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1 Introduction

The European Space Agency’s (ESAs) Michelson Interferometer for Passive Atmospheric Sounding
(MIPAS) operated for a decade between 2002 and 2012 measuring a number of key trace gases in the
upper troposphere and stratosphere, linked to a changing climate and atmospheric chemistry. The
validation of these data is an essential task to determine the accuracy and precision of these
measurements over the lifetime of the mission. Validation is often performed against in-situ data from
aircraft or ground-based data. In this work, data are compared to another satellite dataset; the
Atmospheric Chemistry Experiment (ACE) onboard SCISAT-1. The main issue with validating between
different satellite instruments flying in a different orbit, is careful selection of matchups to minimize
the time and distance between the two satellite measurements. In the following sections, the satellite
datasets are introduced, validation activities and validation results are described in detail.

2 Instruments and data analysis

2.1  MIPAS instrument and data

The MIPAS—E instrument was successfully launched onboard the ENVIronmental SATellite (ENVISAT)
in March 2002 as part of an ambitious and innovative payload. The ENVISAT measured from a polar
orbit at an altitude of 800 km, with an orbital period of about 100 min and a reference orbit repeat
cycle of 35 days. The MIPAS onboard Envisat (Fischer and Oelhaf, 1996; Fischer et al., 2008) is a Fourier
Transform Spectrometer that was designed to provide continual limb emission measurements in the
mid infrared over the range 685-2410 cm-1 (14.6—4.15um) at an unapodized resolution of 0.025 cm™.
The instrument’s field of view is approximately 3x30x400 km and one complete limb sequence of
measurements in full-resolution nominal mode consisted of 17 spectra with tangent altitudes at 68
km, 60 km, 52 km, 47 km, 42 km and continuing downwards to 6 km in 3 km intervals. After
commissioning the MIPAS was run predominantly in the full-resolution mode (FR mode) from July
2002 until March 2004. During this period the processing was performed by the ESA Instrument
Processing Facilities (IPF) V4.1 and V4.2, based on the Optimized Retrieval Model (ORM) code
described in Ridolfi et al. (2000) and in Raspollini et al. (2006), and covered the parameters p, T, and
the six constituents H,O, O3, CHi, N,O, HNOs, and NO,. Previous validation studies of these species
included: p, T (Ridolfi et al., 2007); Os (Cortesi et al., 2007); HNOs; (Wang et al., 2007); NO, (Wetzel et
al., 2007); N,O and CH4 (Payan et al. 2009); H,O (Wetzel et al., 2013).

During late 2003, the interferometer drive of the MIPAS developed an increased frequency of
problems and in March 2004 the data from instrument was suspended for more detailed
investigations. By January 2005, the instrument was switched back to operation with a reduced
maximum optical difference but the same interferogram scan speed which had the effect of reducing
the spectral resolution by 41% of the nominal. A benefit of the new scan pattern was increased vertical
scanning and more profiles per orbit of operation. Data from 2005 onwards are referred to as
optimised resolution mode (OR mode), optimised in terms of a trade-off between spectral and spatial
resolution and instrument operation safety. Data were run in OR mode until 8 April 2012 when an
ENVISAT anomaly occurred and communication between the ground and the satellite was lost (ESA,
2012). Details of the characteristics of the two MIPAS mission phases (FR and OR modes) in terms of
instrument settings and atmospheric sampling are described in Raspollini et al. (2013).

The changes during the OR mode meant a number of changes to the processing codes were needed,
leading to the ESA Level 2 processor version 6 (Raspollini et al., 2013). This version also provided error
estimates from the approach of Dudhia et al. (2002). Later versions of the processor included v7 and



v8. Data from the whole data period of ten years were processed using v6-v8. The high resolution of
the MIPAS allowed the investigation of extra species to the nominal 6. Version 6 extended to CIONO,,
N,Os, CFC-11 and CFC-12. The version 7, released in 2015, added HCN, HCFC-22, CF4, COF; and CCl,.
An ESA L1v8/ L2v8 “diagnostic dataset” (DDS) was released in June 2018 followed by a full mission
reprocessing in June 2019. The v8 data added in the molecules C,H,, C;Hs, OCS, CHsCl, and HDO.
Validation of the full mission v8 data processing only are considered in this validation report.

For validation of the operational HDO product, this study compares to a research data product
developed at the Karlsruher Institut fir Technologie (KIT), based largely on the work outlined in
Lossow et al. 2011, with further updates since then, but still retrieved using the IMK/IAA processor.
The retrieval employs a non-linear least square approach, with Tikhonov-type regulation to avoid
unphysical oscillations in the profile. Radiative transfer through the atmosphere is modelled by the
KOPRA (Karlsruhe Optimized and Precise Radiative Transfer Algorithm) model (Stiller et al., 2000).

2.2 ACE instrument and data

The Atmospheric Chemistry Experiment (ACE) on SCISAT was launched in August 2003 into an orbit at
650 km and 74-degree inclination angle to the equator, which produces a high density of
measurements over high latitude regions (Bernath, 2017). The satellite is still operational in late 2019.
The instrument onboard SCISAT relevant for the MIPAS validation work is the infrared solar-
occultation Fourier Transform Spectrometer, measuring 750 to 4400 cm™ at a spectral resolution of
0.02 cm-1. The ACE-FTS can make up to 15 sunrise and 15 sunset observations per day. The vertical
resolution of about 4 km extends from the mid-troposphere (5 km) up to 150 km. There are small data
gaps (two weeks at a time) where the satellite’s orbit geometry prevent a full view of the sun.

Two versions of the ACE full-mission processing datasets are relevant to this validation; version 3.5/6
and v4.0. The largest differences between the two datasets is the use of updated spectroscopy in v4.0
and some changes to trace gas microwindow selection. Version 3.5 (February 2004 to March 2013)
and version 3.6 (November 2012 onwards) are similar, and differences will be described here. Version
3.5/6 improved pressure and temperature from the Canadian Meteorological Center’s global model
and the recommendation was to not use any products before v3.5. Only changes relevant to the
MIPAS/ACE validation work between the two data versions are outlined here.

Generating the Level 1 data for version 4.0 filtered the high sun and deep space measurements for
excessive noise, averaged over +/- 3 orbits (unlike v3.5) which should have had the effect of reducing
the variability and/or oscillations in the retrieved profiles. This also had the benefit of recovering
occultations that had no reference spectra, reducing noise and increasing the number of occultations.
The failure rates using updated spectroscopy in v4.0 should be reduced. A new source of solar and
geomagnetic data was implemented in v4.0 with the later years of v3.6 data only using nominal values
for these quantities because the previous sources used were discontinued. These quantities are used
in calculation of high altitude pressure and temperature profiles, which should improve retrieval
results at high altitudes. Tangent altitude in v4.0 are determined from the N2 continuum, meaning
that altitude CO2 can be retrieved. V3.5 and v4.0 contain all gases relevant to this validation. Results
from ACE are not constrained to be positive and for VMRs close to zero, it is common to retrieve
negative values. Averaged results should come out to be positive, or zero if there is no signal.



2.3 Validation methodology

ACE has been operational since 2004 and therefore only measurements in the MIPAS “optimised
resolution” phase are considered in this analysis from January 2005 onwards. Only MIPAS data in the
27 level nominal mode are considered and ACE data which are not considered a priori values are
included. Due to the retrieval approach of ACE, negative values can occur in the retrieval process,
whilst not being physically possible are mathematically possible. Negative values are left in the
analysis. As the ACE provides only up to 30 measurements per day, in specific regions, this presented
some challenges for validation, for example matchups in the tropics (20S-20N) are only obtained with
very loose matchup criteria in both space and time, which leads to misinterpretation of results for
short-lived species. Therefore we restrict analysis to “global” comparisons understanding that the scan
pattern of the ACE instrument is such that most of the Northern Hemisphere measurements are over
latitudes of Canada (due to Canadian Space Agency funding). The scan pattern of ACE for 2015 is
shown in Figure 1, and is very similar year-to-year (Bernath, 2017).
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Figure 1. The latitude of ACE occultations for 1 year (2015) and the beta angle of the orbit

To maximise the number of matchups but reduce misinterpretation from setting the criteria too
loosely, we looked for a coincidence of 300 km and 3 hours as a match. We use altitude as the vertical
coordinate as this is the grid used by ACE, and also that there have been significant improvements in
the MIPAS altitude assignation making altitude comparison, rather than pressure level comparisons,
feasible. Values from the MIPAS have been interpolated onto the 1 km spacing of the ACE grid when
a matchup occurs and data are presented on the 1 km vertical grid employed by ACE (generally 5.5
km, up to ~60.5 km for some species such as 03). The comparison approach largely follows that of
Wetzel et al for the MIPAS balloon and satellite inter-comparisons and will be briefly detailed here.

Differences between measured quantities of MIPAS and ACE are expressed in absolute and relative
units with the mean difference:

N
1 (1)
AXmean = N Z (xM,n - xA,n)
n=1



where x),; and x4 are data values of MIPAS and ACE at one altitude level. The mean relative difference
AXpmeanrer Of matching pairs is calculated by dividing through the mean absolute difference by the
mean profile of the reference instrument, which is ACE:

(2)

xmean

.100%

Axrnean,rel = T o
N2n=1xA,n

Differences are then displayed together with the combined errors 6,5 0f both instruments,

defined as:
[ (3)
Ocomb = 0'12\,1 + 0}%

where gy, and g, are the precision, systematic or total errors of MIPAS. Errors from ACE are only given
in terms of precision (and, inherently, this is also taken to be the total error).

Precision errors come mainly from the random noise errors on the retrieval. Systematic errors for
MIPAS have been assessed in a corresponding study (Dudhia et al. (2002); Raspollini et al., 2013). The

uncertainty of the calculated mean difference (standard error of the mean, SEM) is given by # where

o is the standard deviation (SD) of the measurements. A bias between the instruments is significant if
the SEM is smaller than the bias itself. The retrieval approach of ACE does not produce averaging
kernels and so these cannot be applied to MIPAS data (and vice-versa) but the two instruments have
a similar field of view of around 3-4 km.

3 Intercomparison results

In this section, we discuss the validation for a number of key species retrieved by the MIPAS
operational L1v8/L2v8 processor based on collocated ACE observations. Gases include O3, HNO3
COF2, CCl4, HCN, C2H2, C2H6, CH3Cl, COCI2, HDO. MIPAS data used had to pass the a posteriori quality
check (retrieval convergence and size of maximum error) to be used in the comparison. ACE data were
similarly flagged and bad values and those which were simply the a priori assumptions were removed.
Data are analysed globally although this is biased towards more data in the Northern and Southern
Hemisphere mid-latitudes with virtually no data in the tropics (20S-20N) and few data at the poles
(poleward of 65 degrees). Data are shown for each gas for each year between 2005 and 2012 for the
version 4 ACE dataset.

Mean differences are shown by the red solid line, including the standard deviation (red dotted line) at
each level alongside the standard error of the mean (SEM, plotted as error bars). The combined errors
of MIPAS and ACE are shown in terms of precision (blue dotted lines) and total error (blues dashed
lines, including systematic components where assessed). This is presented for absolute and relative
terms.

ACE data were first produced operationally in January 2004, but given the issues with the MIPAS slide
mirror in March of that year, we only consider the intercomparisons from January 2005 when the
MIPAS began operations again after the new optimised resolution measurements began. An overview
of the comparison is given in Table 3.



3.1 Ozone (03)

Monitoring recovery of the ozone layer after the implementation of the Montreal Protocol is a key
aim of MIPAS data products. Collocation comparisons, Figure 2, show an agreement between the
satellites within £10% between 15 and 40 km for this mainly stratospheric species. For much of the
stratosphere (15-40 km) the agreement is within £5% with very little variability across the different
years pointing to a very stable and consistent product. A lower agreement is found in the upper
troposphere and lower stratosphere (10-15 km) with differences up to +30%. Below 10 km the
differences can be over 100%, but this is also the range of altitudes where some of the lowest VMRs

occur.
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Figure 2. Mean absolute and relative O3 VMR difference of all trajectory match collocation (red numbers) between MIPAS
and ACE version 4 data (red solid line) including standard deviation (red dotted lines) and standard error of the mean



(plotted as error bars). Precision (blue dotted lines) and total (blue dashed lines) mean combined errors are shown, too.
Global matchups. a) 2005, b) 2006, c) 2007, d) 2008, e) 2009, f) 2010 g) 2011, h) 2012. For details, see text.

3.2 Nitric Acid (HNO3)

HNO3 acts as a stratospheric nitrogen reservoir and the profile differences are seen in Figure 3. In the
upper troposphere/lowermost stratosphere (12 km to 17 km) differences between the satellites are
within £10%. In the lower stratosphere (17 km to 25 km) MIPAS is generally higher than ACE by up to
10%. By the upper stratosphere (25 km to 40 km) MIPAS is generally between 10%-30% lower than
the ACE values. Overall, biases are typically in the order of 5-20% in relative units and in line with the
numbers reported by Wang et al. (2007) referring to the FR period. Standard deviations exceed the
expected total error.
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Figure 3. As Figure 2 but for HNOs.



3.3 Carbonyl Fluoride (COF)

Carbonyl fluoride acts as a reservoir species for fluorine, first introduced in version 8 MIPAS data, and
profile shapes are generally consistent between MIPAS and ACE. VMR differences are smallest in the
15-18 km range across all years (£10%). Above 18 km to the upper stratosphere (35 km) MIPAS is
generally higher than ACE by between 20-40% across all years between 2005 and 2012. Above 20 km
the differences exceed the expected total error on the differences, but it must be remembered that
the ACE data contain no systematic error estimate for COF,.
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Figure 4. As Figure 2, but for COF2.



3.4 Carbon Tetrachloride (CCla)

Carbon tetrachloride was first introduced in the v7 MIPAS data and its relevance is an ozone-depleting
substance, accounting for about 10% of the chlorine in the troposphere. Despite being controlled by
the Montreal Protocol, CCl4 emissions from regions such as Eastern China showed no decline between
2009 and 2016 (Lunt et al. 2018). Estimated sources and sinks are generally inconsistent with
observations of its abundance. From Figure 5, it can be seen that the best consistency between MIPAS
and ACE observations is between 15 and 21 km for each year where the differences are between
110%. There is a significant negative bias above 22 km of up to 100%, which is in some cases outside
the total error. Below 15 km MIPAS VMRs are generally higher than ACE by between 5% and 40%.
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3.5 Hydrogen Cyanide (HCN)
Hydrogen cyanide is a good marker of biomass burning and is often used by ACE to determine whether
an air parcel has been affected recently by biomass burning (Tereszchuk et al. 2013). A significant
positive bias is seen in the MIPAS data between 16 and 19 km of up to 100%, exceeding the total error,
and observed across all years in the 2005 to 2012 range. Better consistency between 10% to 30% is
observed between 9 and 15 km, where most of the elevated plumes of HCN occur after biomass
burning events. Between 20 km and 23 km MIPAS VMRs are between 30% and 60% lower.
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3.6 Acetylene (CoH»)

Acetylene is produced by both biomass burning and biofuel burning (Parker et al. 2011). The MIPAS
VMRs are 10% to 50% lower than ACE across the profile (5 km to 25 km) and all years between 2005
and 2012, but within the expected total error. There are quite a few instances, particularly in the polar
winters, where the C;H, signal gives many negative values which means that some care needs to be

taken with the data for scientific needs.
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Figure 7. As Figure 2 but for C,H..
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3.7 Ethane (CzHs)

Ethane is produced from a variety of sources including biomass burning and fugitive emissions from
fossil fuel burning. In the mid- to upper troposphere (6 km to 10 km) MIPAS ethane is between 30%
and 50% higher than ACE, reducing to 20%-30% higher between 12 km and 14 km. Above 15 km, there
is @ much larger spread in the differences, which may be related to issues with ACE data at higher
altitude, first reported for version 3.5/3.6. For version 4 ACE data, there were significant updates to
the spectroscopy, updating from the HITRAN 2004 database to Harrison et al. 2010 and also a change
in the set of microwindows used (Table 1). Version 4 of ACE is still awaiting validation so the results of
the inter-comparison should be treated with caution at this stage.

25 2 global 25 B glabal
—— mean difference  |...-=""" Treeel . —— mean difference
-+ standard deviatior «--= standard deviation
[ = prECision ] L e prECiSion
20 - -~ tolal error 20 - -~ lotal error
) @ @ il e @ \ i
S 15 g 15 S 15 17 <15 = ]
E = B SR I ,L 4:
F IS NG ~
10}t 10 f/ b 10t ;' ok 10 . ]u
: : I
2005 s LT RN T 2006 M
-300 -200 -100 0 100 200 300 -300 -200 -100 O 100 200 300 -300 -200 -100 O 100 200 300 -300 200 -100 0 100 200 300
C,H, VMR difference [pptv]: MIPAS-ACE V4 C_H, VMR difference (%): MIPAS-AGE V4 C,H, VMR difference [pptv]: MIPAS-ACE V4 C,H, VMR difference (%): MIPAS-ACE V4
25 T T obal 25 lobal
o] ~sif{ 9 E—— o L o
/ —— meandifference [ o oeoooi | oo iianan —— mean difference
]
1 -+ standard deviation -- standard deviation R
HE
| == precision +— i =wmre prECision —
20 ); L ot enor - — 20 -~ = fotal aror - = — -
T A T - 5 T \ |/
.g. S g N g. i A/
Y 4:
2 15} P 8 15}, 8 15} g 15 —H
= 2l £ = £ |
@ K @ @ @ - N
S
1 .
10} | 10" 10t 10
2007 LN 2008
-300 -200 -100 0 100 200 300 -300 -200 -100 O 100 200 300 -300 -200 -100 O 100 200 300 -300 200 -100 0 100 200 300
C,H, VMR difference [pptv]: MIPAS-ACE V4 C_H, VMR difference (%): MIPAS-AGE V4 C,H, VMR difference [pptv]: MIPAS-ACE V4 C,H, VMR difference (%): MIPAS-ACE V4
are ik global i\ ) &) giobal
{ —— mean difference = —— mean di —
‘r -+ standard deviation : -~ standard deviation R
[ : == precision — [ == precision ==z <]
20 A L ol emor — = 20 -~ fotal error o —
- = ~ 7 = 1y
£ S g VP £ g Y i
g 15 Pt g 15 H - 215 g 15 te
g F L g i g r ] —
= L £ 74 £ £ th—
© Py @ H ] @
1o | 1o} 1 L 1of wf T IR T
! (8 . L H
i 2009 l 2010 ) )
-300 -200 -100 0 100 200 300 -300 -200 -100 O 100 200 300 -300 -200 -100 O 100 200 300 -300 -200 -100 O 100 200 300
C,H, VMR difference [ppiv]: MIPAS-ACE V4 G,H, VMR difference (%): MIPAS-AGE V4 C,H, VMR difference [pptv]: MIPAS-AGE V4 G H, VMR difference (%): MIPAS-ACE V4
25 25
¥! giobal 7 . . giabal
g i —— mean di ) W —— mean difference -
‘\ -~ standard deviatior «--~ standard deviation
[ Al =om precision — [ == precision
20 H i - -~ total error T L 20 - - - total error
—_ ; f = ~ 1 — =
£ L ) i g E
% S e H 3 e
515 . 315 g 15 315
g P g B g g
| I\ I!‘ L 4
10} i 10F e i 10F 10 1
- s " +h
. 2011 2012
-300 -200 -100 O 100 200 300 -300 -200 -100 O 100 200 300 -300 -200 -100 O 100 200 300 -300 -200 -100 O 100 200 300
C,H, VMR difference [ppiv]: MIPAS-ACE V4 G,H, VMR difference (%): MIPAS-AGE V4 C,H, VMR difference [pptv]: MIPAS-AGE V4 G H, VMR difference (%): MIPAS-ACE V4

Figure 8. As Figure 2 but for C,Hs.
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Centre Frequency  Microwindow  Lower Altitude Upper Altitude

(cm™) Width (cm™?) (km) (km)
1950.10 1 0.35 6-7 20
1977.60 & 0.50 6-7 20

2976.50 2.00 6-7 20

1] Included to improve results for interferer H>O
BI Included to improve results for interferer H:O isotopologue 2 (H*OH)

Centre Frequency  Microwindow  Lower Altitude Upper Altitude

(cm™) Width (cmn?) (km) (km)
1950.10 [ 0.35 6-7 20
1977.60 1 0.50 6-7 20

2976.55 0.90 5 30
2983.37 0.70 9-14 30
2986.55 0.70 5 30
2993 45 0.90 10-15 30
2996.60 1.20 5 30

U Included to improve results for interferer H:O
BI Included to improve results for interferer H>O isotopologue 2 (H'*OH)

Table 1. Microwindows used by the ACE C,Hg retrieval for v3.5/3.6 (top) and v4 (bottom) retrievals.
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3.8 Chloromethane (CHsCl)

Chloromethane is the most abundant halocarbon in the atmosphere and is emitted from natural and
anthropogenic sources (Yokouchi et al., 2000). Figure 9 shows that between 10 and 22 km there is a
negative bias of within 5% to 50%. In the mid-stratosphere (22 km to 29 km) the differences stay within
+30% but with a very large spread due to low VMRs. Above 29 km, there is significant negative bias of

up to 100%.
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Figure 9. As Figure 2 but for CHsCl.
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3.9 Phosgene (COCIy)

Phosgene (COCI;) is a by-product of chemical industries and by OH-initiated oxidation of chlorinated
hydrocarbons in the troposphere (Kindler et al., 1995; Fu et al., 2007; Valeri et al., 2016). Figure 10
shows that there is a very significant positive bias throughout the retrieved profiles between 8 km and
25 km of between 80% and 200%. There were very significant changes to the ACE COCI2 product
between the v3.5 and v4, most significantly the spectroscopy data was updated from the ATMOS
linelist (Brown et al., 1995) to HITRAN 2016. Significant changes were also made to the microwindow
list (Table 2) including many more lines in the 829 cm-1 to 861.50 cm-1 range. ACE COCI; has not yet
been validated so comparisons should be viewed with some caution. For comparison, the results of
the validation between MIPAS and ACE (v3.6) are shown in Figure 11. The profiles are now much more
consistent with differences within £30% throughout the 8 km to 25 km range.
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Table 2. Microwindows used by the ACE COCI, retrieval for v3.5/3.6 (top) and v4 (bottom) retrievals.

Centre Frequency  Microwindow  Lower Altitude  Upper Altitude Centre Frequency  Microwindow  Lower Altitude Upper Altitude
(emY) Width (cm™) (km) (km) (cm™) Width (cm™) (km) (km)
844.00 28.00 8-10 235-285 829.03 0.50 8-11 2429

1970.12 M 0.35 10 235285 832.50 0.50 8-11 24-29
1977.60 & 0.50 8-10 21 837.00 1.80 811 2429
2076.50 ! 2.00 8-10 20 838.55 0.70 811 2429
T Included to improve results for interferer CO2 84525 3.50 11 24-29
LI meluded to improve results for interferer H2O isotopologue 2 (H'SOH) g;?gg ggg g’:} g:jg
LI Ineluded to improve results for interferer C2Hs 354,50 300 1].7—].4 2429
857.00 2.00 8-11 24-29
861.50 3.00 8-11 24-29

2976.50 11 2.00 -1 20
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Figure 11. As Figure 2 but for COCl, and using the ACE v35/3.6 dataset.
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3.10 Heavy Water (HDO)

The isotopic composition of water vapour provides unique information about convective processes
and transport in the atmosphere. As water vapour condenses to liquid or ice, the heavier
isotopologues, such as HDO, are preferentially removed in the vapour phase. Evaporating ice can carry
the more enhanced isotopic signature of lower altitudes (Randel et al, 2012). Between 13 and 35 km
the agreement between MIPAS and ACE is better than +20% and generally better than +10% in the
stratosphere (18 km to 35 km). Above 35 km and up to 45 km, MIPAS is negatively biased by between
10% and 40%. Below 13 km, it is clear that negative bias of 10% to 50% occurs.

Alongside the ESA L1v8/L2v8 full mission data, an improved HDO research product from the KIT group
is under development (M. Kiefer, pers. Comms.) and referred to hereafter as HDO-KIT. Previous
versions of the product are outlined in the validation paper by Lossow et al., 2011. To assess the quality
of HDO-KIT Lossow et al., 2011, made their own comparisons to ACE-FTS satellite data alongside
measurements made by the Odin/SMR satellite. The authors found the largest differences to ACE-FTS
below 15 km where relative deviations occasionally exceeded 100%. Above 20 km, the found very
good consistency between HDO-KIT/ACE/SMR, with MIPAS and ACE agreement to within 10% with
HDO-KIT showing higher abundances than ACE-FTS.

In this study we compare operational MIPAS HDO to ACE-SCISAT and, additionally, MIPAS HDO to a
more recent, yet unpublished version of HDO-KIT by the profile-to-profile comparisons averaged over
years. As we can compare to the whole 2002 to 2012 period of data for HDO-KIT we are also able to
compare and contrast full-resolution and optimal resolution data periods. For operational MIPAS and
HDO-KIT we also show regional differences due to the better global matchup coverage we are able to
get. Regions shown are the Arctic (65°N-90°N), Northern Hemisphere mid-latitudes (nh_midl 20°N-
65°N), the tropics (20°S-20°N), the Southern Hemisphere mid-latitude (sh_midl 20°S-65°S) and
Antarctica (65°S-90°S).

For global MIPAS/ACE v4 comparisons, Figure 12, it was found that below 13 km, MIPAS is between
10% and 50% lower than ACE. Between 13 km and 35 km there is much greater consistency, between
120% and generally better than 10%. Above 35 km MIPAS is again lower than ACE by between 20%
and 50%.

Comparisons of MIPAS operational product to HDO-KIT, Figure 13, yielded some very consistent and
favourable results in the full-resolution data period (2002-2004). The best agreement between the
two datasets overall was found to occur between the upper troposphere and the upper stratosphere
(15 km to 50 km), within £10%, which was also reproduced across all latitude regions in the regional
analysis, Figure 13. Globally, operational MIPAS was lower than HDO-KIT by between 5% and 40% and
this was representative of all regions. Below 9 km there was more inconsistency with the global
average showing operational MIPAS data could be up to as much as 150% high , particularly in the
arctic and northern hemisphere mid-lats.

During the optimised resolution period (2005-2012) there was also good consistency between the
operational MIPAS HDO and HDO-KIT, Figure 14. The highest consistency globally was between 15 km
and 35 km, within £15%. This was also represented across the five regional latitude bands, although
the tropics showed less consistency of between £30%. Below 15 km, MIPAS was between 10% and
100% lower than HDO-KIT. In the upper stratosphere (35 km to 50 km), MIPAS was lower by between
10%-30%. By the mesosphere (50 km to 65 km), MIPAS are higher by 10%-50%. Larger positive bias of
MIPAS is found in the arctic mesosphere at up to 100%.
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Figure 12. As Figure 2 but for HDO.
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Figure 13. Mean absolute and relative HDO VMR difference of all match collocation (red numbers) between operational v8
MIPAS and KIT HDO data (red solid line) including standard deviation (red dotted lines) and standard error of the mean
(plotted as error bars). Precision (blue dotted lines) and total (blue dashed lines) mean combined errors are shown, too for
2002-2004 during the MIPAS instrument full-resolution period. a) Global matchups, b) arctic [65N-90N], c) Northern
Hemisphere mid-latitudes [20N-65N], d) tropics [20S-20N], e) Southern Hemisphere mid-latitudes [20S-65S], f) Antarctica
[655-90S]. For details, see text.
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Figure 14. As Figure 13, but for 2005-2012.

Table 3. Summary of MIPAS validation results comparison to ACE-FTS on SCISAT. Mentioned atmospheric parameter
differences refer to MIPAS minus the ACE-FTS instrument.

Parameter Comments (L1v8/L2v8 FM)
O3 | Agreement +10% 15 km to 40 km

HNOQO;3 | Significant positive bias of more than 10% between 17 km to 25 km. MIPAS
negative bias of between 10% and 30% between 25 km and 40km
Significant positive bias between 20% and 40%

Significant negative bias above 22 km and significant positive bias below 15 km

Below 15 km, agreement within £30%. A persistent positive artefact in the MIPAS
data between 16 km and 19 km.
Negative bias of between 5% and 50%

Positive bias of between 20% and 50%
Agreement £30% between 22 km and 29 km.
Significant positive offset in the MIPAS by between 80% and 200% in the profile

Excellent consistency with KIT HDO product of between +10% between 15 km and
50 km. Consistency with ACE between 13 km and 35 km better than £20%

COF>
ccly
HCN

CoH>
CoHs
CHsCl
COoCl»
HDO
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4  Conclusions

Vertical profiles of ACE-FTS solar occultation measurements between 2004 and 2012 have been used
for an intercomparison study of some major gas retrieved by MIPAS and some of the new species
retrieved in the version 8 of the operational MIPAS processor.

For some of the previously measured species (Os, HNOs;, COF,, CCl, and HCN), there is excellent
consistency between MIPAS and ACE-FTS, particularly Oz and HNOs. These species are both consistent
to within £10% with ACE-FTS in the stratosphere. COF2, CCl4 and HCN show biases in the results and
caution is advised when these data are used for scientific studies.

Some of the new v8 species (C;H2, C2H6, COCI2 and CH3CI) show some large deviations. Some
negative values of C;H, and C2H6 are found in the colder wintertime measurements. COCI2 shows a
significant offset in the comparison to ACE v4 data, which didn’t occur with the comparison to ACE
v3.6 data, which should be investigated in future study. C2H2, C2H6 and CH3Cl should be used with
caution for scientific studies. Another new species, HDO, shows some excellent agreement to ACE-FTS
throughout the stratosphere. The first intercomparisons between the operational MIPAS HDO and a
research product from KIT yielded some excellent agreement in the stratosphere also.
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