Improvements in MIPAS ESA V7 and V8 products and trends
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INTRODUCTION
The Michelson Interferometer for Passive Atmospheric Sounding (MIPAS) is a limb-viewing infrared Fourier transform spectrometer that operated from 2002 to 2012 onboard the ENVISAT satellite. MIPAS mission is

divided in two phases: the full resolution (FR) phase, in the first two years of measurements, and the optimized resolution (OR) phase, characterized by a reduced spectral resolution but improved spatial resolution, for the
rest of the years.

The maintenance and the upgrade of both L1 and L2 ESA processors are made in the frame of the Quality Working Group, where a fruitful collaboration among Level 1, Level 2 and validation teams can be exploited. This
collaboration is essential to pursue improvements in the accuracy of the products and their characterization.

So far the full mission reanalysis has been performed with two versions of the ESA L2 processor, V6 [1] (using L1 V5 data) and, recently, V7 (using L1 V7 data), with data released in September 2016 [2]; furthermore,
work is in progress to finalize a new version of the Level 2 processor (V8), that will be used for another MIPAS full mission reprocessing using the upgraded Level 1 data (\VV8). Each new release is characterized by
Improvements in the algorithms and in the auxiliary data, as well as an increased number of retrieved species.

This paper is meant to describe the additional species and the main improvements in V7 and V8 ESA L2 products with respect to previous dataset V6.

Time series of L2 V7 products ADDITIONAL SPECIES in L2 V8 DATA (PRELIMINARY )
Temperature HNO,

H,0 O,
CH3C| 6ON-90N 1 COCIZ oo 0.000027

90S-60S ] 0ON-30N ; 605-305 ) 60N-90N
0 T T T
0.000150 T . T . . T 0.00060 0.000024

0.000135 0.00054 .
sune suu
0.000105 : 0000015 3

— 0.00036 =
0000075 2 0.00030 E 0.000012 &

' g 0.00024 & 0.000009 =
81338832 = 0.00018 1 Mo0.000006

Hiwiiiiili
| i ‘ ‘ ‘ ‘ ‘ “ 0900030 0,000 Yy oot Mo000000

h .-h-l“ -“““ --“ o “““m S 3 & ‘J 6 ‘1 % q Q N’ '1' 3 & ‘) 6 "'ll % q 0 x ’l Il Il Il 1 1 Il 1 1 1 Il O.DDOUO ‘3 '1'
100”3190 1@0‘31006190'\ 190 'LQQQ'LQ\’Q’L“\’\"L“\’I 100“3100 1@‘31@ BOPEY ,ng‘é o 'L“ﬁ ,LQ\,’L 00 2o 101 00 A 3 o MO SR MO S P 0.000000 1@ " 10651@ 1@ 1@ 1@ " 1@\, 1@.@ -3530 SN 1'230 0 1‘6“3 AR\ 153"*
time time time time time

NO, da
CH4905-605 _ _ - | Oe%ss?slght - - | - y a0 OCS HDO

- - OON-30N X (1/3209)
.30[\' E’E.JN r—— : 60N gc.)N rrr—— 0.00060 3 e ————_——— 10t
0.00064 0.00054

0.00056 0.00048

0.00048 0.00042

_ 0.00036 =
0.00040 > 0.00030 E

0.00032 g 0.00024 &
0.00024 = 0.00018
0.00016 | §0.00012

0.00008 0.00006

5 b O a0 ol B O a0 AY Al
AR N NN LN DN LN NSNS 10\’1 DRIV e S NI i

time time

L)

30N-60N
o Y rer——

—
[
'._. d
T

[
=4
—
oI—l
[PRMmv]

Pressure (hPa)

Wi TN YT

[EPE—

[ ]
—

Pressure (hPa)

(]

._.
[
O = L) e LN O~ 00 D
[ppmv]

SN YR
FYVYVNNY

[ —

Pressure (hPa)

Pressure (hPa)

N N S AL

time

3&661%90«,1' b 006D @ D o0 000000 o020 o
1()6 1(30 fLQQ 100 1(30 100 'LQQ 10\' 1@* 10\' 1(}03100 10(3‘3100 100 100 100910*" 103'\’10\’1 'LQB 'LQB '!536 '!530 '!536 'LQB 'LQB '!px 'lpx 'ip\

time time time

COF, CIONO, N,O. HCN

N OON-30N
905-605 - 60N-90N : 905-605 | T —————— 0,00050
0.00040 ' 0.00045

0.00036 : - T 10.00040
0.00032

00008 | ﬂ ﬂ ﬂ ﬂ o d _ o0z 000305 MAIN IMPROVEMENTS IN V8 wrt V7 DATA

0.00024 5 0.00025 E
0.00020 £ 0.00020 &

O . .
0.00016 & 0.00015 AX-DX differences for TEMPERATURE, 14 DDS orhits from DEC 2007

0.00012 _ _ 0.00010 M Od e I I i N g Of h or i Z0 nta.l var i ab i I iti es Wi th Lat: -75,-60 Lat: -60.-45 Lat: -45,-30 Lat: -30,-15 Lat: -15,-00

0.00008 7 . 0.00005

000004 | | | J | J | L L L 000000 I T 1 1 1
R o o irsmialsbissiesid Db o gradients: it leads to a reduction in the ascending
0% 000 0 0, g U S S S O Nl e e S0 A N R M M PO S S S Sl S N N

; - descending differences In Temperature and

B} ; ) CCl.[7 retrieved ta_rget species. An example for
H%leoﬁi 22 CEOgONll 000030 Ccm%eowlz . 30-60N 0L Temperature is shown.

0.00030
000027 0.00064 0000135
1 fo.00027 000024 0.00056 0000120

8888%‘% 0.00021 0.00048 0.000105 Temp diff (K) Temp diiff (K) Temp diiff (K) Temp diff (K) Temp diff (K)
: 0.00016 = 0.00040 5 0.000090 5

00001 £ o 000032 & 0000075 & Optimal Estimation used for the analysis of the new V8 species

E g 3 0.000060 &
0.00012 & 0.00009 0.00024 0.000045

[ §§§§§§ Freyey o | fros P g [ New spect_rosc_opic database MIPAS V4.5 (impacting mainly HNO,, COCI, and H,O) and new
2= 2 Booono = Ho00o00 ey 000000 0000000 cross-section files for some heavy molecules (CFC-11, CFC-12, CFC-14, HCFC-22, CFC-113,

3 b b B0 b ) 3 b 0 b o) 66 o O 3
e I N PPN R IR '190 WP W 19° 0 g

» oloﬁlole'\ 0 (2 0
e e AN CIONO,, HNO,) (see next box).

fime

Pressure (hPa)

Altitude (km)

T
&
£
g
3
0]
]
g
c

Time series of CH4 (global average) (p=9.4 hPa)

MAIN IMPROVEMENTS IN L2 V7 wrt L2 V6 DATA [[— orm t1vs _ _ o
The inclusion of COCI, among V6 (all) V7 (all) | |[o= mizep L2v7 _ Use of measured daily gain instead of

the |n’[e|’fe|’|ng SpeC|eS aIIOWS 40006 004 0.02 0.00 002 g.saiy':?;f';[vfs.zmc:wz.;)v- : 40006 004 -0.02 000 0,02 %:—davsvale“vlC-OZ';;W' ! 'E_E' \ | updating the gain WEEkIy (aS in Ll V7
to reduce_the positive bias - - o1} - data). This allows to better handle the
present In  CFC-11 V6 TR | R S | changes in the gain occurring especially in

measurements. A comparison band B, as a consequence the discontinuities
between  MIPAS/ENVISAT ) (

and MIPAS/balloon for both TS RS D SN E L G - | in the timeseries of retrieved profiles from
V6 and V7 is shown ([3]) e S (RS SN I ' ' band B (CH,, N,O and N,O:) are reduced.
An example for CH, is shown.

w
o
k]
.
..I
w
o

Altitude (km)
N N
o o
1 1 1
Altitude (km)
&

T T
-0.06 -0.04 -0.02 0.00 0.02 0.04 0.06 -40 -20 0 20 40 -0.06 -0.04 -0.02 0.00 0.02 0.04 0.06 -40 -20 0 20 40
CFC-11 VMR Difference (ppbv) CFC-11 VMR Difference (%) CFC-11 VMR Difference (ppbv) CFC-11 VMR Difference (%)

diff [%]

O = MW R WU O -
e
int gain [%]

ECMWZF corrected altitude
are provided: these are within
200 m of ozone-sonde
altitudes.

Gainupdatejn L1V7, ., . . . | -1
1 2 3 4 5 6 7 8 9 1011121314151617 18 1920 21 22 23 24 2526 27 28 29 30 31
Time [day from 01-09-2003]

Improved correction of time variability in detector nonlinearities that leads to a reduction of the
negative bias present in FR V7 temperatures (see next box).
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CONCLUSIONS

Ten years of MIPAS measurements represent a very interesting dataset for understanding atmosphere climatology from the upper troposphere to the mesosphere, including trends in composition and variability, as a reference for middle atmosphere ozone and
general circulation as well as improvement of tropospheric composition retrievals.

Significant improvements have been recently implemented in both L1 and L2 ESA processors, as well as in the auxiliary data. MIPAS ESA V7 products are characterized by improved CFC-11, improved altitudes and a reduced time dependent calibration error due
to non-linearities, leading to a reduced instrumental drift, important for the study of trends with MIPAS products.

MIPAS ESA products V8 will take advantage of the new spectroscopic database and cross-sections for heavy molecules, it will properly handle horizontal gradients, it will further correct the instrumental drift due to the time dependent nonlinearities, it will reduce
discontinuities in the time series of retrieved species by exploiting daily measurements of the gain. A total of 22 species will be included in the L2 V8 products.
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