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Abstract. Ozone data retrieved in the Arctic region from in- and the smoothed aircraft partial columns is good with DC-
frared radiance spectra recorded by the Infrared Atmospheri8 in situ data in spring over North America £ 0.68), and
Sounding Interferometer (IASI) on board the MetOp-A Eu- over Greenland with ATR-42 lidar measurements in sum-
ropean satellite are presented. They are compared with imer ¢ = 0.67). Correlations with other data are less signif-
situ and lidar observations obtained during a series of airicant highlighting the difficulty of IASI to capture precisely
craft measurement campaigns as part of the International Pdahe O; variability in the Arctic upper troposphere and lower
lar Year POLARCAT activities in spring and summer 2008. stratosphere (UTLS). This is particularly noted in compari-
Different air masses were sampled during the campaigns inson with the [0-12 km] partial columns. The IASI [0-8 km]
cluding clean air, polluted plumes originating from anthro- partial columns display a low negative bias (by less than 26 %
pogenic sources, forest fire plumes from the three north-over snow) compared to columns derived from in situ mea-
ern continents, and stratospheric-influenced air masses. Thaurements. Despite the relatively high biases of the IASI re-
comparison between IASI £9[0-8 km], [0-12 km] partial trievals in the Arctic UTLS, our analysis shows that IASI can
columns and profiles with collocated aircraft observations isbe used to identify, using 43 CO ratios, stratospheric intru-
achieved by taking into account the different sensitivity andsions.

geometry of the sounding instruments. A detailed analysis
is provided and the agreement is discussed in terms of ver-

tical sensitivity and surface properties at the location of the

observations. Overall, IASI ©profiles are found to be in 1 Introduction

relatively good agreement with smoothed in situ and lidar

profiles in the free troposphere with differences of less thanThe Arctic is a region that is very sensitive to changes
40 % (25 % over sea for both seasons) and 10 %, respectively0 atmospheric dynamics and composition, and is there-

The correlation between IASI £retrieved partial columns ~fore strongly affected by climate change. This area receives
pollution from the Northern Hemisphere continents leading
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to a phenomenon called “Arctic Haze” that appears everyal. (2012) over North America, and Zyryanov et al. (2012)
winter and spring in the lower troposphere (Garrett andover Europe. The aim of this paper is to validate IASIdata
Verzella, 2008; Greenaway, 1950; Mitchell, 1957) and im- over the Arctic by taking advantage of high-quality aircraft
pacts atmospheric chemistry. The Arctic troposphere is alsaata from the recent POLARCAT (Polar Study using Air-
influenced by ozone (§) pollution transported from mid- craft, Remote Sensing, Surface Measurements and Models,
latitudes (e.g. Shindell et al., 2008). Troposphericplays of Climate, Chemistry, Aerosols, and Transport) campaigns
an important role in the chemical processes occurring inand the availability of independent airborne observations.
the atmosphere and has a major impact on the climate. It POLARCAT is an international project involving eigh-

is produced by photochemical oxidation of carbon monox-teen countries and including coordinated measurement cam-
ide (CO), methane (CH and non-methane volatile organic paigns, data analysis and modelling in order to study the
compounds (NMVOCSs) in the presence of nitrogen oxidestransport of pollution to the Arctic from anthropogenic
NO, (NO+NGOy). Tropospheric @ concentrations have in- sources and boreal forest fires. This project aims to assess
creased as a consequence of human activities, especialthe impact of pollution on atmospheric composition and cli-
from photochemical processing of combustion products (e.gmate change in the Arctic. Dedicated measurement cam-
HTAP, 2010). The environmental impact o ®@aries with ~ paigns took place from 18 March to 23 April 2008 (spring
altitude since it can act as an air pollutant (lower tropo- campaigns) and from 18 June to 29 July 2008 (summer
sphere) or an oxidizing agent and a greenhouse gas (middlesampaigns) and involved five different aircraft measuring
to-upper troposphere). Tropospherig 9 produced locally  Osz: NOAA WP-3D, NASA DC-8, CNRS ATR-42, DLR
near to emission regions or also, during long-range transporfalcon-20 and Russian Antonov-30. POLARCAT aircraft
to, for example, the Arctic or over the North Atlantic (Real collected data in air masses originating from regions influ-
et al., 2007). The other main source of tropospherici©® enced by North American, Asian, European and Siberian
transport from the stratosphere, so-called STE (stratospheremissions. Specifically, the ARCPAC (Aerosol, Radiation,
troposphere exchange) source, and measurements have akhd Cloud Processes affecting Arctic Climate) (Brock et
ready shown a strong influence of stratospheric air masseal., 2011) and ARCTAS (Arctic Research of the Compo-
on O3 concentrations in the Arctic free troposphere (Dibb et sition of the Troposphere from Aircraft and Satellites) (Ja-
al., 2003). STE is favoured during tropopause folds, whichcob et al., 2010) missions focused on spring and summer
are common in the Arctic (Rao et al., 2004). The maig O boreal fire emissions with Siberian fires also sampled by
sinks are chemical destruction and dry deposition at the surYAK-AEROSIB (YAK-Airborne Extensive Regional Obser-
face. These sinks depend on the geographical location, seaations) (Paris et al., 2009) in summer 2008. North American
son, and altitude, in the case of photochemical destructionand Asian pollution was observed downwind over Green-
Notably, large-scale deposition occurs in summer and auland in summer 2008 as part of POLARCAT-France (Pom-
tumn over Siberian forests (Engvall Stjernberg et al., 2012). mier et al., 2010) and POLARCAT-GRACE (POLARCAT-

In order to elucidate factors governingg@bundances in GReenland Aerosol and Chemistry Experiment) (Roiger et
the Arctic troposphere, it is essential to measure the globahl., 2011). POLARCAT-France also observed European and
three-dimensional distributions of tropospherig @nd its  Siberian pollution in spring 2008 from northern Sweden. The
precursors. Satellite data offer extended observationszof Oseasonal evolution of pollutant transport pathways and Arc-
that complement the limited number of in situ measurementgic chemical composition can be studied by combining spring
in the remote Arctic region and provide an integrated view.and summer data.

Sources of satellite data providing information on tropo- In this paper, we provide a detailed evaluation of IASI O
spheric @ include tropospheric partial columns derived from data over the Arctic. After a brief description of the IASI in-
the Global Ozone Monitoring Experiment (GOME) (Liu et strument, the retrieval algorithm and its performance in the
al., 2005), or more recently from the Ozone Monitoring In- Arctic (Sect. 2), we describe the independent data used for
strument (OMI) (Ziemke et al., 2009) and the Troposphericthe evaluation (Sect. 3). Section 4 presents the methodology
Emission Spectrometer (TES) (Boxe et al., 2010). The latteused to validate IASI @products, including the use of ACE-
study showed that TES {profiles were positively biased FTS data to build up a climatology above 8 km to comple-
(<15%) in the troposphere and lower stratosphere (fromment the aircraft data, as well as collocation criteria and a
~ 1000 to 100 hPa) when compared to the ozonesonde datsmoothing convention used for the evaluation with aircraft
in the Arctic. measurements. In Sect. 5, we present a statistical evaluation

The IASI instrument, launched on board the sun syn-of the IASI O3 measurement profiles and partial columns.
chronous MetOp-A satellite platform on the 19 October 2006 This evaluation covers the troposphere and the upper tropo-
in Baikonour (Kazakhstan) into a polar orbit, provides a good sphere lower stratosphere (UTLS) as a function of surface
view of long-range transport, particularly thes @istribu-  type. Conclusions are presented in Sect. 6.
tion in the Arctic. Several studies have previously discussed
Og distributions from 1ASI including Boynard et al. (2009)
on the global scale, Wespes et al. (2012) and Parrington et

Atmos. Chem. Phys., 12, 7371389 2012 www.atmos-chem-phys.net/12/7371/2012/
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2 0Ozone observations from IASI America and in the Arctic compared to the global MOZART-
4 (Model for OZone and Related chemical Tracers) chem-
2.1 Instrument and ozone product istry transport model. Another recent study of the Antarctic

ozone hole by Scannell et al. (2012), also using the FORLI-

The IASI instrument is a nadir-viewing Fourier Transform Os retrieval algorithm, showed good agreement for different
Spectrometer (FTS) measuring in the thermal infrared (IR)months in 2009 between the IASI and GOME-2 instruments
part of the spectrum, between 645 and 2760¢nit records  (correlation of 0.97 with an IASI positive bias of 7 %). Com-
radiance from the Earth’s surface and the atmosphere witlparison between IASI and ozonesondes within the ozone
a spectral resolution of 0.5 cth (apodized), spectrally sam- hole gave differences of less than 30 %. A validation of to-
pled at 0.25cm?, and with a low radiometric noise (better tal Oz columns with ground-based Brewer instruments was
than 0.2K at 280K in the @spectral region located around provided in Anbn et al. (2011) and showed that FORLI-
9.6 um). The IASI field of view is composed ofx22 cir- O3 data were slightly overestimated when compared to the
cular pixels each with a ground footprint of 12km diam- ground-based data-(4.4 %). Inter-comparison of IASI ©
eter at nadir and it has an across-track scan with a swatproducts using three independent retrieval algorithms with
width of 2200 km. Due to its spatial coverage, combined ozonesondes covering the mid-latitudes and the tropics from
with its low radiometric noise, IASI provides twice daily January to December 2008 showed that all algorithms per-
global measurements of key atmospheric species (e.g. Corm equally well, although they tended to systematically
O3, NH3, CH3OH, HNO3) enabling the analysis of local pol- overestimate @concentrations in the UTLS region by 10 %
lution events, global distributions and transport (Clerbaux etto 25 % (depending on the algorithms) (Dufour et al., 2012).
al., 2009). FORLI-Oz tropospheric columns did not show significant bi-

The absorption lines within each spectrum are related tcases compared to the sonde data.
the trace gas concentrations via a non- linear function that in- In this work IASI data are filtered out if the root mean
volves the surface and atmosphere characteristics at the poistjuare (RMS) of the spectral residuals (difference between
of measurement such as surface emissivity, temperature prdhe measured and the calculated spectra after the last fit-
file and other atmospheric chemical composition, clouds etcting iteration) exceeds 3510 8W (m—2srcntl) and if
They are also related to the characteristics of the instrumenthe bias exceeds 1.3510-%W (m? srcnt 1) or is lower than
itself (spectral resolution, footprint, radiometric noise). To —0.75x 10~2W (m?srcnm 1) (Hurtmans et al., 2012). Fig-
retrieve information about specific atmospheric trace gasesire 1 shows global day-time totag@olumns averaged over
from these spectra, an inversion algorithm/retrieval scheme 1° x 1° grid for the periods of the measurement campaigns
is required. using this filter. In this study, daytime is defined as the period

For this work, the IASI @ distributions are retrieved from corresponding to a solar zenith angle (SZA) of 88smaller
IASI radiance spectra using the FORLE@ast Optimal Re-  and night-time to a SZA of 90or larger. Figure 1 high-
trievals on Layers for IASI-@) retrieval code (Hurtmans et lights the seasonal variability of daytime totay ©olumns
al., 2012). The scheme is based on the Optimal Estimationin the Arctic with higher @ concentrations in spring (mean
Method as described by Rodgers (2000). It providg - value above 65N of ~ 9.7 x 10* molecules cm?) (Fig. 1a)
files on 40 levels, along with the associated averaging kernelsompared to summer (mean value above M5~ 8.6 x
(AKs) and error matrices. The AK represents the measure ofL0'® molecules cm?) (Fig. 1b). Figure 2 shows the corre-
sensitivity of the retrieved state to the true state. The trace ofponding number of IASI observations on°aL° grid. Note
the AK, called Degrees Of Freedom for the Signal (DOFS),in Fig. 2b the high density of observations at high latitudes in
indicates the number of independent pieces of informatiorthe summer period compared to Fig. 2a, showing that most
available from the retrieval and therefore gives an estimateof IASI data used for the validation were provided during the
of its vertical sensitivity. Retrievals are performed for scenesday. Note also that a few gaps exist in spring because MetOp-
with cloud coverage lower than 13 % using the Eumetsat op-A was often in calibration mode.
erational level 2 cloud parameters (Clerbaux et al., 2009).
The FORLI a priori profile and associated covariance matrix2.2 1ASI Oz performance in the Arctic
were constructed using the Logan/Labow/McPeters climato-
logical database (McPeters et al., 2007). Thicdnatology =~ The Arctic is a challenging region for the retrieval of tro-
depends on altitude and is based on a monthly compilation opospheric concentrations using a nadir-viewing thermal-IR
O3 profiles from the surface to 60 km averaged ovet |afi- instrument (Clerbaux et al., 2009). Due to cold surface tem-
tude bins. peratures, and low thermal contrast within the first layer of

Global measurements ofsGrom IASI have been previ- the atmosphere, Arctic retrievals are characterized by low
ously examined by Wespes et al. (2012) during the NASADOFS. Figure 3 shows typical AK functions from FORLI-
ARCTAS and NOAA ARCPAC campaigns associated with Oz retrievals in the Arctic. Three different levels of sensi-
POLARCAT in 2008. This study showed that IASI obser- tivity maxima are apparent: [2—6 km], [6-12 km] and [14—
vations had a positive relative difference of 20% in North 20 km]. All rows of the AK matrix influence each altitude

www.atmos-chem-phys.net/12/7371/2012/ Atmos. Chem. Phys., 12, 73889 2012
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b) flight tracks (summer campaigns)

a) flight tracks (spring campaigns)
o NT

POLARCAT-ATR42 3 1 . A ] POLARCAT-
ARCTAS-DC SN Sl ; POLARCAT-Falcon2
ARCTAS-DC]

YAKAEROSIB-

. .
4 5 6 7 8 9 10 " 12 4 5 6 7 8 9 10 1 12
O3 Total Column(1.e18 molecu\es/cmz) 03 Total Column (1.e18 molecules/cm?)

Fig. 1. Global distributions of daytime IASI total columns averaged from 18 March to 23 April 2008 (period of POLARCAT spring
campaigns) with a zoom on ATR-42 flight arég and for 18 June to 29 July 2008 (period of POLARCAT summer campaipps)ASI

data are averaged over & 1° grid. White areas indicate no data. Flight-tracks for all flights of the DC-8 (blue), ATR-42 (black), WP-3D
(cyan), Falcon-20 (green) and Antonov-30 (red) aircraft are superimposed on the maps.

spring: 18Mar-23Apr 2008 (day) summet: 18Jun-28Jul 2008 (day)

. ¥
0 25 50 75 100 125 150 0 25 50 75 100 125 150
) nb obs (b) nb obs

Fig. 2. Distribution of the number of daytime IASI data gridded ¢hx11° using the RMS and bias filter for the spri(e) and summe(b)
POLARCAT campaigns. White areas indicate no data.

level (see the lines in Fig. 3). For example, the rows characand by low [0—-8 km] DOFS values. In spring, the DOFS for
terizing IASI sensitivity between 24 and 27 km show that partthe [0-8 km] column reach 0.6 during daytime and 0.8 during
of the information is coming from lower altitudes between 8 night-time (Fig. 4b). During the summer, DOFS reach 0.7,
and 11 km. During both seasons that were studied in 2008both in daytime and for the few pixels during night (Fig. 5b).
the DOFS for the total column varied between more than 1.0
(always above 65N) to 4.0 in the Northern Hemisphere.

Figures 4 and 5 show the IASI 0[0-8km] partial 3 Aircraft O 3 measurements used for evaluation
columns together with the corresponding DOFS distributions
for spring and summer, respectively. The Arctic is charac-3.1 In situ aircraft measurements
terized by higher @ [0-8 km] columns in spring (Fig. 4a)
(mean value above 8B ~ 8.4 x 10*" molec cnT? during During POLARCAT, aircraft were deployed over the Arc-
the day and the night) compared to summer (Fig. 5a) (mearic, sub-Arctic, North America, Scandinavia, Greenland and
value above 65N ~ 6.5 x 101" molec cnT2 during the day)  Siberia measuring a suite of trace gases, aerosols and aerosol

Atmos. Chem. Phys., 12, 7371389 2012 www.atmos-chem-phys.net/12/7371/2012/
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3.2 Lidar measurements

34

32

S0 08 km Measurements of © profiles through the UTLS were

22 8-11 km made using airborne lidar from the ATR-42 aircraft during

24 [ the POLARCAT-France summer campaign. The lidar was

22 mounted to perform ozone upward looking vertical profiles
E 20f in a zenith-viewing mode which limits the number of data
el 6 a0 available in the lower troposphere, below 3 km. The measure-
£ 13 ment range is of the order of 6 km above the aircraft altitude
e | with 300 m vertical resolution and 2 min temporal resolu-

1of tion. The system is described in Ancellet and Ravetta (1998),

8r while performance during various airborne applications is

e given in Ancellet and Ravetta (2003). Numerous compar-

Z, isons have been conducted with in situ measurements (ECC

0 ‘ Ve ) ozonesonde of airborne UV photometer) showing no specific

wl 00 v pos, 0 O O 029 biases in clear air measurements. Measurements taken near

Averaging Kernels . . .
clouds or thick aerosol layers are not included here since cor-

Fig. 3. Averaging kernel functions for different altitudes from rections of systematic errors related to aerosol interference

FORLI-O; retrievals (DOFS=3.3) at 63N, 20.# W, on 17 July  are unreliable. For this study, we use profiles recorded dur-

2008. ing flight sequences at constant altitude although this limits
the number of data available in the lower troposphere.

properties. Table 1 summarizes thg Measurements tech-
niques used on the aircraft during the different campaigns4 Methodol
with flight tracks as shown in Fig. 1. The French ATR-42, ethodology
based in northern Sweden (spring) and Greenland (summer
and the Russian Antonov-30 aircraft over Siberia (de Villiers
et al., 2010; Paris et al., 2009) both used a dual-beam U
absorption model 49-103 from Thermo Environment Instru
ments, USA (Thouret et al., 1998), calibrated against a NIS
(National Institute of Standards and Technology) reference
O3 calibrator Model49PS at zero, 250, 500 and 750 ppbv.
Comparison with the German DLR Falcon-20 data at two
altitudes revealed a 4 ppbv negative difference between th
ATR-42 and the Falcon-20 related to a slighg I0ss in the
ATR-42 air inlet (e.g. 10 % for 40 ppbv and 5 % for 80 ppbv).
The ATR-42 data has been corrected in this study.

The American NASA DC-8 (Ridley et al., 1992) and the
NOAA WP-3D (Ryerson et al., 1998){Ineasurements are
both based on NO-induced chemiluminescence, with instru
ment sensitivity calibrated by standard additions af d@-
termined by UV optical absorption at 254 nm. On board t
WP-3D, uncertainties in the individuals®neasurements are
typically +0.05 ppbv {4 % of the signal) and were verified
by comparing data taken during wingtip comparison flights
during the POLARCAT campaigns. Uncertainties in the DC-
8 Oz data are typically:0.1 ppbv or£5 % of the signal. Both
aircraft flew over Alaska and the Arctic during the spring

with the DC-8 flying mainly over Canadian forest fire regions sistent set of 37 micro-windows around 10 um (from 985 to

In _T_l;mr(r;er (Jac%ligt I?III, 201(2)(;)Brocléet a;,_zcgsll). land d 1128 cntl), is used for the @retrievals (Boone et al., 2005).
e terman alcon-c0was based In foreeniand dur- -, o O; climatology is constructed in the same way as de-

ing summer 2008 and used an U_V at?sorption Lo toscribed for CO in Pommier et al. (2010). All the ACE-FTS

measure @(Schlager etal, 1997, (I)?mger et .al" 2011). Un- O3 data between 2004 and 2009 are averaged seasonally. The

certainties are typically-2 ppbv 5 % of the signal). data between February and May are used for the spring cli-
matology and between June and September for the summer

2[.1 ACE-FTS O3 climatology

VAirborne measurements during POLARCAT were limited to
_'I_altitudes below 12 km even with the addition of the ozone
idar data. Therefore, in order to complement the aircraft
rofiles, we used data from the ACE-FTS (Atmospheric
Chemistry Experiment-Fourier Transform Spectrometer) op-
erational retrievals (version 2.2 ozone update; Dupuy et
gl., 2009) to construct an LOclimatology for spring and
summer. ACE-FTS was launched on board the Canadian
SCISAT-1 satellite on 12 August 2003 into low Earth cir-
cular orbit (650 km) with high inclination (73 (Bernath et
al., 2005). It uses a high-resolution Fourier Transform Spec-
trometer (0.02 cm!) measuring infrared radiation from 750
to 4400 cntlin solar occultation mode to observe vertical
profiles of numerous trace species and operates with an ef-
hefective vertical resolution of 3—4km (Bernath et al., 2005;
Coheur et al., 2007). Daily ACE-FTS measurements are ob-
tained for up to fifteen sunrises and fifteen sunsets anid O
profiles are retrieved by analysing the sequence of spectra
in occultation mode with a global fit algorithm (Boone et
al., 2005). The altitude range of the; @etrievals typically
extend from~ 10 km to~ 95 km (Dupuy et al., 2009). A con-

www.atmos-chem-phys.net/12/7371/2012/ Atmos. Chem. Phys., 12, 73889 2012
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spring: 18Mar-23Apr 2008 (day) spring: 18Mar-23Apr 2008 (day)

T
X | | : | [} | | | |

0 1 2 3 4 5 6 7 8 9 10 1 0 0.1 0.2 03 0.4 05 086 07 0.8 0.9 1
(@ 0-8 km Column O3 (1.e17 molecules/cm?) (b) DOFS

spring: 18Mar-23Apr 2008 (night) spring: 18Mar-23Apr 2008 (night)

0 01 02 03 04 05 06 07 08 09 1
0-8 km Column 03 (1.617 molecules/cm?) DOFS

Fig. 4. Maps of IASI [0-8 km] G columns(a) and corresponding DOFR®) on a T x 1° grid for the spring campaign for daytime (top) and
night-time (bottom). White areas indicate no data.

climatology. The data are also averaged over 15 degree latitASI. The smoothed profile is obtained as follows:
tude bins up to 60 km, where 60 km corresponds to the max-
imum retrieval altitude for IASI profiles, and so represents Xsmoothed= AX + (I — A)Xa Q)
the “top of the atmosphere”.
In order to fully use the averaging kernel matrix, the in
4.2 Collocation and smoothing situ profiles are supplemented with the ACE-FTS climatol-
ogy above the maximum altitude of each aircraft. Since only
In this study, collocation criteria of0.5°, +2 h] are used a few lidar profiles are available in the lower troposphere,
in order to locate IASI pixels close to the flight tracks. Thesethe lidar profiles are also completed with the FORLI a pri-
criteria are based on a compromise between obtaining a repri profile below, in addition to the ACE-FTS climatology
resentative number of 1ASI observations and ensuring thatibove. This a priori will not provide more information to the
they were observed in the same meteorological conditions asmoothed profile but allows the use of the lower part of the
the aircraft measurements. averaging kernel matrix. An alternative technique would be
For this validation of satellite data against airborne mea-to supplement the aircraft profiles with results from a chem-
surements, we follow the convention of Rodgers and Con-istry transport model. However, modelling of POLARCAT
nor (2003): the FORLI-@ AK (A) and the a priori profile  data shows discrepancies compared to the data with, for ex-
(X are applied to the aircraft profile) in order to derive  ample, underestimation of 0n the mid-troposphere (e.qg.
a smoothed version of the profile that would be measured byAlvarado et al., 2010).

Atmos. Chem. Phys., 12, 7371389 2012 www.atmos-chem-phys.net/12/7371/2012/
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summer: 18Jun-29Jul 2008 (day) summer: 18Jun-29Jul 2008 (day)

0 [} f ! i i !
0 1 2 3 4 5 6 7 8 9 10 M 0 01 02 03 04 05 06 07 08 09 1
(a) 0-8 km Column O3 (1.e17 molecules/cm?) (b) DOFS

summer: 18Jun-29Jul 2008 (night) summer: 18Jun-29Jul 2008 (night)

N
0 1 2 3 4 5 6 7 8 9 10 b
0-8 km Column 03 (1.e17 moleculestcm?)

Fig. 5. Same as Fig. 4 for the summer period. White areas indicate no data.

In the following sections, we refer to in situ aircraft keepin mind thatthe retrieved profiles from IASI have coarse
profiles completed using the ACE-FTS climatology (and vertical resolution providing information over approximately
convolved with 1ASI AK) as “smoothed in situ profiles”. 6km altitude bins and therefore contain signatures from a
The profiles including ozone lidar measurements are callednixture of air masses at different altitudes.

“smoothed lidar profiles”. Figures 6 and 7 show the comparison between the mean
of the FORLI retrieved @ profiles and the mean of the
smoothed in situ profiles for each aircraft over the spring

5 Results and summer campaigns, respectively. The mean tropopause
height (defined hereafter using PV units equal to 2), calcu-
5.1 Aircraft average comparison lated from ECMWEF data, is also provided at the location of

the aircraft measurements. The comparison is also performed
All'lASI and smoothed profiles are averaged both by seasorior [0—8 km] and [0-12 km] partial columns. It is worth not-
and by aircraft. We compare the IASI retrievals for each air-ing that the ACE-FTS climatology can influence results for
craft because the different aircraft did not fly in the same re-the [0-8 km] and [0-12 km] columns. A sensitivity test in-
gions, nor at the same altitudes (e.g. the ATR-42 and Falconereasing the climatology by 10% leads to increases in the
20 over Greenland), nor at the same time of year as shown ifelative percentage difference (RD) between IASI and the
Fig. 1. The aircraft also sampled different air masses rangingiata of~ 5 % in the case of the [0-8 km] columns and a de-
from flights over boreal fires, downwind of anthropogenic crease of~ 6-7 % for [0-12 km] columns. More IASI data
emissions, and stratospheric air masses. It is important to
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Fig. 6. Left panel: average IASI @profiles (blue lines) and smoothed in situ profiles (red lines) in units &f alecules cm for each

spring aircraft campaign; the horizontal dashed black line represents the mean position of the maximum altitude reached by each particular
aircraft. Error bars represent the variability of averaged smoothed data (standard deviatiprThe coloured numbers indicate the average

[0-8 km] columns in 18" molecules crm? together with the standard deviation. Right panel: average relative difference (RD) in % (thick

blue lines for profiles and numbers below the graphs on the right are the average differences for [0-8 km] colurtiisy étidh blue

lines). The number of in situ observations and IASI co-located pixels are noted at the top of the panels on the right. The relative differences
are calculated as follows: [(IAS] — smoothed in situ)/(smoothed in skd))0%. The smoothed in situ profiles are the in situ aircraft
measurements completed with the ACE-FTS climatology and convolved with IASI AK (see text for details). Results are shown for the DC-8
(a), the WP-3D(b) and the ATR-42c). The mean ECMWF dynamical tropopause is at 8, 8.5 and 7.8 km, respectively.

co-located with the aircraft measurements were collected ir{below the horizontal dashed black line — mostly below 8 km)
summer (maximum of 317 pixels — Fig. 7a) compared to theare below 40 % at each level in spring (Fig. 6) except for the
spring (maximum of 81 pixels — Fig. 6a). The DC-8 provides first altitude level of the ATR-42 (see Fig. 6¢). This is also
more co-located data due to the long distances covered by ththe case for the summer campaign (Fig. 7). These RDs are
flights (Fig. 1). In spring, there are less co-located data bedower (below 20 %) between 2 and 7 km in most cases, show-
cause the satellite was often in calibration mode, as reportethg similar results as the TES validation with ozonesondes in
in Sect. 2.1. the Boxe et al. (2010) study. Comparison with the different
aircraft show similar features with average smoothed in situ
5.1.1 Evaluation in Arctic free troposphere using in situ  data higher than I1ASI ®in spring. This is also the case for
aircraft measurements the summer campaigns below 9km. The average smoothed
in situ [0-8 km] partial columns are always higher than those
In general, the RDs between average IAgld@ncentrations  retrieved from IASI (Figs. 6 and 7). This bias is probably due
and the in situ part of the averaged smoothed in situ profiledo limited vertical sensitivity in IASI data at these altitudes.
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Fig. 7. Same as Fig. 6 for the aircraft involved in the summer campaigns: Rg.-8ntonov-30(b), ATR-42(c), Falcon-20(d). The mean
ECMWEF dynamical tropopause is at 11.3, 9.5, 8.7 and 8.6 km, respectively.

With the exception of the DC-8 flights in spring, the cor- profiles (0-7.6 km with the DC-8 and 0—4.9 km with the WP-
relation between IASI partial columns in the [0-8 km] range 3D) (Fig. 6a, b). The average IASI [0-8 km] partial columns
and the smoothed in situ partial columns is poor (not shown)are only 5% lower than those derived from the DC-8 giv-
In some cases, there is even an anti-correlation. This showisg the best agreement between IASI and the aircraft data
examined in this study. However, average IASI [0-8 km] par-
spheric @Q in the Arctic with sufficient precision as already tial columns are~ 42 % lower (Fig. 6a) than those derived
noted in the discussion about the DOFS distribution (Figs. 4bfrom the WP-3D in spring (Fig. 6b). Since mean dynamical
and 5b). The poor agreement is possibly due to the low altitropopause heights were very similar for both aircraft (8 km
tude of the tropopause (at around 8.1 km in spring and 9.2 kmand 8.5 km respectively), differences in stratospheric influ-
in summer) which, combined to the limited vertical sensitiv- ence do not explain these large differences between these air-
ity causes large overestimations of the retrievals in the UTLScraft. These differences may be due to the influence of dif-
ferent air masses that were sampled. The WP-3D sampled
many plumes coming from the Siberia-Lake Baikal area and

the difficulty IASI has in capturing the variability of tropo-

as discussed further in the next

The correlation between IASI ©and the smoothed in

section.

situ Oz from the DC-8 in spring shows better results={

0.68) whilst data from NOAA WP-3D aircraft, flying in

from agricultural burning in Kazakhstan-southern Russia as

reported in Warneke et al.

(2009). The DC-8 covered a much

the same region north of Alaska, are anti-correlated withwider geographical area, as shown in Fig. 1, and sampled
IASI [0-8 km] partial columns. This difference between both air masses originating from Asia, Siberia and North Amer-

American aircraft is also observed in the bias with [0-8 km] ica (Fisher et al., 2010). The difference between these two
columns and in the in situ part of the average smoothed in sitwaircraft was already noted in CO measurements (Pommier et

www.atmos-chem-phys.net/12/7371/2012/
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al., 2010), but was less pronounced. Over Scandinavia, witid2 km] partial columns are higher than average smoothed li-
the ATR-42, the bias in the partial columns is around 26 %. dar partial columns as a result of the Gverestimation by

In summer the average IASI partial columns show a higherlASI in the tropopause region.
negative bias compared to DC-8 data (Fig. 7a) than in spring 1ASI O3 is also compared to in situ data from other aircraft
(Fig. 6a). The Russian Antonov-30 was flying over Siberiaflying in the UTLS region and shows a smaller biast#f0—
in summer sampling air masses that were occasionally influ30 % in summer. IASI underestimates @ 9-10 km com-
enced by boreal fires, but otherwise rather clean lower tropared to the smoothed in situ concentrations derived from
pospheric air masses were observed (Paris et al., 2009). ®C-8 data but overestimates data collected by the Falcon-20
strong anti-correlation with 1ASI is found for the [0-8 km] (not shown). The differences between both aircraft could be
partial columns over Siberia. These columns are also biaselinked to the area covered. The Falcon-20 flew over Green-
by 15.6 % (Fig. 7b). Similar results are found for the ATR-42 land and thus sampled a range of air masses in the UTLS and
profiles (between 1 and 6 km) and with the partial columnsthe DC-8, on the other hand, covered a large geographical
(RD~ 13.5%) (Fig. 7c). The ATR-42 flew through a mixture area during flights to the high Arctic and in North America.
of aged pollution plumes and clean background air massesThis is reflected in the mean dynamical tropopause heights
Among the comparison dataset, IASk @grees best with of 8.6 km and 11.3km, respectively (Fig. 7d, a). IASI also
data from the Falcon-20, which also flew over Greenland,slightly overestimates smoothed in situ DC-§ €bllected
compared to ATR-42, between 1 and 7 km (Fig. 7c, d) andin the spring (by~ 3% at 9km) (not shown). In summary,
with the partial columns (RD- 6.8 %). the Arctic UTLS 3 concentrations retrieved by FORLI do

not compare well in summer with the reference data consid-
5.1.2 Evaluation using ozone lidar measurements: free ered here but with a mix of positive bias (high positive bias
troposphere and UTLS compared to the lidar and low bias with the Falcon-20) and
negative bias (DC-8).
Figure 8 shows the comparison with upward looking ATR-  Overall, this analysis shows that the FORL$ €oncen-
42 ozone lidar measurements which providgotofilesupto  trations in the Arctic have the largest differences compared
about 6 km above the aircraft flight altitude. The observationsto the correlative aircraft measurements in the UTLS and
are separated into lidar profiles obtained for flight altitudesto a lesser extent at the surface. While the latter differences
of less than or equal to 4 km (Fig. 8a) and for flight altitudes probably relate to the generally weak sensitivity of IASI to
above 4 km (Fig. 8b). When the aircraft flew below 4 km, the the Arctic boundary layer (low thermal contrasts), the for-
lidar collected data ranging between 3.5 and 8.8 km whichmer is not yet fully explained. It could be due in part to the
can also be compared to in sitis @easurements (mainly limited vertical resolution and/or to the use of a global co-
collected below 6 km on the ATR-42). When the aircraft was variance matrix, which causes undesired mixing between tro-
above 4 km, the lidar data ranged between 6.8 and 12.3 knpospheric and stratospheric concentrations, but may also be
and they are more representative of the UTLS over Greenlanéinked spectroscopic problems.
with a mean dynamical tropopause at 8.8 km. These data can
be used to validate higher altitude measurements in the IAS5.2 Influence of the surface properties
profiles as well as the [0-12 km] partial columns.

At altitudes below 8 km, IASI shows small biases in com- The comparisons are also performed according to the surface
parison to the smoothed lidar profile (10%) except at thetype especially since the surface type can change between
surface (Fig. 8a). Note that in the part of the profile wherespring and summer in the Arctic with many spring profiles
the ACE-FTS climatology is used (above 8.8 km on average)ver sea ice or snow. The land and sea criteria are chosen
there is a large positive bias of 64 % at 10 km. The agreemen#ccording to the surface altitude calculated from the global
is poorer between the average retrieved IASI profiles and theligital elevation model GTOPO30hitp://eros.usgs.gov/
average smoothed lidarz(profiles, using lidar data above #/Find Data/Productsand Data Available/gtopo30info). In
4km, with differences reaching 130% at 10 km (Fig. 8b). general, the vertical sensitivity for the total column is the
These differences are due to the lack of vertical resolution insame over land and sea during both seasons, characterized by
the 1ASI retrievals and the correlation of vertical informa- a DOFS around 2.8 in spring and 3.3 in summer. This slight
tion with retrieved profile in the stratosphere (see Fig. 3).difference in DOFS for total columns in summer is due to
Dufour et al. (2012) already reported a bias~e20% in higher sensitivity from 0 to 6 km over land, explained by a
the UTLS between IASI and ozonesondes. The upper trobetter thermal contrast (Clerbaux et al., 2009). This was al-
pospheric biases may also be due to the use of an inaccueady observed with the CO retrievals (Pommier et al., 2010).
rate temperature or pressure broadening coefficient in th@®ver sea, higher vertical sensitivity between 6 and 12km is
spectroscopy database in this region. As explained in Dualso observed. The thermal contrast has a large impact on
four et al. (2012), systematic errors in the linewidth from the sensitivity in the first layers over land, with a DOFS for
the database could imply altitude dependent biases becauske [0—8 km] range around 0.75 in summer, whilst it is lower
of compensatory effects. We also note that average 1ASI [0+~ 0.4) for the spring and over sea in summer.
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Table 1. Summary of @ in situ measurements on board the five aircraft used for this validation study and involved in POLARCAT. In
addition to in situ measurementsg @dar measurements are also described for the ATR-42 (last line).

Aircraft Reference Technique Averaging Accuracy Precision Detection Mean of the
time Limit altitude range
of profiles usedl
DC-8 Ridley et al. (1992) NO-induced 1s 5% 0.1,ppbv 0.03 ppbv 0-7.6 km (sp)
chemiluminescence 0-7.2km (su)
WP-3D Ryerson et al. (1998) NO-induced <1s 4% 0.05ppbv 0.01 ppbv 0-4.9km (sp)
chemiluminescence for a 10-s average
Antonov-30 Paris et al. (2008), dual-beam UV absorption 4s 2% 2 ppbv 1 ppbv 0-6.3km (su)
Thouret et al. (1998)
Falcon-20 Schlager et al. (1997) UV absorption 4s 5% 2 ppbv 1 ppbv 0-7.6 km (su)
ATR-42 Thouret et al. (1998) dual-beam UV absorption 4s 2% 2 ppbv 1 ppbv 0-5.5km (sp)
0—6 km (su)
ATR-42 Ancellet and Ravetta (2003) UV DIAL Lidar 2min 7% 5% na 6.5-11.9km (su)

* sp=spring, su=summer
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Fig. 8.Left panel: average IASI ©profiles (blue lines) and smoothed ATR-42 lidar profiles (red lines) in units t@lecules cm3. Lidar

profiles are separated according to the flight altitude of the ATR-42, below or equal td&)lemd above 4 knfb). The upper horizontal

dashed black line represents the mean altitude where the lidar profile ends and the climatology starts. The lower horizontal dashed black
line represents the mean altitude where the a priori profile ends and the lidar profile starts. Error bars represent the variability of averaged
smoothed data (standard deviatitiic). The coloured numbers indicate the average [0—12 km] column3Armblecules cm? and the

standard deviation. Right panel: average relative difference (RD) in % (thick blue lines for profiles and numbers below graphs on the right
are the average differences for [0—12 km] columns) #ifiet (thin blue lines). The number of lidar observations and IASI co-located pixels

are noted at the top right of the panels. The relative differences are calculated as follows: [(IAS] — smoothed lidar)/(smoothed @it &s)]

The smoothed lidar profiles are the measurements completed with the ACE-FTS climatology and the a priori profile, and convolved with
IASI AK (see text for details). The mean ECMWF dynamical tropopause is at 8.4 and 8.8 km, respectively.

Figure 9 summarizes the comparisons between IASI and irsitivity. Over sea, where the [0-8 km] DOFS does not vary
situ measurements for all aircraft during both seasons. Whatseasonally, the RDs are similar in both seasond4%).
ever the season and the surface type, the average smoothEdyure 10 shows a similar comparison using the ATR-42
in situ profiles are higher than IASI. This difference is less O3 lidar measurements. As discussed in Sect. 5.1.2, the li-
than 25 % over sea (Fig. 9a, c). Over land, except at the surdar profiles are separated according to the aircraft altitude.
face level where the difference reached40 %, RDs are less  All profiles measured below or equal to 4 km were measured
than 33% in spring (Fig. 9b) and less than 20 % in sum-over land and correspond to those already shown in Fig. 8a.
mer (Fig. 9d). A seasonal difference is also observed forFor the lidar profiles collected when the aircraft was flying
the [0-8 km] IASI columns over land which are less biasedabove 4 km, 61 profiles were collected over land and 12 pro-
in summer (by less than 15 %) than in spring (by less tharfiles over sea (Fig. 10a, b). Large biases are found at 10 km
26 %) which could be due to the difference in vertical sen-in both cases with only slightly lower differences over sea
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Fig. 9. Left panel: average IASI @profiles (blue lines) and smoothed in situ profiles (red lines) in units & alecules cr3 for spring

(top panels) and summer (bottom panels), over(agand(c) and land(b) and(d). The horizontal dashed black line represents the mean
position of the maximum altitude reached by each particular aircraft. Error bars represent the variability of averaged smoothed data (standard
deviation+1c). The coloured numbers indicate the average [0—-8 km] columns’ifra6lecules cm? and the standard deviation. Right

panel: average relative differences (RD) in % (thick blue lines for profiles and numbers below the graphs on the right are the average
differences for [0—-8 km] columns) andlo (thin blue lines) are also plotted as a function of altitude. The number of in situ observations

and IASI co-located pixels are noted at the top right of the panels. The mean ECMWF dynamical tropopause is at 7.8, 8.2, 10.4 and 9.5 km,
respectively.

(98 % maximum, Fig. 10a) compared to over land (134 %,with the relative differences corresponding to the spring and
Fig. 10b). For the [0-12 km] partial columns the results arethe summer campaigns according to surface type. Table 3
similar over both surfaces, again with a large positive biasprovides the correlations between IAS3 @nd the smoothed
(RDs> 50 %) in the IASI results. In term of absolute values, lidar Oz [0-12 km] columns and the relative differences in
the biases calculated in the [0—-8 km] columns are similar tosummer. As noted previously, the correlation with in situ
those calculated for the [0—6 km] IASIZ&olumns in mid  smoothed partial columns is poor with anti-correlations over
northern latitudes by Keim et al. (2009) and by Dufour et land in spring and over sea in summer (Table 2). Over land,
al. (2012), and for the [0-8 km] IASI £columns in the trop-  correlation with the smoothed lidar partial columns is good
ics by Dufour et al. (2012). However, the high biases found(0.67) below 4 km but, above 4 km, this decreases to 0.17.
here in the [0-12 km] columns are larger than those found inResults are better for the few data collected over sea (0.46).
the [0-11 km] columns in the studies by Keim et al. (2009) These results suggest that the FORLI retrieval has more dif-
and Dufour et al. (2012). ficulty in the UTLS over land than over sea witch proba-
Table 2 provides the correlation coefficients between IASIbly could not be only explained by the slight difference of
O3 and the smoothed in situsg0-8 km] columns together tropopause heights over land (8.8 km — Fig. 10b) compared
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indicate the average [0-12 km] columns int1fnolecules crmi2 and the standard deviation. Right panel: average relative difference (RD)

in % (thick blue lines for profiles and numbers below the graphs on the right are the average differences for [0—12 km] colushs) and

(thin blue lines). The number of lidar observations and IASI co-located pixels are noted at the top right of the panels. The mean ECMWF
dynamical tropopause is at 9.1 and 8.8 km, respectively.

Table 2. Summary of correlations between retrieved IASY &d smoothed in situ §[0-8 km] columns for the spring and the summer
campaigns according to surface type. The number of observations is provided next to the surface type. The relative difference is given in
parentheses.

spring summer

Sea-13 Land — 27 Sea-13 Land — 83
0-8km 0.15¢14.2%) —0.33(26.4%) —0.03(13.6%) 0.02{15.2%)

Table 3. Summary of correlations between retrieved IAY énd 5.3 1ASI distributions in Arctic UTLS
smoothed lidar @ [0-12 km] columns for the summer campaign

according to surface type. The profiles are separated according t . . . . S
the flight altitude of the ATR-42 (threshold at 4 km). The number The resuits discussed in the previous sections highlighted
of observations is provided next to the surface type. The relative/@rge differences above 9-10 km between smoothed lidar val-

difference is given in parentheses. ues and IASI observations. In this section, we show particu-
lar examples where IASI is able to detect variability in the

Sea—12 Land—61 Land—8 tropopause region including tropospheric fold events when

(>4km) (>4km) (<4km) the tropopause is at lower altitudes. Two examples are shown

in Figs. 11 and 12. The first case compares IASI data with
data collected on 10 July 2008 by the Falcon-20 during
a flight over central-northern Greenland. Analysis of data
from this flight is discussed in detail by Roiger et al. (2011)
, . showing that Asian polluted air had been transported into
.to over sea (9.1km - F'g',loa_)' It could _be due to differencesy,q |o\yer stratosphere and was observed embedded within
in topography. As shown in Fig. 3, the first layers of the AK ;1 g ajr. Sodemann et al. (2011) also discussed the trans-

also have animpact on the sensitivity around 8-10km. Thesg 4 ot asjan pollution across the North Pole and compared
differences in topography could affect the information bor- global model simulations with IASI CO data. During this

rowed by the AKs at these altitudes which could be too im'flight the tropopause altitude was in the range 8 to 10km.

portant compared to the lower troposphere ([0-12 km] DOFSt1:s is shown by the IASI @gradient (Fig. 11a) and pre-

~ 1.0 over land and- 0.85 over sea). dicted by the FLEXPART model used in the study by Roiger
et al. (2011). The FORLI-®retrieved concentrations, using

0-12km  0.46 0.17 0.67
(54.8%) (57.4%) (25.6%)

www.atmos-chem-phys.net/12/7371/2012/ Atmos. Chem. Phys., 12, 73889 2012
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Fig. 11. (a)In situ Oz volume mixing ratios (ppbv) measured by the Falcon-20 on 10 July 2008 compared to $A@rt@al distributions
along the flight. IASI data are averages data betweéWand 52 W and sampled every &>%etween 66N and 89 N; (b) distributions

of the ratio between daytime 1ASI{J0-8 km] partial columns and IASI CO total columns over Greenland ofi:a 1° grid on 10 July

2008. The Falcon-20 flight track is plotted in blue.(&) and(b), white areas indicate no dat@) potential vorticity (in PVU) at 8 km over
Greenland taken from an ECMWF analysis data at 12:00 UTC on 10 July 2008.

temperatures measured by IASI, exhibit the same variabilthe potential vorticity (PV) map from ECMWF analysis data
ity in tropopause altitude, as the FLEXPART model using (Fig. 11c), where the dynamical tropopause is equal to 2
the ECMWF data. However, the IASIdZoncentrations re- PVU. In the northern part of the flight-(75° N), the Falcon-
trieved by FORLI in the UTLS #£ 300 ppbv) are too high, 20 first crossed a stratospheric air mass (higyi @O fil-

as also discussed in Sect. 5.1.2. Figure 11b shows the rament in Fig. 11b and high PV in Fig. 11c), and then the
tio between IASI @ [0-8 km] columns and IASI CO total polluted plume from Asia (low @/ CO ratios).

columns (only~ 17 % of the CO is above 8 km, Pommier et  Figure 12 shows results for a flight of the ATR-42 on 7
al., 2010). Variability in this ratio provides information about July 2008 when the ozone lidar also made measurements.
air masses influenced by the stratosphere between the sufhis flight was made over southern Greenland during a pe-
face and 8 km when £{0—8 km] columns are higher. Since riod when air masses were advected from North America
only 17% of CO total columns reside in the stratosphere(Schmale et al., 2011; Quennehen et al., 2011). In sgu O
this quantity is primarily sensitive to tropospheric sources.data together with retrieved IASI {profiles are shown in
The calculated @/ CO ratio is relatively well correlated with  Fig. 12a and ozone lidar data along the flight in Fig. 12b.

Atmos. Chem. Phys., 12, 7371389 2012 www.atmos-chem-phys.net/12/7371/2012/
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ATR-42 20080707 POLARCAT - Flight 75 - 07/07/08 - O3,ppb
12 120 194 . L 120
114
0r 100 100
10 §
8F 80
= 9 r 80
£ % - & g
g o @& E = i |
s — B
£ 7 r
al 40 = - = |
g
6 =il fr 40
- L |
2 20 — - e
51 a -
e 20
0 «f M | B
135 145 | 155, - - —=—or e——
66.! 598 66. 1435 65. 0905 63. 9655 62. 3405 62.¢ 429 62. 8&15 63. 9125 64. 575 66. 0215 66. 994 3 L ‘ 0
-50.776  -50.5 -50.0585 -43.568 -49.135 -48.941 -49.1235 -49537 -49.993 -50.474 -50.809 125 13 13.5 14 14.5 15 15.5
(a] hours along flight (UTC) - Lat-Lon (Deg) (b) (66.79N;-50.82W) time (UT) (66.56N;-50.72W)

20080707 (day)

PV (ECMVWVF) - 20080707

latitude

0 005 01 015 02 025 03 035 04 045 05 055 06 g 20 50 50 40 30 55 10 o
03/CO i
(C) (d) longitude

Fig. 12.1n situ O3 volume mixing ratios (ppbv) measured by the ATR-42 on 7 July 2008 compared to co-locatedd A&ttidal distributions
(using a criteria of £0.2°; +1 h]) along the flight (a) and G; lidar vertical measuremen(b). In situ (a) and lidar(b) data are plotted as

a function of altitude versus time (UTC) along the flight track. The latitude and longitude on x-axis corresponds to the aircraft(@psition
Distribution of the ratio between daytime IASK@0—8 km] partial columns and IASI CO total columns over Greenland ofha 1° grid

for 7 July 2008 with the ATR-42 flight track shown as a blue l{pg White areas indicate no data. Potential vorticity (in PVU) at 8 km over
Greenland from ECMWF analysis data at 12:00 UTC on 7 July Z6p8

The vertical Q gradient is reasonably well captured by IASI cally influenced air mass during the most southerly part of the

compared to the lidar although IASI detected the steepestlight. This is shown as a clear feature in the IAS/@O ra-

gradient around 7.5 km compared to 9km in the lidar datajtio (Fig. 12c) and can also be seen to a lesser extent in the PV

for example, around 13:30UTC (10:30LT). At the same map (Fig. 12d) for this flight. The combined use of two IASI

time, the aircraft sampled a plume originating from Canadianobservations (CO and4), shows how IASI data can provide

boreal fires which was also mixed with air from the upper a useful diagnostic for the evaluation of STE episodes.

troposphere associated with a tropospheric fold which is vis-

ible in the ozone lidar data. This feature was detected by IASI

and also later during the return leg of the flight from southern6 Conclusions

Greenland back to Kangerlussuaq at around 14:30 UTC. Due

to the timing of overpasses nearest to the flight track, IASIThis paper compares tropospheri ©oncentrations re-

data shows features appearing earlier than were observed igieved from the IASI satellite-borne instrument using the

the lidar. The aircraft also flew close to another stratospheriFORLI-Oz algorithm with aircraft measurements obtained
as part of POLARCAT in spring and summer 2008. Aircraft

www.atmos-chem-phys.net/12/7371/2012/ Atmos. Chem. Phys., 12, 738B9 2012
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data were collected in different parts of the Arctic, for air that the combined use of different IASI observations could

masses influenced by anthropogenic emissions, boreal foregrovide a useful diagnostic to supplement model forecasts as

fires over Siberia and Canada as well as air masses in theell as for evaluation of global chemical model simulations.

upper troposphere and the stratosphere. For comparison pur-

poses, IASI data are selected using a collocation criterion of
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