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1 Proposal Abstract.

We will evaluate the adequacy of the HITRAN [1] database to correctly simulate infrared limb transmittance spectra.
This will be done by fitting solar absorption spectra measured by the JPL MKIV interferometer [2] over the spectral
regions used by instruments (i.e. HIRDLS [3] and TES) on board the EOS AURA platform. These high quality
MKIV spectra cover the entire 650 to 5650 thspectral region simultaneously and were measured during recent
balloon flights under closely monitored (lry situ sensors) conditions. This work will benefit HIRDLS and TES by
documenting and highlighting inadequacies in the database, diagnosing their cause, and quantifying their likely effect
on retrieved vmr profiles. Future additions or amendments to the database will be tested in terms of their ability to
improve the fits to the measured spectra. Checks will be performed of their consistency with previous linelist versions
and with lines/bands of the same gas. This work will provide an objective basis for assessing the adequacy of the
existing database (i.e. HITRAN) in various spectral regions and for quantifying the improvements (or otherwise)
produced by new linelists. It will also help to prioritize needs for additional laboratory studies.

2 Introduction

We have evaluated the adequacy of the HITRAN 2000 spectroscopic database using the MkIV balloon spectra. The
HIRDLS and TES science teams have already used ATMOS spectra to test aspects of their forward model, but the
MKIV balloon spectra have some important advantages:

e Substantially higher SNR, due mainly to the longer time taken for an occultation measured from balloon (60
min) versus the shuttle (2 min).

¢ Wider spectral bandwidth (650-5650 tisimultaneously) at high-resolution (0.007 th), which allows the
consistency of various absorption bands of the same gas to be examined.

e Smaller zero level offset due to the use of more linear detectors (i.e. InSb photodiode) for the short wavelengths.

e Recently acquired spectra, which are therefore more representative of the atmosphere during the EOS era. This
is particularly important in spectral regions containing absorptions from rapidly increasing gases (e.g. HCFCs)
absent in the ATMOS spectra.

e Accurate tangent pressure and temperature due to the availability of both T-dependent (from the 940 and
2390 cnt! region) and T-independent (from the 4000-5000-¢megion) CQ lines in every MKIV balloon
spectra.

e Co-located observations with highly accurateitu measurements of atmospheric trace gas profiles made from
NASA ER-2 aircraft and OMS balloon gondola during recent (e.g. POLARIS, SOLVE) field campaigns. The
atmospheric conditions (T, P, vmr) are therefore well characterized [4].

We have fitted the MKIV balloon spectra from May 8, 1997, and December 3, 1999, to evaluate the adequacy of
HITRAN 2000 to correctly simulate infrared (ir) limb transmittance spectra. The Sunrise and set spectra were acquired
over Fairbanks (69N), Alaska, and Esrange (BR), Sweden, respectively. The airmass sampled was representative of
the high-latitude spring 1997 and an incipient Arctic vortex during winter 1999/2000. These recently acquired spectra



are not only more representative of the atmosphere during the EOS era but also sample a wide range of tropospheric
and stratospheric altitudes (5—38 km). The retrieved gas abundances from these spectrometric measurements were
validated usingn situ measurements from the NASA ER-2 aircraft flying from Fairbanks during POLARIS [4] and

from Esrange during SOLVE [5, 6, 7, 8].

3 Work Performed
3.1 CO

A new calculation of CQ line positions has been performed by R.A. Toth (JPL, private comm.) and Miller and
Brown [9] covering the entire mid- and near-ir. We have fitted balloon and ground-based spectra using this new linelist
and have compared the fits with those obtained using HITRAN 2000 database in various spectral regions.

Yang et al. [10] retrieved column-averaged GQIry air mole fraction, %,, over Kitt Peak, Arizona, from
high-resolution solar absorption spectra obtained with a Fourier transform spectrometer. Simultaneous column mea-
surements of C@at~6300 cnt! and GQ at~7900 cnt ! were ratioed to minimize systematic errors. These column
ratios were then scaled by the meag @ixing ratio (0.2095) to yield %o,. During the period 1977-1995,26,
increased at an average rate of 10904 ppmv/yr with seasonal variations o7 ppmv peak-to-peak. The analysis
demonstrated that this remote technique is capable-@f,precisions better than 0.5%.

However, retrieval errors are dominated by deficiencies in the spectroscopic parameters, as seen in the spectral
fitting residuals in Figure 1 (top panel). The figure illustrates spectral fit to solar spectra measured by Wallace and
Livingston [11] using the McMath-Pierce FTS at Kitt Peak National Solar Observatory. The@@troscopic param-
eters are from HITRAN 2000 database. Analysis indicate fog @@ positions, uncertainties less that 50~* cm!
are required to reduce the residuals (C.E. Miller, JPL private comm.)

Recently improved characterization of mid- and near-ir®@s been accomplished through the use of high signal-
to-noise, high resolution spectra and accurate wavenumber calibration. In particular, transitions from the ground state
to the 20013, 20012, 20011, 30013, and 00031 vibrational states have been measured with absolute wavenumber
uncertainties< 6x10~° cm~!. Figures 1 (middle panel), 2 (bottom panel), and 3 illustrate improvements to the
spectral fit using the updated spectroscopic parameters. For example in Figure 2, there is much improvement for most
of the band centered at 4808 ti

Figure 4 is a plot of a 1 cm' wide window centered at 2299.5 crthin the CG, v band. It illustrates an example
of a systematic inaccuracy in the HITRAN 2000 £€pectroscopic parameters (i.e., errors in line positions of the
17012C160 (4CQ,) isotopologue at 2299.4 and 2299.6 Th The error is significant as the mid-ir band is ideal for
the retrieval of CQ isotopologues in the atmosphere andifositu spectral analysis.

3.2 HNOs

The region 1300-1355 cm in the most poorly fitted in the mid-ir. For example, Figure 5 (top panel) illustrates a
spectral fit to a limb transmittance spectrum measured by the JPL MkIV on Dec. 3, 1999, over Esrange, Sweden.
However, spectral fits indicate that this region contains absorption lines (up to 10% deep in atmospheric limb spectra)
that are missing from the HITRAN 2000 database.

By fitting a laboratory spectra of HN{Omeasured by Linda Brown at Kitt Peak, we have determined that the poor
residuals arise primarily from HN{(Figure 5, bottom panel). The pattern of noise in the residuals is very similar
for the atmospheric occultation spectra and the laboratory HMNdicating that the source of the problem is HNO
Figure 6 illustrates spectral fits to a microwindows in the MkIV and Kitt Peak spectra, respectively. The systematically
missing HNQ v lines are clearly visible in both residuals.

The spectroscopic parameters which is available in HITRAN 2000 database fog HNI@ 7.m (v3, v, bands)
is based on a work by Perrat al.[12] and Goldman and Rinsland [13]. However, this work is not perfect because:

e The spectrum was recorded in open air. This means that part of the; IdpEatrum are missing because of the
existence of strong water absorption.

e The resonance scheme is more complex than for the bands locatedrat There is at least 4 vibrational
states involved in the resonancex3vy, v3, andvs + vg. In 1989, only resonances betweenandv; were
considered.
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We suspect that the poor quality of the Hp{helist in this region is due to
e neglect of weak combination bands (ewg.+1)

e interactions between the different bands.

4 Recommendations

1. v3 CO; is the strongest ir band, and is therefore commonly used for the measuremens igaipologues
both in the atmosphere and laboratory. Systematic errors in spectroscopic parameters (see Figure 4) will result
in seasonal and latitudinal biases in the retrieved, @@d will contribute significantly to the errors in the
calculated flux of CQ.

For precise £ 0.3%) retrieval of atmospheric GOsignificantly better spectroscopic parameters (line positions
and widths) are needed for the band.

2. New and improved HN@spectroscopic parameters are needed for all mid-ir bands (i.e., 879, 1326, 1710, and
3550 cnT!). It is particularly true for the representation of the Q-branches in these bands. Howevegthe 7
v3 andvy bands are particularly poorly fitted.

Space-borne radiometers (e.g., HIRDLS) will attempt to retrieve stratosphegi@@Hnitrogen oxides in this
spectral region assuming a sufficiently accurate atmospheric forward model calculation. However, system-
atic errors in 7um HNO; spectroscopic parameters will propagate errors in the retrieval of other atmospheric
species.

Atmospheric S@ also absorbs strongly in the mid-ir around 1350<¢m Although SQ is measured in the

UV when enhanced, mid-ir is the most promising monitoring technique at all levels of atmospheric loading.
However, the poor quality of d/m HNOs spectroscopy prevents $@easurement, as its lines are orl%

deep.

There is little correlation between HITRAN 2000 and atmospheric KiN@es in the wings of the/; and v,
bands (see Figure 5). Furthermore, pressure-broadened half-widths are same fion &IND; lines in the
HITRAN 2000 database. Both topics require immediate attention.
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Figure 1: Bottom Panel: Experimental (symbols) and simulated (solid line) solar spectra in the region of,the CO
30013—-00001 and 3001200001 band. Spectrum recorded by the McMath-Pierce FTS at Kitt Peak National Solar
Observatory. Top Panel: Residuals from simulating the measured spectrum with the HITRAN 2000 database. Middle
Panel: Fit to the same Kitt Peak spectrum with an improved §g&ctroscopic parameters based on the work at JPL
(L.R. Brown, private comm.).
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Figure 2: Top Panel: Experimental (symbols) and simulated (solid line) solar occultation spectra in the region of the
CO, 20013-00001 and 2001200001 band. This band is used by MkIV to determine observation geometry. It will
also be used by OCO to measure £L@\tmospheric limb transmittance spectrum recorded at an altitude of 38 km
by the JPL MKIV on May 3, 1997, over Fairbanks, Alaska. The spectrum was acquired at 981&¢#dzenith angle
(tangent altitude of 30.7 km). The G@pectroscopic parameters are from HITRAN 2000 database. Bottom Panel: Fit
to the same MKIV spectrum with an improved €€pectroscopic parameters based on the work at JPL (L.R. Brown,
private comm.). The,,,s (= 0.7197%) has improved by58%.



Y= 89.68° Zr= 37.89km orms 279927
—

g I T I T I
2 I IIJIJJ“ o .lnllnllllh u ]
o I| l"]' l1
g I W’W |
R’ I T = I = T = I =
. HITRAN_2K i
0.8 ]
(0] M H
o -
= _
:.E 0.6 : o
= ' ]
2 04 ]
© a
[ - -
= I i
0.2§ —
0.04 ]

2280 2300 2320 2340 2360 2380 2400
Frequency (cm™1)

Figure 3: Experimental (symbols) and simulated (solid line) solar occultation spectra in the region ofsthari2O
Atmospheric limb transmittance spectrum recorded at an altitude of 38 km by the JPL MkIV on May 8, 1997, over
Fairbanks, Alaska. The spectrum was acquired at 8%6&r zenith angle (tangent altitude of 37.9 km). Fit to the
MKIV spectrum using the HITRAN 2000 database illustrates residual errors in thes@gatroscopy.
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Figure 4: A 1 cnt! microwindow in the CQ v3 band. The mid-ir band would be ideal for the retrieval of £O
isotopologues in the atmosphere except for the significant inaccuracies in line positié@s WE'°0 (4CQ,) in the
HITRAN 2000 database.
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Figure 5: Top Panel: Experimental (symbols) and simulated (solid line) solar occultation spectra in the region of the
HNO; v3 andv, bands. Atmospheric limb transmittance spectrum recorded at an altitude of 33 km by the JPL MkIV
on Dec. 3, 1999, over Esrange, Sweden. The spectrum was acquired &t 8d&&enith angle (tangent altitude of

23.2 km). Bottom Panel: Experimental (symbols) and simulated (solid line) laboratory spectra in the region of the
HNOs v3 band. Laboratory spectrum recorded using the McMath-Pierce FTS at Kitt Peak National Solar Observatory.

Fit to the two spectra using the HITRAN 2000 database illustrates significant and similar residual error, confirming
that the missing lines in the MkIV spectral fit arise primarily from HNO
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Figure 6: Same as Figure 5, but with an expanded frequency scale. A T2mamrowindow in the HNQ in the
MKIV and Kitt Peak spectra. The residuals illustrate the many missing HW@s in this spectral region in the
HITRAN 2000 database.
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