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Effect of the Oxygen Line-Parameter Modeling on
Temperature and Humidity Retrievals From
Ground-Based Microwave Radiometers
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Abstract—The Atmospheric Radiation Measurement (ARM)
Program maintains a suite of instruments in various locations
to provide continuous monitoring of atmospheric parameters.
Temperature and humidity retrievals are two of the key parame-
ters used by the climate-modeling community. Accuracy in the
spectroscopy adopted by the various radiative transfer models
is crucial for obtaining accurate retrievals. While the accuracy
of the spectroscopic parameters used for water-vapor retrievals
is satisfactory, temperature retrievals continue to be affected by
uncertainties in oxygen line parameters leading to discrepancies
between the modeled and observed brightness temperatures. In
this paper, we compare the model calculations in the oxygen-band
channels with the measurements collected by the ARM-operated
12-channel Microwave Radiometer Profiler (MWRP). The dataset
used spans a wide range of atmospheric temperature conditions,
with ground temperatures varying between —40 °C and +20 °C.
Model calculations are performed by using line parameters from
the high-resolution transmission molecular-absorption (HITRAN)
database and from a set of newly published parameters. Our
comparison shows that the newly published parameters agree
more closely with the MWRP measurements and confirms the
need to update the HITRAN database for the oxygen lines. We
show the effect of line parameters on the retrievals of temperature,
water vapor, and liquid water, and show that improved oxygen ab-
sorption is essential to reduce the clear-sky bias in the liquid-water
path retrievals.

Index Terms—Microwave radiometry, oxygen absorption,
temperature retrieval, water-vapor retrieval.

1. INTRODUCTION

S PART of the ongoing effort to improve cloud and cli-

mate modeling, the Atmospheric Radiation Measurement
(ARM) Program (www.arm.gov) operates several facilities that
provide continuous data streams from a number of instru-
ments. Among them, a suite of radiometers offers continuous
monitoring of atmospheric microwave emissions at several
sites. The Microwave Radiometer Profiler (MWRP) has five
channels in the water-vapor absorption region (22.235, 23.035,
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23.835, 26.235, and 30.000 GHz) and seven channels (51.250,
52.280, 53.850, 54.940, 56.660, 57.290, and 58.800 GHz)
in the oxygen-absorption region of the microwave spectrum.
Radiative transfer models used to retrieve temperature, pre-
cipitable water vapor (PWYV), and liquid-water path (LWP)
from measurements of brightness temperatures (BTs) play a
crucial role in the data analysis. ARM-provided PWV and LWP
retrievals are widely used by the scientific communities for the
validation of satellite-based retrieval algorithms, comparisons
with other ground-based instruments, and input to radiative
flux models. Temperature and humidity profiles retrieved from
the MWRP rely on the Rosenkranz model [1] modified by
Liljegren et al. [2]. The Rosenkranz-modified model is referred
to as the R98-mod model in the remainder of this paper. On
the other hand, PWV and LWP retrievals from the two-channel
MWR (21.83 and 31.4 GHz) are performed by using the ra-
diative transfer code MonoRTM from [3] and [4], which relies
on the spectral information derived from the high-resolution
transmission molecular-absorption (HITRAN) database [5] and
the line-mixing parameters from [6]. The HITRAN database is
widely used by the scientific community for radiative transfer
computations. However, unlike the millimeter-wave propaga-
tion model (MPM) [7] and the R98-mod models validated
in, for example, [8] and [9], the HITRAN database, in the
region of the microwave oxygen absorption, has never been
systematically validated by the comparison of the modeled
and measured BTs. The advantages of using the ground-based
versus satellite measurements to perform model validations
reside in the fact that, with the ground-based instrumentation,
calibration issues are much easier to identify. In addition, it is
easier to identify cloud contamination in the field of view of the
radiometer.

The oxygen-absorption spectrum features a number of spec-
tral lines in the 50-70-GHz band. The close spacing of these
lines means that the simulated BTs are highly sensitive to the
treatment of line mixing in the model. The effect of uncertain-
ties in line-mixing parameters on the modeled BTs has been
recently examined in [10]. The conclusions of the authors are
that spectroscopic errors in this frequency region can lead to er-
rors of a few degrees in computed BTs and that dry atmospheres
would be most impacted. The Arctic region is well known for
its extremely dry and cold conditions, with temperatures well
outside the range of experimental laboratory measurements and
high surface pressure; therefore, it is expected that uncertainties
in the oxygen model would mostly affect the retrievals at this
location.

0196-2892/$25.00 © 2007 IEEE
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The objective of this paper is the validation and potential
improvement of the spectroscopy associated with the oxy-
gen absorption for the purpose of increasing the accuracy of
temperature-profile retrievals. Two different sets of oxygen line
parameters are analyzed. One set consists of the parameters
in the HITRAN database together with the line-mixing coef-
ficients from Hoke et al. [6] (HO4 in the remainder of this
paper); the second is a set of recently published parameters by
Tretyakov et al. [11] (hereinafter referred to as TOS) derived
from the laboratory measurements.

MWRP measurements are used to identify the inadequacies
of the HITRAN parameters and to show how they affect the
temperature retrievals. We reexamine the PWV and LWP re-
trievals and assess the effect of the oxygen-model uncertainties.
This paper is organized as follows. First, we compare the
formulation of line parameters in the two databases in an
attempt to isolate the sources of discrepancies. We compute
the BTs by using the radiative transfer code MonoRTM with
the two sets of oxygen parameters. We then compare the model
computations with the measurements collected by the MWRP.
Finally, we examine the impact of the parameters on the tem-
perature retrievals from the MWRP and on the PWV and LWP
retrievals from the MWR measurements.

II. LINE PARAMETERS

The oxygen complex in the microwave region spans
0-120 GHz with strong absorption features at 0, 60, and
120 GHz. As a result of collision broadening, the single lines
are blended to form an overlapped absorption band. The shape
of the individual line «(v) is therefore determined by the
linewidth coupled with the effect of the off-diagonal terms Y
called mixing coefficients
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In (1), S;(T) is the line intensity (or strength), v is the
frequency, and +y; is the line half-width. Values for S; (1),
74, and Y; are usually based on the laboratory measurements
and the theoretical computations and are stored in the spectral
databases. Line strengths in the oxygen band are known with
an accuracy of 2%, and various models agree with each other
within this range of accuracy. The line half-width is a function
of temperature and pressure

B P\ (To\*
Yair (P, T') = 70,air <Po> (T) (2)

where X is the temperature dependence of the width, assumed
to be 0.8 in TO5 and 0.71 in HO4. Temperature and pres-
sure dependences of line-mixing coefficients Y; are usually
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Fig. 1. Broadening parameters for the oxygen-band lines as specified in the
HO04 database (filled black circles) and the TO5 model (squares) at 7' = 296 K.
(Left panel) Air-broadening. (Right panel) Self-broadening.

where y7 .ir can be a function of temperature as well. In the
TOS5 model, the temperature dependence is expressed as

T
YT,air = Y0,air +b (1—(,) - 1) 4)

where yo.ir and b are the tabulated coefficients for each
transition. In the HO4 model, Y,;, is explicitly calculated at
four temperatures (7 = 200, 250,296,and 340 K) and lin-
early interpolated in the log temperature for the intermediate
temperatures.

The two oxygen-absorption models analyzed in this paper
use different spectral databases. The HITRAN database uses
strengths and half-widths specified in [12] and [13]. Since the
HITRAN database does not include the line-mixing coeffi-
cients, these coefficients are taken from [6]. This combination
is the model referred to as HO4. The TO5 model is based on the
HITRAN line intensities, new linewidth, and mixing-coefficient
measurements. The pressure air- and self-broadening parame-
ters in the two models at 7' = 296 K are shown in Fig. 1.
For the TO5 models, air-broadening parameters, computed as
0.217v0, + 0.79yx,, are taken from [11, Table 5] and converted
to T' = 296 K. Self-broadening coefficients for R-branch tran-
sitions (N—) higher than N = 25 are linearly extrapolated
from the tabulated values in [11, Table 1]. The HO4 broadening
coefficients are asymmetric around N = 0 and lower than those
provided in T0S5. R-branch transitions higher than N = 25 in
the HO4 database are not extrapolated. The consequence is that
the air-broadening coefficients of T04 are lower than TOS in the
proximity of the center and higher than TOS5 in the proximity of
the tail of the absorption band. Differences between the two
sets of broadening coefficients as a function of temperature
are shown in Fig. 2. The temperature dependence is computed
according to (2) by using X = 0.71 for HO4 and X = 0.8 for
TOS. The eight frequencies shown correspond to the transitions
N = 33—,35—,31—,29—,25—,23—,21—, and 19—, and they
are in the proximity of the first four MWRP channels at 51.250,
52.280, 53.850, and 54.940 GHz. Operational satellite-based
MWRs, such as the Advanced Microwave Sounding Unit-A,
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Fig. 2. Differences between the TO5 and HO4 air-broadening parameters
as a function of temperature. The differences derive from the temperature
dependence of the linewidth. The eight frequencies shown are in the proximity
of the first four channels of the MWRP.
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Fig. 3. Mixing coefficients (in 1/10° Pa) for the oxygen-band lines in the
HO4 (black filled circles) and TOS (filled squares) models.

use similar frequencies for the retrievals of atmospheric temper-
ature. Fig. 2 shows that differences between the line broadening
coefficients increase at lower temperatures.

Line-mixing coefficients at four temperatures are shown in
Fig. 3. Again, mixing coefficients from [6] (HO4) are lower
than those provided in TOS. Fig. 4 shows the temperature de-
pendence of the mixing coefficients. Temperature dependence
for the TO5 model was computed starting from the tabulated
values provided in [11]. Values at three temperatures (200, 250,
and 300 K) are shown in Fig. 4 to represent the temperature
dependence of the HO4 parameters. The eight frequencies
shown in Fig. 4 are the same as that shown in Fig. 3. From
Figs. 1-3, it is evident that the first four MWRP channels (the
most transparent) are in the region of the highest discrepancy
between the two models for both the linewidth and mixing
coefficients. The next section shows how these differences
affect the BT simulation.
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Fig. 4. Temperature dependence of mixing coefficients (in 1/10° Pa)
computed for the TO5 (black circles and open squares) and HO4 (diamonds
and crosses) models.

III. MEASUREMENT-MODEL COMPARISON
A. MWRP Instrument and Calibration

The MWRP data analyzed here were collected at the ARM
North Slope of Alaska (NSA), Barrow site, in 2004 and
2005. The radiometer is the TP/WVP-3000 developed and
built by Radiometrics Corporation (www.radiometrics.com).
The radiometer has been operating at the NSA site since
January 2004. At each frequency, the signal voltage resulting
from a sky measurement is transformed to a BT according to
the expression Tg = Tyot — G (Viet — Viky), Where Tief is
the near ambient temperature of an internal blackbody reference
target, and V¢ is the signal voltage resulting from a measure-
ment of the reference target. G is the radiometer gain given
by G = (‘/ref—i-nd - ‘/ref)/(Tref-l-nd - Tref)’ where Tref+r1d and
Viet+nd are the temperature and the signal voltage, respectively,
obtained by adding a noise injection temperature 7,4 from a
calibrated noise diode. Calibration of the effective noise diode
is performed each year by using a liquid-nitrogen (LN>) target.
A Styrofoam container filled with LN> is placed on top of the
radiometer, and alternating measurements of the near ambient
internal and cold external targets are taken for up to an hour
or until condensation forms on the bottom of the Styrofoam
container. In a preliminary evaluation performed by Liljegren
[14], the calibration accuracy of the V-band channels was found
to be within 2 K for all channels. All channels were found
to be stable except for the 51.25- and 52.28-GHz channels,
which were found to drift with time. A semiannual calibration
was deemed sufficient to maintain stability. Because of logistic
difficulties, the radiometer at the NSA is calibrated only once a
year. This could cause a higher uncertainty in the instrument’s
calibration. The MWRP was calibrated on January 30, 2004; on
April 12, 2005; and on April 13, 2006. In Fig. 5, the monthly
mean differences between the measured and modeled BTs are
shown. The measurement-model difference is stable (within
+1.2 K) for all channels except for the one at 51.25 GHz
that appears to have been drifting since December 2004. The
calibration performed on April 2006 brought the difference
back to where it was during the first 11 months of 2004.
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Fig. 5. Monthly averages of measured-minus-modeled (T05) BTs from

February 2004 to May 2006. The dates indicate when calibration was per-
formed. The channels are 51.25 (circles), 52.28 (squares), 53.85 (triangles),
and 54.94 (diamonds) GHz.

To avoid uncertainties due to drift in calibration, the remainder
of this paper considers only the data collected during the year
2004 and the months of April through June 2006.

B. Model Computations

Radiosondes Vaisala RS90 were used as an input to the
model computations. Data from a colocated dual-channel
MWR were used to eliminate cloudy conditions. The MWR has
two channels at 23.835 and 31.4 GHz that are sensitive to the
presence of PWV and LW. Data were rejected when the stan-
dard deviation of a 30-min data segment was greater than 0.3 K
in both channels. The Wintronics KT-19 infrared thermometer
located on top of the MWRP was used to additionally screen
segments that passed the first screening procedure. A temper-
ature threshold of 7' = 224 K was set to identify the liquid-
cloud-free conditions. The final screened dataset consists of
137 radiosondes profiles. BT simulations were carried out with
the original HO4 and the TOS spectral parameters (after conver-
sion to HITRAN units). The results are shown in Fig. 6. It is no-
ticeable from the comparison that there are large discrepancies
between the two models at the two lowest frequencies. The HO4
model returns the BTs lower than observed at 51.25 GHz. The
statistical information of the comparison is shown in Table I.
It is apparent that, for the two most transparent channels,
slopes of 1.15 and 1.24 for the HO4 model are unsatisfactory.
For the 51.25-GHz channel, the TO5 model shows a definite
improvement in both slope and intercept. For the 52.28-GHz
channel, the TO5 model shows an improved slope and intercept
(1.08 and —9.5); however, the modeled BTs are generally
higher than the observed ones. For the remaining channels, the
two models have comparable results, both being in acceptable
agreement with the measurements, as shown later. Frequencies
at 56.66 GHz and above are opaque, and atmospheric layers
immediately above the radiometer contribute strongly to the
observed BT. Differences between the models at these opaque
frequencies are negligible; therefore, this analysis is concerned

2219
115 ——— 160 ———— 260 —T—
Q 110 [ 51.25GHz B r 52.28 GHz B | 53.85 GHz i
o I 4150 = “|240|- -
g 105 - =4 F .
ro 1140 - - T 1
*é‘ 100 - it 4220~ -
O ol T Ll gl \ [
g— 95 100 105 110 115930 140 150 160 220 240 260
T 1 T T 1 L R
O 280 —54.94 GHz —280 -56.66 GHz —1280~57.29 GHz -
> L 1L 1L J
7] L a0 - PPN _
& 260 260 260
= L 1L 17 J
< 240 240 —240 —
=) Loy Lo 1 [
5 240 260 280 240 260 280 240 260 280
E 280 ~58.8 Gtz 8
[0)
T 260 —
<] L _
= 0l ‘ | 7

240 260 280

MWRP-measured brightness temperature (K)

Fig. 6. Scatter plots of measured (z axis) and computed BTs for N =
137 cases at the NSA. Circles are simulations with the HO4, and “X” are
simulations with the TO5 model (see Table I for slope, intercept, and correlation
information).

TABLE 1
SLOPES, INTERCEPTS, AND CORRELATION COEFFICIENTS
RELATIVE TO FIG. 6 (N = 137)

Model HO4 Model T05
Fr(eg;;e;;cy (Sli(/)l]zs; Inte(liz;:pt Corr. (Sllgolps lntfllzz)ept Corr.
51.25 1.15+0.02 —18.8+2.5 097 0.93+0.02 77822 0.97
52.28 1.24+0.02 —343£25 0.9 1.08+0.02 -8.5+22  0.99
53.85 1.002£0.003 -1.6+0.8  0.99  0.987+0.003 4.5+0.8 0.99
54.94 0.996+0.003  0.6+0.8 0.99  1.000£0.003 -0.2+0.8 0.99
56.66 0.983+0.003  5.2+0.8 0.99  0.983+0.003 5.1x0.8 0.99
57.29 0.984+0.003  4.5+0.7 0.99  0.985+0.003 4.2+0.7 0.99
58.80 0.979+0.003  6.4+0.8 0.99  0.979+0.003 6.5+0.8 0.99

with the model performances at the four more transparent
frequencies (51.25, 52.28, 53.85, and 54.94 GHz).

Fig. 7, top and middle panels, shows the simulated spectra for
an Arctic standard winter atmosphere at frequencies between
20 and 150 GHz for the down-looking (assuming a surface
emissivity € = 0.6) and up-looking views, respectively. The
surface emissivity of 0.6 was chosen as the representative of
snow-covered ground in this frequency range. The bottom panel
shows the differences between the BTs simulated with HO4
and TOS5 for the two viewing configurations. The differences
are more pronounced in the window region and in the wings
of the oxygen-absorption band. The sign of the difference
varies depending on the frequency. In the 20—40-GHz region,
the TOS parameters produce BTs about 10% larger than those
produced by HO4 for the up-looking simulation. On the other
side, in the 80-110-GHz region, the opposite is true. Large
differences are also observed in the wing of the 118-GHz line
that corresponds to the quantum transition with NV = —1. This
can be attributed to the large difference in the linewidth between
the two formulations, as shown in Fig. 1. We will examine
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Frequency (GHz)

Fig. 7. (Top two panels) BT for a standard Arctic atmosphere simulated with
HO4 (solid) and TO5 (dashed) parameters for a down-looking (top panel) and
up-looking (middle panel) views. The down-looking simulation assumed a
surface emissivity € = 0.6. (Bottom panel) BT difference (H04-T05) for the
down-looking (solid line) and up-looking (dashed line) views.
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Fig. 8. Measured-minus-modeled BTs as a function of surface temperature.
The models are HO4 (filled circles) and TO5 (open squares).

the consequence of these differences on the PWV and LWP
retrievals in Section V.

C. Comparison With MWRP Measurements

In Fig. 8, the differences between the measured and modeled
BTs are shown as a function of surface temperature. Differences
between the measurements and simulations carried out with
the HO4 parameters display marked temperature dependence
in the first two channels. Since differences in the line-mixing
coefficients between the two models (Fig. 4) increase at lower
temperatures, it is possible to speculate that the strong tem-
perature dependence of the residuals in the first two channels
for the HO4 model, shown in Fig. 8, could be due to an
inadequate temperature dependence of the width and mixing
coefficients. On the other hand, residuals obtained from the
computations performed with the TO5 parameters do not dis-
play any temperature dependence on the 51.25-GHz channel
and a weaker dependence in the 52.28-GHz channel. However,

oo A T L L ™ TABLE 1
- Down-looking MEAN AND STANDARD DEVIATION OF
MEASURED-MINUS-MODELED BTS (N = 137)
Model HO4 Model T0O5 Model R98-mod

O 30 40 50 60 70 80 90 100 110 120 130 140 150  Frequency  Mean 3;?:;?;?1 Mean (K) 33’1‘;?:31 Mean () 3;3’1‘5?;?1

— T
o Uplooking (GHz) © ®) ®) (K)
< 51.25 2.58 0.85 028 0.68 036 0.64
5 100l
m 52.28 0.03 1.23 320 0.77 -3.09 0.67
< o . TR 53.85 1.06 0.36 -1.51 0.37 -1.28 036
< 20 30 40 50 60 70 8 90 100 110 120 130 140 150
7 L e Y L ) B A B IR B B 54.94 0.41 0.39 0.17 0.38 0.14 0.38
3 — Down-looking 1
c 5[ --. Up-looking 7 TE— 7] 56.66 —0.64 0.47 —0.64 0.46 —0.64 0.45
= 0 Ay ‘r" T
g T S \,” “.\/ i 57.29 —0.36 0.45 —035 0.44 035 0.43
T S v ] 58.80 —0.94 0.51 —-0.94 0.51 -0.95 0.50
= P T AU U N SRR NNPU NN SRR NP LA S M
-10
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the TO5 model shows a higher bias in this channel. A more
detailed discussion on this bias follows in the next section.
From this comparison, it appears that the adjustments in the
linewidths and mixing coefficients proposed in TOS5 improve
the agreement with the measurements. The 53.85-GHz channel
has biases of 1 and —1.5 K for the HO4 and TO5 models,
respectively. In Table II, the residuals for the two models at the
seven frequencies are displayed.

D. Comparison With Ground-Based Scanning-Radiometer
(GSR) Measurements

The large bias of —3 K in the TO5 model for the 52.28-GHz
channel could be due to the errors in the spectroscopic pa-
rameters, to the instrument calibration in this channel, or to
the combination of these factors. If further evidence existed
suggesting that the bias was due to the spectroscopic parameters
rather than the instrument calibration, it would be possible to
adjust the parameters in order that the model provides a better
fit to the measurements. An analysis has been performed on
the additional data from another radiometer with channels in
the 50-60-GHz region that is the GSR [15]. This instrument
has seven channels between 50 and 56 GHz and is calibrated
by tip curves at the most transparent channels. The GSR was
situated at the NSA, Barrow site during March and April 2004,
and it therefore provides an independent set of measure-
ments to compare with those provided by the MWRP. Mean
model/measurement BT differences in the MWRP and GSR
channels are shown in Fig. 9. The results for the GSR are
consistent with those obtained for the MWRP at all chan-
nels, except at 52.28 GHz, indicating that it would not be
possible to adjust the spectroscopic parameters to improve
the model/measurement agreement at this frequency without
degrading the agreement in the GSR channels at 52.265 and
53.29 GHz. The evidence strongly suggests that the large bias
for the MWRP 52.28-GHz channel is related to the instrument
calibration. Simulations were also performed with the R98-mod
models. The results are shown in Fig. 10 and Table II and are in
good agreement with TO5 in this spectral region.

IV. RETRIEVALS OF TEMPERATURE PROFILES

One of the main motivations for evaluating the oxygen line
parameters in the radiative transfer models is the improvement
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Fig. 9. Differences between the measured and modeled BTs for the MWRP
and the GSR. (Top panel) Computations are with the HO4 parameters. (Bottom)
Computations are with the TOS parameters. Vertical bars indicate one standard
deviation.
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Fig. 10. Differences between the measured and modeled BTs for the MWRP
using the R98-mod parameters. Vertical bars indicate one standard deviation.

of retrievals of vertical profiles of temperature. We retrieve the
clear-sky temperature profiles between 0 and 10 km, with the
seven V-band channels of the MWRP by optimal estimation
[16]. The vertical resolution of the retrieval grid is 100 m be-
tween 0 and 1 km, and 250 m between 1 and 10 km. A statistical
ensemble of radiosondes soundings and its covariance were
used as a statistical constraint. The covariance matrix of the
measurement errors was assumed to be diagonal with elements
equal to 2 K. The temperature profile was retrieved from the
BT observations by successive iterations that rapidly converged
toward the final solution. The first-guess profiles of temperature
and humidity were obtained by the linear statistical regression
from the MWRP measurements. Sixty-seven clear-sky winter
cases at the NSA were selected to test the effect of model
parameters on retrievals. Convergence was usually achieved
at the second iteration. The bias (retrieved minus radiosonde)
and standard deviation of the retrievals are shown in Fig. 11
with the TO5 parameters (solid line) and with the original HO4
parameters (dashed line). The dotted lines are the bias and
standard deviation of the ARM statistical retrievals (first guess).
The dotted-dashed line in the right-hand panel is the square
root of the diagonal elements of the retrieval-noise covariance.
Above 4-km uncertainties in the radiosondes measurements and
remaining uncertainty in the spectroscopy are significantly con-
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Fig. 11. Bias (retrieved radiosonde) and standard deviation of 63 winter
temperature profiles at the NSA. Dotted lines are the first guess, solid lines are
TOS, and dashed lines are HO4. The dotted-dashed line is the standard deviation
of the retrieval noise.
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Fig. 12. MWR-measured BTs minus-model computations. Crosses represent
model computations performed with the HO4 parameters, while squares are
computations performed with the TO5 parameters. Black circles are differences
between the two models (H04-T05).

tributing to the total standard deviation. Retrievals performed
by using the HO4 parameters overestimate the temperature be-
tween 0 and 5 km. The new parameters reduce the temperature
bias to ~1 K over the whole vertical profile.

V. EFFECT OF LINE PARAMETERS ON
PWYV AND LWP RETRIEVALS

PWYV and LWP are routinely retrieved at the NSA site from
the measurements of BTs collected by the MWR at 23.835 and
31.400 GHz. The modeling of the oxygen-absorption band has
some effects on the BTs in the region of WV and LW absorp-
tion. The oxygen contribution is the dry opacity term that af-
fects the clear-sky retrievals of LWP. As observed by Marchand
[17], the differences in absorption models due to the dry contri-
bution can be as high as 0.5 K, leading to the differences in the
retrieved LWP of 15 to 20 g/m?. Fig. 12 shows the differences
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between the clear-sky measured and modeled BTs as a func-
tion of PWV measured by radiosondes. Crosses represent the
model computations performed with the HO4 parameters, while
squares are the computations performed with the TO5 parame-
ters. Black circles are the differences between the two models
(HO4-T05). On the left-hand panel, results at 23.835 GHz
are shown. With the TOS parameters, the differences between
the measurements and the model computations decreased by
about 0.3 K (the mean value went from 0.57 to 0.23 K). The
slight increase in the 23.8-GHz BT, caused by the new parame-
ters, should have a negligible effect on the retrieval of PWV.
On the right-hand panel, results at 31.4 GHz are shown. In this
case, the mean value of the measurement-minus-model compu-
tations went from 0.85 K (for the HO4 parameters) to 0.21 K
(for the TOS5 parameters). For both frequencies, the differences
between the two models slightly decrease with increasing
PWV. From Fig. 12, it can be seen that model compu-
tations performed by using the HITRAN-database oxygen
parameters (H04) will cause an average underestimation of the
31.4-GHz BTs of about 0.8 K, leading to an overestimation in
the retrieved LWP of more than 20 g/m?. The differences be-
tween the measurements and the model computations are due to
the calibration errors (estimated to be up to 0.3 K), the errors in
the oxygen model, in the model of the 22.835-GHz absorption
line, and the WV continuum. However, the 0.67-K mean differ-
ence between the two models (translating to an LWP difference
of approximately 20 g/m?) is only due to the oxygen model.

VI. CONCLUSION

This paper examines how the differences in the spectral
parameters of oxygen absorption affect the retrievals of tem-
perature, the PWYV, and the LWP. We examined two spectral
databases: the widely used HITRAN database and a new set
of parameters recently proposed by Tretyakov et al. [11]. We
highlighted the differences in the line air- and self-broadening
parameters and in the mixing coefficients. We then compared
the modeled BTs with the measurements from the MWRP. The
choice of the Arctic location was dictated by the fact that we
have a large continuous dataset of MWRP measurements that
enabled us to investigate the stability of calibration. In addition,
the low-humidity and high-pressure conditions at the NSA are
favorable for investigating the effect of the oxygen component
on the retrievals of PWV and LWP. The comparison indicates
that the Tretyakov et al. oxygen line parameters should be
implemented in the HITRAN database. The line-broadening co-
efficients are not satisfactory in HO4, especially in the region of
the wing of the band, where many instruments operate. This fact
was recently observed by Tretyakov ef al. [11]. The assumed
temperature dependence of the linewidth (X = 0.71) appears
to be inadequate as well, leading to a temperature dependence
of the residuals. The higher value proposed by Liebe et al. [7]
(X = 0.8) results in better agreement between the measured
and modeled BTs. The resulting BTs are, in general, too low
when compared to the measurements at the most transparent
channels. Of the seven MWRP channels, four operate at the
transparent frequencies that provide information on the upper
troposphere layers. The remaining three operate at opaque
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channels that provide information on the atmospheric layers
above the radiometer. BTs computed with the HO4 parameters
are generally lower than the measurements, resulting in a
strong overestimation of the temperature profiles in the first
6 km. The TOS5 parameters improved the measurement-model
agreement at all channels. However, a —3-K bias at 52.28 GHz
remains. An additional analysis of the data collected with the
GSR suggests that the source of this bias is in the MWRP
instrument rather than in the spectroscopy. Simulations of BTs
for the down-looking and up-looking instruments were carried
out for a standard Arctic atmosphere across the microwave
spectrum (20-150 GHz) by using the two sets of parameters.
Results showed that the oxygen model alone could cause a
difference of about 10% in the computed BTs in the window
regions. Since we have analyzed only the data collected at the
NSA, we cannot assess how the two models perform in other
climatic conditions. It is known that performances of various
models vary, depending on the location. The assessment of the
TO5 model under different climatic conditions will be the sub-
ject of future work. In particular, an assessment of the model at
higher altitude with significantly less oxygen loading and lower
pressure would be beneficial. Finally, we have addressed how
the oxygen parameters affect the modeling of frequencies used
in the WV and LW retrievals. We have shown that when the
TOS5 parameters are employed in the model, the computed BTs
at the 23.8- and 31.4-GHz channels are higher than those
obtained by using the HO4 parameters. The differences are
approximately 0.33 K for the 23.8-GHz channel and 0.67 K for
the 31.4-GHz channel. This results in a decrease in the retrieved
LWP of about 20 to 25 g/m?.
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