:' frontiers ‘ Frontiers in Remote Sensing

’ @ Check for updates

OPEN ACCESS

Alexander Marshak,
National Aeronautics and Space Administration,
United States

David Flittner,

National Aeronautics and Space Administration
(NASA), United States

Juseon Bak,

Pusan National University, Republic of Korea

Jay Herman,
herman@umbc.edu

06 May 2025
04 August 2025
29 August 2025

Herman J, Mao J, Huang L and Cede A (2025)
Validation of DSCOVR-EPIC total column Osx
retrievals using ground-based Pandora as well
as OMPS, OMI, and TEMPO satellite data.
Front. Remote Sens. 6:1623828.

doi: 10.3389/frsen.2025.1623828

© 2025 Herman, Mao, Huang and Cede. This is
an open-access article distributed under the
terms of the Creative Commons Attribution
License (CC BY). The use, distribution or
reproduction in other forums is permitted,
provided the original author(s) and the
copyright owner(s) are credited and that the
original publication in this journal is cited, in
accordance with accepted academic practice.
No use, distribution or reproduction is
permitted which does not comply with these
terms.

Frontiers in Remote Sensing

Brief Research Report
29 August 2025
10.3389/frsen.2025.1623828

Validation of DSCOVR-EPIC total
column O3 retrievals using

ground-based Pandora as well as
OMPS, OMI, and TEMPO satellite

data

Jay Herman'*, Jianping Mao?3, Liang Huang* and
Alexander Cede??

'GESTAR Il University of Maryland Baltimore County, Baltimore, MD, United States, 2NASA Code 614,
NASA Goddard Space Flight Center, Greenbelt, MD, United States, *College of Computer, Mathematical
and Natural Sciences, University of Maryland, College Park, MD, United States, “Science Systems and
Applications, Inc., Lanham, MD, United States, °LuftBlick OG, Innsbruck, Tyrol, Austria

The Earth polychromatic imaging camera (EPIC) onboard the deep space climate
observatory (DSCOVR) began obtaining fully illuminated Earth images across
10 wavelength bands on 6 July 2015. The ultraviolet bands 317, 325, 340, and
388 nm are used to retrieve the total column ozone (TCO) values at different local
times during the day. On 28 June 2019, the spacecraft experienced a gyroscope
failure; after recovery, the EPIC TCO values retrieved from 2021 to 2024 still agree
well with those obtained from the ground-based Pandora spectrometer
instruments in terms of both the hourly and weekly average basis. The hourly
EPIC TCO values show more variability than the matched Pandora TCO values but
generally deviate within 2% while tracking the shape of the Pandora daily
variations in most cases. At 13:30 hours, the TCO data from the ozone and
mapping profiler suite (OMPS) and ozone monitoring instrument (OMI) are also
observed to frequently agree with the time-matched Pandora and EPIC TCO
values. In addition, comparisons were made with the version-3 (VO3) hourly TCO
retrievals from the US tropospheric monitoring of pollution (TEMPO)
geostationary satellite over two North American sites, namely, Toronto
(Canada) and Dearborn (Michigan, United States). The long-term weekly
lowess average EPIC and Pandora TCO values agree with deviations of less
than 2%, as does the 3-week lowess average of the OMPS TCO value. An analysis
of the TCO values from Pandora and 1 year of TEMPO V03 suggests that the noon
TCO values are 2%—-5% higher than the morning and afternoon values.

ozone, satellite data, time series, diurnal variation, validation

1 Introduction

The Earth polychromatic imaging camera onboard the deep space climate observatory
(DSCOVR-EPIC) is a satellite instrument launched on 11 February 2015 and is in orbit
around the Earth-Sun gravitational balance Lagrange point L;. Starting on 6 July 2015, the
EPIC obtained nearly fully illuminated Earth images using 10 narrowband filters on two
filter wheels in front of a 2048 x 2048 pixel hafnium-coated charged coupled device (CCD)
detector in the wavelength range of 317-780 nm (Herman et al., 2018; Marshak et al., 2018);
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FIGURE 1

Comparison of the Earth polychromatic imaging camera (EPIC) total column ozone (TCO) overpass data (blue stars) for 16 Pandora sites at the local
solar times (07:00 to 17:00) with Pandora TCO values (small open circles) at the same Greenwich mean time (GMT). The retrieval sites were selected from
Europe, United States, China, and Canada. The gray areas indicate large solar zenith angles (SZAs) >75° where the retrievals may not be valid.

this window spans ultraviolet (UV, 317-388 nm), visible
(443-688 (NIR, 764-780
wavelengths. The Earth-viewing exposure times were determined
to produce CCD well filling to 80% for most bright scenes with high

clouds. The optical transmission and radiometric sensitivity of the

nm), and near-infrared nm)

CCD have been almost constant since the first data obtained in June
2015, allowing the exposure times to be constant during the current
life of the mission (2015-2025). The UV filters were selected such
that the ozone amounts, cloud reflectivity, and aerosol properties
could be derived from the observations. The remaining filters
provide additional aerosol properties, vegetation and sunlit leaf
area indices, volcanic activity, as well as cloud and aerosol
heights (using the oxygen A and B band filters). The UV
channels 317.5, 325, 340, and 388 nm were used to retrieve the
total column ozone version-3 (TCO V03) values approximately once
per hour during the northern hemisphere (NH) summer and
approximately once every 90 min during the NH winter. The
result for any given location on the rotating (15° per hour)
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illuminated Earth entails retrieval of 4-10 data points per day at
different local solar times when the solar zenith angle (SZA) is less
than 70°.

The ozone retrieval algorithm was originally described in
Herman et al. (2018). Since then, there have been significant
improvements in the geolocation of the retrieved pixels, allowing
improved radiance ratios of the sequentially observed filter
wavelengths needed for the retrieval algorithm. There also have
been improvements in the CCD flat field, which refers to the ratio of
the sensitivity of one pixel relative to the other pixels, as well as
correction for stray light from the telescope optics and support
structures. At present, the ozone retrievals are mature and stable and
can be usefully compared with accurate ground-based retrievals
from the worldwide Pandora spectrometer network (https://www.
pandonia-global-network.org/); this network currently comprises
approximately 150 that TCO
measurements once every 2—4 min. The Pandora ozone retrievals

instruments each obtain

are derived using spectral fitting in the range of 305-330 nm along
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Four different days (1 and 15 September 2023, 16 and 23 May 2024) of EPIC ozone retrievals over the Pandora 145 site (small open squares) at
Toronto-Scarborough, Canada (latitude = 43.7843°, longitude = —79.1874°, and altitude = 137 m) vs. local solar time in hours. The red stars are the
tropospheric monitoring of pollution (TEMPO) overpass TCO values, and the blue stars are the EPIC overpass TCO values at the same GMTs as the
Pandora data. The orange circles are the ozone monitoring instrument (OMI) TCO values, while the blue squares are the ozone mapping and profiler
suite (OMPS) TCO values. The gray areas indicate large SZAs >75° where the retrievals may not be valid.

with reflectivity corrections at 388 nm and have been successfully
compared with measurements from the Brewer spectrometer,
Dobson, and ozone monitoring instruments (Herman et al,
2015; Tzortziou et al, 2012; Baek et 2017). Useful
comparisons can also be made with satellite instruments like the

al.,

validated ozone monitoring instrument (OMI) onboard the polar-
orbiting AURA satellite (McPeters et al., 2008; Bak et al., 2015) and
polar-orbiting ozone mapping and profiler suite nadir mapper
(OMPS-NM) onboard the Suomi national polar-orbiting
partnership (SNPP) satellite (Flynn et al., 2014) as well as with
samples over the Pandora sites from the first year of the preliminary
TCO V03 data from the US tropospheric monitoring of pollution
(TEMPO) geostationary satellite that has obtained measurements
over North America once per hour local solar time since September
2023. All satellite retrievals of ozone values use the total ozone
mapping spectrometer (TOMS)-type wavelength ratio method
based on radiative transfer (TOMrad) look-up tables. Pandora
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uses spectral fitting based on convolution of the ozone
absorption cross section with the solar irradiance at ground. The
TOMS ozone retrieval algorithm estimates the TCO from
backscattered UV radiances at three wavelengths (McPeters and
Labow, 1996; McPeters et al., 2008; Herman et al., 2018).

The 25 Pandora instruments used in the present study are listed
in Table 1. All these instruments are single-spectrometer versions in
the spectral range of 290-550 nm with a spectral resolution of
0.6 nm. The EPIC instrument has no onboard means of in-flight
calibration; hence, radiometric calibrations are performed via
vicarious comparisons of geographically and temporally matched
scenes in the equatorial region with well-calibrated low Earth orbit
(LEO) satellites, i.e., SNPP OMPS-NM for the UV channels and
moderate resolution imaging spectroradiometer (MODIS) for the
visible and NIR channels (Herman et al., 2018; Marshak et al., 2018).
Common scenes from the equatorial and near-equatorial regions are
used to closely match the SZAs and view zenith angles (VZAs)
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Similar to (Figure 2) Four different days (4 and 9 August 2023, 13 and 28 May 2024) of EPIC ozone retrievals over the Pandora 39 site (open squares) at
Dearborn, Michigan, United States (latitude = 42.3067°, longitude = —83.1488°, and altitude = 137 m) vs. local solar time in hours. The red stars are the
TEMPO overpass TCO values, and the blue stars are the EPIC overpass TCO values at the same GMTs as the Pandora data. The orange circles are the OMI
TCO values, while the blue squares are the OMPS TCO values. The gray areas indicate large SZAs >75° where the retrievals may not be valid.

observed by both the EPIC and LEO satellites. The present work
shows the degrees of agreement among five instruments, namely.
EPIC, Pandora, TEMPO, OMPS, and OMI, for the TCO over
selected Pandora sites in terms of both daily variations and
weekly averages for the years 2015-2024, where available. There
is a 9-month data gap for the period from June 2019 to March
2020 because of failure of the pointing gyroscopes that were later
replaced with the onboard star tracker and revised flight software.

2 Comparisons with EPIC ozone data

Figure 1 shows a comparison of the EPIC overpass TCO data
retrievals for 16 Pandora sites at local solar times compared to
Pandora TCO values at the same Greenwich mean times (GMTs).
The retrieval days were selected such that the Pandora had nearly
continuous data during the day, suggesting that these days were
relatively clear of cloud cover. The EPIC TCO retrievals at high SZAs

Frontiers in Remote Sensing 04

(early mornings and late afternoons) are not accurate because of
spherical geometry errors in the retrieval algorithm; further, the
Pandora data show similar but smaller effects. The EPIC TCO
standard deviations (1-o, blue stars) are shown in Figures 1-3;
further, the TEMPO standard deviations are similar to those of the
EPIC data, while the variances of the Pandora data are small but
obvious from examination of successive data points.

For most Pandora sites, the data agree within 2% (approximately
6 Dobson unit (DU)) throughout the day, except at high SZAs. The
EPIC data track the shapes of the diurnal TCO variations observed
by Pandora. Exceptions to these are the near-noon values for
Granada (Spain) and St. George (Canada) as well as the near-11:
00 values at Downsville (Canada). In mountain areas like Innsbruck
in Austria, the ozone layer can vary geographically over short
distances because of atmospheric pressure waves. This means
that Pandora, which makes local observations, may be observing
different TCO amounts than those of the EPIC gridded satellite data
that are averaged over 0.25° x 0.25° grids or approximately over a

frontiersin.org
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TABLE 1 Pandora sites in order of first appearance.

10.3389/frsen.2025.1623828

Location Latitude () Longitude (°) Altitude (m)

2 Athens, Greece, Pan 119 1 37.9878 23.775 130
3 Bayonne, NJ, US, Pan 38 1 40.6703 —74.1261 3

4 Beijing, China, Pan 171 1 40.0048 116.3786 59
5 Boston, MA, US, Pan 153 1 42.3497 -71.104 40
6 Bremen, Germany, Pan 21 1 53.0813 8.8126 50
7 Brussels Uccle, Belgium, Pan162 1 50.798 4.358 107
8 Cologne, Germany, Pan 67 1 50.9389 6.9787 50
9 Davos, Switzerland, Pan 120 1 46.8 9.83 159
10 Bristol, PA, US, Pan 134 1 40.1074 —74.8824 10
11 Downsview, Canada, Pan 170 1 43.781 —79.468 0
12 Grenada, Spain, Pan 238 1 37.164 -3.605 680
13 Hampton, VA, US, Pan 156 1 37.0203 -76.3366 19
14 Innsbruck, Austria, Pan 106 1 47.2643 11.3852 616
15 St. George, Canada, Pan 109 1 43.66 -79.399 0
16 Toronto-Scarborough, Canada, Pan145 2 43.7843 -79.1874 137
17 Dearborn, MI, US, Pan39 3 423067 —-83.1488 181
18 Bronx, NY, US, Pan 180 4 40.8679 -73.8781 31
19 Richmond, CA, US, Pan 52 4 37913 -122.336 5
20 Bangkok-Indonesia, Pan 190 4 13.7847 100.54 60
21 Busan, Korea, Pan 20 5 35.2353 129.0825 71
22 Tel Aviv, Israel, Pan 182 5 32.1129 34.8062 76
23 Washington DC, US, Pan 140 5 38.9218 -77.012 58
24 Huntsville, AL, US, Pan 66 5 34.7252 -86.6464 221
25 Mexico City, Mexico, Pan 142 5 19.3262 -99.1761 228

field of view of 25 x 25 km?. Figure 2 shows a comparison of the
observed TCO values over Toronto (Canada) for four different days,
i.e., two in September and two in May. The comparisons shown are
for the Pandora, TEMPO, EPIC, OMPS, and OMI data. The retrieval
error estimates for EPIC are given in Figures 1-3, and similar error
estimates apply for the TEMPO retrievals; the error estimates for
Pandora are much smaller as each point is the average of many
individual measurements.

Comparison of the Toronto data shows a problem with frequent
cloud cover that is obvious when there are missing or noisy Pandora
data. After screening for the Pandora data quality, the agreement
between EPIC and Pandora 145 are noted to be quite good. It also
appears that the EPIC TCO values are systematically lower than the
Pandora TCO values most of the time (see also Figure 3 for Dearborn,
Michigan, United States). EPIC tracks the Dearborn Pandora 39 fairly
well (within 5 DU) as a function of the time of day. On 14 July 2023,
Pandora 39 lost its ability to retrieve TCO data from 12:00 to 15:
00 probably because of the presence of clouds between Pandora and the
Sun. A test run of the TEMPO V03 geostationary satellite data is seen to
have good agreement with Pandora (Figures 2, 3).

Frontiers in Remote Sensing

Another way of looking at the data comparisons (Figures 4, 5) is in
terms of 3-week running TCO averages over the 3.5-year period from
2021 to 2024. The 3-week running average is based on the lowess(f)
procedure (Cleveland, 1979; Cleveland et al., 1988), where f is the
fraction of the time series. The lowess function reduces the weight of
outliers in a manner similar to that of the linear least-squares fit to the
data. All the Pandora and EPIC data are included regardless of the
SZAs. The small systematic differences between the EPIC and Pandora
TCO values persist in the weekly averages but are less than 2%. In some
cases like that of Pandora 20 in Busan (Korea), there are missing data as
well as obvious errors during late 2023 to 2024. For two sites at
Dearborn and Hampton (Virginia, United States), the Pandora data
are missing in 2021. A 3-week lowess average of the OMPS TCO values
(solid magenta line) has been added for comparison in these two figures;
the agreement between the averages is better than 2%, except for Busan
where there is a clear error in the Pandora 20 TCO values after August
2023. At most sites, the agreement among the TCO values of the three
satellites and ground-based Pandora are very close for the 3-4 years of
comparison; an exception to this is Busan, where Pandora 20 appears to
have a sun-tracker pointing issue after October 2023.

frontiersin.org
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FIGURE 4

Solid lines depicting the 3-week TCO averages from six Pandora sites using the lowess (3-week) procedure. The names, Pandora numbers, latitudes,
longitudes, and altitudes of each of the Pandora sites are given in the figure. The stars and red line are the EPIC TCO values, while the open circles and blue
line are the Pandora TCO values. The magenta line represents the 3-week average OMPS TCO value.
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Solid lines depicting the 3-week TCO averages from six Pandora sites using the lowess (3-week) procedure. The names, Pandora numbers, latitudes,
longitudes, and altitudes of each of the Pandora sites are given in the figure. The stars and red line are the EPIC TCO values, while the open circles and blue
line are the Pandora TCO values. The magenta line represents the 3-week average OMPS TCO value.
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FIGURE 6

Time-series data comparisons between EPIC and OMI TCO values at four locations.

3 Comparison of EPIC TCO values with
OMI| and OMPS data

A closer examination of Figures 4, 5 suggests that EPIC has a
systematic offset with respect to the OMI and OMPS data. The EPIC
TCO records from May 2015 to 2025 (present) can be compared
with similar records from the OMI and OMPS to estimate the bias
between these satellite records. Figure 6 shows the individual time-
series data from the EPIC and OMI for four sites, namely, Beltsville
(Maryland, United States), Athens (Greece), Dearborn, and
Richmond (California, United States), that are typical for mid-
latitude NH sites. The OMPS TCO values have been omitted
from Figure 6 since they are closely matched with the OMI data,
as shown in Figure 7 for the percentage differences.

To compare the time-series data for small differences, they must be
examined on a common time scale by interpolation with adequate
resolution to reproduce the main features of each time series. To
estimate the long-term percentage differences, approximately
1,000 points are sufficient in each series. Next, the percentage

differences were calculated for OMI vs. EPIC, OMPS vs. EPIC, and
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OMI vs. OMPS data. Finally, the percentage differences were smoothed
using lowess(0.05) to remove small fluctuations and are shown in
Figure 7 (NH), Figure 8 (equatorial region (ER)), and Figure 9 (southern
hemisphere (SH)). The symbols A, B, and C are the long-term
percentage differences in the time series, while <A>, <B>, and <C>
represent the 10-year average values. In the NH and SH, there are long-
term systematic biases of 2%-3% (approximately 6-9 DU), with the
EPIC TCO values being less than both the OMI and OMPS data. The
long-term OMI and OMPS TCO values differ by less than 1%, and the
average differences are indicated in the graphs. However, in the ER, the
OMPS and OMI data disagree by approximately 1.5%, with OMI >
OMPS TCO values.

4 Systematic diurnal variations of
the TCO

Accurate measurements of the TCO at different times of the day
with the DSCOVR-EPIC and TEMPO satellite instruments or with
ground-based instruments like Pandora can provide answers to whether
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FIGURE 10

TCO(t) values from EPIC at Beltsville (Maryland, United States) shown as small open circles: (a) morning 9:00 to 10:00, (b) noon from 11:30 to 12:30,
and (c) afternoon 14:00 to 15:00. (d) Lowess(0.0088) 3-weekly averages from (a—c) plotted together, along with lowess plots for (€) morning—noon and
(f) afternoon-noon differences. The gray areas in (e, f) represent +20, where ¢ is the standard error.

there are significant long-term systematic differences in the ozone levels
in the morning or afternoon than the noon. In Figures 1-3, significant
diurnal variations can be observed for most days. Based on model studies
and known chemical time constants, there should be only small diurnal
variations (a few percent) of the TCO values (Schanz et al., 2021) from
the troposphere and upper stratosphere in the absence of weather and
atmospheric wave effects. Model studies (Strode et al., 2019) also suggest

Frontiers in Remote Sensing

that the tropospheric ozone peaks in the afternoon, whereas the
stratospheric ozone amounts vary only seasonally and inversely as a
function of the noontime SZAs. Figures 10, 11 show the stepwise method
used to estimate the possible systematic diurnal variations at two
locations, namely, Beltsville and Edwards (California, United States),
respectively. For EPIC, the following analyses in Figures 10, 11 show that
the TCO data indicate systematic variations; in these figures, panels a, b,
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TCO(t) values from EPIC at Edwards Air Force Base (California, United States) shown as small open circles: (a) morning 9:00 to 10:00, (b) noon from
11:30 to 12:30, and (c) afternoon 14:00 to 15:00. (d) Lowess(0.0088) 3-weekly averages from (a—c) plotted together, along with lowess plots for (e)
morning—noon and (f) afternoon—-noon differences. The gray areas in (e, f) represent +20, where o is the standard error.

and c show the original data in three periods of 9:00 to 10:00, 11:30 to 12:
30, and 14:00 to 15:00, respectively, along with their lowess (3-week) fits.
The EPIC sampling (1 h in the summer and 2 h in the winter) of the
diurnal variations may not be sufficient to show the significant
systematic effects.

Panel d in Figure 10 shows that the 3-week averages are similar in
value; the differences are shown in panels e and f, where the afternoon
differences are +6DU or +2% and the morning differences are +4DU
or +1%. Twice the standard error of the mean is 26 or +3.5 DU, so that
most of the variations are not statistically significant. Panel e suggests
that the noon TCO is systematically more than in the morning during
winters. Panel f suggests that there may be more TCO at noon than in
the afternoon during winter. However, the winter sampling interval of
the diurnal variations is 2 h, which may not be sufficient to guarantee
these conclusions. In Figure 11, the small differences shown in panels e
and fare mostly less than +10DU or +3%; here, twice the standard error
of the mean is 20 or +1.5 DU, so that most of the variations are
statistically significant. However, the pattern from one year to the next is
random, indicating that EPIC does not detect systematic diurnal
variations over Edwards. Similar EPIC results are seen at the
other locations.

The diurnal variations of TCO as seen by the geostationary
satellite TEMPO over six specified locations in the United States and
Canada are shown in Figure 12. The TEMPO TCO values show
small systematic differences depending on the observed locations.
The TCO over Bronx (New York, United States) is less in the
afternoon than noon by approximately 5 DU, while Toronto appears
to have morning TCO values less than those at noon; the afternoon
TCO values are lower than the noon values at Richmond, while

Frontiers in Remote Sensing

10

Huntsville (Alabama, United States) shows maximum TCO at noon;
Bayonne (New Jersey, United States) has lower afternoon TCO
values than noon, while Dearborn has lower morning TCO values
than noon. The differences with the values at noon are of the order of
5 DU (<2% of TCO) and may be attributed to tropospheric
ozone changes.

The ground-based Pandora spectrometers have the best time
sampling of at least one recorded measurement every 2 min that
clearly tracks the TCO diurnal variations. Figure 13 shows the
estimates of the systematic diurnal variations at the same six sites
as in Figure 12. Except for Bayonne, whose values disagree with
TEMPO data, the TCO is greater at noon (11:30 to 12:30) than
morning (09:00 to 10:00) or afternoon (14:00 to 15:00) by 1%-3%.
The TEMPO data show that the TCO values at all six sites are greater
at noon (11:30 to 12:30) than morning (09:00 to 10:00) or afternoon
(14:00 to 15:00) by 3 DU or approximately 1%. Detailed agreements
are not expected since the spatial sampling between the satellites is
different, with 18 x 18 km? for EPIC and 2 x 4.75 km? for TEMPO at
nadir. Pandora views areas of 0.2 x 0.2 km” at an altitude of 25 km,
but the views in different directions track the solar position in the
sky. EPIC samples at the rate of once per hour from May to August
and once every 2 h from August to April, while TEMPO samples
once per hour. The TEMPO and Pandora TCO data suggest that
there are systematic long-term differences between the morning and
afternoon TCO values compared to near-noon values at least at
some sites and that these differences are not caused by random
weather patterns. The long-term differences with near-noon TCO
values are small (of the order of a few DU) enough to be considered
local tropospheric variations.
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Diurnal TCO variations of TEMPO V03 with 20 = +1.5 DU. The vertical gray bars are centered around the ozone retrieval errors. The calculations here

are similar to those in Figures 8, 9. The smooth lines are lowess (0.1) or averaged approximately 1 month at morning (09:00 to 10:00), noon (11:30 to 12:
30), and afternoon (14:00 to 15:00). The horizontal gray areas are the estimated 2o standard errors of the mean for the time series, while the vertical gray
areas mark possible retrieval errors in the original TCO time series
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Diurnal TCO variations of the Pandora ground-based instruments with 20 = +1 DU. The calculations here are similar to those in Figures 8, 9. The
smooth lines are lowess(0.1) or averaged approximately 1 month at morning (09:00 to 10:00), noon (11:30 to 12:30), and afternoon (14:00 to 15:00)

5 Summary

The hourly retrievals of TCO by EPIC over most Pandora sites
differ by less than 5 DU (1%-2%) from the values retrieved using the
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Pandora instruments, as shown in Figures 1-3, and from the TEMPO
TCO retrievals, as shown in Figures 2, 3. There are some comparisons
that differ by larger amounts (e.g,, 10 DU over Grenada, Figure 1).
Other sites for which data are not shown have similar TCO values for
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EPIC and Pandora that are within 2% of each other. The near-noon
OMI and OMPS data comparisons also show differences of mostly 1%-
2%, with occasional larger differences. Weekly averages for the period
from 2021 to 2023 in terms of the lowess fits of the retrieved TCO values
show close agreement between EPIC and Pandora as well as and the 3-
week lowess averages of the OMPS TCO values. Comparisons of the
long-term percentage differences from May 2015 to May 2025 among
the EPIC, OMI, and OMPS data show systematic biases of 2%-3% in
the NH and SH, with the EPIC TCO being less than the corresponding
OMI and OMPS values. In the ER, the OMI TCO is greater than the
OMPS TCO by1.5%, while the EPIC TCO is close to that of the OMPS;
here, the differences are small but systematic. Agreement within 2%
suggests that the EPIC UV channels used for TCO retrievals are still well
calibrated after the 9-month shutdown ending in February 2020.
Comparisons of the long-term time-series data of morning, noon,
and afternoon TCO do not indicate systematic and significant
diurnal variations of the TCO even though there may be strong
variations of the TCO on any given day caused by sporadic
weather-related pressure changes in the atmosphere from baroclinic
waves (Mote et al,, 1991). The EPIC results disagree with the estimated
diurnal variations from TEMPO and Pandora, as shown in Figures 12,
13, where there is a systematic weak maximum of 1%-3% at noon (11:
30 to 12:30) compared to the morning (09:00 to 10:00) and afternoon
(14: 00 to 15:00) values from both TEMPO and Pandora.
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