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Abstract. The 2006 Canadian Arctic ACE (Atmospheric spectrometers were also compared with partial columns de-
Chemistry Experiment) Validation Campaign collected mea-rived from ACE-FTS version 2.2 (including updates fo5)O
surements at the Polar Environment Atmospheric Researcprofiles. Mean differences in partial column densities gf O
Laboratory (PEARL, 86.42W, 80.05 N, 610ma.s.l.) atEu- HCI, CIONG,, HF, HNO3z, NO2, and NO from the mea-
reka, Canada from 17 February to 31 March 2006. Two ofsurements between ACE-FTS and the DA8 FTS-abe %,

the ten instruments involved in the campaign, both Fourier—8.5%, —11.8 %, —0.9%, —6.6 %, —21.6 % and—7.6 %
transform spectrometers (FTSs), were operated simultanaespectively. Mean differences in partial column densities of
ously, recording atmospheric solar absorption spectra. Th®s, HCI, CIONG,, HF, HNG;3, NO, from the measurements
first instrument was an ABB Bomem DAS8 high-resolution between ACE-FTS and the PARIS-IR arb.2 %, —4.6 %,
infrared FTS. The second instrument was the Portable At—2.3%, —4.7%, 5.7 % and—11.9 %, respectively. This
mospheric Research Interferometric Spectrometer for the Inwork provides further evidence of the reliability of ACE-FTS
frared (PARIS-IR), the ground-based version of the satellite-measurements from the first three years of on-orbit observa-
borne FTS on the ACE satellite (ACE-FTS). From the mea-tions. Column densities of £) HCI, CIONGO,, and HNG
surements collected by these two ground-based instrumentfrom the three FTSs were normalized with respect to HF
total column densities of seven stratospheric trace gasgs (Oand used to compare the time evolution of the chemical con-
HCI, CIONO,, HF, HNGs, NO», and NO) were retrieved stituents in the atmosphere over Eureka during spring 2006.
using the optimal estimation method and these results were
compared. Since the two instruments sampled the same por-
tions of atmosphere by synchronizing observations during
the campaign and used consistent retrieval parameters, thk

biases in retrieved columns from the two spectrometers rep-

resent the instrumental differences. Mean differences in totaf*S Part of the validation program for the Atmospheric Chem-
column densities of @ HCI, CIONO,, HF, HNOs, and NG Istry Experiment (ACE), a series of springtime measurement

from the observations between PARIS-IR and the DA FTSCa@mpaigns have been held in Eureka in northern Nunavut
are 2.8% —32% —4.3%. —1.5%. —1.9%. and—0.1% (Kerzenmacher et al., 2005; Walker et al., 2005; Manney et

respectively. Partial column results from the ground-basecf» 2008; Sung et al., 2007; Fraser et al., 2008). The pri-
mary objective of these campaigns is to provide a multi-year,

high-latitude data set for validating satellite data obtained un-
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ACE, also known as SCISAT, is a Canadian-led satel-species (HCI, CION@and HNG), NOy (NO and NQ), and
lite mission for remote sensing of the Earth’s atmospherea stratospheric tracer (HF) (e.g. Solomon, 1999).
from a circular, low Earth orbit (altitude 650km, incli- The 2006 Canadian Arctic ACE Validation campaign was
nation 74). This high inclination orbit provides global the third in this series of campaigns. It took place at the Polar
measurements over each season with a primary focus oEnvironment Atmospheric Research Laboratory (PEARL,
the Arctic and Antarctic regions. An infrared Fourier 80.0% N, 86.42W, 610 ma.s.l.) in Eureka, Nunavut,
transform spectrometer (ACE-FTS; Bernath et al., 2005)Canada, from 17 February to 31 March 2006. PEARL is
together with a dual, ultraviolet(UV)-visible-near-infrared located in a region of large stratospheric variability in the
spectrophotometer (Measurement of Aerosol Extinction inArctic (Harvey and Hitchman, 1996), where there is a higher
the Stratosphere and Troposphere Retrieved by Occultatioprobability of making measurements both inside and outside
(ACE-MAESTRO); McElroy et al., 2007) are the scientific the polar vortex. Ten scientific instruments were used dur-
instruments onboard the satellite. The primary goal of theing the campaign. These included PARIS-IR (Portable At-
ACE mission is understanding the chemistry and dynamicamospheric Research Interferometric Spectrometer for the In-
of ozone in the upper troposphere and stratosphere. Thulared, a terrestrial version of the ACE-FTS) (Fu et al., 2007),
SCISAT measures the concentrations of more than 30 cherma high-resolution Bomem DA8 FTS that is part of NDACC
ical constituents, including many that influence the distribu- (Donovan et al., 1997; Wiacek et al, 2006; Farahani et al.,
tion of stratospheric ozone (Bernath et al., 2005; Bernath2007), and balloon-borne ozonesondes (Davies et al., 2000;
2006). Tarasick et al., 2005). These instruments were used to de-

Validating data products from satellite-borne infrared rive total columns, partial columns, and vertical profiles for
FTSs, such as ACE-FTS, can be challenging because ahost of the ACE target species, as well as temperature and
the wide range of atmospheric species that are measuregressure.
Ground-based FTSs, such as those that are part of the Net- Herein, we describe the 2006 campaign observations made
work for the Detection of Atmospheric Composition Change by PARIS-IR and the Environment Canada (EC) DA8 FTS
(NDACC, http://lwww.ndsc.ncep.noaa.gpvican contribute  and discuss comparisons both between the ground-based in-
significantly to these efforts because they cover a similarstruments and with the ACE-FTS results. To compare the
spectral range with high spectral resolution (e.g., Vigourouxground-based and satellite results, this work first investi-
et al., 2007; Cortesi et al., 2007; Wetzel et al., 2007).gates the differences between the retrieved columns obtained
Some information on the altitude distribution of the atmo- by PARIS-IR, which is a relatively “new” campaign instru-
spheric trace gases can be retrieved from the shapes of theent, and the DA8 FTS, which is a permanently installed
spectral lines obtained from these ground-based FTSs (e.ginstrument and has been making long term observations at
Pougatchev et al., 1995; Rinsland et al., 1998). This allowsPEARL since 1993. To focus on the differences in the ver-
partial columr densities to be calculated from the ground- tical columns that arise from the instrument performance,
based measurements and it is these quantities that are corRARIS-IR and the DA8 FTS were configured to measure
pared with partial columns derived from the satellite obser-atmospheric absorption spectra simultaneously. Details on
vations. the two ground-based FTSs and their observation strategies

As reported in other papers in this Special Issue, meaare illustrated in Sect. 2. The ground-based FTS retrieval
surements from ground-based FTSs at 12 NDACC stationsnethod and measurement characterization are described in
around the world have been employed in the ACE validationSect. 3. The ACE-FTS measurements and retrievals are de-
program (e.g. Clerbaux et al., 2008; De Maz et al., 2008;  scribed in Sect. 4. In Sect. 5, total columns, partial columns
Dupuy et al., 2009; Kerzenmacher et al., 2008; Mahieu etand column ratios obtained from simultaneous atmospheric
al., 2008; Strong et al., 2008; Wolff et al., 2008). This pa- remote sensing measurements using PARIS-IR and the DA8
per presents complementary work focusing on comparison&TS at Eureka are reported. The results are used to compare
of ground- and satellite-based FTSs during Arctic springtimemeasurements from PARIS-IR and the DA8 FTS, to inves-
and on results for trace gas species that play an important roldgate the quality of ACE occultation measurements, and to
in ozone depletion processes that occur each spring in the p@xamine the consistency of the time evolution of the chem-
lar vortex, including @, the chlorine and nitrogen reservoir ical constituents in the atmosphere over the Canadian high
Arctic during spring 2006 obtained from these different data

1Throughout this paper, the term “total column” is used to in-
dicate that the column amount was calculated from the full altitude
range of the ground-based measurement (typically from the ground i . .
to 100 km) whereas the term “partial column” is used for results 2 Ground-based instrumentation and observations

obtained over a narrower altitude range. Depending on the type of . . .
ground-based measurement, the total column retrieved may be mof@ARIS-IR is a portable FTS built for atmospheric remote
sensitive to one region of the atmosphere than another (for exampleS€nsing from the ground and airborne platforms such as high-
NO, retrievals from FTSs are only sensitive to the stratospheric par@ltitude balloon gondolas. It was constructed as a terres-
of the total column; Sussmann et al., 2005). trial version of the ACE-FTS using a similar design and
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incorporating flight-spare optical components from the satelthe DA8 FTS consists of four co-added spectra and requires
lite instrument. Hence, PARIS-IR can achieve the same specabout 13 min to collect. To further ensure simultaneity, all of
tral resolution (maximum optical path difference (MOPD) the individual spectra~<40) collected by PARIS-IR during
of +£25¢cm; maximum spectral resolution of 0.02ch each 13-min DA8 measurement interval were co-added.
and spectral coverage (750-4400¢mas the ACE-FTS. The campaign was carried out in two phases: the inten-
Its maximum scanning speed is 2.5cnswhich makes —sive and extended phases. The intensive phase took place
PARIS-IR capable of recording one double-sided interfero-from 17 February to 8 March 2006. During this time, mea-
gram at MOPD every 20 s. A sandwich-type detector, whichsurements were made by all of the campaign instruments,
consists of mercury cadmium telluride (MCT) and indium including PARIS-IR and the DA8 FTS, when weather condi-
antimonide (InSb) elements, is used in PARIS-IR to recordtions allowed. The ground-based FTS measurements started
spectra over its entire spectral range in a single scan (Fu ain 21 February when the Sun became visible above the hori-
al., 2007). Although PARIS-IR was deployed at Eureka in zon. Also, balloon-borne ozonesondes were launched daily
2004 and 2005, there were major instrument changes and infrom the nearby Eureka Weather Station. After the inten-
provements for the 2006 campaign. In the 2004 campaignsive phase, PARIS-IR was shipped back to its home station,
undesirable spikes in the interferograms recorded by PARISthe Waterloo Atmospheric Observatory. The extended phase
IR resulted in spectral channelling. The temperature controcontinued from 9 to 31 March 2006, with measurements by
system in the metrology diode laser of PARIS-IR was un-the DA8 FTS and several of the other instruments and weekly
stable in the 2005 campaign resulting in degraded spectraEC ozonesonde flights.
resolution. In addition, PARIS-IR was realigned by the man-
ufacturer in mid-2005 and its performance was improved.

An ABB Bomem DA8 FTS, a high-spectral-resolution 3 Spectral analysis and retrievals for ground-based
(MOPD of 250cm; maximum spectral resolution of FTSs
0.002 cnt1) Michelson interferometer using dynamic align-
ment techniques, was installed at PEARL in February 1993The spectra measured by PARIS-IR and the DA8 FTS were
(Donovan et al., 1997; Farahani et al., 2007). Two indepen-analyzed in a consistent manner using the same retrieval
dent detectors, MCT and InSb, are used to cover the spectrglrogram, spectroscopic parameters, spectral ranges and a
range from 700 to 5100 cnd. DA8 FTS measurements are priori information. This was done in order to eliminate,
made using a sequence of nine optical filters to improve theas much as possible, any differences due to the retrieval
Signal-to-Noise Ratio (SNR). For this study, we used spectrgprocess. The analyses were performed using SFIT2 (ver-
recorded with the following filters: S1 (3950-4300chn, sion 3.91) (Pougatchev et al., 1995; Rinsland et al., 1998).
S3 (2400-3300 crt), S5 (18002050 cmt) and S6 (700-  SFIT2 makes use of the Optimal Estimation Method (OEM)
1300 cnTl). The MCT detector was used with filter S6 and (Rodgers, 1990, 2000) to include a priori volume mixing ra-
for the rest of the filters, the spectra were recorded with thelio (VMR) profiles of atmospheric constituents as a function
InSb detector. of altitude in the retrievals. The spectral ranges, called mi-

A sun-tracking mirror system, permanently mounted oncrowindows (MWs), used in the PARIS-IR and DA8 FTS re-
the roof of PEARL, was used to direct the solar beam intotrievals are listed in Table 1. All of the spectroscopic line pa-
the FTS laboratory. To observe the atmosphere simultanerameters and cross sections used in these retrievals are taken
ously using the two spectrometers, the solar beam (diametegfrom the High resolution TRANsmission molecular absorp-
~14 cm) was split into two parts. One third of the solar beamtion database (HITRAN) 2004 (Rothman et al., 2004).
was directed through the input window of PARIS-IR usinga A model atmosphere is used in the SFIT2 program to sim-
flat pickoff mirror. The rest of the solar beam was directed ulate spectra. A forward model, nhamed FSCATM (Gallery
into the DA8 FTS. This measurement strategy differs fromet al., 1983; Meier et al., 2004a), was applied to generate
that used in the 2004 and 2005 Canadian Arctic ACE Valida-the model atmospheres using a priori VMR estimates, and
tion Campaigns, when PARIS-IR and the DA8 FTS recordedpressure and temperature profiles. FSCATM carries out re-
spectra alternately. Making simultaneous measurements erfractive ray tracing and a calculation of the air mass dis-
sured that PARIS-IR and the DA8 FTS were sampling thetribution, which is the number of molecules as a function
same atmosphere and thus removed any differences in veof altitude, for each model atmosphere. The a priori esti-
tical columns due to temporal and spatial variations. Themates of VMR profiles were adapted from the a priori pro-
SNR and retrieved total column densities from several specfiles constructed by A. Meier in 1998 for the NDACC station
tra recorded in shared beam mode and in whole beam modat Kiruna (Meier et al., 2004b). To adapt this set of VMR
were compared at the beginning of the campaign. Differ-profiles for use with measurements from Eureka, the VMR
ences in total column densities between the two modes werprofiles for G, HNO3, HCI, HF, CIONG,, NO, NGOy, HDO,
found to be small, generally of the order of 1%. PARIS- H,0, CHs;, and N O, which are the target trace gases for this
IR has a shorter acquisition time per spectrum (20 s) tharwork or major interfering species in the spectral regions used
the DA8 FTS (about 190 s). A single measurement fromin the retrievals, have been updated using results from: the
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Table 1. Species, spectral ranges of microwindows, interfering species, and filters used in ground-based observations.

Species  MV?  Spectral Range (ciit)  Interfering species Filter

1104.78-1105.08 C4D, CHR,CI, CChFy, H,CO,, HDO, 180160180
1119.73-1119.95 CH#EI, N,0 160160180

O3 112¢ 1121.67-1122.03 160160180, H,CO,, CHRCI, N2O, H,O S6
1122.84-1123.06 160160180, H,CO,, CHRCI, CH3D, CHy, HoO

2775 2775.68-2775.88 HCI 40, CHy S3

HNO 868 867.00-869.20 #0, OCS, NH;, CO, S6

3 872 871.80-874.00 $0, OCS, NH, COy, CoHa, CChF S6

CIONO, 780 779.85-780.45 C£ 03, HNOz, CCly S6

HF 4038 4038.78-4039.10 4@, CHs, HDO S1

2727.72-2727.84 § CH,, HDO, CO,

HCl 2128 577568277588 §CHa NoO S3

NOd 1903 1902.85-1903.35 GON,0, Hy0, OCS, @ S5

NO, 2914 2914.60-2914.70 GHOCS, CHD S3

@ Microwindow region.

b Filters were placed in front of the entrance aperture of the DA8 FTS to improve the SNR of the measurements.
See text for the spectral ranges of filters used in observations.

¢ Several spectral ranges from individual spectra were fit simultaneously in the retrievals.

d PARIS-IR has no results for NO from the 2006 Canadian Arctic ACE Validation Campaign.

HALogen Occultation Experiment (HALOE) v. 19 data set function and PARIS-IR used a boxcar function. In earlier
between 1991 to 2005 (Russell et al., 1994; GrooR and Russomparisons, it was demonstrated that it is necessary to have
sell, 2005 and references therein), the 2002-2004 Michelsoa well-characterized instrument line shape (ILS) in order to
Interferometer for Passive Atmospheric Sounding (MIPAS)retrieve accurate total columns of stratospheric gases from
version 3.0 profiles produced with the Institit Meteorolo- ~ PARIS-IR spectra (Wunch et al., 2007). In this current work,
gie und Klimaforschung scientific processordfiner et al.,  we used the LINEFIT program (Hase et al., 1999, version 11)
2006), the Stratospheric Processes And their Role in Climatéo retrieve ILS information for the two FTSs fromy® fea-
2000 climatology (SPARC2000) (Randel et al., 2002), andtures between 2400 and 2800th These spectra were mea-
Eureka ozonesonde archive (Tarasick et al., 2005). The prosured using a blackbody source and a 10-cm-long, 5.0-cm-
cedure used to update the VMR profiles is presented in dediameter cell that was filled with 7.5hPa ob@®. The ILS
tail in Sung et al., 2011. Pressure and temperature profilesesults obtained were consistent with earlier measurements
were produced using data from three sources: the daily rafor the DA8 FTS and PARIS-IR (Wunch et al., 2007; Sung et
diosondes from the Eureka Weather Station (launched dailal., 2007). The ILS parameters obtained from the cell mea-
at 11:15 and 23:15 UT), the National Centers for Environ- surements were used as the a priori values for the SFIT2 Em-
mental Prediction (NCEP)/National Center for Atmospheric perical Apodization Function (EAP). The EAP is defined as
Research (NCAR) analyses provided by the NASA Goddarda polynomial and SFIT2 allows for the subsequent retrieval
Space Flight Centre automailer (obtained from the Goddardf the polynomial coefficients as part of the state vector. We
Automailer science@hyperion.gsfc.nasa.gov) (McPherson ethose to retrieve third-order polynomial coefficients and a
al., 1979; Kalnay et al., 1996), and the Mass-Spectrometerfirst-order polynomial coefficient for PARIS-IR and the DA8
Incoherent-Scatter model (MSIS-2000) (Picone et al., 2002) FTS, respectively.
From the surface to about 38 km, the radiosonde measure- A 29-layer grid was used to retrieve profiles from the
ments were used. Above that, the NCEP/NCAR analyses eXPARIS-IR and DA8 FTS spectra. In addition to the profiles,
tend the profile from 38 to 50 km and the output from MSIS integrated vertical column densities are produced for each of
was used from 50 to 100 km. the layers. These were used to calculate the total column
Instrument parameters, including the apodization and in-densities and partial column densities used in this work. The
strument lineshape functions, are required to simulate thditting residuals from the SFIT2 retrievals were used to evalu-
absorption spectra used in the SFIT2 retrieval process. Thiate the quality of the results for the DA8 FTS and PARIS-IR.
is the area where the retrievals differed for the two FTSs.Using the data from the entire campaign, the mean and the
For the apodization function, the DA8 FTS used a Hamminglo standard deviation of the root mean square (RMS) fitting
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Table 2. Degrees of freedom for signal and uncertainties in the retrievals of total vertical column densities obtained from measurements by
the DA8 FTS and PARIS-IR.

Smoothing Error (%) Retrieval Noise Error (%) Model Parameter Error (%) Total'Bedr Degrees of Freedom

Species MW o)\ DAgd PAR DA8 PAR DA8 PAR DA8 PAR DA8
o 1120 7.9 5.4 2.9 25 0.5 0.3 84 60 36 4.2
3 2775 123 8.7 0.4 3.7 0.5 0.2 123 95 22 25
NG 868  14.7 135 15 2.9 0.2 0.1 148 138 15 1.7
3 872 145 13.7 15 2.9 0.3 0.1 146 140 16 1.9
CIONO, 780 161 14.2 3.0 27 0.1 0.1 164 145 1.0 0.9
HF 4038 6.8 55 13 25 0.2 0.1 69 60 17 17
HCl 2725 75 7.4 0.8 2.7 0.3 0.1 76 79 17 17

NO 1903  N/A 10.9 N/A 3.9 N/A 0.1 NA 116  NA 12
NO, 2914 251 22.7 28 3.7 0.1 0.1 253 230 17 1.9

2 See Table 1 for spectral ranges of microwindows.

b Total Error =\/(Smoothing Err0)2+(RetrievaI Noise Errc)|2+(ModeI Parameter Errof.
¢ PARIS-IR.
d DAB FTS.

residual were calculated for each MW and each FTS. Onlytures from interfering species. The microwindows used in
those retrievals whose RMS fitting residuals were within onethis work have generally improved the retrievals of &d
standard deviation of the mean were included in this studyHCI compared to those carried out in an instrument compar-
For the DAS, this technique excluded at most 3—4 measureison campaign at University of Toronto (Wunch et al., 2007)
ments out of~60 recorded for each filter band during the in terms of DOFS.

campaign. According to Rodgers OEM theory, the averaging kernel is

OEM, the method used in the SFIT2 spectral retrieval pro-the derivative of a derived vector with respect to the true state
gram, provides a method to compute the major uncertaintieyector, i.e., when this derivative is small (nearly 0) all of the
in the retrievals of vertical columns such as smoothing er-information comes from the a priori and when it s large (near
ror, retrieval noise error and model parameter error (Rodgers]) then the information in the retrieval comes mainly from the
2000; Rodgers and Connor, 2003). Smoothing error, alsaneasured spectra (Rodgers, 1990, 2000). The typical total
known as null space error in the Rodgers OEM formalism,column averaging kernels of the seven species investigated
mainly arises from the limited altitude resolution of the ob- in this study are shown in Fig. 1. For all seven species, the
serving system (Rodgers, 1990, 2000). Retrieval noise erretrievals show good performance since the averaging kernel
ror is due to measurement noise in the spectra. The forvalues are close to 1 in the altitude ranges where most of
ward model parameters such as spectral background, slogbe molecules are located. For example, the averaging kernel
and instrumental line shape also generate uncertainties imalues from the @ retrievals using spectral segments near
the retrievals and these contributions are grouped togethet120 cnt! (MW1120 listed in Table 1) are close to 1 from
as model parameter error. Table 2 summarizes these errors it to 60 km for both FTSs. More than 80 % of the total ozone
the total column densities obtained from the PARIS-IR andresides in the altitude range from 10 to 60 km.
DA8 FTS observations and the root-sum-square of these er-
rors was used to provide a total error estimate.

The spectral resolution of a measurement affects thel ACE-FTS satellite observations and analyses
amount of vertical information obtained from the spectral
line shape of a measured species (Rodgers, 2000). Witithe ACE-FTS instrument performs up to 30 solar occultation
higher spectral resolution, more precise vertical informationmeasurements each day. Its spectral resolution (0.02)cm
can be obtained. As shown in Table 2, the results from theand spectral range (750-4400cth) match those of PARIS-
DA8 FTS typically have higher values of Degrees Of Free-IR. The ACE-FTS instrument records one measurement ev-
dom for Signal (DOFS), which are the number of indepen-ery 2s. The result of this sampling rate is that the typical
dent quantities retrieved from the observations, than thoseertical spacing of measurements within an occultation is 3—
from PARIS-IR since the DA8 FTS has a spectral resolution4 km, neglecting the effects of refraction that compress the
10 times higher than that of PARIS-IR. The DOFS can be im-spacing at low altitudes. The actual vertical resolution of the
proved by choosing high quality microwindows, i.e. spectral ACE-FTS measurements is limited to about 3—-4 km, due to
segments which contain many absorption lines of the investhe extent of the instrument field-of-view (1.25 mrad) and the
tigated species with few (and ideally weak) absorption fea-orbit altitude of the satellite (650 km).

www.atmos-chem-phys.net/11/5383/2011/ Atmos. Chem. Phys., 11, 58832011
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Fig. 1. Total column averaging kernels for PARIS-IR (blue circles) and the DA8 FTS (red squares) for 2006 Canadian Arctic ACE Validation
Campaign.

The spectra measured by the ACE-FTS are analysed u$® Results and discussion
ing a nonlinear least squares global fitting approach to ob-

tain VMR profiles of trace gases in the Earth’s atmosphere,l_he spectra recorded with PARIS-IR, the DA8 FTS, and

along with pressure and tgmperature prof!les (Boone_ et aI'ACE—FTS during the campaign were analyzed using the
2005). The retrieved profiles have a vertical resolution of ; i
methods described in Sects. 3 and 4. The results for

3—4 km and extend from the cloud tops (or 5 km under clear

conditions) to about 100 km. The current ACE-FTS data set,éelz(v)el\Toznlr\ln g:I),(l(s)tre:rc])jr')_'hlze)r:rérgicsifisee dg'h(gl;lol?r’]’ :ec;' 51
version 2.2 with updates for$)N»Os, and HDO, contains ’ e ' e

VMR profiles for more than 30 atmospheric constituents.compansons of results between PARIS-IR and the DA8 FTS

S : . are described. In Sect. 5.2, results from the ground-based
Validation results for the primary molecules measured with : .
. . ! observations are compared to the ACE-FTS occultation mea-
ACE can be found in this Special Issue (for example, the

. . surements. Finally, in Sect. 5.3, results from the three FTSs
O3 validation paper by Dupuy et al., 2009). Partial column _ . . . :
" : g o . will be used to compare the time evolution of chemical con-
densities were calculated using atmospheric densities derlve\gtituents in the atmosphere over the Canadian hiah Arctic
from the ACE-FTS measurements. Uncertainties in the par- P 9

. ” : L . during spring 2006, as seen by the different instruments. In
tial column densities were calculated using the statistical f|t—these sections. total column and partial column densities will
ting errors reported for the ACE-FTS VMR profiles. ' P

During the campaign, ACE-FTS made thirteen occultationbe used. The altitude range used for the partial columns was

measurements within 500 km of PEARL. The location for cré:oEsanTg) match the c;)mmon range covered by all of the
each ACE occultation is given as the latitude, longitude anda‘ i measurements.

time of the 30-km tangent point (calculated geometrically), When comparing satellite and ground-based measure-
and it is this value that was used in determining coincidencegnents, pairs of collocated measurements are identified using
between observations. The ACE satellite measurements we@iteria based on the difference in distance and time between

made between 22 February and 13 March 2006. the measurements. Typically, the distance between the ob-
servatory housing the instrument and the tangent point of a

specific altitude in the satellite profile is used to determine
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the spatial coincidence. For high-latitude stations where the s

solar elevation is relatively small, the location of the obser- B baarrewinsser ]
vatory does not necessarily give a good estimate of the loca ¢ mereim
tion of the measured airmass because of the long slant pat | - 5 peaersumsone | |
through the atmosphere. The point at which the observatior March 5", 2006 B DR T e
slant path intersects with the atmospheric layer where theg |

measurement is most sensitive can be located up to severg .
hundred km away from the observatory. To better understantg
the region of the atmosphere that is being sounded in the DAz

FTS and PARIS-IR observations during the campaign, we )
have used a geometric calculation to estimate the ground lo 7V 47 = *
cations of several altitudes along the slant path of the solar ra b
diation. Refraction effects have been neglected. In the calcu . (\ Q\ : i
lation, the distance between the observatory and the groun - AN m s s s s
140W  130W 120W 110W 100w 90w 80w 70w 60W 50w 40W

location is calculated using the solar zenith angle and the Longitude (degree)

hour angle (the difference between the measurement local so-

lar time and solar noon). Then, these are used with the locaFig. 2. Locations of simultaneous PARIS-IR and DA8 FTS mea-

tion of PEARL and the haversine equation (Sinnott, 1984) toSurements taken on 4 March 2006. Each measurement |ocation

determine the latitude and longitude of the ground location.!S indicated using the ground location of the 18km altitude in the

This method was used to estimate the ground locations of theFTS slant path (calculated geomem.cal.'y) and is 'abe.lled W'th ared
. . Symbol. The shape of red symbol indicates the optical filter used

18-km altitude point in the PARIS-IR and DA8 FTS mea- for the DA8 FTS measurement. During each DA8 FTS measure-

surements on 4 March 2006 and these locations are shown iflent pARIS-IR recorded the entire spectral region from 750 to

Fig. 2. This altitude was chosen because it is near the peak400 cn2. In addition, the tangent point locations of the ACE-FTS

in number density for @ HCI, HNOgz, and other species of occultations made on 4 and 5 March 2006 are indicated. Location

interest in this study during polar spring. Also, in this fig- of PEARL is shown with a black solid square.

ure, the tangent point locations of the ACE-FTS occultations

on 4 and 5 March are shown. They were within 100 km of

the PEARL facility. However, the distance between the airvortex. In the stratosphere, the vortex edge region is typi-

mass sampled by the ground-based FTSs and that measuredlly at sSPV values of about 1.2 to 1x610~*s™1. The sPV

by ACE-FTS was of the order 6¥440-500 km. values at altitudes along the measurement slant paths will be
In addition to time and distance, an additional coinci- used to evaluate if the campaign observations were made in-

dence criterion is often needed when comparing measureside, outside or on the edge of the polar vortex.

ments made at high latitudes: this is the location of the

observations relative to the polar vortex. The meteorolog-5.1 Comparisons between PARIS-IR and the DA8 FTS

ical conditions near Eureka and the location of the polar

vortex during the 2006 campaign have been investigatedhtmospheric solar absorption measurements were recorded

by Manney et al. (2008). They used satellite results to-simultaneously using PARIS-IR and the DA8 FTS on eight

gether with meteorological analyses to study the Arctic vor-days during the intensive phase of the 2006 Canadian Arc-

tex, temperature and trace gas evolution over Eureka duringic ACE Validation Campaign. These observations started on

the 2003-2004, 20042005 and 2005-2006 winter/spring pe21 February 2006, the day when the Sun was first seen above

riods. The 2005-2006 winter had a very strong, prolongedhe horizon at PEARL. In the first week of the campaign,

major “stratospheric sudden warming” (SSW) beginning in the measurements were limited because the Sun is only vis-

early to mid-January 2006 that ended in the mid- to lateible for a short period of time around noon, and that is fur-

February 2006. After the SSW, a pole-centred strong vor-ther limited by topography and cloud. The length of each

tex redeveloped quickly in the lower mesosphere. Through-day increases rapidly at the beginning of the campaign (in-

out the campaign, the vortex was recovering and strengthereasing from~2 h on 21 February te-6 h on 28 February,

ening in the upper stratosphere. In the lower stratosphereyalues calculated from the sunrise and sunset times provided

the vortex did not recover significantly from the SSW so it by the Astronomical Application Department of U.S. Naval

was fairly weak and poorly defined during the 2006 cam- Observatory;http://aa.usno.navy.mjl/ Often the measure-

paign. In the following, the locations of the satellite and ments on the first days have large fitting residuals and thus

ground-based measurements with respect to the vortex wilvery few are included in the comparisons. It should also be

be discussed in terms of scaled Potential Vorticity. SPV is thenoted that the solar zenith angles for the measurements be-

scaled (Dunkerton and Delisi, 1986; Manney et al., 1994)tween 21 and 26 February range betweed® and 90. The

Rossby-Ertel potential vorticity (PV), which can be used to weather conditions were poor during the middle of the inten-

describe the intensity and geographical extent of the polasive phase: no ground-based FTS measurements were made

www.atmos-chem-phys.net/11/5383/2011/ Atmos. Chem. Phys., 11, 58832011
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Fig. 3. Og total vertical column densities obtained from the spectra near MW 1128 (MW1120) recorded using PARIS-IR (blue
diamonds) and the DA8 FTS (red squares) during the 2006 Canadian Arctic ACE Validation Campaign are shown together with total columns
calculated from ozonesonde measurements (black circles). Rajafi(b) show the individual and the daily mean column densities for the

entire campaign period, respectively. Enlarged views of daily observations and uncertainties of total column densities on 4 and 5 March 2006
are shown in panelg) and(d), respectively. Red and blue dashed lines indicate the daily mean vertical column densities for the DA8 FTS
and PARIS-IR, respectively. The errors for DA8 and PARIS-IR are the total percent errors given in Table 3. For the measurements using
ozonesondes, the total columns were estimated by extrapolating above the highest measured altitude and the uncertaib®2gi(takén

from Tarasick et al., 2005).

from 27 February to 3 March 2006 because of clouds anchot all of the target species have been measured every day
snow at PEARL. There were good observing conditions atby both ground-based FTSs. In contrast, PARIS-IR does not

the end of the intensive phase, from 4 to 7 March 2006. use narrow-band filters and, therefore, can provide column

densities for all of the trace gases of interest from each ob-

servation. Results from PARIS-IR provide information with

from the DA8 FTS and PARIS-IR obtained using the MWSshlgher temporal resolution than those from .the DA8 FTS.
For example, on 4 March 2006, ten observations were made

1 . .
near 1120cm” (MW1120). Also included in these plots i, "oaR|S'IR and the DAS FTS simultaneously. Vertical
are the total columns estimated from the ozonesonde flights

. : : column densities of ozone are available from all ten observa-
made during the campaign. These estimates were made .
. . : ons made using PARIS-IR on that day. However only two
extrapolating the ozonesonde profile above the highest mea- . .
. . . : measurements were recorded by the DA8 FTS with the S6 fil-
sured altitude and integrating to obtain a total column den-

_ 1
sity as discussed in Tarasick et al. (2005). It can be seen tha; rre(;\?gilalt?lgarcor?n)l\j\r/]\(/jltr;g O,leyitr\:zjci)c(;igg?ncglium; r;)?lilgz
there are fewer DA8 FTS ozone measurements than PARIS- . 9. 2

IR measurements in the early part of the campaian due to threst of that day, the DA8 FTS recorded atmospheric absorp-
yp paig 0 Mon spectra in spectral ranges other than the one covered by

Sthe S6 filter. Because of this, the spatial and temporal cov-

When the observing time during a day is less th&-7 h, i . .
the DA8 FTS cannot measure a full series of spectra (Ob_erage of the PARIS-IR o0zone measurements is much wider

tained by recording spectra with each filter twice) and thusthan that of the DA8 FTS. The impact of this difference in

Figure 3 shows the time series of the individual (panel a)
and the daily mean (panel b) ozone total column densitie
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Table 3. Comparisons of total columns observed by the DA8 FTS and PARIS-IR from 21 February to 8 March 2006.

Mean Percentage Differendes

Species MW
Comparison Using Daily Comparison Using Individual
Mean Value (%4 Std. Dev. Measured Value (%) Std. Dev.

o 1120 —6.3+8.1 2.8+5.7
3 2775 ~3.6+3.9 0.0+ 4.8
868 -5.1+9.6 —0.1+3.0
HNOs 77 22473 ~1.9426
CIONO, 780 —17.6+10.1 —4.3+6.7
HF 4038 —-5.3+3.2 —-15+6.8
HCI 2725 —7.8£29 -3.2+27
NO> 2914 —2.84+7.0 —-0.1+£3.2

2 See Table 1 for spectral ranges of microwindows.
b See text for calculation method description. Uncertainty given is éhstdndard deviation of the mean difference.

sampling is seen in panel ¢ of Fig. 3. Here, the individ- HCI, NO;, CIONGO,, or HF) observed by PARIS-IR and the
ual PARIS-IR and DA8 FTS MW1120 ozone observations DA8 FTS, respectively. All of the percentage differences
from 4 March 2006 are shown and the daily mean value iswere then averaged to obtain the results shown in the third
indicated. When the measurements from the two FTSs wereolumn of Table 3 together with theyistandard deviation
made simultaneously, there was good agreement within thef the differences. In the second comparison method, dif-
respective uncertainties. However, because the ozone coferences between individual measurements were calculated
umn densities retrieved by PARIS-IR differed throughout the using

day as the measurement location and time changed, the daily

mean values for the DA8 FTS and PARIS-IR do not agree asp _ [Cpx = Cpxl % 100, )

well as the simultaneous measurements. These differences Cpx

observed between the daily mean comparisons and 'nd'v'd\'/vhere,cpx and Cp, are the individual values of simulta-

ual comparisons vary with day and with species. Panel dneously observed total columns. All of these differences be-
of Fig. 3 shows the ozone total column density results for

. tween individual measurements were then averaged to obtain
E}'ZELS;;SU?;OI;T"?QS; Iig;gsn':/gf hFizg;)l?rE;.sjez;ﬁ(;hSesril\ll)i/ c{%e results shown in the fourth column of Table 3 (along with
similar comparisons for HCI, CION£)HNOg3, HF, and NG e I standard deviation of the mean).

total column densities on 5 March and 7 March 2006, respec- For gll six of the species |nvest|gqted, the comparisons us-
) . S . ing daily mean values show larger differences (by up to 13 %)
tively. The daily mean and individual comparisons for these

. - between two FTSs than those using the individual observa-
days generally agree within the uncertainties.

To investigate this further, we calculated the diﬁerencestlons recorded simultaneously. Variation in the measured to-

between the PARIS-IR and DA8 ETS total column densi-.tal column densities during each observation day, as shown

ties for the six species @QHNO3, HCI, NO,, CIONO,, and n Flgs. 3 4, and 5.' arises primarily fr(_)m the temporal aqd
. . spatial differences in Arctic atmospheric composition. This

HF) and these are shown in Table 3 (note that PARIS-IR did " "~ . . : .
X ) variation has to be taken into consideration when making
not measure NO). The comparisons were performed in two . ) .
. . comparisons between ground-based instruments measuring
ways, one approach using daily mean values and the other, , . . ) S o
R, at high latitudes and when choosing coincidence criteria for
approach using individual measurements. For the former . : .

) o atellite comparison studies.
method, daily mean total column densities were calculate The differences between the simultaneous measurements
for a given species retrieved by both FTSs, and percentage

differences were calculated for each measurement day usinggzgﬁsb]}/r;g]e ezﬁ?errnste?::mﬁ)gﬁlsi}:Rc;:%:)zgizncsomrnafgggo

[Cpr—Cpyl an instrument comparison campaign was held at Eureka and
=——=——x100 1) the retrieved vertical columns from the portable NPL FTS
(a Bruker 120M) were compared with those from the DA8
where,Cp, andCp, are the daily mean values of observed FTS at PEARL (Murphy et al., 2001; Paton-Walsh et al.,
total columns of the given specias(x can be @, HNO;3, 2008). These comparisons show that the differences between

X
Px
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Fig. 4. Total vertical column densities of HC4), CIONG;, (b), HNO3 (MW 868) (c), HF (d), and NG (e) retrieved from spectra obtained

with PARIS-IR and the DA8 FTS at PEARL on 5 March 2006. Error bars indicate the DA8 FTS and PARIS-IR total percentage errors given

in Table 2. Red dashed lines and blue dashed lines indicate the daily mean total column densities measured by the DA8 FTS (red squares
and PARIS-IR (blue diamonds), respectively.

the NPL FTS and the DA8 FTS have a consistent systematitions that were carried out in summer 2005 at the University
bias of about 3% for HCI, HN@and &, and 7% for HF,  of Toronto (Wunch et al., 2007). One of these FTSs was the
with the DA8 FTS reporting higher column amounts than the Toronto Atmospheric Observatory Fourier Transform Spec-
NPL FTS for all comparisons. The large difference betweentrometer (TAO-FTS), an ABB Bomem DA8 FTS with the
instruments for HF was attributed to an instrument lineshapesame specifications as the Eureka DA8 FTS. Total column
problem and a zero level problem (when the atmosphere hadifferences for @ and HCI between PARIS-IR and the TAO-
100 % absorption the signal should be zero). In addition, the=TS were found to be abottl % to +4 %, respectively, con-
non-linearity of the MCT detector was found to be causing asistent in magnitude with the agreement between PARIS-IR
major portion of the differences in retrieved HYy©olumns  and the Eureka DA8 FTS in this work. However, it should be
between the NPL FTS and the DA8 FTS. The mean individ-noted that the MW regions for HCI andz@sed in the two

ual differences obtained from the 2006 Canadian Arctic ACEstudies were different and this may contribute to the differ-
Validation Campaign are generally similar to or smaller thanence.

those reported in the 1999 comparison and these differences

show systematically lower column values for five speciesg 2 partial column comparisons between ACE-FTS

(HNOg3, HCI, NG, CIONG,, and HF) and higher column measurements and ground-based FTS observations
values for Q from PARIS-IR than from the DA8 FTS. For

all species except 4) the results from the current work are

consistent with the earlier NPL intercomparison study. The concentration profiles of trace gases retrieved from

ground-based observations provide limited vertical resolu-
The different spectral resolutions of the instruments couldtion (DOFS about 1 to 4 over the altitude range from the
also contribute to the differences between the PARIS-IR andyround to 100 km, as shown in Table 2), much coarser than
DA8 FTS. This was investigated during comparisons be-the vertical resolution (about 3—4 km) of observations from
tween PARIS-IR and two FTSs with higher spectral resolu-ACE-FTS. Because of this, the present comparisons are
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Fig. 5. Same as Fig. 4 but for 7 March 2006.

restricted to partial column abundances rather than profilescolumns calculated from the ACE-FTS profiles. These re-
As shown in Sung et al. (2007), the comparisons of partialsults are shown in Table 4 together with their altitude ranges,
columns from ground-based instruments with ACE-FTS re-measurement dates, and occultation names. In addition, the
sults poses difficulties for molecules with maximum VMR uncertainty in each partial column density, as determined
in the troposphere (such a® or CHy), particularly for ~ from the root-sum-square of the spectral fitting error from
an FTS with the resolution of PARIS-IR. Thus, we restrict the corresponding ACE-FTS profile, is given.
our comparisons to molecules where the VMR peaks in the For the two species where retrievals for the DA8 FTS and
stratosphere. PARIS-IR were performed using two different MWs, only
There were 13 occultation measurements within 500 kmone was chosen for the comparisons with ACE-FTS based on
of PEARL during the campaign. Coincident ground-basedthe reasoning given below. The ACE-FTS version 2.2 ozone
measurements occurred on eight days for the DA8 FTS andipdate retrievals use a wide spectral region near 1128.cm
seven days for PARIS-IR, with multiple coincidences on containing a high density of £absorption lines. During
some days for each instrument. The partial colum@s, the development of the version 2.2 Qpdate, it was found
of the seven trace gases were calculated for ACE-FTS usinghat retrievals made using lines near 1100¢nand those
near 2775 cm! differed by ~5% due to the spectroscopic

i=top . . . .
. ) ) : parameters. To avoid this known inconsistency,ddlumn
Co= biot;omp(’) x VMR (i) x Z(0), (3 gensities from MW2775 were not included in this section.
1=

For HNQO;s, both MW868 and MW872 results were available
wherex stands for @, HCI, CIONG,, HF, HNG3, NOo, or from the PARIS-IR and the DA8 FTS and, as shown in the
NO. p(i) (in molecules/crd), VMR, (i), and Z(i) (in cm) previous section, are in good agreement (within 2 %) in the
are the number density of air, the volume mixing ratio of total column density. The results from MW868 were used in
the species in the ith layer, and the thickness of tlith the comparison with ACE-FTS since there was slightly bet-
layer. The occultation measurements made by the ACE-FTS$er agreement between two ground-based FTSs for this MW
usually have different altitude ranges due to factors such athan for MW872.
clouds limiting how low in altitude the measurements extend. Since NGQ and NO experience significant diurnal varia-
Therefore, common altitude ranges were used for the partialions, differences between the local times of the ACE-FTS
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Table 4. Partial columns calculated from ACE-FTS measurements taken during the 2006 Canadian Arctic ACE Validation Campaign.

O3 HCI CIONO, HF HNOs NO2 NO

mDn":‘/ts | ;Lm:;rfqusg ,\?acrsgt' Dizt(i:‘)m (x1019)  (x1015)  (x1015)  (x1015)  (x1016)  (x1019)  (x1019)

(molecules/crR)d

2/22  21:32:40  ss13631 449 1.16(2)  4.4(3) 1.6(3)  1.92(11) 2.69(4)  0.82(3) 2.3(1)
2/23  20:20:45  ss13645 201 1.11(2)  4.4(3) 1.6(2)  1.92(12) 2.62(5)  1.25(4) 2.9(2)
2/26  20:00:13  ss13689 92 1.11(2)  4.4(3) 1.8(2)  2.06(10) 2.58(4)  0.96(3) 2.2(1)
2/28  20:51:34  ss13719 119 1.10(2)  4.3(2) 2.0(2)  2.08(09) 2.59(2)  0.78(3) 2.2(2)
3/1 21:17:13  ss13734 202 1.16(2)  4.4(2) 2.4(2)  2.30(09) 2.78(4)  1.21(3) 2.3(1)
314 20:56:26  ss13778 95 0.94(1)  4.0(2) 1.4(1)  17307) 217(3)  1.17(3) 2.4(1)
3/5  21:22:04  ss13793 64 1.11(4)  4.6(2) 2.4(2)  2.43(09) 2.99(5)  1.04(2) 2.4(1)
35 22:59:47  ss13794 445 1.03(3)  4.3(2) 1.7(1)  2.16(08)  2.60(4)  1.06(2) 2.6(1)
306 21:47:43  ss13808 63 1.05(2)  4.4(2) 2.2(2)  2.26(08) 261(3)  1.01(2) 2.5(1)
306 23:25:25  $513809 497 1.02(2)  4.2(2) 1.6(1)  2.02(08)  2.44(3)  1.05(3) 2.3(1)
317 22:13:21  ss13823 98 1.03(2)  4.3(2) 1.91)  222(007) 2.36(3)  1.19(5) 2.5(1)
318 22:38:59  s$s13838 152 1.14(2)  4.5(2) 1.8(1)  222(07) 2.74(3)  1.14(2) 2.6(1)
3/13  23:09:33  ss13912 357 1.20(1)  4.9(1) 3.0(2)  2.84(09) 3.51(2)  1.32(4) 2.3(2)
Partial Column Altitude Range (km) 95-845 11.5-47.5 145-30.5 13.5-445 10.5-31.5 17.5-355 24.5-845

@ Universal time of ACE-FTS observations.

b Occultation names used by the ACE Science Operations Centre to label occultations [type of measurement (sr = sunrise and ss = sunset) + orbit number].
CA is distance from ACE-FTS occultation measurement to PEARL.

d ACE-FTS partial column error was calculated from the spectral fitting error for each measurement. This value is given in parentheses.

and ground-based observations can contribute to discrepether three species, the differences are larger than the un-
ancies in the comparisons. To account for this, we havecertainty estimates. For ss13778 and ss13793, which dif-
adopted the “diurnal mapping” technique used by Kerzen-fer in space by~30km and time by~24 h, the observed
macher et al. (2008) in the ACE NCand NO validation  partial columns show percentage differences—d18.14%,
study (Sect. 4.1). Briefly, this technique uses the output from—16.83 %, —71.18 %, —40.51 %, —37.45%, 11.14%, and

a chemical box model (McLinden et al., 2006) to scale the re-—3.21 %, for Q, HCI, CIONO,, HF, HNG;3, NO,, and NO,

sult from one instrument at one local time to the local time of respectively. These differences are much larger than the com-
other instrument. The diurnal scaling factors have been calbined uncertainty estimates for all species except for NO. To
culated for each ACE-FTS occultation and have been used tdetermine if the same air mass was being sampled by these
map the ACE-FTS profiles to the local times of the ground- pairs of ACE-FTS measurements, the location of the polar
based FTS measurements, prior to calculating the partial colvortex was investigated using sPV (in units of #6~1) cal-

umn densities. culated from the Goddard Earth Observing System version
. o . . 4.03 (GEOS-4) analyses (Bloom et al., 2005). These re-
As mentioned at the beginning of this section, the lo- sults were obtained from the Derived Meteorological Prod-

cation of the polar vortex needs to be taken into accountucts (DMPs) provided for the ACE-FTS occultation mea-

for comparisons of measurements made at high Iat'tUdess',urements (Manney et al., 2007). For these three occul-

The ACE-FTS partial column densities described above, . . .
. : tations, the sPV values at two altitudes (potential tempera-

can be used to demonstrate the importance of this addi: )
ture levels) along the measurement were compared: 18.5 km

tional coincidence consideration. For example, three sun-
set measurements named ss13778, ss13793 and ss13 4465 K) and 30.5km£760K) were chosen because they

were made within 500 km of PEARL by the ACE-FTS on o'c near the peak in number density fag, BICl, CIONG,
: . . HF, and HNQ@, and NQ and NO, respectively. At 18.5
4 and 5 March 2006 (Fig. 2). The observation times for
. m, the sPV values for ss13778, ss13794 and ss13793 are
§s13778, ss13793 and ss13794 were 20:56:26 UT (4 March), 07x 10451 1.24x 10451 and 1.37% 10451 re-
21:22:04 UT (5 March) and 22:59:47 UT (5 March), re- .ectivel corr,es.ondin to the meaSl'Jrement Ioca’tion mov-
spectively. The partial columns for ss13793 and $s13794P Y. P 9

(given in Table 4) show percentage differences-@11 %, ing from outside of the polar vortex into the vortei<4ec1%e re-
T6.79%. —38.06%. —12.32%. —1488% 1.96% and 9O For the 30.5km level, the values are 1920~ *s™ -,

2 67% for Q. HCl ,CIONOZ HE HNO; ,\302 and NO 222 10*s, and 2.26< 10~*s* for ss13778, ss13794
respectively, ,For @ HCl, N(Sz ar,1d NO,,these, percenta{ge and ss13793, respectively, which are all within the vortex.

differences are approximately within the combined estimateq-:he change in the column densities of,®ICI, CIONG,
uncertainty of the partial column densities. However, for the F and HNQ for s513778, ss13794 and ss13793 is mirrored
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in the change in sPV at 18.5km. Similarly, at 30.5 km, the mean percentage differences are smaller than the total errors
change in sPV has the same behaviour as the change4in NQor the DA8 FTS and PARIS-IR reported in Table 2. The
column density. Because of the magnitude of the uncertaintylargest variation in the ratios is for CIONGor which the

no comment can be made about the trend in NO column denstandard deviations of the mean difference are 28.3% and
sity. This shows that considering sPV, in addition to spa-14.2 % for DA8 FTS and PARIS-IR, respectively. To some
tial and temporal coincidence criteria, can assist in deter-degree, this reflects the challenge in retrieving this molecule
mining if similar air masses are being compared. It shouldfrom the ground-based spectra.

be noted that the polar vortex in the lower stratosphere was In general, for the investigated atmospheric species,
rather poorly defined during the campaign (see Manney ePARIS-IR shows better agreement with ACE-FTS than does
al., 2008 and discussion at beginning of Sect. 5). Becauséhe DA8 FTS. This is most likely due to better temporal coin-
the lower stratospheric vortex was weak with a lot of mix- cidences. The temporal and spatial differences between the
ing with extravortex air, there is likely to be more day-to-day ACE-FTS and ground-based instruments are shown in Ta-
and measurement-to-measurement variability seen in thedele 6 for PARIS-IR and Tables 7-10 for the DA8 FTS (each
results than can be accounted for using a “strict” sSPV vortextable corresponds to the group of molecules measured in
edge criterion. each filter region). The PARIS-IR measurements are taken

To compare the partial column densities calculated fromup to ~4 h before the ACE-FTS occultation, with an aver-
the ACE-FTS measurements with those from PARIS-IR andage difference of-2 h. For the DA8-FTS, the maximum
the DA8 FTS, the difference in the vertical resolution be- temporal differences are betwee® and~8.5 h and the av-
tween the measurements has to be taken into account. Thierage differences are3.5 to ~7 h. All of the ACE-FTS
was done by smoothing the VMR profiles from the ACE- measurements were selected because they occurred within
FTS using the averaging kernels from PARIS-IR and DA8 500 km of PEARL. However, this does not necessarily re-
FTS retrievals (Rodgers and Connor, 2003). The VMR pro-flect the distance between the ACE-FTS occultation and the
files from ACE-FTS were interpolated on to the 29-layer ground-based FTS measurement. This was calculated using
grid used for the ground-based FTSs. These profiles wer¢ghe method described above and the distances between the
extended below the lowest retrieved altitude using informa-ACE-FTS occultation location and the ground-based mea-
tion from the ground-based FTS a priori profiles. Then thesesurement location (using 18-km altitude as representative
composite profiles were smoothed using the DA8 FTS andbf the region of the atmosphere being sampled) are given
PARIS-IR averaging kernels and a priori profile. The vertical in Tables 6-10. The spatial differences between the ACE-
partial columns were recalculated using the smoothed ACEFTS and PARIS-IR observations are on average 400 km with
FTS profiles in place of VMR(i) in Eq. (3). These smoothed a maximum of 700km. For the DA8 FTS and ACE-FTS
ACE-FTS partial column densities were divided by the par-comparisons, the maximum spatial differences af00—
tial column results from the DA8 FTS and PARIS-IR (calcu- 600 km and the average values are between 300 and 400 km.
lated over the same altitude range) to obtain the ratios in TaBecause these distances between the measurements can be
ble 5. Also, the mean percentage differendf8CE-FTS]—  larger than the stated distance coincidence criterion, it is im-
[ground-based FT$]ground-based FTS]) and therIstan-  portant to ensure that the comparisons are considering similar
dard deviation of the differences were calculated. As men-air masses using sPV. This is given in Tables 6 through 10 for
tioned earlier, in order to make valid comparisons, the alti-the ~18 km and~30 km altitudes for each of the measure-
tude ranges for the PARIS-IR and DA8 FTS partial columnsments. Based on the values-at8 km, these measurements
were chosen to match those used for ACE-FTS. Over thesare primarily sampling outside or on the edge of the vortex
altitude ranges, the PARIS-IR and DA8 FTS retrievals have(sPV<1.4x 10~4s™1) with the exception of 13 March 2006
averaging kernel values generally larger than 0.5 (as showmhere both are inside (sP¥1.8x 10~4s~1). This is con-
in Fig. 1), which indicates that retrieved columns of the in- sistent with the weak and poorly defined vortex in the lower
vestigated species are primarily obtained from observationstratosphere after the SSW. A30km, all sPV values are
rather than a priori information. All ACE-FTS measurements greater than 1.6 10~4 s~ ! indicating that the measurements
within 500 km of PEARL were used for this comparison. For are sampling inside the vortex. These values tend to increase
PARIS-IR, the partial column densities of individual ground- throughout the period and are consistent with the vortex in-
based observations that were closest in time to the ACE-FT®reasing in strength and reforming over Eureka. At both lev-
observation were used. For the DA8 FTS, the daily mean ofels, there are no obvious mismatches (one measurement in-
the partial column densities was used. Typically, two mea-side and the other outside) which could contribute to the dif-
surements were taken sequentially with each filter on eaclierences seen between the ACE-FTS and ground-based mea-
day with up to four sequential measurements on some dayssurements.

In Table 5, with the exception of the HN@omparisons As part of the validation of the ACE-FTS version 2.2
for PARIS-IR, the mean differences in the partial column (plus updates) data products, comparisons of partial column
densities between the ground-based FTSs and ACE-FTS amensities have been made between measurements by ACE-
negative. However, for all of the species, the mean ratios andFTS and high-resolution ground-based FTSs. The same
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Table 5. Ratios of partial columns (JACE-FTS]/[ground-based FTS]) obtained during the 2006 Canadian Arctic ACE Validation Campaign.

Date  Time (UT) Occultation 9] HCI CIONO, HF HNO3 NO>» NO
mm/dd  hh:mm:s% AP (km) ADS  APY  AD AP AD AP AD AP AD AP AD AP AD AP
2/22 21:32:40  ss13631 (449) - - - - - - - - - - - - - -
2/23 20:20:45  ss13645 (201) - 087 098 0.94 - 112 091 o091 - 1.02 092 1.09 - -
2/26 20:00:13  ss13689 (092) - 0.97 0.89 0.96 - 0.92 1.03 0.94 - 0.96 0.88 0.97 - -
2/28 20:51:34  ss13719 (119) - - - - - - - - - - - - - -
3/1 21:17:13  ss13734 (202) - - - - - - - - - - - - - -
3/4 20:56:26  ss13778(095) 0.87 090 081 090 053 0.89 - 0.83 071 095 0.68 1.00 1.07 -
3/5 21:22:04 ss13793(064) 089 098 095 097 096 099 101 100 109 123 0.75 1.02 093 -
3/5 22:59:47  ss13794(445) 091 089 083 095 0.61 100 094 100 093 1.04 0.76 083 094 -
3/6 21:47:43  ss13808 (063) 095 0.99 095 0.97 120 124 106 100 1.04 116 0.72 0.80 090 -
3/6 23:25:25  ss13809(497) 092 095 091 093 076 081 098 097 097 108 0.70 0.78 089 -
317 22:13:21  ss13823(098) 0.88 1.04 097 101 083 086 1.06 098 087 1.02 0.66 055 099 -
3/8 22:38:59  ss13838 (152) - - - - - - - - - - - - - -
3/13 23:09:33  ss13912 (357) 1.16 - 0.94 - 1.28 - 0.94 - - - 0.99 - 074 -
Mean Column Ratio 094 095 092 09 088 098 099 095 093 1.06 0.78 088 092 -

Mean Percentage Differerfco) -59 -52 -85 -46 -118 -23 -09 -47 -66 57 -216 -119 -76 -—

1 o Standard Deviation (%) 100 58 5.8 33 28.3 142 58 6.1 136 9.6 11.5 17.3 102 -
Partial Column Altitude Range (km) 9.5-84.5 11.5-47.5 14.5-30.5 13.5-445 10.5-31.5 17.5-355 24.5-84.5

2 Universal time of ACE-FTS observations.

b A is distance from ACE-FTS occultation measurement to PEARL.
C Ratio of [ACE-FTS)/[DAS8].

d Ratio of [ACE-FTS]/[PARIS-IR].

€ ([ACE-FTS]-[Ground-Based FTS])/[Ground-Based FTS].

Table 6. The spatial and temporal differences between PARIS-IR and ACE-FTS observatiogslid€0 CIONO,, HF, HNO3, and NOQ
during the 2006 Canadian Arctic ACE Validation Campaign.

Date ACETimé@ Occultation A2  AS PARISIRTIm& Ay  sPV18km(10%s%) €  sPV30km(104s %)
mm/dd  hh:mm:ss (km)  (km) hh:mm:ss (hours) ACE-FTS PARIS-IR ACE-FTS PARIS-IR

2/22 21:32:40 ss13631 449 - - - 1.17 - 1.71 -
2/23 20:20:45 ss13645 201 408 18:53:32 1.45 0.97 0.94 1.68 2.21
2/26 20:00:13 5513689 92 480 18:55:57 1.07 1.24 1.22 1.89 2.01
2/28 20:51:34 ss13719 119 - - - 1.01 - 1.97 -
3/1 21:17:13 $s13734 202 - - - 1.26 - 1.91 -
3/4 20:56:26 $513778 95 506 21:00:31 -0.07 1.07 1.13 1.94 2.05
3/5 21:22:04 $513793 64 423 20:19:23 1.04 1.37 1.16 2.26 2.82
3/5 22:59:47 ss13794 445 695 20:19:23 2.67 1.24 1.16 2.22 2.82
3/6 21:47:43 5513808 63 357 19:31:14 2.27 1.38 1.22 2.29 2.82
3/6 23:25:25 ss13809 497 631 19:31:14 3.90 1.34 1.22 2.35 2.82
3/7 22:13:21 5513823 98 300 18:27:54 3.76 1.33 1.32 1.95 2.73
3/8 22:38:59 ss13838 152  — - - 1.28 - 2.13 -
3/13 23:09:33 ss13912 357 - - - 1.77 - 2.43 -

& Universal time of observation.

b is distance from ACE-FTS occultation measurement to PEARL.
€A, is distance from ACE-FTS occultation measurement to PARIS-IR observation.
d 5 is the difference in time between the ACE-FTS occultation measurement and the DA8 FTS observation.
€ The scaled Potential Vorticity (sPV) at altitudes of 18.5km and 18.0 km along the optical paths of the ACE-FTS and PARIS-IR, respectively.
f The scaled Potential Vorticity (sPV) at altitudes of 30.5 km and 30.0 km along the optical paths of the ACE-FTS and PARIS-IR, respectively.

smoothing and partial column calculation techniques wereare in reasonable agreement for all species. For example,

used for all of the studies.

However, these results dif-Dupuy et al. (2009) found percentage differences between

fer in some respects from the current study because wider-10 and +7 % for their @ comparisons and the DA8 FTS
time ranges were used (typically February 2004 through De-and PARIS-IR results{5.9 % and-5.2 %, respectively) fall
cember 2006, rather than only during spring 2006) and, inwithin this range. Comparisons for HCI and HF, done by
some cases, broader coincidence criteria were used (up tdlahieu et al. (2008), show average agreement between the

1000 km; £24 h).

Atmos. Chem. Phys., 11, 5383405 2011

Despite these differences, our results ground-based FTS and ACE-FTS partial column densities of
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Fig. 6. Scatter plot of partial columns measured by ACE-FTS versus those observed by ground-based @) &3 fdb) HCI, and(c) HF.
In all figures, the dotted line shows the fitted correlation function between the two data sets being compared. Results from both the DA8 FTS
and PARIS-IR were fit together in this calculation. The slope BAdor the comparisons are given on the figure. The solid line shows the

one-to-one relationship for the comparison.

approximately +6 % and +8 %, respectively. Here the differ-
ences for HCI and HF are4.6 % and—4.7 %, for PARIS-
IR, and—8.5% and—0.9 % for the DA8 FTS, respectively.
The differences found for CIONOby Wolff et al. (2008)
covered a wide range from34% to +56 % with a large
standard deviation for the mean differenced35 %. The

Figure 6 shows scatter plots of the ACE-FTS partial col-
umn densities versus the ground-based FTS partial column
densities for @, HCI, and HF. The PARIS-IR and DA8 FTS
results are both included on each plot. The plots show good
correlation between the satellite and ground-based data sets.
For the regression fits (shown in dotted black line), both the

mean differences and standard deviation of the difference®A8 and PARIS-IR results were fitted together and the inter-
found in this study are consistent with the work of Wolff and cepts were set to zero because of the limited number of data
coworkers. For HN@, the percentage differences found by points available. The fitted slopes are slightly smaller than
Wolff et al. (2008) ranged from-13 % to +6 % and are con- one in all cases.

sistent with the results obtained here which were differences

of —6.6 % with the DA8 FTS and +5.7 % with PARIS-IR. Fi- 5.3 Comparison of time evolution of trace gases

nally for NO, and NO, Kerzenmacher et al. (2008) reported during the 2006 Canadian Arctic ACE

differences between ground-based FTSs and ACE-FTS be-  Validation Campaign

tween—9 % and +21 % for N@. The current results for the . L . . o
DA8 FTS and PARIS-IR are outside of this range2(L.6 % W_hen investigating changes in trace gas specles with tlme,
and —11.9 %, respectively). However, the uncertainties for it is useful to_ be able _to separate chem|cgl and dynamical
DA8 ETS and PARIS-IR total column retrievals are 23.0 % effects. Previous studies have used long-lived tracers such
and 25.3%, respectively. During the campaign, only thedS H.F, t_o normalize the column densities qf stratospheric
DA8 FTS was able to provide NO results and these partialsPeC'es in order to remove most of the dynamical effects such

columns differed from ACE-FTS by-9.9 %. This difference as diabatic descent (Toon et al., 1999; Mellgvist et al., 2002).

is smaller in magnitude than that found by Kerzenmacher etThiS technique works well because the, @IONG,, HC,

al., who reported differences betweefi4.5 % and-67.5 %. HNOs, and HF atmospheric profiles have similar shapes with
’ peak values in the stratosphere. For this study, the total

www.atmos-chem-phys.net/11/5383/2011/ Atmos. Chem. Phys., 11, 58832011
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Table 7. The spatial and temporal differences between DA8 and ACE-FTS observationg,fétND3, and CIONG during the 2006
Canadian Arctic ACE Validation Campaign.

Date ACETimé Occultaton AP AS DA8 FTS Timé A sPV18km (104s7Y)®
mm/dd  hh:mm:ss (km) (km) hh:mm:ss (hours)  ACE-FTS DA8FTS
2/22 21:32:40 ss13631 449 - - - 1.17 -
2/23 20:20:45 $513645 201 - - - 0.97 -
2/26 20:00:13 $513689 92 - - - 1.24 -
2/28 20:51:34 ss13719 119 - - - 1.01 -
3/1 21:17:13 ss13734 202 - - - 1.26 -
3/4 20:56:26 ss13778 95  738/667 14:57:23/15:22:48 5.98/5.56 1.07 1.13
3/5 21:22:04 ss13793 64  709/644 14:39:24/15:00:41 6.71/6.36 1.37 1.30
3/5 22:59:47 ss13794 445  482/460 14:39:24/15:00:41 8.34/7.99 1.24 1.30
3/6 21:47:43 $s13808 63  456/428 15:54:00/16:15:41 5.90/5.53 1.38 1.32
3/6 23:25:25 $s13809 497  445/457 15:54:00/16:15:41 7.52/7.16 1.34 1.32
317 22:13:21 $s13823 98 521 14:42:02 7.52 1.33 1.33
3/8 22:38:59 $s13838 152 - - - 1.28 -
3/13 23:09:33 ss13912 357 257 17:10:24 5.99 1.77 1.80

& Universal time of observation.

bAl is distance from ACE-FTS occultation measurement to PEARL.

€A, is distance from ACE-FTS occultation measurement to DA8 FTS observation.

d Az is the difference in time btween the ACE-FTS occultation measurement and the DA8 FTS observation.

€ The scaled Potential Vorticity (sPV) at altitudes of 18.5 km and 18.0 km along the optical paths of the ACE-FTS and DA8 FTS, respectively.

Table 8. The spatial and temporal differences between DA8 and ACE-FTS for HCI andihiihg the 2006 Canadian Arctic ACE Validation
Campaign.

Date ACETimé Occultation —AY AS DA8 FTS Timé Ad sPV 18km (104s71)®  sPV 30km (104s~1)f
mm/dd hh:mm:ss (km) (km) hh:mm:ss (hours) ACE-FTS DABFTS ACE-FTS DA8FTS
2122 21:32:40 ss13631 449 - - - 117 - 1.71 -
2/23 20:20:45 ss13645 201 454/426 17:36:15/17:59:01 2.7412.36 0.97 0.98 1.68 2.12
2/26 20:00:13 $513689 92 486/502 19:28:55/19:51:50 0.52/0.14 1.24 1.19 1.89 2.15
2/28 20:51:34 ss13719 119 - - - 1.01 - 1.97 -
31 21:17:13 ss13734 202 - - - 1.26 - 1.91 -
3/4 20:56:26 ss13778 95 528 16:41:15 4.25 1.07 1.19 1.94 2.15
3/5 21:22:04 $513793 64 580/532 15:26:55/15:51:51 5.92/5.50 1.37 1.33 2.26 2.61
3/5 22:59:47 ss13794 445 448/447 15:26:55/15:51:51 7.55/7.13 1.24 1.33 2.22 2.61
3/6 21:47:43 $513808 63 358 17:53:33 3.90 1.38 1.28 2.29 2.79
3/6 23:25:25 ss13809 497 526 17:53:33 5.53 1.34 1.28 2.35 2.79
3/7 22:13:21 5513823 98  457/415/382 15:08:11/15:30:42/15:53:45  7.09/6.71/6.33 1.33 1.32 1.95 2.80
3/8 22:38:59 ss13838 152 - - - 1.28 - 2.13 -
3/13 23:09:33 ss13912 357 193/178 18:37:44/18:58:58 4.53/4.18 1.77 1.85 2.43 3.47

@ Universal time of observation.

b is distance from ACE-FTS occultation measurement to PEARL.

€A, is distance from ACE-FTS occultation measurement to DA8 FTS observation.

d A is the difference in time between the ACE-FTS occultation measurement and the DA8 FTS observation.

€ The scaled Potential Vorticity (sPV) at altitudes of 18.5km and 18.0 km along the optical paths of the ACE-FTS and DA8 FTS, respectively.
f The scaled Potential Vorticity (sPV) at altitudes of 30.5 km and 30.0 km along the optical paths of the ACE-FTS and DA8 FTS, respectively.

columns of @, HCI, CIONG,, and HNQG from PARIS-IR aged to obtain the daily mean column ratios of [HCI)/[HF],
and the DA8 FTS were normalized by taking ratios with [CIONO,]/[HF], [HNO 3)/[HF], and [Os)/[HF]. For the three

the total columns of HF and the results are shown in pan-days where there are measurements from both instruments,
els a—d of Fig. 7, respectively. Because the DA8 FTS canPARIS-IR and the DA8 FTS are in reasonable agreement and
not measure CIONg HCI, HNO3, and @ simultaneously  have similar trends. The same normalization procedure was
with HF (the MWs are not in the same filter band), the daily also applied to the ACE-FTS partial column densities gf O
mean total column densities were used for this investigationCIONO,, HCI, HNO3 and HF. For each species, the altitude
For PARIS-IR, individual simultaneous measurements wererange for the partial column ratio was chosen to match the
used to compute the ratios and these ratios were then averange where retrievals were available for both the molecule
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Table 9. The spatial and temporal differences between DA8 and ACE-FTS for HF during the 2006 Canadian Arctic ACE Validation
Campaign.

Date ACETIm@ Occultation A2 A§ DA8 FTS Timé A sPV18km(10%s Y
mm/dd  hh:mm:ss (km) (km) hh:mm:ss (hours) ACE-FTS DABFTS
2/22 21:32:40 ss13631 449 - - - 1.17 -
2/23 20:20:45 s$s13645 201 407/429 18:53:19/19:22:40 1.46/0.97 0.97 0.93
2126 20:00:13 $s13689 92 480/480 18:55:55/19:10:28 1.07/0.83 1.24 1.18
2/28 20:51:34 ss13719 119 - - - 1.01 -
3/1 21:17:13 ss13734 202 — - - 1.26 -
3/4 20:56:26 ss13778 95 - - - 1.07 -
3/5 21:22:04 ss13793 64 462/448 16:44:12/16:59:25 4.63/4.38 1.37 1.30
3/5 22:59:47 ss13794 445  465/472 16:44:12/16:59:25 6.26/6.01 1.24 1.30
3/6 21:47:43 s$s13808 63 349 18:55:17 2.87 1.38 1.24
3/6 23:25:25 $s13809 497 586 18:55:17 4.50 1.34 1.24
3/7 22:13:21 s$s13823 98 354/339 16:18:42/16:35:06 5.91/5.64 1.33 1.31
3/8 22:38:59 5513838 152 - - - 1.28 -
3/13 23:09:33 ss13912 357 163/153 19:22:19/19:40:14 3.79/3.49 1.77 1.86

@ Universal time of observation.

b4 is distance from ACE-FTS occultation measurement to PEARL.

€A, is distance from ACE-FTS occultation measurement to DA8 FTS observation.

d A is the difference in time between the ACE-FTS occultation measurement and the DA8 FTS observation.

€ The scaled Potential Vorticity (sPV) at altitudes of 18.5 km and 18.0 km along the optical paths of the ACE-FTS and DA8 FTS, respectively.

Table 10. The spatial and temporal differences between DA8 and ACE-FTS for NO during the 2006 Canadian Arctic ACE Validation
Campaign.

Date  ACE Timé Occultation AP AS DASFTSTimé&  Ad  sPV18km(10%s1)€ sPV30km (104s7Y)f

mm/dd hh:mm:ss (km)  (km) hh:mm:ss (hours) ACE-FTS DA8FTS ACE-FTS DA8FTS
2/22 21:32:40 ss13631 449 - - - 117 - 171 -
2/23 20:20:45 ss13645 201 - - - 0.97 - 1.68 -
2/26 20:00:13 $s13689 92 - - - 1.24 - 1.89 -
2/28 20:51:34 ss13719 119 - - - 1.01 - 1.97 -
3/1 21:17:13 $s13734 202 - - - 1.26 - 191 -
3/4 20:56:26 ss13778 95 452/ 18:14:04/ 2.71/ 1.07 1.17 1.94 2.15

442 18:37:37 231
3/5 21:22:04 ss13793 64 400/ 18:21:19/ 3.01/ 1.37 1.23 2.26 2.84
396/ 18:35:29/ 2.78/
394/ 18:50:54/ 2.52/
393 19:05:27 2.28
3/5 22:59:47 ss13794 445 531/ 18:21:19/ 4.64/ 124 1.23 2.22 2.84
544/ 18:35:29/ 4.41/
560/ 18:50:54/ 4.15/
577 19:05:27 3.91
3/6 21:47:43 $s13808 63 351 18:19:15 3.47 1.38 1.26 2.29 2.80
3/6 23:25:25 $s13809 497 548 18:19:15 5.10 1.34 1.26 235 2.80
3/7 22:13:21 $513823 98 300 18:27:44 3.76 1.33 1.32 1.95 2.73
3/8 22:38:59 $s13838 152 - - - 1.28 - 2.13 -
3/13 23:09:33 ss13912 357 214/ 18:07:43/ 5.03/ 1.77 1.84 243 3.45
204 18:21:55 4.79

& Universal time of observation.

b is distance from ACE-FTS occultation measurement to PEARL.

€A, is distance from ACE-FTS occultation measurement to DA8 FTS observation.

dAg is the difference in time between the ACE-FTS occultation measurement and the DA8 FTS observation.

€ The scaled Potential Vorticity (sPV) at altitudes of 18.5km and 18.0 km along the optical paths of the ACE-FTS and DA8 FTS, respectively.
f The scaled Potential Vorticity (sPV) at altitudes of 30.5 km and 30.0 km along the optical paths of the ACE-FTS and DA8 FTS, respectively.
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Fig. 7. Time evolution of total column density ratio for HGa), CIONGO, (b), HNO3 (c), and G (d), normalized with HF from the
observations using PARIS-IR (blue diamonds) and the DA8 FTS (red squares) during the 2006 Canadian Arctic ACE Validation Campaign.
The partial column density ratios calculated from the ACE-FTS results are also shown (black triangles). The altitude ranges of the partial
column density ratios of [HCIJ/[HF], [CIONGQ|/[HF], [HNO3]/[HF], and [O3)/[HF] from ACE-FTS are 13.5-44.5km, 14.5-30.5km, 13.5—
31.5km and 13.5-44.5 km, respectively. The altitude range of the total column density ratios from the DA8 FTS and PARIS-IR is surface —
100 km.(e) The scaled potential vorticity (sPV) at altitudes of 18 km, 26 km and 36 km along the optical paths of the DA8 FTS measurements
and those of ACE-FTS from GEOS-4 analyses. The dashed lines indicate 1.2 aid1%6 1, the edges of the polar vortex. Error bars

for the ratios are calculated by propagating the error in the total column densities given in Table 2 for the DA8 FTS and PARIS-IR, and the
spectral fitting error for the ACE-FTS partial column densities.

and HF. The ACE-FTS partial column density ratios are ex-sification corresponds to air masses having sPV values
pected to have an offset from those obtained from the groundgreater or less than 1:610~4s-1. For HCI, HNQ; and
based FTSs because the satellite profiles were truncated @3, the ratios inside the vortex are slightly lower than those
the lowermost stratosphere due to the altitude range availableutside and on the edge of the vortex as is expected in
for the ACE-FTS HF data. The results for ACE-FTS and the polar springtime. The CIONgratio values obtained for the
ground-based spectrometers appear to have similar trends. inside and outside/edge regions are more similar. To look
[HCIV[HF], at the correlation more closely, the ratio ofJPHF] has
[CIONO,J[HF], [HNO3J[HF], and [Os)/[HF], is con- been plotted versus [HCIJ/[HF], [HCI+CION£[HF], and

sistent with the region of the polar vortex that is sampled [HNOg)/[HF] in panel_s a—c of Fig. 8. For this similar ar
by these measurements. For this discussion, we will usdnass Fhe columr_1 ratios show changes of about 50 % during
the sPV values at 18km because the maximum numbef’he entire campaign.

density of all of these species is near this altitude (for the The partitioning of chlorine during the 2006 Arctic vor-
Arctic at this time of year). These values are shown intex has been investigated using measurements from two
panel e of Fig. 7. Based on sPV at 18 km, the ground-basedatellite instruments, the Microwave Limb Sounder (MLS)
campaign measurements can be divided between thosen Aura and ACE-FTS on SCISAT, and the SLIMCAT
primarily inside the vortex (13—-16 March and 28-31 March) three-dimensional chemical transport model (Santee et al.,
and those primarily near the edge or outside of the vortex2008). They found that the SSW in mid-January essen-
(21 February-11 March and 20-26 March). This clas-tially caused chemical processing in the vortex to end and

The time evolution of the ratios,
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Fig. 8. Scatter plot ofa) partial column ratio of [HCI)/[HF] vs. [Q]/[HF] from ACE-FTS (black triangles) along with total column ratios

of [HCI)/[HF] vs. [O3])/[HF] from PARIS-IR (blue diamonds) and the DA8 FTS (red squarfg)Same as (a), but for [HCI+CION[HF]

vs. [O3)/[HF]. (c) Same as (a), but for [HNE)[HF]. The altitude ranges of the partial column density ratios of [HCI]/[HF], [CION{F],
[HNO3J/[HF], and [Og]/[HF] from ACE-FTS are 13.5-44.5km, 14.5-30.5 km, 13.5-31.5 km and 13.5-44.5 km, respectively. The altitude
ranges of the total column density ratios from the DA8 FTS and PARIS-IR are surface — 100 km. In all figures, the solid line indicates the
fitted correlation between x and y domains. The correlation functionkérare given on the figure.

chlorine deactivation to begin. This can be seen in Fig. 6FTS measurements. For those ground-based FTS measure-
of Santee et al. which shows the time series of vortex averments taken within or near the edge of the vortex, there ap-
age HCI, CIONQ@, and CIO at the 520K potential temper- pears to be a small decrease in the ratios gfl@NO3; and

ature level for four 8-wide equivalent latitude bands from HCI over the campaign period whereas the CIQNOes not

65° to 8C°. By the beginning of the ground-based FTS mea-show as significant a change.

surements in late February, chlorine deactivation within the

vortex was nearly complete and there were thus no rapid or )

significant changes in HCl and CIONGYMRs observed at 6 Summary and conclusions

Eureka throughout the six weeks of the campaign. For th . . I .
inside the vortex measurements, this relatively constant b:r he 2006 Ca?aglarlr?rczf ACEhVa_IldaCtlk?n (_Zz%[mplezugn madet
haviour is what was seen in the ground-based FTS ratios o AeCaEs)u ;Z;gﬁir:esmiosrsior?at Ignlg),ilgLegzrekzrfT(I)Sn:yﬂ )Iézzrr';g?;
HCl and CION ith HF from PEARL (Fig. 7). Similarly, ; . '

Qwi (Fig. 7). Similarly, — 6"31 March in 2006. The DA FTS and PARIS-IR ob-

within the vortex, there was no rapid change ig WMR, ; i )
and the HNG VMR was observed to decline slowly by MLS servations were performed simultaneously so that instrument
performance could be compared directly. The solar beam

ACE-FTS f I F h f March (e.g. o
and AC S from late February to the end of March (€.9 ’Hvas shared between the two FTSs and spectral co-additions

Fig. 7 in Santee et al., 2008). This behaviour can be seen i . . .
the PARIS-IR and DA8 FTS @in-vortex results. However, Were performed over the same time intervals to ensure si-
' " multaneity. From these spectra, vertical total columns and

it is difficult to discern a trend in HN®from the relatively .
few points obtained within the vortex from the ground—basedpartlal columns Of_ @ CIONOZ’ HCI, HNGs, NO, NG, .
and HF were retrieved using the SFIT2 program (version

www.atmos-chem-phys.net/11/5383/2011/ Atmos. Chem. Phys., 11, 58832011
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