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What do we want to do?

Retrieve tropospheric ozone using a tropospheric
ozone residual technique from OMPS limb-nadir
matching observations

Subtract the stratospheric ozone column from the total ozone column.
TropO; = TOC — SOC

1° Total ozone column (TOC) — from OMPS Nadir Mapper

2° Stratospheric ozone column (SOC) — from OMPS Limb Profiler
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What i1s Ozone?

Altitude (kilometers)
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Tropospheric ozone: the “bad ozone”

Effects on Human Health

Ozone can cause the muscles in the airways to
constrict, trapping air in the alveoli.

Shortness of breath, pain, tightness of the chest,
wheezing, and sometimes even nausea.

Effects on Plants

Ozone enters the plant’s
leaves through its gas
exchange pores (stomata),
it dissolves in the water
within the plant and reacts
with  other  chemicals,
causing a \variety of
problems.
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https://earthobservatory.nasa.gov/Features/OzoneWeBreathe/
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Tropospheric ozone and photochemical air pollution

Ozone production
O(°P)+0,+M->0;+M
In the stratosphere
0, + hv > 0 + 0( °P) A <240 [nm]
In the troposphere

NO, + hv - NO + O( °P) A <420 [nm]

CO, NHMC, VO
emission

+04)—

CO; or RO,

ﬁ NO, + CO/VOCs +{f — O,

NO, + CO/VOCs VOCs
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: lifetime in the free
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Global distribution and concentrations
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What has been done?
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Using residual techniques

« Substract stratospheric O4 from total ozone
column

 Subtract stratospheric O; from ozone profiles

» Tropospheric excess method: zonally no
variation of stratospheric O,

Convective cloud GOME-1
differential technique | SC/AMACHY
(CCD) GOME-2
aaaaa N R e

ccccc

TTCO=TCO-ACCO | |

\/
\Ej Surface

Leventidou et al., 2016
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Previous Instruments and technigues
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Instrument: OMPS

Suomi NPP = JPSS

The Suomi National Polar-orbiting Partnership
Joint Polar Satellite System

Ozone Mapping and
Profiler Suite (OMPS)

Clouds and the Earth’s
Radiant Energy System
(CERES)

OMPS

Ozone Mapping &
Profiler Suite

Advanced Technology
Microwave Sounder (ATMS)

Cross-track Infrared
Sounder (CrIS)

Visible Infrared Imaging
Radiometer Suite (VIIRS)




Instrument description

Suomi NPP

Launch: October 28, 2011
orbit sun-synchronous with
1330 ascending node
Altitude: 824 [km]

14 orbits per day

OMPS

. Collect data since January 2012
« Three-part instrument:

> Nadir Mapper (NM)

> Nadir Profiler (NP)

> Limb Profiler(LP)
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Nadir Mapper &
Profiler

Malin
electronics

Limb
Profiler

Diagram from Ball Aerospace and Technology Corporation

The Instruments measure radiance
scattered from the Earth’s atmosphere
and surface. The detectors are 2-D CCD
arrays with one spectral and one spatial
dimension.
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OMPS Nadir Mapper (NM)

RDR Generation
Satellite Velocity
Vector
i Spacecraft
Spectral range 300 — 380 [nm] -~ 0 deg™> S DouTligicy
Spectral resolution FWHM =1 [nm]
Sampling 0.4 [nm] py
290 ket 0 K 250 km X 260 km
Cross track (FOV) 110° - 2800 [km] HCS (nadir NR)
50 km x 2800 km
35 bins
Along track 0.27°
50 [km]
Reporting period 7.6 [S]
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OMPS Limb Profiler (LP)

RDR Generation

3 vertical slits with Tangent Points 250 Vector
[km] far apart. o 0460 Bownink

. Measurements every 19 [s], 1° latitude T A e e
Sampling. 250 kmx 130 km /4 ;sfk-n‘{x‘zs,()nkm

HCS (nadir NP.)__
50 km x 2800 km

» 180 states per orbit, 14 orbits per day.

zA

Spectral range 280 — 1050 nm

Spectral resolution FWHM =1 up to 30 nm S '

Vertical sampling 1-1.9 km 105 sca/TP Lo
FOV 1.85° "
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Tropospheric ozone residual
technique

TropO; =TOC — S0OC

1° Total ozone column (TOC) — NM
Weighting Function DOAS

2° Stratospheric ozone column (SOC) — LP
I.  Ozone profiles: SCIAMACHY retrieval scheme (by Carlo Arosio et al.)
li. Tropopause Heigth
lii. SOC: Integrated O, from the Tropopause Heigth upwards

3° Limb — Nadir Matching

TupBRSY
-!l.=ll
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TOC = WEDOAS

Weighting Function Differential Optical Absorption Spectroscopy

From WFM-DOAS (Buchwitz et al., 2000)

In I™¢(VE, bY) ~
In1™°*(V,b)

+SCDpo, * 0 no,
+5CDpgro * Oro
+SCDRing " ORing
+P;

0 ln [™mod -
+ all/ ly x (V=7)
d In [04 o
+ na} 7 x(T-T)

Coldewey-Egbers et al., 2005
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Spectral fitting window: 326.8—335.0 nm
Fitting terms:
»0zone vertical column (weighting function)
- temperature (weighting function)
> Ring (including ozone filling-in)
- NO,
- Bro

A-priori ozone profile shape from total ozone
dependent TOMS V7 ozone and temperature
climatology (Wellemeyer et al., 1997)

Absorption cross section — Serdyuchenko et al.,
2014

Cubic polynomial subtracted in the fit
Weber et al., 2005
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SOC =+ Ozone profiles

Retrieval of ozone profiles from OMPS limb scattering observations M”:;zfggeeﬁ
Carlo Arosio'. Alexei Rozanov!. Elizaveta Malinina'. Kai-Uwe Eichmann'. Thomas von Clarmann?. Techniques

and John P. Burrows! Discussions

Average ozone profile in tropics, 2013

The SCIAMACHY retrieval 0

scheme was adjusted to 40.0

OMPS limb measurements, %50

exploiting spectral ranges =

in Hartley, Huggins and g 00

Chappuis 0zone bands, to £ 550

retrieve  ozone  profiles

between 12 and 60 km. 2
15.0 1

0.0  Te+12 2e+12  3e+12  4e+12  5e+12
O3 Number Density [molec cm_3]
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SOC = Tropopause Height

WMO thermal definition: The lowest level at
which the lapse rate decreases to 2 °C/km or
less.

Alttude (km)
Alttude (km)

« |UP Program (by Jia Jia)

« |UP ECMWEF (European Centre for Medium-
o 2 4 6 8 220 240 260 280 Range Weather Forecast) analysis

Ozone Mixing Ratio (ppm) Temperature (K)

e Tropopause Height 01.01.2013

20 F i
_ o
M I e |
) /’ \
© / \
§10' i f/ ™™ -..,.\-
5 : ' : ' I |
-80 -60 -40 -20 0 20 40 60 80

Latitude

andrea@iup.physik.uni-bremen.de




Limb-Nadir matching

# Created by Jia Jia RDR Generation
# Implemented by Felix Ebojie @ IUP Bremen
July 2013 i
# Changed by Nabiz Rahpoe October 2013 FOV [ -~%ﬁﬁﬁﬁ?
# Rewritten from IDL to python by Andrea <

Orfanoz-Cheuquelaf Dec. 2017

Nadir Path

The optical axis of 250 kmx 130 km._ /5 250 ki x 260 km

/[ HCS (nadir NR)_

the telescope tilts " 50 kmx 2800 km
downward relative —=—112

. Center Slit é”‘*“’:-},

. Right Slit |8 =
i e

AN

S

to the baseplate by
27.3°

=

The limb view tangent
points pass each 1
geographic location T
approximately 7 min after [\ W
they are viewed by the |-
Nadir instrument.
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Preliminary results: Total ozone column
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Total ozone - Latitude orb.06113 01.01.2013

— WFDOAS

—— OMPS L2 0y
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Latitude [deqg]
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Cloud fraction =0
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Apsorption cross section diagnostic

1e—20 O3 comp. cross section T 273K
15 —— Gorshelev
—— Serdyuchenko
—— Bauss Paur
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Preliminary results: WFEDOAS fit

fit residual
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Total ozone column

Total Ozone 01.01.2013

450 -
06111

06112
06113
06114
06115
06116
06117
06118 /A¥0! W
06119 /
06120 W
06121
06122
06123
06124

400 1

250 1

200 1

—80 —60 —40 —20 0 20 40 60
Latitude [deg]

andrea@iup.physik.uni-bremen.de




Tropospheric ozone

OMPS tropospheric ozone - orbit 6113
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What Is next?

 Improve TOC algorithm
» Cloud correction

« Apply the method for the entire OMPS
data set

. Validation of the data set
> OMPS products
- Other satellites
> Ozone sondes
> Models
o First thesis committee meeting

L7 RSN _ _ _
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Danke!
Thank you!
iGracias!
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