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Validation of IASI FORLI carbon monoxide retrievals using FTIR data from NDACC

Abstract

Carbon monoxide (CO) is retrieved daily and globally from space-borne IASI radiance spectra using the
Fast Optimal Retrievals on Layers for IASI (FORLI) software developed at the Universit'e Libre de Bruxelles
(ULB). The IASI CO total column product for 2008 from the most recent FORLI retrieval version
(20100815) is evaluated using correlative CO profile products retrieved from groundbased solar
absorption Fourier transform infrared (FTIR) observations at the following FTIR spectrometer sites from
the Network for the Detection of Atmospheric Composition Change (NDACC): Ny-A° lesund, Kiruna,
Bremen, Jungfraujoch, Iza”na and Wollongong. In order to have good statistics for the comparisons, we
included all IASI data from the same day, within a 100 km radius around the ground-based stations. The
individual ground-based data were adjusted to the lowest altitude of the co-located IASI CO profiles. To
account for the different vertical resolutions and sensitivities of the ground-based and satellite
measurements, the averaging kernels associated with the various retrieved products have been used to
properly smooth coincident data products. It has been found that the IASI CO total column products
compare well on average with the co-located ground-based FTIR total columns at the selected NDACC
sites and that there is no significant bias for the mean values at all stations.
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Abstract. Carbon monoxide (CO) is retrieved daily and well on average with the co-located ground-based FTIR to-
globally from space-borne IASI radiance spectra using thetal columns at the selected NDACC sites and that there is no
Fast Optimal Retrievals on Layers for IASI (FORLI) soft- significant bias for the mean values at all stations.

ware developed at the Universitibre de Bruxelles (ULB).
The IASI CO total column product for 2008 from the most
recent FORLI retrieval version (20100815) is evaluated Us-; |ntroduction

ing correlative CO profile products retrieved from ground-

based solar absorption Fourier transform infrared (FTIR) ob-The main sources for CO in the atmosphere are incom-
servations at the following FTIR spectrometer sites fromplete combustion of biomass and fossil fuel, and oxidation
the Network for the Detection of Atmospheric Composition of methane (Clj) and non-methane hydrocarbons. Vegeta-
Change (NDACC): NyAlesund, Kiruna, Bremen, Jungfrau- tion and ocean contributions are less important. The total
joch, Izéia and Wollongong. In order to have good statis- production is about 1230-3000 Tg of CO per year.,@i-

tics for the comparisons, we included all IASI data from the jdation produces 400-800 Tg of CO per year, and oxidation
same day, within a 100 km radius around the ground-baseaf other hydrocarbons in the troposphere contributes a sim-
stations. The individual ground-based data were adjusted t@ar quantity of CO. The main sinks of CO are chemical
the lowest altitude of the co-located IASI CO profiles. To ac- loss by OH generating carbon dioxide (§Quptake by soil
count for the different vertical resolutions and sensitivities of and removal in the stratosphere which amounts to a total
the ground-based and satellite measurements, the averagimg about 1600-3700 TgCOYt (more details can be found
kernels associated with the various retrieved products havéh Brasseur and Solomp2005. CO has a lifetime of sev-
been used to properly smooth coincident data products. It hagral weeks in the troposphere and is therefore often used as
been found that the IASI CO total column products comparea tracer for pollution Turquety et al.2008.

Published by Copernicus Publications on behalf of the European Geosciences Union.



2752 T. Kerzenmacher et al.: Validation of IASI CO measurements

Space-borne missions currently providing CO abundancestudy in which individual IASI CO data are compared to co-
from nadir infrared radiance measurements are the follow4ocated high-quality ground-based data.
ing: Measurements Of Pollution In The Troposphere (MO- In the following Sect2 we shortly present the IASI instru-
PITT) on Terra using a correlation radiomet&rgmmond  ment and the FORLI-CO retrievals and in S&dhe ground-
et al, 1995 Deeter et al. 2003 Fortems-Cheiney et al. based FTIR data are described. Sectdlaxplains the com-
2011); Atmospheric Infrared Sounder (AIRS) on Aqua us- parison method, followed by the results of the comparisons
ing a spectrometerAumann et al. 2003 McMillan et al, in Sect.5. A description of the error budget for the CO total
2005 2011); Tropospheric Emission Spectrometer (TES) on column differences is given in Seé.

Aura using a Fourier transform spectrometer (FTBgdr

et al, 2002, Rinsland et a].2006; and Infrared Atmospheric
Sounding Interferometer (IASI) on MetOp-Ad{lton et al,
2012 Clerbaux et a].2009 George et a)2009 Maddy et al,
2009. All these instruments measure in a sun-synchronou
orbit.

Previous evaluations of IASI FORLI-CO retrievals have
been performed using other satellite or aircraft d&@orge
et al.(2009 have provided a first evaluation of IASI FORLI-
CO distributions by comparison with MOPITT, AIRS and
TES CO retrievals. They found that on a global scale 0.
to 2.4 independent pieces of information are available in
the_IASI FORLI-CO retrievals (version 2008_1030). Com- refer toHilton et al. (2012,
parisons between the CO columns of the different instru- . .

. . . The CO IASI data used here were retrieved from the nadir
ments show average discrepancies of about 7 % in the North-_ . .
. . . adiance spectra in the spectral range 2143 to 2181.2%5cm
ern Hemisphere and the equatorial region and of about 11 93¢ ; —
. using the retrieval code FORLI-CO from the Univegsiti-
south of 158 S. In case of strong CO concentrations (e.g. for-
! . ) X h re de Bruxelles (ULB) Hlurtmans et aJ.2012. It uses
est fires), the discrepancies can be as high as 17 % with IASl? .
being larger. pre-calculated lookup tables (LUTSs) to make near real-time

Turquety et al(2009 evaluate the quality of IASI FORLI- processing possible by ay0|d|ng Ime-by—lme retrleyals. The
. . o - FORLI LUTs are absorption cross sections at various pres-
CO retrievals for highly polluted conditions due to wildfires.

The coarse vertical resolution of the IASI retrievals does notSures (oq g_loganthmlc grid), temperaturg s (on alinear grld)
N . . and humidities. For CO, these cross-sections are calculated in
allow the determination of exact plume heights of forest fires,

but the large CO enhancements measured are consistent WiHJ]e spectral range 21282206 thnlarger than the one used

. In the retrieval, and with an oversampling of 10. More details
respect to transport pathways and plume height, to the maxi- . ; .

- are given inHurtmans et al(2012. FORLI-CO retrievals
mum aerosol backscatter coefficient measured from space b

. . élive CO profiles reported on 19 altitude levels using the op-
the CALIPSO lidar Winkler et al, 2003. ; o ;
Pommier et al(2010 described in situ aircraft measure- timal estimation method described Rodgers(2000. The

ments of CO from the POLARCAT campaign in the frame- 19 altitude levels correspond to the altitude layers O to 1 km,

. . 1to2km, 2to 3km, ..., 17 to 18 km and 18 km to the top of
work of the International Polar Year (IPY) which they com- the atmosphere. The product consists of a CO concentration
pared to IASI FORLI-CO. They found that IASI has the phere. 1he p

capability to detect long-range transport @20) plumes profile retrieved on these vertical levels at each measurement

and high boundary layer CO signatures from forest fires inpOim’ as well as the ass.oc.iated.errprs and an averaging ker-
Siberia and that IASI CO retrievals are less accurate overnel maltrix. A single a priori profile (in VMR) is used in the

. o retrieval scheme. The temperature and humidity profiles used
sea ice and snow. They also c_ompared IAS| C_:O with awcrqftin FORLI are those from the the EUMETSAT Level 2 pro-
data, completed above the aircraft profile with the CO cli-

i . . .__cessor. The cloud fraction disseminated by EUMETSAT is
matology of the Atmospheric Chemistry Experiment Fourier used, and only those pixels in which the cloud fraction is be-
Transform Spectrometer (ACE-FTS), and found good agree; ' y P

] . .~ " “low 25 % are processed. Hence, each observation has a dif-
ment (maximum differences of 17 % and 20 % for profiles in ferent and already optimized set of meteorological profiles
spring and in summer, respectively; 1 to 5% and 12 % for y op 9 P

; . . : associated. One should further note that the water amount
total columns in spring and summer, respectively, with IASI is systematically adjusted (as a total column), strongly min-
being higher). Total column comparisons of IASI CO with y y adj ' gy

A . : imizing the impact of the latter on the total retrieval error.
these in situ aircraft measurements show correlations be-

tween 0.15 and 0.74 in spring and 0.26 and 0.84 in sumrnerFor the emissivity, FORLI uses above continental surfaces

In this paper we focus on the comparison of IASI FORLI- the 1ASI climatology Ehou et al, 2013 whenever possible

CO retrievals with ground-based solar absorption FTIR mea-(more detail can be found ifurtmans et a).2013.

surements from selected NDACC stations. This is the first

2 The lIASI instrument and the FORLI-CO retrievals

IASI was launched on 19 October 2006 on the satellite
S1\/IetOp—A from the European Organisation for the Exploita-
tion of Meteorological Satellites (EUMETSAT). It has a cir-
cular field of view (FOV) at nadir of 12 km, and its spectral
range is from 645 to 2760 cm (3.62 to 15.5 pum) with an
apodized spectral resolution of 0.5ctMand spectral sam-
8pling of 0.25cnT?! leading to 8461 spectral samples. It has
a wide swath width of 2200 km providing global coverage
twice a day. For more information about the IASI instrument,

Atmos. Meas. Tech., 5, 27512761, 2012 www.atmos-meas-tech.net/5/2751/2012/
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For the comparisons between the IASI FORLI-CO re-
trievals and selected NDACC FTIR column measurements in
the year 2008, version 20100815 of IASI FORLI-CO data
products was used. Comparisons with a previous version .
(20081030 studied iBeorge et a] 2009 have also been per- &
formed, but since we find no significant differences between/
the results of the comparisons with the two FORLI retrieval |
versions, only the latest version will be presented here. Thél
results are generally also applicable to the older version data:

We use here the IASI FORLI-CO products currently pub-
licly available, which are the total column and the corre-
sponding averaging kernel vector (estimated by adding the
averaging kernels matrix rows). These products are avail-
able from the Ether websiténttp://ether.ipsl.jussieu)ifor

the whole IASI measurement period. Quality flags allow for Fig. 1. Ground-based FTIR spectrometer locations used in the com-

filtering of the data. Therefore we are able to use here th%arisons. From the north to the south, in red: Algsund, Kiruna,
most reliable data. In particular, cloud cover has to be lesssremen, Jungfraujoch, 15a, and Wollongong.

than 12 % (cloud fraction from the EUMETSAT level 2 pro-
cessor is used from a combination of instruments onboard

MetOp A, following specific methods, detailed August  2157.50-2159.15cmt were fitted simultaneously to re-
et al, 2012 and the averaging kernel vector must not in- trieve CO using either the SFIT2 codequgatchev and Rins-
clude unrepresentative values (generally too high). This fil-land 1995 Pougatchev et 311995 Rinsland et al.1999
tering reduces the number of data points used in the analysisr PROFFIT96 Kase et al.2004). Both algorithms imple-
by between 11 and 23 % depending on the station analysedment the optimal estimation methoRddgers 2000 to re-
trieve vertical profiles from a statistical weighting between
a priori information and information coming from the high-
3 Ground-based Fourier transform infrared resolution spectral measurements. Spectroscopic line param-
spectrometers eters from HITRAN 2004 were adopted for all ground-based
retrievals. Other information required for the retrievals such
The IASI FORLI-CO data have been compared with total as a priori profiles and covariances, treatment of instrument
columns retrieved from solar absorption spectra recorded b¥ineshape, and atmospheric temperature and pressure is opti-
ground-based FTIR spectrometers from six stations that argnized for each site as appropriate for the local conditions.
part of NDACC ittp://www.ndacc.org A list of the sta- NDACC FTIR CO data have already proven useful in the
tions with their location is presented in TaldlgFig. 1 shows  past for the validation of various satellite data sets, e.g. in
the distribution of the FTIR sites. The participating stations Barret et al (2003 2009; Sussmann and Buchwi{2005;

cover latitudes from 34755 to 78.9N. They provide mea-  Dils et al.(2006; Senten et a(2008; Clerbaux et al(2008,
surements in the Northern Hemisphere from the subtropandde Laat et al(2010.

ics (Izdia) to the polar regions (Nﬁlesund and Kiruna);
Wollongong is the only station in the Southern Hemisphere.
These instruments make regular year-round measurements Comparison methodology
from which the abundances of several tropospheric and
stratospheric chemical species, including CO, can be deln the work presented here, we use IASI data from 1 Jan-
rived. The FTIR measurements require clear-sky daylightuary 2008 to 31 December 2008. We perform a careful com-
conditions, which excludes measurements atﬁmlsund parison between IASI and NDACC total columns adjusting
and Kiruna during polar winter. for altitude differences and accounting for the respective ver-
More information about the instruments, the retrieval tical resolutions of the measurements, within the limits of
methodologies and the measurements performed at eadhe co-location criteria and using strict quality control cri-
site can be found in the references provided in Tahle teria for the filtering of the data. We took the same coinci-
All stations use Bruker FTIR spectrometers (Iﬁ;esund dence criteria for all the stations to define correlative mea-
and Jungfraujoch: 120HR, Kiruna, Bremen, flaaand surements taking into account temporal and spatial variabil-
Wollongong: 125HR); for these measurements the instru-ty, and aiming at a statistically relevant number of compar-
ments use resolutions, i.e. the inverse of the maximumisons. A given FTIR measurement was compared to all IASI
optical path difference (1/maxOPD), given in Table measurements that occurred on the same calendar day (UTC)
from 0.004 to 0.006cmt. In all cases, the microwin- and within 100 km of the ground-based station. No distinc-
dows 2057.70-2058.00 cmh, 2069.56—2069.76 cnt and tion was made between IASI measurement footprints over

www.atmos-meas-tech.net/5/2751/2012/ Atmos. Meas. Tech., 5, 275B4, 2012
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Table 1. List of the FTIR stations that provided data for the analyses (Secfhe latitude and longitude of each station are provided,
together with the altitude above sea level in meters (ma.s.l.). The instrument, the maximum optical path difference (maxOPD) and the
retrieval code (+version) used for the CO measurements are indicated for each station in columns 5, 6 and 7. References describing the
stations, measurements and analyses are given in column 8.

Station Location Coordinates Alt. Instrument maxOPD Retrieval Code Reference
[ma.s.l] [em] (version)

Ny-Alesund  Svalbard 78N, 11.9E 20 Bruker 120HR 180 SFIT2 (3.93) Notholt et al.(1993
Kiruna Sweden 673N, 20.# E 419  Bruker 125HR 180 PROFFIT96 Blumenstock et al2006
Bremen Germany 53NN, 8.8 E 27  Bruker 125HR 180 SFIT2 (3.93) Velazco et al(2007)
Jungfraujoch  Switzerland 465, 8.0°E 3580 Bruker 120HR 175 SFIT2 (3.91) Mahieu et al(1997)
Izaha Canary Islands 283, 16.5 W 2367 Bruker 125HR 180 PROFFIT96 Schneider et a(2005
Wollongong  Australia 345S,150.9 E 30 Bruker 125HR 257 SFIT2 (3.92) Paton-Walsh et a(2009

IASI FTIR  |ASI FTIR To do this the 1ASI a priori profiles in partial column units

grg;:gi profile profile profile were used to calculate two partial columns (Fig.indicated

in red and in yellow): one partial column, the adjusting par-
tial column, in the altitude range between the FTIR and the
IASI ground level altitudes (FigRa red) and another one in
the altitude range of the lowest FTIR partial column (F2g.

Ratio for scating IRFTIR yellow). The latter was used to calculate the ratio between
- > E;T;In the a priori paru_al columns and the FTIR partial (_:olqmn to

o scale the adjusting partial column. The scaled adjusting par-
H fgﬁm ETIR base IAS| base gglrLrlglrtllon tial column was then added to the FTIR partial column profile
@l corection ataltiude at altitude B (emove) when the IASI altitude range is larger than the FTIR altitude

range. Because the IASI and FTIR data are on different grids,
Fig. 2. Altitude adjustment for the cases where the base of thea combined grid has been used to do these calculations.
ground-based FTIR spectrometer measurements is at a lfetuer On the contrary, if the FTIR profile covers a larger alti-
at a lower altitude(b) than the IASI ground pixel. The adjusting t,de range than the IASI measurement, the FTIR profile is
partial column is indicated in red; {&) it is added to and ib) sub- cut to fit the altitude range of IASI (Figb). If there arem
tract_ed from the FTIR c_olu_mn. The partial columns to cglculate theIASI measurements available for one day, each ofitier-
scaling factor in(a) are indicated in yellow. The calculations were - )
done using a combination of the FTIR and IASI altitude grids. responding FTIR valugs was changedimes to correspond

to the ground level altitude of the IASI measurements.

The ground level altitude of the IASI measurements is
sea and land nor for 1ASI day or n|ght measurements. Thé)aSEd on the coordinates of the centre of the IASI fOOtprint.
IASI location that was used in searching for coincidencesSince the 1-km vertical scale of the FORLI-CO profiles is
was the latitude, longitude and time of the centre of the IAS|coarser than the one of the FTIR CO profiles, the GLOBE
footprint. In cases where several FTIR measurements front1999 digital elevation model from the National Geographi-
a site were co-located with one IASI measurement, they weréal Data Center (National Oceanic and Atmospheric Admin-
all considered. istration — NOAA) is used to improve the vertical resolution

for the altitude adjustment. The IASI ground level altitudes
4.1 Altitude adjustment of the FTIR measurements to  are therefore determined using either the GLOBE model or
the IASI ground level altitude information gained from the averaging kernel values from
the FORLI-CO IASI retrievals (IASI averaging kernel val-
The IASI measurements are scattered within a 100km raues are not defined at altitudes between mean sea level and

dius around the FTIR instrument sites. They may thereforethe terrain altitude where the IASI footprint is situated).
have a different ground level altitude than the ground-based Based on this altitude information, we can determine

measurements. Since we must compare IASI and FTIR totay minimum altitude for the IASI total column: if the IASI
columns over the same altitude range, and since we want tground altitude, determined from the GLOBE database, is
smooth the FTIR profiles using the IASI total column aver- |ower than the altitude determined using the minimum alti-
aging kernels, we need to adjust the FTIR profile in partialtude associated with the IASI averaging kernel altitudes, then
column units such that its total column corresponds to thethe IASI averaging kernel altitude is used; otherwise, we use
IASI total columns with different ground level altitudes. the altitude from the GLOBE database if the difference is
less than 1 km (the thickness of a FORLI retrieval layer). For

Atmos. Meas. Tech., 5, 27512761, 2012 www.atmos-meas-tech.net/5/2751/2012/



T. Kerzenmacher et al.: Validation of IASI CO measurements 2755
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Fig. 4. FTIR CO total columns against the IASI CO for the un-
Fig. 3. Mean ground-based FTIR averaging kernels (red) comparec¢:orrected, unsmoothed columns (green), the altitude-adjusted (red)
to the mean IASI averaging kernel (blue) for fiea The averaging  and altitude-adjusted, smoothed columns (blue) for Jungfraujoch.
kernels are shown for altitudes above the station (2367 m). The correlation coefficient of the comparison between the altitude-
adjusted, smoothed FTIR CO and IASI CO (blue) is shown. For
clarity, only every second data point is plotted.

differences of more than 1 km, we use the minimum altitude
associated with the averaging kernel altitudes to which 999 m , i
are added to reduce the altitude range of the first layer, buS™/ASI-FTIR CO total column in the following, correspond-

still allowing to determine the IASI ground altitude using the " t© the IASI CO total column. Some of the IASI a priori
averaging kernel altitudes. information, however, has been added to the FTIR column

by adjusting for the differences between the base altitudes
of the FTIR and IASI measurements. Since the IASI averag-
ing kernels are small towards the surface, which implies that
the 1ASI retrieved profile will tend towards the a priori, the
inclusion of some IASI a priori information onto the FTIR
column has only a minor influence on the FTIR-IASI com-
garison. The alternative would be to remove the added IASI
information from the FTIR column after smoothing, and like-

4.2 Smoothing of the FTIR data with the IASI CO
averaging kernel

As can be seen in Fi@ for the example of |z&a, the IASI
mean total column averaging kernel from FORLI-CO has
a maximum in the upper troposphere that is larger than on

hown in bl wher he one for the FTIR retrievals . . ) .
(sho blue), whereas the one for the etrie aSWlse a corresponding section from the IASI column itself.

(shown in red) is constant at about one. However, given the limited number of pieces of information
After correction for the altitude differences between the. ' 9 P

IASI and FTIR measurements, the FTIR profiles in partial in the IASI column, removing such a section would induce
column units are interpolated on the altitude grid of the IASI errors as well

retrievals. Then the altitude-corrected FTIR profiles (in par-4 3 Comparisons

tial column units) are smoothed with the total column av-

eraging kernels of the IASI retrievals according to Eq. (4) of we now have, for each of the daily IASI CO measure-
Rodgers and Conng2003: xs = xa+ Ajasi (x —xa), where  ments,n as-IASI-FTIR ground-based CO total columns to
Xs is the smoothed version af with x being the altitude- compare Wlthl@ andn Change for each day)

corrected FTIR profile in partial column unite, is the IASI Comparisons of the total columns are performed for each
a priori profile in partial column units andias; is the IASI  station, leading to relative differences and standard devia-
total column averaging vector. tions over the entire time series. Since the different compar-

Figure 4 shows the effectiveness of the smoothing andison pairs have their total columns calculated over different
altitude correction: shown are total column values of un- altitude ranges, we have to compare relative total column dif-
corrected, unsmoothed columns (green), altitude-correctegerences. The relative values are calculated with respect to
columns (red) and altitude-corrected, smoothed columnghe validation instrument (FTIR); e.g. the total mean relative

(blue) for Jungfraujoch. difference was calculated as follows:
We now have an averaging kernel smoothed, altitude-

adjusted FTIR ground-based CO total column, called

www.atmos-meas-tech.net/5/2751/2012/ Atmos. Meas. Tech., 5, 275B4, 2012
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Table 2. Results of the CO total column comparisons between IASI and the as-IASI-FTIR data. The mean and median differences and the
1-0 standard deviation are indicated in columns 2 to 4, the number of individual comparisons, of unique FTIR values and of unique 1ASI
values in columns 5 to 7, the number of days in column 8, the correlatiRyrisgetween the individual column values in column 9 and the
maximum temporal coincidence (hours and minutes), maxn column 10.

FTIR Mean  Median 1-Std # of #of #of #of R Max
station diff. [%]  diff. [%] diff. [%] pairs FTIR 1ASI days At
Ny-Alesund -15 -3.3 15.3 4514 53 17 14 060 9h21
Kiruna 1.3 -0.9 19.3 2519 66 34 42 060 11hH43
Bremen 10.8 9.3 13.7 952 40 14 20 032 9h16
Jungfraujoch 2.3 2.0 125 5173 309 257 97 0.77 15h43
Izafa 2.4 2.4 9.9 2466 109 81 67 0.73 13139
Wollongong —4.5 -5.3 12.9 13402 611 244 77 077 16H27

Table 3. Median CO vertical column densities (VCD) for IASI and
1 the as-IASI-FTIR data.

Are| = 100 %X -
N

ZN: IASI; — FTIR;

: 1

- FTIR; @ , ,

=1 FTIR Median CO VCD Median CO VCD
station IASI as-IASI-FTIR

where N is the total number of comparison pairs over all [x108moleccnt?]  [x10*8moleccnt?]

days, IAS} is the IASI total column for thé-th coincident

pair, and FTIR is the corresponding total column for the N_y-,&lesund 1.99 2.10

FTIR instrument. Kiruna 1.74 1.75
The relative differences and standard deviations can be in- JBrf]mf?” e 21”;5 21273

terpreted taking into account the errors on these differences, ungiraujoc : :

due to th the individual FTIR and IAS| data. This 222 1.78 1.86
ue to the errors on the individua an ata. This  \yiiongong 139 1o1

calculation has been performed for one representative station
only, as described in Sedd. The results of the FTIR total
column comparisons are shown in Séct.

for even smaller temporal coincidences (3 h), the mean dif-
ferences (and the variabilities) become larger. For a 12 h co-
incidence criterion, there is no change for any of the stations,
because it roughly coincides with our chosen criterion.
Figure 5 shows the relative differences of the as-IASI-

The comparisons of the as-IASI-FTIR columns with the 1AS] FTIR CO total column and the IASI CO total column for
data are presented in Take Shown are mean differences, all thg comparison pairs fgr <’:'1|.| stations. It can be seen that
median differences, the &-standard deviation of the mean, thereis large intra-day variability.
the number of comparison pairs, the number of compari-
son days, and the correlation coefficients of the IASI totalg  renresentative error estimates calculated for Kiruna
columns and the corresponding as-IASI-FTIR total columns.

It can be seen that the standard deviations are generallgrror budget calculations for the comparisons are performed
larger than the mean or median differences, indicating thato|lowing Rodgers and Conng2003. Assuming that the
the differences are not Significant Compared to the Variab”ity.ground_based averaging kernels are almostideal (|e they are

Bremen has large CO total columns as can be seen frompout one at all altitudes), Eq. (27) frdRodgers and Connor
Table 3. It also shows the largest IASI-FTIR differences, (2003 can be reduced to

the reason of which is not clear to us. We verified that it

is not due to the co-location criteria chosen. A reductiono? = ojag + Afag SerirAIASI 2

of the spatial coincidence criterion to 50km slightly im-

proves the differences for kalesund, Jungfraujoch and whereSECﬂR is the FTIR error covariance matrix in partial
Izafa, but the variability increases. The differences remaincolumn units,Ajas is the IASI total column averaging ker-
the same for Kiruna, Bremen and Wollongong. Analyses usnel given in partial columns unitsy is the random error
ing tighter tempora| coincidences did not show a genera|0f the differences between the IASI total columns and the
reduction of the differences for Nfdesund, Bremen and as-IASI-FTIR total columnsgag is the random error on
Jungfraujoch. Kiruna, IZga and Wollongong show smaller the IASI total column andd g, S Aiasi = o is the
differences when 6 h are used for the coincidence criterionsquare of the random error of the as-IASI-FTIR total column.

5 Results for the ground-based inter-comparisons of
CO from FTIR spectrometers
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Fig. 5. Relative differences of the smoothed and altitude-corrected FTIR CO total column and the IASI CO total column of all the comparison
pairs for(a) Ny-Alesund,(b) Kiruna, (c) Bremen(d) Jungfraujoch(e) Izafia and(f) Wollongong. The red lines indicate10 % difference.
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Fig. 6. Carbon monoxide random errors, for the quality-filtered ~ Fig. 7. Carbon monoxide random error of the differences against
data against time at Kiruna. Shown are the errors for the originaldifferences of the IASI-FTIR total column for the quality-filtered
FTIR total columns (cyan open circles), the IASI total columns (red data for Kiruna. For the values indicated in blue (red), the absolute
dots), the as-IASI-FTIR total columns (green open circles) and thevalues of the differences are smaller (larger) than the random errors
random errors of the differences between IASI and as-IASI-FTIR (VCD = vertical column density).

total columns (blue dots).

differences have been compared to the standard deviations of

It can be seen that the altitude range of the FTIR errorthe differences and to the differences themselves. The mean
covariance matrixSeTir, has to be adjusted to the altitude value of the random errors on the differences for Kiruna is
range of the corresponding IASI averaging kernels, similarly5.1 % (median 3.5%). It can be seen also that, on average,
to the altitude correction of the profile itself. So either we this error of the differences is smaller than the standard de-
have to cut off matrix entries corresponding to the altitudeviation of the differences for Kiruna shown in Talite So
range that was removed, or we have to add entries correeven if there is no significant bias on average between the
sponding to the extended altitude range. In the latter casd ASI data and the ground-based data, there are many cases
we added a diagonal matrix element which was determinedvhere the differences between individual IASI total columns
from the difference between the FTIR partial column at theand the corresponding FTIR columns are significant.
lowest FTIR layer and the IASI a priori partial column corre-  This is further illustrated in Fig7, in which we plot in-
sponding to the FTIR layer. Also, the error covariance ma-dividual values of the random error on the differences ver-
trix for the ground-based dat&-Tir, has to be regridded sus the differences themselves, for the quality-filtered data
on the IASI total column averaging kernel gridias|, using  at Kiruna. The red dots correspond to the cases where the
the method described Dalisesi et al(20095 andVigouroux absolute value of the difference between the IASI and FTIR
et al.(2009. With this information the random errors can be ground-based CO columns is larger than the error associated
calculated. with it, in other words, where the difference is significant.

Figure 6 shows these random errors for the quality- The blue dots are the cases where the opposite is true, in other
filtered data. The average random errors of the CO columnsvords, where the difference is not significant. This evalua-
are about 0.0k10"®¥moleccnm? (cyan open circles) and tion indicates that the differences are significant in 69 % of
0.06x 108 moleccnT? (red dots), for the FTIR and IASI the cases.
data, respectively. The FTIR random error includes the ran- One may wonder whether this large number is due to the
dom contributions from the measurement error, the errorchoice of the co-location criteria. If we impose more strin-
of the model parameters and the temperature error. Th@ent co-location criteria, e.g. by reducing the co-location dis-
smoothing error is excluded. The random errors of thetance from 100 km to 50 km, we find that the percentage of
FTIR data after altitude adjustment and smoothing using thecases in which the differences are significant does not change

above formalism are of order 0.0810'8 moleccnt? (green  —if instead 1 h is chosen for the temporal coincidence crite-
open circles), and the random error in the differences isrion, it increases slightly to 71 %.
0.08x 10 moleccnt? (blue dots). In conclusion, we can say that there is an important num-

These error calculations were performed for the com-ber of cases for which the differences between the IASI
parison site Kiruna. The resulting random errors on theand the FTIR ground-based CO columns are significant,
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