two values indicate some large discrepancies, especially during the spring and fall.
differences may be attributed to seasonal variations in pollutants, aerosol, surface
or other factors not accounted for in the model.
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Albuguerque, NM

Latitude: 35.IN
Longitude: 106.8V
Elevation: 1615 m

Noon CIE

0.4

0.1 1

J F M A M J J A S O N D

Albuguerque

The metropolitan area of Albuquerque is known for its dry, hot climate in the summer
generally mild winters. The southern location and high elevafidime site results in
extremes of UV levels. The figure above shows the noontimen@lghted measurement
(black symbols) from the Brewer instrument and calculated noontime CIE UV (purple
from the TUV model. Open circles signify clear sky valwgsije all sky UV values are
indicated by the black dots. The time series of measured clear sky and modeled valt
the operating period of the Brewer instrument are shown on the following page. The
indicate generally good agreement, with éixeeption of a few time periods where
differences of within 20 percent were observed.
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Atlanta, GA

Latitude: 33.8N
Longitude: 84.9VN
Elevation: 91 m

Noon CIE

0.3 7

0.1 7

Atlanta

The twentycounty Atlanta metropolitan area is lodhia the southeastern U.S. The date
from this southern site suggest that the modeled UV values are often higher than the
measured values. The figure above shows the noontimev€itthted measurements
(black symbols) from the Brewer instrument and catealanoontime CIE UV (purple line)
from the TUV model. The clear sky values are designated using the open circles, wh
sky UV values are indicated by the black dots. The time series of measured clear sk
modeled values over the operating pewbdthe Brewer instrument are shown on the
following page. The ratios between the two values indicate some large discrepancies
the modeled values tending to overestimate the measurement by as much as 40 perc
sometimes more. The causes of ¢héifferences are not known, but may be attributed t
an increased level of pollutants at the site than is accounted for in the model.
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Big Bend National
Park

Latitude: 29.8N
Longitude: 103.2V
Elevation: 329 m

Noon CIE

Bigbend

Big Bend National Park covers over 800,000 acres in southern Texas and experience
generally very high UV levels. The figure above shows the noontimev€ighted
measurements (black symbols) from the Brewer instrument and calculated noontime
UV (purple line) from the TUV model. The clear sky values are designated using the
circles, while all sky UV values are indicated by the black dots. The time series of
measured clear sky and modeled values over the operating period of the Brewereinist
are shown on the following page. The ratios between the two values indicate some I
discrepancies, with the models tending to often underestimate the measured UV amc
The cause of these differences could be related to limitations in thed mpdt values, but
the discrepancies confirm the importance of obtained actual gimagetl measurements ¢
UV in locations that may be particularly sensitive to surface UV amounts.
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Boulder, CO

Latitude: 40.IN
Longitude: 1052V
Elevation: 1689 m

Noon CIE

0.3 7

0.2 7

Boulder

Boul derds UV monitoring takes place wi

important higher elevation location for urban monitoring. The figure above shows the
noontime ClEweighted measuremer(tslack symbols) from the Brewer instrument and

calculated noontime CIE UV (purple line) from the TUV model. The clear sky values ¢
designated using the open circles, while all sky UV values are indicated by the black c
The time series of measurdéar sky and modeled values over the operating period of tl
Brewer instrument are shown on the following page. The ratios between the two valur
sometimes moderately large (up to approximately 20 percent), but do not shown any
terms of the mdeled values systematically over underestimating measured UV amoun
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Canyonlands
National Park

Latitude: 38.5N
Longitude: 109.8V
Elevation: 814 m

Noon CIE

0.4

0.2 1

J F M A M J J A S O N D

Canyonlands

Canyonlands National Park is located in the ldgkert of Utah. The site experiences
generally high UV levels and is studied by numerous scientists because of its uniqt
and a variety of algae, lichen, and bacteria allowing for a rich desert ecosystem. T
figure above shows the noontime GAighted measurements (black symbols) from tl
Brewer instrument and calculated noontime CIE UV (purple line) from the TUV moc
The clear sky values are designated using the open circles, while all sky UV values
indicated by the black dots. The timeisse of measured clear sky and modeled value
over the operating period of the Brewer instrument are shown on the following pag:
modeled and measured values generally agree within the 20 percent level, and the
appears to be no systematic bias wstason at the Canyonlands site.
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Chicago, IL

Latitude: 41.8°N
Longitude: 87.8N
Elevation: 165 m

Noon CIE
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0.05 1

Chicago

The ninecounty metropolitan area of Chicago is located in the heart of the United S
and is home to over eight million people. Tigeire above shows the noontime CIE
weighted measurements (black symbols) from the Brewer instrument and calculate
noontime CIE UV (purple line) from the TUV model. The clear sky values are
designated using the open circles, while all sky UV valuesdreated by the black
dots. The time series of measured clear sky and modeled values over the operatin
period of the Brewer instrument are shown on the following page. The ratios betwe
two values suggest that the model calculations tend to ovea¢stthe measured UV at
this site. The differences may be at
the pollutant levels experienced in this urban area.
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Denali National .
Park

Latitude: 63.YN
Longitude: 149.9WV
Elevation: 661 m

Noon CIE
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0.05 7

Denali

Denali National Park is the farthest north site in the EPA Brewer network. The date
reflect a higher seasonality than those at any other site, with the winter values bein
below the detection limit of thastrument. The figure above shows the noontime CIt
weighted measurements (black symbols) from the Brewer instrument and calculate
noontime CIE UV (purple line) from the TUV model. Open circles signify the clear :
values, while all sky UV values anedicated by the black dots. The time series of
measured clear sky and modeled values over the operating period of the Brewer
instrument are shown on the following page. The ratios between the two values ini
very large discrepancies, which may batedl to various factors, including the samplir
problems of the Brewer instrument during very low UV conditions.
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Everglades
National Park

Latitude: 25.4N
Longitude: 80.%W
Elevation: 18 m

EvergladedNational Park encompasses more than 1.4 million acres in southern Floi
The summer UV levels are higher than the winter levels by only a factor of 2, result
from the low latitude location of the site. The figure above shows the noontime CIE
weightadl measurements (black symbols) from the Brewer instrument and calculate:
noontime CIE UV (purple line) from the TUV model. The clear sky values are
designated using the open circles, while all sky UV values are indicated by the blac
dots. The time sergeof measured clear sky and modeled values over the operating
period of the Brewer instrument are shown on the following page. The results sug
that the model values typically overestimate the measured UV at this site. This
overestimation may be due Yariations in pollutants or other factors. There is no cle
seasonality in the differences between measured and modeled UV.
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