MIPAS QWG#45 Meeting
28 - 30 October 2019

Summary + Action Items List
A summary of the main conclusions of the meeting and the list of the new Action Items are provided in the
present document.

28/10/2019 – Day 1
Welcome and Introduction


Henry Laur (ESA) welcomes the QWG members.



Angelika Dehn (ESA) introduces the objectives of the final MIPAS QWG:
o
o
o

The celebration of the very good results reached in these 16.5 years of QWG
activities;
The overview of the Level-2 v8 (the algorithm improvements, new species, new
AUX data, validation and QC analysis results);
The logistics of the meeting and reports the apologies of Professor Herbert
Fischer for not attending the meeting.

LEVEL 2 - close out of phase F activities


Marco Gai (IFAC) presents an overview of ORM V8 used perform the full mission
reprocessing of L1 V8 data. ORM code was aligned to ML2PP V7 (the official code
adopted for the previous reprocessing campaign) with the following new implemented
features:
o
o
o
o
o
o
o
o
o
o
o
o
o



Handling of horizontal in-homogeneities;
Height – dependent cloud-index thresholds for cloud detection;
Optimal Estimation (with variable or fixed a priori profile);
Multi-Target retrieval;
Use of fixed masks along the orbit;
Selectable units (ppmv, pptv or 10N) for internal VMR retrieval calculations;
Handling different databases for initial guess/interfering species/computation
of the gradients: IG2, ECMWF, results of previous reprocessing;
Slicing: possibility of retrieving a new gas, without need to re-do the full
sequence of retrievals, i.e. using data from previous processing;
New strategy for quality flagging of retrieved profiles;
New output file format;
Retrieval of new species;
Use of new auxiliary data;
Use of L1 V8 data.

Piera Raspollini (IFAC) presents the results of the retrievals of the six new species:
C2H2, CH3Cl, COCl2, C2H6, OCS and HDO. Each of the new species has been retrieved
with the Optimal Estimation approach, with fixed a priori profile all over the mission.
For HDO, the H2O retrieved profile of the current scan has been used as a priori profile.
The results have been characterized presenting the degrees of freedom (vertical
resolution) and mean random error of the single scan, and time-series and lat-lon maps
for a qualitative inspections of the retrieved profiles.

DOFs FR

DOFs OR

Altitude validity [Km]

Minimum relative random error

C2H2

3.9

4

6-20

20%

C2H6

3.2

2.3

6-20

30%

CH3Cl

3.1

2.7

6-25

30%

OCS

4.9

3.8

6-25

20%

COCl2

4.1

3.4

10-25

20%

HDO

8.8

8.1

6-40

10%



It is suggested to modify the a posteriori flagging in the output files for HDO, CH3Cl and
COCl2 according to the new thresholds defined from the statistics of the full mission.
No critical issues have been found for any of the species, apart from many negative
values in critical regions (i.e. CH3Cl in lower stratosphere. Note: Negative values are
allowed in the retrieval, but negative values in the mean indicates the presence of an
unaccounted systematic error).

Daan Hurbert (BIRA) asks how the thresholds have been implemented; Piera Raspollini and
Marco Gai (IFAC) confirm with the statistical distribution of the random error and Chi2 in
the DDS-L1v8/L2v8.

AI _QWG#45_28_10_19_01 – With reference to the distributions of the maximum errors and CHI2 for the
thresholds definition in the DDS, check the resulting numbers between “good profiles” and “rejected
profiles”. From discussion of the last day, P. Raspollini (IFAC, by WebEx) says that in order to be sure that
the modification of the post quality flag does not impact the validation results, tests will be done where the
average of profiles with the maximum error filtered and the maximum error not filtered will be compared. If
these averages are equal we can deduce that the validation is not affected by the modification of the post
quality flag. The results shall be circulated by e-mail - no teleconference foreseen. [PR/ IFAC]


J. M. Flaud (LISA) describes the evolution of the MIPAS spectroscopic line database
since version 3.1 to the current version 4.45. He shows two examples of spectroscopic
database validation with MIPAS measurements: HNO3 in the 7.6 µm spectral region
and phosgene cross sections at 11.65µm. Finally, he reports on the inconsistency of the
ozone line width parameters in the last versions of HITRAN.



M. Birk (DLR) reports the results of the studies performed on the ozone line
parameters.
o New databases for the ozone fundamentals were created with significant
updates for the line positions and intensities in ν1 and ν3.
o The re-analysis of broadening showed validity of HITRAN data Strong lines in
the ν3 were updated with broadening data on single line basis (without
polynomials).

o
o
o
o





Errors in broadening data as cause for ozone differences in A and AB bands are
unlikely.
Impact of new databases on MIPAS will be investigated by Norbert Glatthor.
Validation is planned with solar occultation (Frank Hase), ACE (Chris Boone) and
Kitt Peak spectra (Geoff Toon).
In order to cover the intensity range relevant for limb sounding new
measurements are required, especially air broadened.

A. Dudhia (OU) describes the MW database files, the LUTs and the OMs.
o For the MW database the main development has been the generation of MWs
for new species.
o For the LUTs the main developments have been the switch to using new MIPAS
spectroscopic line data, the update assessment of cross section data (TN
18Jan2018) with the following recommendations and the special treatment
required for HDO isotopic species.
o For the OMs, the main development has been that originally thousands of files
were needed to allow for different combinations of missing altitudes and
different latitude bands, but now they are just replaced with a single OM for
the nominal case of all sweeps available.
The MW auxiliary data used for reprocessing have been made available on the OU
website (eodg.atm.ox.ac.uk/MIPAS/mw) and have to be made available on the ESA web
site.

M. L. Puertas (IAA) reports the work done on NLTE in the project, showing the following
approach for the treatment:
o Set up a set of atmospheric reference atmospheres (Day, Night, Equator, Polar
Summer, Polar winter). Later extended to 48 (4 months × 6 lat bands × 2
(day/night));
o Calculate non-LTE populations (Tvibs) for 12 species, a total of 398 levels;
o Calculate synthetic MIPAS LTE and NLTE spectra;
o Perform retrievals for both and assign the difference to the “NLTE error” (1σ);
o Select MWs by minimizing the total error by including this “NLTE error”;
And for the Veriﬁcation of NLTE:
o By looking at the residual spectra (and comparing retrieved Day & Night vmrs);
o Comparing measured and synthetic NLTE spectra;
o By external studies by analysing the measured spectra;
o Analysis/Checking of the NLTE errors.
 The conclusion of the study are here summarized:
o NLTE treatment in the LTE retrievals by avoiding/minimizing its impact is
adequate and works well. The only exceptions are NO and CO, which very much
deviated from LTE.
o In general, NLTE errors are significantly smaller than other error sources. The
few exceptions where they are significant (but not dominant) are:
 for p-T at 10-30 km at daytime and above 55 km at polar winter,
 for O3 above 55 km (day and polar winter) and above 65 km (night),
 for H2O above 50 km (day) and above 55 km (night),
 for CH4 above 50-60 km (day),
 for NO2 above 50 km (day) and 60 km at night.
o The p-T NLTE errors at 10-30 km at daytime sometimes map in other species.
o Probably NLTE errors are in general rather conservative.



D. Moore (UL, via WebEx) presents the updates of the Climatological IG2 profiles: in
particular the reference atmospheres for MIPAS (Standard Atmospheres Database)
have been presented:
o A set of climatological profiles that represents the global atmosphere under
conditions of varying atmospheric states;
o Six latitude bands 90-65°S, 20-65°S, 0-20°S, 0-20°N, 20-65°N, 65-90°N;
o Annually varying gases for some species (i.e. CFCs);
o Diurnal variation for some species (N2O5) ;
o Data derived from model (SLIMCAT, ECMWF, MOZART) and satellite datasets
(ACE);
o During Phase-F we updated the version 5 adding a number of new species,
based primarily on estimates from ACE satellite data (v3.5).
Conclusion:
 ACE limb data proved invaluable for producing stratospheric IG2 estimates and it could
make further improvements based on newer ACE data (v4) using improved
spectroscopy.
 SLIMCAT was used to simulate day/night effects on species such as HOCl, sampled to
MIPAS local solar time.
 For N2O5 an update of the SLIMCAT model was done (refer to previous MIPAS QWG
meetings and discussions)
 New or updated 15 species since v5.0 are: C2H6, COF2, SF6, HCN, CCl4, F113, F22, OCS,
NH3, C3H8, PAN, COCl2, HOCl, HDO, H2O (in mesosphere).
 The IG2 final version used within the MIPAS QWG and data set is #v5.4.










Marco Gai (IFAC) makes an overview of the diagnostic datasets and of the L1-V8 L2-V8
full mission, showing some statistical information on the number of converged
retrievals and on the quality flags. During the development of the L2V8 processor, 3
diagnostic datasets were processed before the final processing of the Full Mission in
order to support the verification activity of ORM V8 and test the new improvements of
Level 2 processor, Level 1 and auxiliary data:
DDS1 - L1V7/L2V8 (processed by IFAC):
o
Level 1b V7 processed with ORM Level 2 V8 (first version of ORMv8 and
AUX data);
o It has been used to test the new improvements implemented in ORM Level 2
V8.
DDS2 - L1V8/L2V8 (processed by IFAC):
o
Level 1b V8 processed with ORM Level 2 V8(second version of ORMv8 and
AUX data);
o It has been used to verify the impact of both L1 and L2 improvements on the L2
products.
DDS3 - L1V8/L2V7 (processed by ESA):
o
Level 1b V8 processed with ML2PP V7;
o
Only temperature can be used (due to the updates of the spectral ranges
which were enlarged in Level 1b. The Level 2 processor ML2PP V7 was not
compatible to these updates)
In the full mission, a high number of scans have been of insufficient quality for the new
V8 species and also for HCN and F14 retrieved by using optimal estimation. For these
species the threshold of the maximum error defined in DDS2 and used for the full
mission processing is in general too small. The post quality flag (specifically designed for

post processing flagging) can be modified in the output standard products by using
more suitable thresholds for the maximum error.


M. Ridolfi (UB) says that in the optimal estimation method the maximum error is given
by the a priori error, therefore, he suggests that instead of the flag on the maximum
error a flag on the number of degrees of freedom would be more appropriate. Since the
user can calculate by himself the number of degrees of freedom, the decision is taken
to just remove the flag on the maximum error.



A. Piro (SERCO) presents the L1-V8 and L2-V8 reprocessing milestones.
o For L1 full mission data were released on January 2019, 71 patched products
were substituted on the ESA server on September 2019 and the documentation
made available on MIPAS SPPA web page
(https://earth.esa.int/web/sppa/mission-performance/esamissions/envisat/mipas/products-and-algorithms/products-information).
o For L2 the full mission reprocessing was completed on June 2019 and the data
quality control was completed.

29/10/2019 – Day 2
LEVEL 2 - close out of phase F activities (continue)















A. Dudhia (OU) presents the approach for the estimation of the systematic errors.
The main developments in the estimate of the systematic errors have been: the use of
A. Kleinert (KIT) L1 error budgets (A band 2% gain uncertainty is significant), the error
spectra due to spectroscopic errors are now computed as differences between spectra
computed with sp3.2 and sp4.45, the propagation of systematic errors from pT retrieval
into VMR retrievals and the technical note on mathematical basis is available on OU
web page.
Both M. Ridolfi (UB) and M. Birk (DLR) disapprove the approach used by A. Dudhia (OU)
for estimating the errors due to spectroscopic errors.
M. Birk (DLR) suggests to study the residuals
M. Ridolfi (UB) comments that the study of the residuals on the broadband spectrum is
not an easy task.
M. Ridolfi (UB) says that since we saw that the interference of phosgene on CFC-11 is
very large, we should perform the joint retrieval of CFC-11 and phosgene.
A. Dudhia (OU) says that the joint retrieval can be done with the MWs currently
selected.
P. Raspollini (IFAC) says that sometimes the joint retrieval with the currently selected
MWs have been performed, but no significant differences have been observed with
respect to the single retrievals. Maybe the selection of specific MWs for the joint
retrieval is important.
A. Dudhia (OU) does not think that the selection of specific MWs for the joint retrieval
is important.
M. Ridolfi (UB) thinks that the specific MW selection is important in the case of CFC-11
and phosgene.
A. Dudhia (OU) shows that the error on phosgene due to CFC-11 is small with respect to
the random error.
P. Raspollini (IFAC) says that we have to explain why the estimated systematic errors
are larger than the estimates obtained by the validation.




A. Dehn (ESA) concludes that the discussion and rationales behind the questions needs
to be documented and reported in the TN, as the QWG activities are completed no
further studies can be performed.
J. M. Flaud (LISA) asks for the shape of the spectral error. A. Dudhia (OU) says that
depends by the molecules distribution and also by different factors: not easy to
understand.

AI _QWG#45_29_10_19_02 – In Product read-me file to include a short paragraph about the error analysis
(by Anu); and expand TN on MWs selection. [Anu/IFAC/ISAC]


G. Wetzel (KIT) presents the MIPAS-B instrument, the MIPAS-B data analysis, the
validation flights, the intercomparison method (based on the evaluation of differences,
combined errors, precision errors, systematic errors, bias), the MIPAS-B spectral
windows and the results of the comparison between MIPAS-B and MIPAS-E L1V8/L2V8.
The detailed results have been reported:
o Temperature: Difference within ±2 K between 12 and 39 km. L1v8/L2v8 and
L1v8/L2v8 DDS data very similar; slightly higher temperatures (~0.3 K)
compared to L2v7 data.
o H2O: Positive bias (5-20%) between 11 and 39 km within combined systematic
errors (except OR mode around 15 km). L1v8/L2v8 and L1v8/L2v8 DDS data
very similar; bias slightly reduced compared to L2v7 data.
o O3: Disagreement within ±10% for all altitudes above 15 km (small positive bias
above 18 km). No striking difference compared to previous data versions
(L1v8/L2v8 DDS and L2v7).
o HNO3: Significant positive bias (5-20%) below 27 km (most pronounced
between 19 and 26 km in the OR mode). No changes compared to L1v8/L2v8
DDS but enhanced bias between 19 and 26 km compared to L2v7.
o CH4 & N2O: Positive bias for CH4 (5-15%) and N2O (10-20%) below 35 km,
especially pronounced in the lowermost stratosphere around 15 km. somewhat
larger positive deviations also in the Tropics around 30 km. No changes
compared to L1v8/L2v8 DDS, small changes compared to L2v7.
o NO2: Positive bias of up to 20% in FR mode (unexplained above 31 km), smaller
positive bias (~10%) in OR mode (above 27 km). No striking changes compared
to previous data versions (L1v8/L2v8 DDS and L2v7).
o N2O5: Differences within ±10% between 24 and 34 km (no significant bias in
OR mode, small negative bias in FR mode). No striking changes compared to
previous data versions (L1v8/L2v8 DDS and L2v7).
o ClONO2: Differences within ±10% between 19 and 32 km (no significant bias).
No striking changes compared to previous data versions (L1v8/L2v8 DDS and
L2v7).
o CFC-11: Differences within 10% below 20 km. Positive bias (increasing with
altitude) above this altitude level. No changes compared to L1v8/L2v8 DDS but
some enhanced negative deviations below 15 km compared to L2v7.
o CFC-12: Differences within ±5% for altitudes below 20 km. Significant positive
bias above this altitude level up to 32 km. No changes compared to L1v8/L2v8
DDS but slightly reduced deviations below 16 km compared to L2v7.
o HCFC-22: Differences within ±10% up to 26 km (FR mode) and 28 km (OR
mode). Significant positive bias above 26 km (FR mode) and negative bias
above 28 km (OR mode). No changes compared to L1v8/L2v8 DDS but
somewhat reduced bias above 25 km compared to L2v7.
o CCl4: Significant negative bias above 22 km, positive bias below 21 km (OR
mode). Differences within ±20% up to ~22 km in both observation periods. No

o

o

o

o

o

o

o

o

significant changes compared to L1v8/L2v8 DDS but different shape of
deviations compared to L2v7.
CF4: Differences within ±10% between 11 and 37 km. Significant positive bias in
FR period. No clear bias in OR period. Small changes compared to L1v8/L2v8
DDS; reduced deviations around 26 km compared to L2v7.
COF2: Differences within ±20% in the stratosphere; no unexplained biases. No
changes compared to L1v8/L2v8 DDS but somewhat different shape of
deviations compared to L2v7.
HCN: Differences within ±20% below 34 km. Stratospheric positive bias in FR
mode, exceeding combined systematic errors above 20 km (difference > 20%).
No clear bias in OR period. Oscillations from L1v8/L2v8 DDS removed; reduced
deviations compared to previous data version L2v7.
C2H2: Differences within ±50% up to 24 km. Negative bias (within 50%) in FR
mode (except 15-16 km), significant negative bias below 20 km and above 23
km in OR mode (exceeding combined systematic errors and the -50% difference
limit). Lower stratospheric altitude regions in MIPAS-E retrievals sometimes
show negative VMRs (in Arctic winter). Clearly reduced negative bias compared
to L1v8/L2v8 DDS.
C2H6: Differences within ±25% up to 19 km. Significant negative bias in FR
mode (exceeding -50% limit above 13 km), no bias in OR mode below 20 km
(differences within ±20%). Lower stratospheric altitude regions in MIPAS-E
retrievals sometimes show negative VMRs (in the Arctic). No major changes
compared to L1v8/L2v8 DDS.
COCl2: Differences within ±20% up to 27 km. Negative bias in FR and OR period
(except 22-27 km), unexplained at high altitudes; quite large deviations in the
Tropics. Small changes compared to L1v8/L2v8 DDS.
OCS: Differences within ±20% up to 24 km. Significant positive bias between 14
and 18 km; difference within ~20% up to 26 km. (FR mode). Significant positive
bias < 22 km and negative bias > 22 km (OR mode) exceeding ±50% limit and
combined systematic errors above 24 km; quite large deviations in the Tropics.
No significant changes compared to L1v8/L2v8 DDS.
CH3Cl: Differences within ±20% between 13 and 22 km. Positive bias above 15
km (negative bias below) in FR period. Negative bias within -30% between 19
and 27 km, increasing with altitude, and exceeding the combined systematic
errors above 26 km (OR period). Large deviations at mid-latitudes and in the
Tropics. Slightly enhanced negative bias above 22 km compared to L1v8/L2v8
DDS.

AI _QWG#45_29_10_19_03 – [IFAC] to investigate on the cause of the deviations of MIPAS-E from the
ATMOS/ACE-FTS tropics correlations and the MIPAS-B data in the correlation plot N2O-CH4.



D. Hubert (BIRA) presents the validation of CH4, HNO3 and N2O of L2 v5, v6, v7, v8 vs
NDACC FTIR.
CH4 Validation Results:
o Bias: globally (no Antarctic) & vertically consistent 3-10 % positive bias;
o Dispersion: Similar spread below 30 km, increasing above due to decreasing
concentrations (and appearance of fluctuations);
o Bias at edge of significance;
o Small vertical dependence of profile bias: mostly constant above 18 to 20 km,
while going down to lower values below;
o Unsmoothed difference profile shape in agreement with MIPAS-B comparisons;

o







V7/8 FR bias reduction with respect to V5/6 at cost of small OR bias increase
(few %);
o No seasonal dependence detected; hard to detect trends and drifts.
HNO3 Validation Results:
o Bias: Less than 5 % neg. bias for L2V8 (reduced w.r.t. previous versions);
o Dispersion: ~10 % spread (all versions);
o Thus well within ground-based data uncertainty;
o No significant drifts detected;
o Significant vertical dependence: Strong negative bias above 16-26 km, reaching
minimum at roughly 22 km in the Arctic or higher towards equator (V7/8
improvement only at Izaña); spreads range between 5 and 50 % with minimum
around altitude of most negative bias;
o Unsmoothed difference profile shape in agreement with MIPAS-B comparisons,
with offset;
o Significant seasonal bias dependence: more negative values in local winter
times around bias minimum.
N2O Validation Results:
o Bias: Globally (no Antarctic) & vertically consistent bias of ~5 % positive;
o Dispersion: Similar comparison spread;
o Thus bias at edge of significance (cf. CH4);
o Weak vertical dependence (station-dependent features);
o Unsmoothed difference profile shape NOT in agreement with MIPAS-B
comparisons;
o V7/8 FR bias reduction with respect to V5/6 at cost of small OR bias increase;
o No seasonal dependence detected; hard to detect trends and drifts.
D. Hubert (BIRA) presents the dataset and the methodology used for the validation of
temperature, altitude and ozone.
o Temperature:
 ORM V8 warmer than ML2PP V7 in stratosphere, colder in UT/LS;
 Spread smaller for ORM V8 by 0.2- 0.5K at high & mid-lat;
 Positive drift V8 smaller than that of V7 in middle stratosphere (Drift
changes by 0.5K per decade during OR period);
 Different sign of drift in troposphere;
 ORM V8 has a different annual cycle than V7 (especially in Antarctica
and at mid-lat.).
o Altitude:
 Bias of V7 & V8 altitude data (ECMWF-corrected) is nearly identical
(Level-2 V5 & V6 (without ECMWF correction) have different
characteristics);
 The spread in the V7 & V8 comparisons are similar, V8 slightly better;
 Annual cycle of bias is even more reduced for V8.
o Ozone:
 No (significant) differences between data versions, generally less than
~2% (Most clear difference below 20 hPa at mid & low latitudes during
FR);
 No noticeable differences between V8 and V7 (Slightly smaller V8
spread in Antarctica);
 Values are generally nearly identical for V7 & V8 data sets (V8
uncertainty slightly larger in troposphere);
 Drift V8 consistent with that of V7 (More positive drift wrt lidar in 5-20
hPa range not confirmed by sonde or MWR);



o





Time series do not provide clear picture of whether V7 or V8 is more
stable wrt ground-based data;
 Annual cycle of V8 bias similar to V7;
 No noticeable change in annual cycle of lidar and MWR comparisons.
For all products Release is recommended.

D. Hubert (BIRA) presents results of the investigations on the differences between ORM
8.02 (using DDS) and 8.22 (using full mission) validation results on Ozone and
Temperature drifts versus ground-based data sets from networks. This investigation
was performed especially as based on the DDS results, the validation had indicated an
ozone trend (as presented at the MIPAS QWG#44 in Florence)
o Even though 50-60% of full mission co-locations are retained by DDS, sampling
plays a role in the quantification of the drift in MIPAS-ground O3 time series.
o This is less critical for the temperature data product.
o Therefore, the requirement is to ensure that identical orbits are used in the
delta-validation of satellite drifts.
M. Ridolfi (UB) says that the observed biases are compatible with the estimated errors.



D. Moore (UL, via WebEx) describes the methodology and the results of the comparison
between MIPAS and ACE:
o Excellent agreement between ACE and MIPAS O3 and HNO3 data across all
seasons:
 MIPAS/ACE differences generally below 10% across all seasons;
 O3 – MIPAS higher by 10-30% between 20-25 hPa in August/September
at high Southern Hemisphere latitudes;
 HNO3 – MIPAS higher by 50-70% between 20-60 hPa in
August/September at high Southern Hemisphere latitudes.
o C2H2 L2_v8 slightly lower than ACE v3.6 and v4.0, but agreement better than
50% 6-20 km;
o C2H6 8-15 km agreement better than 30%:
 Large differences above 20 km.
o CCl4 agreement better than 30% 7-20 km;
o L2_v8 CH3Cl is generally good agreement with ACE (<50%) but seems to be
systematically lower;
o Large changes in ACE COCl2 between v3.6 and v4.0 which need to be better
understood;
o COF2 agreement better than 20% below 30 km;
o HCN agreement better than 30% between 8-16 km;
o Excellent HDO agreement between KIT and L2 v8:
 L2 v8/ACE comparison better than 20% above 12 km.



G. Perron (ABB) presents a summary of the project describing the performed
improvements and the obtained results. The following improvements have been
implemented:



LOS Calibration:
o The MIPAS absolute pointing knowledge requirements is 1.8km and the level
1B version 7 reported altitudes are well within the requirement. However,
engineering altitudes were still affected by an annual cycle and negative trend
along the mission. Dedicated line of sight calibration measurements have been
acquired in a mode where the instrument is pointed at stars on a weekly basis.
The pointing errors were calculated from the expected and actual time of the
star passing through the instrument field of view. Cycle and trend have been
characterized and a corresponding correction has been applied to the tangent
altitude information. The overall error along the mission in level 1B version 8 is
well below 400 m at high altitude. For low altitudes where refraction is
significant, the error can be up to 700 m.



Extended Spectral Range:

Band
A
AB
B
C
D

Previous Optical Range
[cm–1]
685 – 970
1020 – 1170
1215 – 1500
1570 – 1750
1820 – 2410

Optical Range [cm–1]
685 – 980
1010 – 1180
1205 – 1510
1560 – 1760
1810 – 2410



Reduced Gain Error as Function of Time:
o During the mission, gain measurements were acquired daily by the instrument.
Up until version 7, the gain function was updated weekly in the processor
chain. In order to reduce the temporal variation of gain function along time and
especially during jump events, level 1B products version 8 were processed with
daily gain function.
o The variation from one gain measurement to the next is below +/-1% in more
than 98% of the measurements. The bands AB and B show enhanced values
down to -1.5% (band AB) and to -2% (band B), respectively, due to the
unexplained gain behavior shortly after decontamination.



Reduced Gain Error as Function of Time:
o In version 8, the calibration is done daily using spectra of a complete orbit
instead of 4 scans. This approach gives a less noisy calibration factor and
removes calibration shifts along the orbit.
o The accuracy is mostly within 0.14 ppm in the FR period and within 0.27 ppm in
the OR period, corresponding to a spectral shift of 0.0004 cm-1 and 0.00065
cm-1, respectively, at 2410 cm-1. This is well within the requirement of 0.001
cm-1.



Detector Non-Linearity:
o A method was developed by DLR to characterize non-linearity using special inflight measurements and to account for the detector aging. A multidimensional regression in orbit number (equivalent to time), temperature and
ice has been applied to the non-linearity characterization data. With version 7,
MIPAS level 2 temperature retrieved at beginning of mission seems higher
compared to other instruments.

o














DLR has improved the characterization and has used the detector band
overlapping region for validation. The new characterization are used in version
8 and level 2 retrievals are more in line with other instruments for temperature
trending.

Scaling ratios between overlapping channels (IF16 raw measurements).
Other Minor improvements:
o During version 7 reprocessing, some problems were encounter with the offset
validation approach in some orbits. All offsets for one sweep direction were
flagged as non-valid, backup offset was used and producing oscillation in
spectra wrt other sweep direction. Problem was solved by still using the offset
but tagging the spectrum with a warning flag. The use of backup offset (for
forward and reverse) is done only if there is no offset measurements in the
orbit.
o In version 7, spectra with transmission error were flagged as invalid and set to
zero value. Spectra seems to be usable for retrieval. In version 8, only a warning
flag is set.
o At the beginning of the mission special commanding was done on the elevation
mirror mechanism (WCC) for maintenance purpose. These measurements are
present in the version 7 product. They are removed in the final version 8.
o Two data fields have been added in version 8 level 1B product. The latitude
and longitude error.
Level 1B data quality was assessed and published in paper ‘Level 1b error budget for
MIPAS on ENVISAT’; Anne Kleinert, Manfred Birk, Gaetan Perron, and Georg Wagner;
Atmospheric Measurement Techniques Journal 11, 5657-5672, 2018.
At the end of the presentation G. Perron makes a list of other relevant projects at ABB.

H. Nett (ESA) says that the LOS variation is periodic, therefore, probably it is not due to
MIPAS but to the platform.
G. Perron (ABB) agrees with H. Nett (ESA), indeed the LOS variation is seen also in
SCIAMACHY. Then the use of the restituted altitude made the LOS more precise, which
was in fact implemented after intensive studies were made, as confirmed by A. Dehn.
(ESA). The final MIPAS data set includes the Restituted Attitude usage.
M. Ridolfi (UB) asks if the 2% radiometric error is constant or changes during the
mission.
A. Kleinert (KIT, by WebEx) answers that probably the radiometric error decreases
during the mission.
M. Ridolfi (UB) says that this is a problem for the trend estimation.
A. Dehn (ESA) says that this issue has to be included in the final report as a
recommendation.

AI _QWG#45_29_10_19_04 – Level 1b: Provide description to IFAC/UB about the radiometric accuracy in
order to provide recommendations to be included in Final report [DLR, MB]


P. Raspollini (IFAC) presents the MIPAS L2 project history, the L2 algorithm history and
concept, the processor facilities, the released dataset, the processor, the retrieved
species, the quality of L1 products from the analysis of L2 products, the annual cycle in
altitude bias and the overall achievements. Then she describes the lessons learned. L0,
L1, L2 experts have fruitfully worked together. The importance of interaction with
validation teams, which at the end joined the QWG. Further than L2 ESA processor,

other processors have been developed, with fruitful cross-fertilization. The drawback of
the availability of different datasets is the difficulty of MIPAS of speaking with a single
strong voice in the international scientific community. We are using only a small
percentage of the measured spectral channels, therefore, there is still some space to
improve the data and for extracting further information. The importance of Diagnostic
Datasets to judge the quality of the data. The importance of tools to visualize and to
average the data. The initial use of ORM, ML2PP and IPF chain made the procedure of
updating the code very slow. Delays in the update of the IPF caused lack of ESA MIPAS
OR L2 products for 5 years during the mission. It is important to guarantee the
continuity of the teams involved in the project. As highlighted at a ACVE (Atmospheric
Chemistry
and
Composition
Validation
and
Product
Evolution,
https://earth.esa.int/web/sppa/meetings-workshops/acve2016), the use and the
diffusion of data pass through a simple format and a simple way of accessing the data.
No other instrument measuring the limb of the atmosphere is currently foreseen by
ESA in the future and probably something has to be done in this direction.


A. Dehn (ESA) agrees that at the beginning the ENVISAT format was very complicated.
Following the recommendations during the mission ESA has implemented netCDF for
the MIPAS Level 2 data sets and this is also used for the sentinel missions.



During the open discussion, A. Dehn asks to the QWG what would be the priority if
there was the possibility to continue the project. This to conclude, which further
improvements would be still possible and would be of highest scientific benefit:
o M. L. Puertas (IAA) says that it is needed more visibility through the web page;
o A. Dudhia (OU) says that the retrieval of aerosols could be done.
The next agenda point is addressing this in more detail, presented by J. Remedios.



J. Remedios (UL) describes the Expert Meeting on limb sounding and occultation
measurements organized by the MIPAS QWG
https://earth.esa.int/web/sppa/meetings-workshops/expert-meetings/limb.
The consultation meeting was intended to provide a scientific forum to discuss the
evolution of data from the golden decade (2000's) for atmospheric composition profile
measurements from missions such as ENVISAT, ODIN, ACE, EOS-Aura and SNPP/OMPS.
He describes the recommendations originated by this meeting:




Level 1 products and Spectroscopy
LSEM01-01

Keep Level 0 and Level 1 data, together with the processors (including software source
code). Curation should include on-ground calibration documentation.

LSEM01-02

Pay particular attention to radiance calibration (all instrument families), and
straylight/polarisation (visible).

LSEM01-03

Review of existing spectroscopic studies before starting a new project.

LSEM01-04

Keep precise track of changes in spectroscopic database; extensive documentation is
essential.

LSEM01-05

Use laboratory spectra (absolute intensities) and/or atmospheric spectra (consistency
between different spectral regions).

LSEM01-06

Simulate the whole MIPAS spectrum to check spectroscopic errors and/or missing
species. Create a unified test data set of MIPAS and ACE spectra.

Level 2 products
LSEM01-07
LSEM01-08

Improve water vapour and ozone in key regions (i.e. UTLS and above 40 km) with good
stability (2-5%/decade), with focus on adding value from MLS (lower uncertainties).
Make the most of info on tracers in the MIPAS record compared to ACE and SMR.
Ensure the connexion to ACE.

LSEM01-09

Focus on key species in the upper troposphere and UTLS: organics and NOy, aerosols
and precursors (chlorine and bromine source gases).

LSEM01-10

A new activity on CO2 retrieval (in both stratosphere and troposphere) would be
excellent.

LSEM01-11

For mesosphere studies, ensure that all instruments (but particularly MIPAS bands C
and D) are well calibrated.

LSEM01-12

Examine carefully new products in mesosphere that could make a difference, e.g.
metals, OH airglow estimates.

LSEM01-13

Encourage a synthesis on NLCs between GOMOS, SCIAMACHY, MIPAS, ACE and OSIRIS.

Intrinsic products
LSEM01-14

Temperatures are very good, better than re-analyses but we need to understand the
real agreement. Strong efforts are needed to validate and intercompare data; identify
reanalysis efforts.

LSEM01-15
LSEM01-16

Water vapour validation, particularly in UTLS, requires significant effort but it is
fundamental.
Focus on aerosol total extinctions, and separation between aerosols and clouds.

LSEM01-17

Aerosol parameters, particle size distribution.

LSEM01-18

Clouds e.g. NLCs.

LSEM01-19

Little combined work across sensors, about aerosol and clouds.

Users
LSEM01-20

Look at traceable uncertainties (possible SPARC activity).

LSEM01-21
LSEM01-22

Provide simple, user-friendly estimates of stability (%/dec), accuracy and precision.
Make data easily accessible, e.g. web portal.

LSEM01-23

Provide consistent messaging in obvious places as to which data product to use.
Future

LSEM01-24

LSEM01-25

ESA to encourage studies of new instruments and group to strongly promote next step
instruments (low-cost?). Should be in context of international activities e.g. SPARC,
NASA.
Maintain QWGs as much as possible in the framework of the new ESA activity.













D. Hubert (BIRA) recalls that ALTIUS mission has been planned, as a consequence, when
we speak about the lack of limb missions in the future we have to refer to limb missions
in all spectral regions.
B. Carli (IFAC) says that the main limit of the MIPAS measurements are the systematic
errors. It would be important to characterize the single contributions of the systematic
errors, also in order to use all the broadband spectrum and characterize the errors by
means of covariance matrices.
M. Birk (DLR) says that in order to improve the error budget the spectroscopy is
important.
P. Raspollini (IFAC) says that at the beginning of the study the MWs had to be narrow,
now we can work with larger MWs and extract more information from the spectrum.
M. Ridolfi (UB) says that the continuum models are improved and we should use them
working with larger MWs. Furthermore, it is important to be able to simulate the
complete broadband spectrum (with the clouds) in order to estimate the radiation
budget.
B. M. Dinelli (ISAC) says that now that the project is finished it would be nice to have
the tools used for generating auxiliary data available and well documented.
M. L. Puertas (IAA) says that in order to simulate the broadband spectrum it is needed
to take into account the NLTE.

B. Carli (IFAC) presents the history of MIPAS highlighting the progresses done on the
pointing accuracy, the data capacity, the global fit versus onion peeling, the lifetime of
the cooling system, the lifetime of the mirror drive, the critical baselines of the
retrieval, the near real time retrieval and the results of orbit #504 at first attempt.



M. L. Puertas (IAA) presents how MIPAS measurements have contributed to the
improvement of knowledge on non-LTE, on energetic particle precipitation and
atmospheric coupling, on middle atmosphere (50-100 km) and on thermosphere (100170 km).
Finally, special thanks to the engineers for building MIPAS, the ESA staff for operating it, the
SAG for supporting MIPAS looking at the middle atmosphere and all colleagues for the
MIPAS success.



M. Höpfner (KIT) describes several studies on the atmospheric particles on which the
MIPAS measurements carried a contribution.
The conclusion is that MIPAS, measuring the IR limb-emission, provides a wealth of
information on particles in the atmosphere: PMCs, PSCs, stratospheric and upper
tropospheric aerosols and their precursor gases, whose evolution is important in a changing
climate.






H. Nett (ESA) says that it is very impressive to look at the results obtained with the
MIPAS measurements. He thanks the ESA staff who came after him and makes the
history of the development of the algorithms.
R. Koopman (ESA) thanks all the QWG.
B. Carli (IFAC) recalls the important contribution of M. Höpfner (KIT) when he stayed in
Florence.
P. Raspollini (IFAC) proposes to write a paper on ORM V8 describing all the
improvements of the code, the impact of the new L1 data and of the new spectroscopy.
Then she proposes to make a list of possible publications and to assign a responsible for
each paper.






D. Hubert (BIRA) recommends dividing the papers in a way that they are not too long
and difficult to read, especially those on validation. He proposes to make a special issue
collecting papers related to ORM V8.
H. Oelhaf (KIT) proposes Atmospheric Measurement Techniques as journal.
D. Hubert (BIRA) proposes to open a google sheet where everyone says which paper
wants to propose.
M. L. Puertas (IAA) says to take into consideration also Journal of Quantitative
Spectroscopy and Radiative Transfer.

AI _QWG#45_29_10_19_05 – Ridolfi (UB) and D. Hubert (BIRA) to coordinate the special issue in AMT
collecting the papers related to ORM V8. [UB/BIRA]

30/10/2019 – Day 3
LEVEL 2 - close out of phase F activities (continue)


A. Piro (SERCO) describes the L1-V8 and L2-V8 availability of the products for each year.
In total the orbits L2 processed are 35147, corresponding to 98.99% of the available L1
products, which are 35506 orbits.



F. Barbara (IFAC) presents the type of L2 v8 generated by ORM v8: the standard files
and the extended files.
o He describes the “profile type” variables in standard files for temperature, for a
species with a full range profile (such as CH4) and for a species with a partial
range profile (such as HCFC22).
o For the extended files, he describes the state vector, the covariance matrix and
the averaging kernel matrix.
o The description of the output file format is described in the technical note
IFAC_GA_2018_FB_issue2 entitled “MIPAS L2 V8 output data definition”.



F. Gai (IFAC) shows the list of the document and the status; Marco provides the possible
structure of the readme file.
A. Dehn (ESA) says that it would be useful to receive comments on the ATBD from all QWG
members. For the readme file the validation team has to provide a contribution.
B. Carli (IFAC) says that in the readme file the validation should be reported as a single
statement.
D. Hubert (BIRA) says that he can provide the contribution to the readme file by the end of
November.
M. Gai (IFAC) says that next week (first week November 2019) he will provide a template of
the readme file.

AI _QWG#45_30_10_19_06 – UNIBO to check the Cloud Index investigation in ATBD [UNIBO]
AI _QWG#45_30_10_19_07 – Actions on Read-me file (already on-going):
1) IFAC to provide a template of the readme file by 8th November;
2) BIRA, KIT and UL to provide a contribution to the readme file by the end of November.







B. M. Dinelli (ISAC) asks if there is a documentation that describes in detail the MW
software, the LUTs and so on….
A. Dehn (ESA) says that there is a technical note, but it has to be expanded. The
comments of B. M. Dinelli (ISAC) on this technical note would be very useful.
A. Dehn (ESA) says that the Final Report has to describe the achievements and possible
evolutions. It has not to be too long, but a sort of summary. A first version of the Final
Report should be delivered before Christmas.
M. Gai (IFAC) discusses the problem to remove the filter on the maximum error in the
species retrieved with the optimal estimation method in the post quality flag.
P. Raspollini (IFAC, by WebEx) says that in order to be sure that the modification of the
post quality flag does not impact the validation results, tests will be done where the
average of profiles with the maximum error filtered and the maximum error not filtered
will be compared:
o If these averages are equal we can deduce that the validation is not affected by
the modification of the post quality flag
 (Ref. to AI _QWG#45_28_10_19_01).



A. Piro (SERCO) shows the list of the deliverables:
o A technical note on optimal estimation from IFAC is pending. The description of
optimal estimation should go in the ATBD.
o A technical note on multi-target retrieval from ISAC is pending. B. M. Dinelli
(ISAC) says that she wrote this technical note and sent it to P. Raspollini (IFAC).
P. Raspollini (IFAC, by WebEx) says that she waited to deliver it for checking
that the description of the multi-target retrieval corresponded to the last
implementation in the code.
 A. Dehn (ESA) says that the description of the multi-target retrieval has
to go in the ATBD.
o A technical note on the new species from IFAC is pending. M. Ridolfi (UB) says
that for the new species there is not a different algorithm. The only species that
is managed differently is HDO. He will add a chapter on this in the ATBD.
o L. Sgheri (IAC) says that there is a new version of the technical note on the
horizontal gradients.
o A. Dehn (ESA) says that the ATBD will be made available through the ESA
website (as for previous versions).
o A technical note from KIT is pending (KIT people already left the meeting).
o A technical note on the ozone spectroscopic parameters from IFAC is pending.
M. Ridolfi (UB) says that P. Raspollini (IFAC) made some tests and did not find
significant differences.
 A short chapter on this issue will be added in the technical note on the
auxiliary data.
o The Final Report on validation from BIRA will be delivered by the end of this
year.
o A. Dehn (ESA) says that she would like to do all the payments before Christmas,
but it requires that all deliverables have been iterated successfully.



A. Piro (SERCO) shows the list of the action items.
o AI_telecon _23_03 and AI_QWG#43_03 are closed. AI _QWG#43_12 is open.
The new action items of this meeting will circulate as soon as possible.

Conclusions








A. Dehn (ESA) presented shortly the ESA Atmospheric Validation Data Center
(evdc.esa.int). Apart from ground based data sets used for satellite validation, soon also
access to satellite data from Sentinel-5 Precursor will be available to allow match-up
data sets from satellite and ground based data sets. As part of the EVDC evolution also
the final MIPAS level 2 data will be included.
It is recalled that the special issue of papers related to ORM V8 will be coordinated by
M. Ridolfi (UB) and D. Hubert (BIRA).
M. Ridolfi (UB) makes a list of possible papers: a paper describing the improvements of
the algorithm, papers on validation (one for each species) and possible scientific papers
on trends. The focus of the papers has to be ESA data V8.
B. M. Dinelli (ISAC) says that she can take the responsibility of a paper describing the
dataset.
A. Dehn (ESA) says that information on the last six QWG MIPAS meetings is reported in
the web page https://earth.esa.int/web/sppa/activities/qwgs/mipas-qwg-meetings.
A. Dehn (ESA) concludes the QWG saying also that a new telecon shall be organized
next year (probably in February) with the only scope to coordinate the special issue in
AMT.

List of Actions at QWG#45
Action Item ID
AI _QWG#45_28_10_19_01

AI _QWG#45_29_10_19_02

AI _QWG#45_29_10_19_03

AI _QWG#45_29_10_19_04

AI _QWG#45_29_10_19_05

AI _QWG#45_30_10_19_06
AI _QWG#45_30_10_19_07

Title
With reference to the distributions of the
maximum errors and CHI2 for the thresholds
definition in the DDS, check the resulting
numbers between “good profiles” and
“rejected profiles”. From discussion of the
last day, P. Raspollini (IFAC, by WebEx) says
that in order to be sure that the modification
of the post quality flag does not impact the
validation results, tests will be done where
the average of profiles with the maximum
error filtered and the maximum error not
filtered will be compared. If these averages
are equal we can deduce that the validation is
not affected by the modification of the post
quality flag. The results shall be circulated by
e-mail - no teleconference foreseen.
In Product read-me file to include a short
paragraph about the error analysis (by Anu);
and expand TN on MWs selection.
[IFAC] to investigate on the cause of the
deviations of MIPAS-E from the ATMOS/ACEFTS tropics correlations and the MIPAS-B data
in the correlation plot N2O-CH4.
Level 1b: Provide description to IFAC/UB
about the radiometric accuracy in order to
provide recommendations to be included in
Final report
Ridolfi (UB) and D. Hubert (BIRA) to
coordinate the special issue in AMT collecting
the papers related to ORM V8.
UNIBO to check the Cloud Index investigation
in ATBD
Actions on Read-me file (already on-going):
1) IFAC to provide a template of the
readme file by 8th November;
2) BIRA, KIT and UL to provide a
contribution to the readme file by
the end of November.
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