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Abstract—Satellite and ground-based measurements of the hydrogen fluoride (HF) total content (TC) are
analyzed and compared. The HF profiles measured with an FTS device on the ACE satellite are used to cal-
culate the TC and compare it with the ground-based measurements near St. Petersburg in 2009—2011. A
comparison indicated that the seasonal variations in HF TC based on two independent measurements are in
good qualitative agreement. Rare (nine) cases of direct comparison between two measurement types coordi-
nated with respect to time (during the day) and site (no farther than 500 km) gave the following characteris-
tics: the average difference is 8% and satellite data predominate over ground data; the standard deviation of a
difference is 7%. In two cases of close measurement pairs (closer than 200 km), a comparison gave differences
of 1 and 7%. The statistical characteristics of differences between two measurement types are in good agree-
ment with the independent comparison of the ACE—FTS HF TC measurements with the NDACC network
data.
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INTRODUCTION

The effect of the gas composition on the atmo-
spheric characteristics, weather, and terrestrial cli-
mate, as well as the state of the ozonosphere, was con-
sidered during numerous satellite programs devoted to
studying the atmospheric gas and aerosol composition
using different methods (Timofeyev, 1989; WMO,
2003). The atmospheric chemistry experiment (ACE)
with the Fourier IR spectrometer (ACE—FTS) has
been one of the most important of these experiments
in the last decade (Bernath, 2005). The device mea-
sures the direct solar radiation spectra during sunrises
and sunsets with a high spectral resolution (0.02 cm™")
in the 750—4400 cm™~' region, which makes it possible
to determine the vertical profiles of the content of
more than 30 gases (Mabhieu et al., 2008). One impor-
tant stage of satellite measurements consists of their
validation using independent measurements, includ-
ing ground-based ones. Such programs of the ACE—
FTS data validation are described, e.g., in special
issues of Geophysical Research Letters (Geophys. Res.
Lett., 2005, vol. 32, no. L15S01) and Atmospheric
Chemistry and Physics (Atmos. Chem. Phys. Discuss.,
2008, vol. 8).

Since January 2009, the direct solar radiation spec-
train the IR region have been measured on the ground
with the spectral complex based on the Bruker IFS—
125HR  Fourier high-resolution  spectrometer

(Poberovskii, 2010) at the Atmospheric Physics
Department, Faculty of Physics, St. Petersburg State
University in Peterhof at a distance of 28 km west from
the St. Petersburg center (59.88° N, 29.82° E). These
measurements make it possible to determine the total
contents (TCs) of many important climatically active
gases (Poberovskii et al., 2010a). The same measure-
ments are used to validate different satellite experi-
ments. This work illustrates a comparison of the satel-
lite and ground-based hydrogen fluoride (HF) TC
measurements.

SATELLITE AND GROUND-BASED
MEASUREMENTS

The sun occultation geometry of ACE—FTS obser-
vations makes it possible to measure about 30 solar
radiation spectra per day. The spectra were measured
in the sighting range varying from 150 km to the upper
boundary of clouds with a vertical resolution of 3—
4 km. The vertical step of measurements was 1.5—6 km
for different geometry. During the first measurement-
interpretation stage, the temperature and pressure ver-
tical profiles were determined by analyzing absorption
in the CO, lines. Absorption in the spectral windows,
specially selected for each gas, was subsequently ana-
lyzed. These windows were selected in order to mini-
mize the effect of interfering gases for altitudes from
the lower mesosphere to the upper troposphere. The
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The HF TC measurement from April 2009 to October 2011: (/) ground-based measurement in Peterhof; (2) ACE—FTS satellite

measurements. The distance is no more than 500 km.

vertical profiles for the ratios of the studied gas mix-
tures, which were interpolated for the vertical grid with
a 1-km step, were determined by analyzing solar spec-
trum successive measurements at different sighting
altitudes. Information about the parameters of the
molecular absorption fine structure from the well-
known HITRAN databank was used when the mea-
surements were analyzed. Thirteen spectral windows
in the 1815—4143 cm™~! range were distinguished in
order to determine HF TC (Batchelor et al., 2009). We
emphasize that the sun occultation type of satellite
measurements is characterized by a relatively small
number of measurements per day and slow variations

in the measurement latitude. The ACE—FTS mea-
surements are performed at tropical, middle, and
polar latitudes.

The first ground-based measurements of the HF
content in Russia are analyzed in (Poberovskii et al.,
2010b; Polyakov et al., 2011). Specifically, the satellite
and ground-based measurements performed from
April 2009 to April 2010 are preliminarily compared in
(Polyakov et al., 2011). The present work used the
ground-based measurements performed from April
2009 to October 2011.

The solar spectra measured on the ground had a
spectral resolution of about 0.005 cm~!, and the sig-

Statistical characteristics of the satellite and ground-based HF TC measurements and their differences

Distance, km 500 1000
Number of comparisons 9 43
Average SPbGU data, mole cm? 1.62 x 1013 1.70 x 1013
Average ACE—FTS data 1.75 x 1013 1.84 x 10"
HF TC rmsd according to the SPbGU data, % 16 16
HF TC rmsd according to the ACE—FTS data, % 8 13
Average relative differences, % The same 8
Rms relative differences, % 11 15
Relative rmsd (standard deviation) differences, % 7 13
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nal-to-noise ratio, determined based on the zero sig-
nal hash, varied from 400 to 1600 and had a typical
value about 1200. The SFIT2 program, which is used
at the NDACC network stations, was used to interpret
the measurements.

The 4038—4039 cm™! spectral interval was used to
determine HF TC. The data on the temperature pro-
file in the atmosphere and (as an initial approxima-
tion) on the profile of the water vapor (an interfering
gas) mixture ratio from the Aqua satellite level-3 data
(AIRS and AMSU_A devices) (http://airs.jpl.
nasa.gov/data_products/data_toc/) were also used to
interpret ground-based measurements. We estimated
that the random component of the TC determination
error, based on the TC variability during the periods
when the atmospheric states were stable and the device
operated, is 1-2%. Note that different sources of the
HF TC determination error were analyzed in
(Schneider and Blumenstock, 2004). According to the
estimates made in this work, the random component
of the TC measurement error (at close signal-to-noise
values) is 2.7%, and the HF line intensity specification
error mainly contributes to the systematic error
(4.3%). Similar estimates made in (Senten et al.,
2008) indicated that the error total random compo-
nent is 6% and the systematic error is ~5% (mainly due
to the error of the HF absorption line intensity speci-
fication). Note that insignificant variations in errors
estimated in different works are caused by different
spectral intervals used and differences in the equip-
ment characteristics, measurement conditions (solar
zenith angles, etc.), and the states of the atmosphere
during measurements.

RESULTS OF COMPARISON

The figure shows the daily average HF TC values
according to the ground-based measurements and the
values obtained by integrating the vertical profiles
according to the ACE—FTS 2.2 data, measured in a
circle with a radius of 500 km and centered in Peter-
hof. Note that the measurements performed with two
devices very rarely coincide during a day (nine times);
therefore, the figure demonstrates the results achieved
using two devices during different periods and makes it
possible to estimate only similarity in the time varia-
tions in the data obtained using two observation meth-
ods. The figure indicates that the measurements are in
good qualitative and quantitative agreement. Both
devices demonstrate HF TC minimums (the vernal—
autumnal periods) and maximums (the winter—vernal
periods) similar in values and duration and an increase
in the HF content variations during the vernal—
autumnal periods.

Analyzing a qualitative comparison of two mea-
surement types, we will consider below differences in
the results, subtracting the ground-based measure-
ments from the satellite ones, and different statistical
characteristics of these differences. Considering the
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relative difference, we will mean the ratio of a differ-
ence to the ground-based measurements. To avoid
possible ambiguities, we will evidently indicate the
used characteristics of the values and their differences.
We will consider that X are the sampled average values,

VX’ are the mean square values, and o, are the stan-
dard deviations (rms) of random value x represented
by sampled values {x;}

i=ln

o1y JFo Iy
F=1x V= 13

i=l,n i=ln

Common qualitative characteristics of compari-
sons are presented in the table.

According to the table, a comparison of the satellite
and ground-based HF content measurements indi-
cates that average differences in two measurement
types are 8% for both disagreement criteria (500 and
1000 km) (in this case the ground-based measure-
ments give smaller HF TC values); the mean square
differences account for 11 and 15% for disagreements
of 500 and 1000 km, respectively; and the standard
deviation of differences are 7 and 13%, respectively.

The distance between two measurement types pro-
nouncedly affects a comparison of the ground-based
and satellite measurements of the HF content. When a
disagreement is considerable (up to 1000 km), the
mean square differences are close to the standard devi-
ation of the HF content (natural variations) during the
considered period (16%).

In two cases of comparisons (when the distance
between two measurement types is smaller than
200 km), differences were 1 and 7%.

The HF content measurements were previously
validated using version 2.2, when the HALOE device
satellite data were compared with the balloon (FIRS-2
and Mark-1V) and Fourier spectrometer measure-
ments at the NDACC network (six stations) (Mahieu
et al., 2008). Two spatial disagreement criteria (1000
and 500 km) were used in comparisons (except for the
Reunion Island tropical station, for which this dis-
agreement was 1200 km). The time correlation was
124 h.

Average differences for different stations were
6.54—13.9% and standard deviations were 7.42—
10.88%. When comparisons of all ground stations were
analyzed and the above criteria were used, the average
relative difference and standard deviation were 7.4 and
11.4%, respectively. When the spatial disagreement
was decreased to 200 km along the latitude, the aver-
age relative difference and standard deviation
decreased to 2.8 and 8.7%, respectively.

A comparison performed in (Batchelor et al., 2009)
indicated that the average and rms differences between
the measurements performed in 2007 are considerable
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(10.57 and 15.11%, respectively). In 2008 these values
were 3.41 and 14.37%, respectively. When more rigid
spatial—time criteria of the disagreement between the
satellite and ground-based measurement were used,
average differences decreased to 5.23 and 1.14% for
the measurements performed in 2007 and 2008,
respectively; at the same time, rms differences
remained rather considerable: 8.88 and 16.81%,
respectively.

The differences between the satellite and ground-
based HF content measurements performed in Peter-
hof are in generally good agreement with the earlier
comparisons (Mahieu et al., 2008; Batchelor et al.,
2009). Taking into account the errors of two measure-
ment types and the spatial—time variations in the HF
content, we can state that the ACE—FTS device mea-
sures the HF TC with errors of ~5—10%.

CONCLUSIONS

The seasonal variations in the ground-based and
satellite measurements are in good agreement. Both
methods demonstrate that the seasonal variations in
the HF TC are similar and this content variability
increases during the winter—vernal period. Quantita-
tive comparisons indicated that ACE—FTS measures
the HF TC with errors no worse than 5—10% if the
errors of two measurement types and the spatial—time
variations in the HF content are taken into account.
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