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Mid-IR limb emission spectroscopy AT

[ V|eW through the atmosphere agalnst COId Space Karlsruhe Institute of Technology

=» Measurement of thermal atmospheric emission
=» Independent of a source like sun or moon
=» High sensitivity due to long path through the atmosphere

= Different tangent altitudes o :
@ Atmosphere >~ langent points

=» High vertical resolution

= FTIR spectroscopy

=» Separate rotational-vibrational spectral
signatures of many trace gases
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Mipas Spectral Channels, measured Spectra for 18.7 km
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From limb-scanning MIPAS instruments ... AT

The Mlchelson Interferometer for Tangent altitude = 24.4 km Karlsruhe Institute of Technology
Passive Atmospheric Sounding

MIPAS/
Envisat

T HM Tangent altitude = 6.4 km

MMM

800 900 1000 1100
Wavenumber [cm™]

MIPAS-STR

3 HEMERA-WS, Rome, 4-6 June 2022 / ? , Gerald Wetzel et al. Institute of Meteorology and Climate Research

4
'
[




g4

2 3 4 5 8 7 B B W NMZ O 1 Z 3 45 B 7T 8 8 WUWWO T Z 346 E T E S WN R

Ra

T

Validation of MIPAS ESA operg e

FR mode OR

-1 -0.5 0 0.5 1 -40 -20 0 20 40 -1 -0.5 0 0.5 1
40 4=t L L L 40 L L 40 4=t L L L
" ¢ P CH, Volume Mising Raso (sprm) 0 Violume Mixing Rati (596w} NO; Volume Wixing Rato (ppbv] ;0 Volume Mising Rato (pobv)
354 3 I35 4 ] 3542 I
. ] i 0 ,'“ s 1 15 2 25 005 o1 eis 02 02 03 o1 0z 03 a4 w5 08 o5 ar o5 02 oms
1 " 5 ; 2 h T
Lo . : i () K HCFC-22
S0k N 301 i - 30: 3 * CFC-11 Yo, .
£ 2 Y { ‘|‘ _
x 2 b E
S % A i 2 i B
g5 k25 ¢ H25: J g
2 2 11 o
< i § 252 i
20 MIPAS-E - MIPAS-8 (FR mode) i 202 MIPAS-E - MIPAS-B (OR mode) . .
i ESA L1v8/L2v8 e 24 ESA L1vB/L2v8 P4 «d
s Mean o 9118:40.03 ppemy il i Mean oW 0174 0,04 pory CIONG, Volume Mixing Ratio (pptv) CFC-11 Voluma Mixing Rato (ppbv) CFC-12 Volume Masing Ratio (ppiv) HEFC-22 Volume Mising Ratlo (ppi)
Jw o [ 15
19 — difference ( sd) ) L — difference ( 8d) © 001 Q02 003 004 005 006 OO7 008 003 01 @ OOY 002 OO3 004 005 008 007 Q08 008 01 O 005 O 015 02 035 Q3 035 04 045 0 005 01 015 03 025 03 036 04 045
) © e e prec. =« =systematic « prec. — - = systematic
;’ \ | = = tot. mean comb. err | CE: ~ = tot. mean comb. err (n)
10 b 104 - 10 ey b 104 ccl, |”
-1 -0.5 0 0.5 1 -40 -20 40 -1 -0.5 0 0.5 1 -40 »
O, VMR Difference (ppmv) O, VMR Difference (%) O, VMR Difference (ppmv) =
=
-100 -50 0 50 100 -100 -50 0 50 100 -100 -50 0 50 100 -100 .l .. CF
40 L n + 40 4 i L 40 L L 1 40 4 . 4
M ¥ | -t .
’MIPAS-E~MIPASAB(FRmode) MIPAS-E - MIPAS-B (OR mode) 001 002 003 004 005 008 OO7 008 0 04 a0l 002 003 004 005 Q06 007 008 008 01 006 01 015 02 025 03 03 04 045 005 01 05 02 035 03 03 04 MSW
O C S ESAL1vBAL2v8 ESALIvE/L2v8 CCl, Volume Mixing Ratio (ppov) CF, Volume Mixing Ratio (ppbv) COF; Volume Mixing Ratio (ppov) HCN Violuma Mixing Ratio (ppow)
2-day traject. (# coll ) o 2-day traject. (# coll ) .
35+ Manndvl;. 19.2£5.1 ppty 35 2 Mean diff.: 4.5 + 10.8 pptv - 35 neW V8 Specles W om m @ ® wm w w3 W w0 w0 o0 5 W 8 m m W w4 w0 w0 aw sw
179+82% 3 -287+96%
—— difference ( sd) 1| ——difference (- sd) . (q) . (l') Wit (t)
0] - g [ 30 o et 30 C.H, CoHe - ocs
= = )
E 1s i
= 21 - = 2 §= 28
g254= L 251 F25 k25 1 - 25 ik .
2 or
= 2 3" . : v
< 5 B e, T e T
2048 L 20 [ 20 L 20 L 20 1-"‘---.'. il Sl £
18 ,’ e oW ™ W @ m m w0 00 a0 o 5 1w 18 om om o\ W w20 M0 40 w0
17 X C;H; Volume Mixing Riasis (ppbv) ©H, Velume Mixing Ratio (ppiv) COCI, Volume Mixing Ratio (pakvy OCS Velume Mixing Ratie (ppiv)
. e
154« G ~F15] L 153 1o F15 L 15 b m m we e m w
H \,/ : 3 MIPAS-B
9 ) » ® Aire, 24 Sep. 2002, Seq. N3
10 § 10 T T 10 T T 10 T T 10 Y ~ P Kiruna, 20 March 2003, Seq. N3a
4100 -50 0 50 100 -100  -50 0 50 100 -100  -50 0 50 100 -100  -50 0 50 100 < Kiuna, 3 July 2003, Seq. 3 (Wetzel et al., subm. to
OCS VMR Difference (pptv) OCS VMR Difference (%) OCS VMR Difference (pptv) OCS VMR Difference (%) ol 4 Teresina, 14 June 2005, Seq. 12
. —w— Teresina, 6 June 2008, Seq. 3e AMTD, 2022)
. s B By —4— Kiruna, 11 March 2009, Seq. 09a
For details, see MIPAS product quality readme file, availa . ~® Kiruna, 24 Jan. 2010, Seg. 07
“ —M— Kiruna, 31 March 2011, Seq. 06

https://earth.esa.int/eogateway/documents/20142/37627/ 8_issue_1.0_20201221.pdf ' *:;m“m“,;‘“ -

4 HEMERA-WS, Rome, 4-6 June 2022 erald Wetzel et al. Institute of Meteorology and Climate Research



Pressure (hPa)

— — — First flight of MIPAS-B2 instrument — — —

MIPAS-B, 68°N, 11 Feb. 1995, Night
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MIPAS-B highlights

Nitrogen partitioning and budgef |

Kiruna, 11 Feb. 1995 (02:00 - 04:38 UTC,~64°N, ~30°E, Seq. 0 \
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[NOylnignt = [HNO;] + [CIONO,] + [NO,] + 2[N,0O5] + [HO,NO

HEMERA-WS, Rome, 4-6 June 2022
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Fig. 1. (A) Arctic NO, profiles in mid-
February 1995. Symbols: squares, bal-
loon-borne MIPAS-B observations (72);
dots, aircraft-borne observations (76).
Solid symbols are NO, measure-
ments; open symbols mark NO_ de-
duced from MIPAS N,O measure-
ments (73). NO,, represents the unper-
turbed case (without denitrification).
The model calculations are denoted
by lines [dotted line, mid-latitude ref-
erence NO, profile (28); dashed line,
scenario O with subsidence of air only
(no particle sedimentation); red line,
scenario 3 showing the effect of deni-
trification due to sedimenting ice and
NAT particles]. (B) Vertical redistribu-
tion of NO, (red) and H,O (blue). In
addition, measured ANO_ is shown
(©). g

3D microphysical model:
2.5°x 2.5°x 100 m (alt.)
ECMWF meteorological data

(Waibel et al., Science, 1999)
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MIPAS-B highlights exa

Chlorine partitioning and budgeét

Kiruna, 31 Mar. 2011 (02:00 - 04:38 UTC,~64°N, ~30°E, Seq. 03

[CIO,] = [CIO] + [HOCI] + 2 [CIOOC]] L1 o ” 4 (Wetzel et al., ACP, 2015)

[Cl,] =[CIO,] + [HCI] + [CIONO,] : i i g / .
MIPAS-B/TELIS, 31 March 2011, 02:00-04:38 UTC, | EMAC, 31 March 2011, 02:00-04:38 UTC,
[CCI,] =2][CFC-12] + 3 [CFC-11] + [HCFC-22] ~64°N, ~30°E Cly* / ~64°N, ~30°E Cly*
—o— CIONO2 —— HOCI Cly —— HCFC-22 —»— CH3CI —o—CIONO2 - HOCI Cly —— HCFC-22 —=— CH3ClI
+ 3 [CFC-113] + 4 [CCl,] + [CH,CI] ——CIO ClOx  —+—CFC-11 —%— CFC-113 —=— CCly ——CIO ClOx  —=—CFC-11 —=— CFC-113 —=—CCly
(Cl ] =[Cl] +[CCL] 0 —e—CI0OCI_—-—HCl __—o—CFC-12_——CCl__—o—Cltotal 0 ——CIOOCI ——HCl  —o—CFC-12 —=—CCH —o—CItotaI
il 4 . 35 P T% Bk 35 T 52 i ; 35
[Cly ] = 3.2008346 + 8.7786479%10 [NZO] 1 X ; i EMAC 1 [ r
- 2.9132361x105[N,O]? _ ; i
(from BONBON balloon observations in 2009 - 2011; 30 F - 30
as described in Engel et al., JGR, 2002) )f
)>
CIOOCI calculated via: ;g 25 ] }f [ [ o5
[CIOOClI,, ] = ([CIO, . - [CIO])/2 = e ! e [
_ 2 0 ] — I |
where [CIO, ] = [CIO,...] + 2 [CIOOCI. ., ] £ ) \ = {1,
(see Wetzel et. al., ACP, 2012) < ) \ o g !
= First total chlorine partitioning observed by 15 '. L 15
MIPAS-B and TELIS (TErahertz and ' 0 i
submillimeter LImb Sounder). ] 1% [
10 : - 10
= Strongest Cl,, and Cl, peaks correlate 1 et et
with HCI and CIONO... 0 : 1 15 2 25 3 35 0 0.5 1 15 2 25 3 35
3 dlume Mixing Ratio (ppbv) Volume Mixing Ratio (ppbv)

* Cliyia (Mmeas.): 3.41 £ 0.30 ppbv (> 24 km).

shaded region: minor chlorine species contained in EMAC (Cl,, Cl, OCIO, CH;CCl;) not measured.
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mer, z,,,, = 40 km, z,,,, = 20 km
COF, ===HCFC-22===CCl,  PAN
====HO,NO, ====CFC-113 ====CIONO, ~~=N,0, == BrON(
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MIPAS-B highlights e

BrONO, diurnal variation and total k
' 45""N,'I;on. ~81°

Estimation of total bromine
from nighttime BrONO,

Sunset observation: Timmins (Canada), 7 Sep. 2014, Seq. 02: ,-"; .‘ 16°
MIPAS-B 3-Pt. AA EMAC | ¥ | EMAC AK smoo

Local Solar Time (h) Local Solar Time (h)"
16:30 17:00 17:30 18:00 18:30 19:00 19:30 20:00 20:30 21:00 24 pptV 16:30 17:00 17:30 18:00 18:30 19:00 19:30

24 thv [Bry (meas)] = [BrONO, (meas)]
[Br, (mod)]

X
2% o [BI’ON02 (mOd)]
g %26
% BrONO2 (pptv) % 2 r g BrONO2 (pptv) .
_I\I{!IPA_S-B7S e ‘ EMAC (AK smoothed) MIPAS-B Bry (nlght, SZA = 990)
Seq 0zadss sqomosn - estimated from EMAC BrONO,/Br, = 0.9:
e -8 T y
— Sunset
o 75 8 e Bry (21-29 km): 22.7 + 1.9 pptv
Solar Zenith Angle (deg) Solar Zenith Angle (deg) Solar Zenith Angle (deg)
Sunrise observation: Kiruna (Sweden), 31 Mar. 2011, Seq. 03a-0¢ 1°N, Lon. ~30°E :
MIPAS-B 3-Pt. AA EMAC EMAC AK smoothed,
Local Solar Time (h) Local Solar Time (h) Local Solar Time (h)
04:30 05:00 05:30 06:00 06:30 24 pptv 04:30 05:00 05:30 06 04:30 05:00 05:30 06:00 06:30

MIPAS-B Br, (night, SZA 2 96°)
estimated from EMAC BrONO,/Br, = 0.8:

Bry (23-29 km): 21.6 + 2.2 pptv

Z® 20 BrONO2 (pptv) = NO2 (pptv) BrONO2 (pptv)
EMAC (AK smoothed)

18
MIPAS-B IAC
Kiruna, 31 Mar. 2011,

16 Kiruna, 31 Mar. 2011, Kiruna, 31 Mar. 2011,

14 Seq. 03a-06 4 Seq.03a-06 Seq. 03a-06
- (~64°N, ~30°E) e (~64°N, ~30°E) (~64°N, ~30°E)
—— Sunrise —— Sunrise —— Sunrise
1 w0 (Wetzel et al., ACP, 2017)
99 98 97 96 95 94 93 92 91 90 89 88 87 86 85 99 98 97 96 95 94 93 92 99 98 97 96 95 94 93 92 91 90 89 88 87 86 85
Solar Zenith Angle (deg) Solar Zenitl Solar Zenith Angle (deg)
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* |Imaging spectrometer obtain a g resolved picture of the limb at once without the need to scan through the atmosphere
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A@HALO ~14 km
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GLORIA-B tangent
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Ozone, Kiruna, 21/22 Aug. 2021
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Investigation of diurnal cyel
gases involved in ozone

Chlorine species (e.g. CIONO.,) ‘

02:00

18:00 20:00 22:00 00:00

Altitude (km)

22:00 00:00
Time (UTC)

18:00 20:00

Bromine species
(BrONO,)

12

02:00

Altitude (km)

HEMERA-WS, Rome, 4-6 June 2022

) 1 \ 8
N |f'

*

'

0 \
{

\

\
\
3
\

04:00
2.0
I
1.0
0.5
. 0.0
CIONO2
(pPbY) |

y

| “/:‘ 7

GLORIA-B
HEMERA-2021
21/22 Aug. 2021
——— Zobs
——SS/SR

20:00

04:00

/

18:00 22:00 00:00 02:0(

30.0

36

34 25.0

32 ‘

5 20.0

28 15.0

22 10.0

22 . 5.0

2 ‘ 00

]g BrONO2_aa39

14 14 (PPtV)

12 [ 12

10 . 10 GLORIA-B

2 BrONO,, preliminary 8 HEMERA-2021

6 6 21/22 Aug. 2021
18:00  20:00 22:00 00:00  02:00  04:00 —Zobs

——SS/SR

Time

Gerald Wetzel et al.

' r 4
' ) B .1"," ¢
h ',J ?“.‘
v" | /// .'/

4

-
B

Altitude (km)

18:00

18:00

18:00

Sirsr’

HELMHOLTZ

a

T

¢) JiLicH

00:00 02:00 04:00

36 15.0
34 I12.5
32
s 10.0
28 7.5
26 5.0
24
2 .2.5
20 0.0
8 NO2
16
14 (ppbv)
12
10 GLORIA-B
NO 8 HEMERA-2021
2 6  21/22 Aug. 2021
20:00 22:00 00:00 02:00  04:00 *é%b;
i ——SS/SR
Time (UTC)
20:00 22:00 00:00 02:00  04:00

GLORIA-B
HEMERA-2021
21/22 Aug. 2021
——— Zobs
——SS/SR

04:00

22:00 00:00
Time (UTC)
Institute of Meteorology and Climate Research

20:00 02:00



Investigation of poII |on
troposphere and stratosg

};’ 7 AT HELMHOLTZ OJULICH
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P'ollutant Speciesi(e.g. peroxyacetyl 18: 20.00 2200 00:00 02:00 04:00
nitrate, PAN) from forest fires or 26 Tip——— .. #

. 36 1.5
export from the Asian monsoon W b 34
i / 1.2
3% / N 32
= PAN has a long lifetime of up to 5 months in the upper 30 | _ , _ : : _ 30 0.9
troposphere, it can be transported over far distances. 28 - 1990 0 R W S v 28
’é 26 26 0.6
= }s)‘ EirleRlnM?atiun for Resource Management System \x_/ 24 24 0.3
: o 228 | | 22 I
'g 20 = 20 0.0
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14 (PpPbV)
12
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Investigation of pollution
troposphere and lower,

HALO aircraft measurements over
the British Isles during WISE
campaign on 13 Sep. 2017 (flight
from Oberpfaffenhofen, Germany)

-4 12 .10 8 6 4 -2 0 2 4 6 8 10 12 14
1 1

1 1 1 1 1 1 1 1 1 1 1
62 - ait. (km) -62
15
60 14 -60
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58 12 -58
> 1
o 56 10 - 56
% 9
Rl g
S s2{|Fe = L 52
= 2
e v
50 T 7 [ 50
/////%f WISE: 13 September 2017
48 14:10 : GLORIA (chemistry mode) | |- 48
' Flight path & tangent points
46 T T T T T T T T 46

T T T T T
-14 12 10 -8 6 4 -2 0 2 4 6 8 10 12 14
Longitude (°E)

= Main sources of pollutant species are forest
fires in N-America and anthropogenic pollution
in S- and SE-Asia uplifted and moved within
the Asian monsoon anticyclone.

= Pollutants are transported by strong
tropospheric winds over large distances,
depending on their particular atmospheric
lifetime of up to months.
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|

U P I
T LOREAS

SKIT  tevvwerz - @) 90LicH

1430 1500 16N

—_
o
-~

Altitude (km)

A
=

Altitude (km)

L

1
oo
N

! :::.A ! d- ST e . ‘l - R e 7. %\;.. : L
PBL upper limit = 800 hPa

(Wetzel et al., ACP, 2021)

—_
o
-

15
14

0 ”‘
124 l‘|
"

Altitude (km)

Gerald Wetzel et al. Institute of Meteorology and Climate Research



Investigation of pc

troposphere

HALO aircraft measurements over the

\4_’*.'.@3!!!?‘ I

Tropical Atlantic during SouthTRAC
campaign on 7 Oct. 2019 (flight from
Buenos Aires, Argentina, to Sal, Cabo

Altitude (km)

PAN in pptv

16:00 1700 1800 1900 2000 21.00 22?00
Vel’d e) . Time (UTC)

1a}e) i ; —
a) _ 124 i

FIRMS fire information ) BRNeE , 10 ('

_—

@
o

10°N

-
N
il
Tt

Altitude (km)

()]
o

1 ‘CAMS 4ﬂ
61 C,HE T = 2months el <

i
o

C,Hg in pptv

imng“ugv’.# f

16:00 17:00 18:00 19:00 20 :00 21: 00 22:00
Time (UTC)

N
o

ERAS5 250 hPa wind speed (m/s)

40°S 30°S 20°S 10°S 0°

WAk A AN A - - -

80° W70°W60°W50°W4O W30° W20 WlO W 0°

o

,,,,,,,,,,,,,,,

ﬁ?u "IE 3" 1
'im ':
GLORIA = 4" 465

— >
: 2
% I £
140 m T T B-20005
Z12¢ 1\; L ' T 5
10} ‘I & 1
T 1 - T b1000
8T CAMS T

64 CHPH 1= 5days -I!III\I""

+ 0
16100 1700 1800 19100 _20'00 2100 22,00
Time (UTC)
14+
12r 500
10+ -
< 8+ I | |400 >
E 87 ] 2
g 1 T | Fs00e
3144 —T+ z
2121 ‘L.I |I T 2009
104 = 1
8t CAMS o ? 1 1o
6__C2 T= 1 day Il.lgrn?‘l "

1600 1700 1800 1900 2000 21700 22100
Time (UTC)

Altitude (km)

Comparison to Copernicus Atmosphere
Monitoring Service (CAMS) atmospheric

6+HC QH T~ weeks

PR I — i ’ 1
1k !II!li EEF ' 1
104 'R Ilnl. mq ! I | s
s} ' "[RGLORIA ~o8 ’III EREY T
6+ : 4

S5
(=3
o

HCOOH in pptv

16:00 17: 00 18: 00 19 00 20 00 21: 00 22?00
Time (UTC)

chemistry model for data assimilation

HEMERA-WS, Rome, 4-6 June 2022 Gerald Wetzel et al.

Differences between GLORIA and CAMS are
small in the case of PAN.

Poorer agreement for other species seems to
be most likely linked to model deficiencies in
the representation of loss processes and
emission strength.
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Summary

® Maiden flight of limb-emission FTIR irs
HEMERA-2 flight during the KLIMAT ¢

W
(J
® Very successful measurements "."
® Validation: 'l /
® First comparisons with in-situ data of ozone s@ /H;/ e |
® Further: HEMERA-1 & SuperCLIMAT flights il atellite MLS/Aura (O3, N,O, H,0, ...)
® Science: o "
® Covering sun-set and sun-rise: photochemis / ’ |

) [
o 4
I /s

\ N
AN

A

® Pollution in the UTLS /
® Dynamics, age of air 0/
® Upcoming: Strato Science 2022 campaig 4
> GLORIA is a demonstrator for ESA’'s 11t

selection process)

a, Aug. 2022
Ission candidét\e CAIRT (currently in
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