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Instrument Description:
Bomem: 1996-2007

A commercial Bomem DA-8 Fourier Transform Infra-red (FTIR) spectrometer has been operated at the
Wollongong site on a continuous basis since May 1996.



The FTS is operated in solar absorption geometry at its maximum optical path difference of 250 cm
corresponding to a spectral resolution of 0.004 cm-1. (A medium resolution Bomem DA-2 had been
operated at the same site before May 1996.)

The DA-8 is equipped with both InSb and MCT detectors. Combined these detectors cover the middle
infrared from about 650 to 4500 cm-1. The solar beam is provided by a home-made solar tracker.

Bruker 125HR: 2007-present

A commercial Bruker IFS 125 HR was installed in August 2007. This instrument has both MIR (MCT and
InSb) and NIR (Si diode and InGas) channels and an OPD of 258 cm. The Bruker was purchased to replace
the Bomem. The two spectrometers ran side-by-side til April 2008, when the Bomem was

decommissioned. The Bruker FTIR uses a Bruker solar tracker.

The optical filters used are those recommended by the NDACC and are listed in the table below.

spectral range before 28/Apr/97 since

NDSC filter incm-1 28/Apr/97 to 11/Aug/99 12/Aug/99
Filter 1 3960 to 4400 routine routine routine

Filter 2 2800 to 3500 not used routine routine

Filter 3 2380to 3260 routine routine routine

Filter 4 2000 to 2650 routine routine routine

Filter 5 1860 to 2240 routine routine routine

Filter 6 700 to 1340 routine routine not since 2007
Filter 7 950 to 1340 not available  not available routine

Filter 8 700 to 1060 not available not available routine

The splitting of the Filter 6 region into filters 7 and 8 improved our ability to quantify HNO3 and other
trace gases in the spectral region below 1000 cm-1 significantly.

Algorithm Description:

Vertical profiles of volume mixing ratios of trace gases are derived using the Optimal Estimation
Method, as implemented in SFIT4 (SFIT4:V0.9.4.4) and distributed through

https://wiki.ucar.edu/display/sfit4/Infrared+Working+Group+Retrieval+Code%2C+SFIT. Vertical profiles
of volume mixing ratios are weighted by the airmasses in each retrieval layer and integrated to give the
total or partial columns in molecules/cm”2. We report total columns and profiles in HDF4 format. The
molecules reported so far to the NDACC ncep data base in HDF format from SFIT4 include C2H6, CH4,
CO, HCI, HCN, N20, and 03.

The microwindows and interfering species follow the NDACC IRWG recommendations. The apriori
profile used for all gases is based on WACCM version 6, except for H20 which uses the reported
humidity from NCEP met data, while for CO the profiles are based on data from aircraft and other
ancillary data.



The retrieval results reported here use the Signal-to-Noise-Ratio (SNR) calculated from the spectrum for
each target gas to define the diagonal elements of the measurement noise covariance matrix, with the a
priori covariance matrix Sa initially computed from the 50 year reported 1-sigma results from WACCM
and then adjusted to optimize the retrievals for DOFS and stability (that is smooth profiles as a function
of altitude).

Older ASCII Ames files from the Bomem co-exist on this database. For the period 1996 to 2001 the fitting
algorithm in use is version 1.09e of SFIT, distributed and provided by C.P. Rinsland (NASA). From 2002 to
2008 the algorithm GFIT was used (Toon, JPL) version 4.4.2.

Ancillary data:

- Line compilation: HITRAN 2008 forms the basis. CIONO2, CFC-11, CFC-12, CFC-22, CCl4, CF4, F-113, and
F-142b are from the pseudoline compilation of Geoffrey Toon (JPL).

- Physical models: PT profiles are derived from daily nmc data(NDACC data base) and those again are
splined into a climatology for 35 deg lat using the tools from GFIT version 4.4.2 (mod_maker version 9)
which includes the calculation of water vapor profiles from the relative humidity.

The Instrumental Line Shape (ILS) is monitored with HBr and N20 cell spectra on an approximately
monthly basis since Sep 1998. The cell spectra are analysed with Linefit version 14.5 (F. Hase, 1999).

Hase, F., T. Blumenstock, and C. Paton-Walsh, 'Analysis of the instrumental line shape of high-resolution
Fourier transform IR spectrometers with gascell measurements and new retrieval software’', Appl.

Optics, 38, 3417-3422, 1999.

Expected Precision/Accuracy of Instrument:

April 2017: (reference metadata file from University from Toronto)

The error calculations for this data are based on the methodology of Rodgers [1,2]. In addition to the
measurement (Sm) errors calculated as described in those papers, random forward model parameter
errors have been calculated as described by Rodgers [3] the Kb values calculated by SFIT4 and our best
estimate of the uncertainties in temperature (Stemp) and solar zenith angle (Sza). Systematic forward
model errors, i.e. errors due to uncertainties in line intensity and line widths, are calculated based
HITRAN 2008 errors. Interference errors, as described by Rodgers and Connor [4] have also been
calculated to account for uncertainties in retrieval parameters (wavelength shift, instrument line shape,
background slope and curvature, phase error) and in interfering gases simultaneously retrieved. These
interference errors are included in the random uncertainty estimate.

The computations are carried out using the off-line IDL tool errcalc_s4v0_v3.pro, written by D Smale
(NIWA, 2017), based on earlier code by a number of authors (B Connor, S Wood, N Jones, J Hannigan,

R bachelor).

The total error (Stotal) has been determined by adding all components in quadrature:



Stotal={(SmA"2+Stemp”2+Sint122+Sint2/2+Ssza”2)+SlintA2+SlwdthA2}A1/2
N.B. Smoothing error is not included in the error estimate.

The data user is referred to a careful discussion of error analysis for ground-based FTIR
observations presented in:

[1] Rodgers CD. Retrieval of atmospheric temperature and composition from remote measurements of
thermal radiation. Rev Geophys 1976;14(4):609-624.

[2] Rodgers CD. Characterization and error analysis of profiles retrieved from remote sounding
measurements. J Geophys Res 1990;95:5587-5595.

[3] Rodgers CD. Inverse Methods for Atmospheric Sounding: Theory and Practice. Series on
Atmospheric,
Oceanic and Planetary Physics, vol. 2. New Jersey: World Scientific Publishing Co Pte Ltd, 2000.

[4] Rodgers CD, Connor BJ. Intercomparison of remote sounding instruments. J Geophys Res 2003;108,
doi:10.1029/2002JD002299.

Instrument History:

Bomem: The fixed aperture stops were changed on day 170, 1996, day 133, 1997, and day 331, 1998.
Two different MCT detectors have been used, with namely a 1 mm and a quarter mm active area - with
the quarter-mm-detector in place (with a new xyz-vernier mounting) since June 1999. The FTS was
moved to another wing of the building in year 2000 due to a scheduled building refurbishment. A new
dynamic alignment system installed 15 August 2001.

Bruker: The FTS has not been moved from its current location since installation in 2007.

March 2009 B/S assembly locking mechanism found to be loose.

29 April 2009 Gold tracker mirrors replaced

21 July 2009 Major realignment from visit of J Robinson (NIWA)
A telescopic system for fringe viewing setup to fix shear offset of the fixed cube
corner.

This misalignment may have been introduced in March 2009 due to loose B/S
locking mechanism.

2 October 2012 Optics Re-alignment: Telescope and Haidinger Fringes Method
19 August 2014 Replace HeNe laser (SpectraPhysics) with an REO laser

30 April 2015 Laser replaced (SI0S)

19 October 2015 Minor realignment and ghost measurements

25 September 2017 Solar tracker failure, sent to Bruker, no data for 6 months

NDSC retrieval exercises:




Wollongong has regularly participated in all
retrieval exercises of the NDACC IRWG in recent years.
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