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Instrument Description:
An ABB Bomem DA8 Fourier Transform Infrared (FTIR) spectrometer has been operated at the University of Toronto Atmospheric Observator (TAO) on a continous basis since May 2002 (following installation in October 2001), with a solar tracker manufactured by Aim Controls. 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.  The DA8 is equipped with both InSb and MCT detectors and a KBr beamsplitter.  Combined, these resources cover the mid-infrared from about 650 to 6600 cm-1. The optical filters used are those recommended by the NDACC Infrared Working Group and are listed in the table below.  Filter 7 is not standard and was acquired to enable near IR measurements.  There are significant coverage gaps in F6 measurements in 2002-2003.  No data were recorded in Aug-Sep 2004 and Dec 2006-Jan 2007 due to a suntracker failure. Also no data were recorded in Mar-Jun 2009 due to an alignment issue.

	approx. range	before	after 
NDACC filter	in cm-1	 June 2003	June 2003
==================================================================
Filter 1	4000 to 4300	routine	routine
Filter 2	2900 to 3500	routine	routine
Filter 3	2400 to 3100	routine	routine
Filter 4 	2000 to 2700	routine	routine
Filter 5	1800 to 2200	not available	routine
Filter 6	650 to 1350	routine	routine
Filter 7       5800 to 6600    not available    not available

Algorithm Description:
November 2017 (data version 002):

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 with full error analysis) 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 layerand integrated to give the total or partial columns in molecules/cm^2.  We report total columns and profiles.

The retrieval results reported here use the Signal-to-Noise-Ratio (SNR) calculated from the spectrum for each target gas to define the measurement noise covariance matrix, with the a priori covariance matrix S_a adjusted to optimize the retrievals.

The microwindows and interfering species follow the NDACC IRWG recomendations.
 
Spectra used in the retrievals were recorded at 250 cm maximum optical path difference (OPD), except for filter 6 measurements, which are recorded at 200 cm OPD. Prior to 2006, filter 6 measurements were made at both 200 cm and 250 cm OPD.

An optimized quality criterion has been applied using a threshold for the ratio of the spectral RMS residual (goodness of fit) and degrees-of-freedom for signal (DOFS). The thresholds were determined by a trade-off curve of the number of filtered measurements for the entire time series versus the RMS/DOFS ratio. The threshold was selcted as the elbow of the trade-off curve, where the absolute second derivative is maximum. The threshold values are listed below:

C2H6: 4.75 %-rms/dofs
CH4 : 3.25 %-rms/dofs
CO  : 3.00 %-rms/dofs (for QA4ECV CO data product)
HCL : 2.95 %-rms/dofs
HCN : 1.40 %-rms/dofs
HF  : 4.50 %-rms/dofs
HNO3: 4.00 %-rms/dofs 
N2O : 1.20 %-rms/dofs
O3  : 2.60 %-rms/dofs

In addition, a few random outliers were removed based on a qualitative assessment of the residuals.

Ancillary Data:
October 2016 - for QA4ECV CO data product (data version 003):

Line compilation: The ATM line list (http://mark4sun.jpl.nasa.gov/toon/linelist/linelist.html) is used in the forward calculation. For interferring species, the HITRAN 2008 line list with additional pseudo-line parameters is used.

July 2015:

Line compilation: The HITRAN 2008 line list with additional pseudo-line parameters is used in the forward calculation.  Details regarding the C2H6 pseudo line list can be found in Franco et al., 2015.

Physical models: Temperature and pressure profiles are derived from NCEP analyses for each day to approx. 1.0 mbar and WACCM monthly mean above.

A priori profiles of trace gas volume mixing ratios are from the WACCM v6 model, where possible and/or appropriate.  HALOE climatologies, MkIV balloon flight results (http://mark4sun.jpl.nasa.gov/science.html) and "Standard Profiles" used in MIPAS retrievals (http://www.atm.ox.ac.uk/group/mipas/species) are also used as a priori information for some species when no WACCM v6 profiles are available or where their use improves the retrievals

The Instrumental Line Shape (ILS) is monitored with HBr cell spectra (and since 2016 also with an N2O cell) on a quasi-regular basis. The cell spectra are analysed with Linefit [Hase, Applied Optics, 1999].

A local weather station was installed in Oct. 2001 and records surface temperature, pressure, humidity, solar radiation, UV intensity and winds.

Expected Precision/Accuracy of Instrument:
July 2015:
The error calculations in this work 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 (Ssza). Systematic forward model errors, i.e. errors due to uncertainties in line intensity and line widths, are calculated based HITRAN 2008 errore. 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 error budget calculation is described in depth by Batchelor et al. [5]. The total error (Stotal) has been determined by adding all components in quadrature:

  Stotal={(Sm^2+Stemp^2+Sint1^2+Sint2^2+Ssza^2)+Slint^2+Slwdth^2}^1/2

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:
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Instrument History:  
October 2001: Installation
Early 2002: Additional work by Bomem to improve the alignment.
Summer 2002: Exit apertures installed on MCT and InSb detectors.
November 2002: MCT detector replaced (to improve sensitivity).
August-September 2004 and Dec 2006-Jan 2007: No data due to suntracker failure.
March-June 2009: No data were recorded due to an alignment issue.
July 2009: Bomem service visit.
April 2011: Scanning mirror motor replacement.
September 2012: Metrology laser replaced by Bomem Service engineer.
August 12, 2014: Began operations with a "Community Solar Tracker" suntracker.  This uses the same mirrors as the previous Aim Controls heliostat but provides active tracking with a CCD camera rather than four photodiodes.
April 2015: DA8 electronics issues.
March-May 2015: Computer replaced.
October-November 2015: New scan motor bearing and instrument alignment.
February 2016: First N2O cell tests.
June 7, 2016: DA8 internal source mirror motor failed. Replaced July 25.


