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he information presented here is Table ES1. Major user requirements of GEMS.

supplemental to the main paper. _ System attributes Requirements
. . ” Lifetime >10 years
The section “User requirements Reliability 0.85 at EOL
is a collection of figures and tables >5,000 km (N/S) x 5,000 km (E/W)
related to the development of user | Field of regard N/S range: 45°N-5°5

i X E/W range: Selectable between 75° and 145°E
requirements for Geostationary Orbital position:116.2°F < position < 128.2°F

Environment Monitoring Spectrometer Eight images during daytime

EMS). Th ion “Preflich » (30 min imaging + 30 min rest) x 8 times day~'
(GEMS) e sectio eflight tests <7 km (N/S) at Seoul GSD area < 56 km?

Duty cycle/imaging time

is a complimentary descriptions of Ground sampling distance at Seoul
instrument characterization before (aspect ratio less than 1:3)
integration to spacecraft. The section Spectral range 300 to 500 nm
« . . Spectral resolution <0.6 nm
L1 and L2 processors” includes detail Spectral sampling <0.2 nm
flowchart of 1ev§1-1 (L1) .an.d level-2 S >125% gtaizggr?]m
(L2) processors with descriptions. The . T
X « v - Data quantization =12 bits
section “Expected performance” is a MTF (instrument level) >0.3 in N/S direction at Nyquist frequency
collection of figures and a table related >0.3 in E/W direction at Nyquist frequency
. Imaging navigation 1 pixel
to .the pre.dlcted p.erfor.mance of GEMS Pointing stability 48 prad 2 5
using optimal estimation. The section Pointing accuracy 0.02°
“Retrieval sensitivity for ozone” is Radiometric calibration accuracy <4% (including standard lamp uncertainty)
a collection of averaging kernels in Spectral calibration accuracy <0.02 nm
ging Spectral calibration stability <0.02 nm (within daytime observations)

January to show its diurnal variations. o <2% (310-500 nm)
T T d - Polarization factor ' . o
The section “Validation network” is No inflection point within any 20 nm range
. . Spectral feature <0.05% (within 3 nm)
a summary of available observations

Stray light <2% (310-500 nm)
from the ground-based network within
the GEMS domain. Finally, the section
“Geostationary AQ constellation” includes a detailed description of NASA’s Tropospheric
Emissions: Monitoring of Pollution (TEMPO) and ESA’s Sentinel-4 Mission.

User requirements

Table ES1 lists major user requirements including spatial and temporal resolution, spectral
sampling, and SNR. Figures ES1—ES3 show analyses of the spatial, radiometric, and spectral
requirements. The spatial coverage of GEMS was selected to cover important emission source
regions in Asia (Fig. 5). After analyzing long-term MODIS cloud products, the spatial resolu-
tion was selected to be 7 km x 8 km at Seoul to optimize the probability of finding clear-sky
pixels and retain the capability to cover a wide field of regard (FOR) within 30 min. Spatial
resolution, FOR, and data rate are optimized for the GEMS observation strategy. Increasing
from a spatial resolution of 7 km x 8 km, the probability of finding clear-sky pixels does not
improve significantly until reaching 2 km x 2 km (Fig. ES1). Radiance spectra are provided by
binning two 3.5 km x 8 km pixels, to meet the SNR requirements. As shown in the Fig. ES1,
the probability of finding clear-sky pixels drops by 15% to 30% for 15 km x 15 km resolution,
compared with 7 km x 8 km. Additional cloud information can be obtained with high spatial
resolution from Advanced Meteorological Imager (AMI) on board Geostationary Korea Multi-
Purpose Satellite 2A (GK-2A) with full disk coverage every 10 min.

The spectral range was chosen to cover the absorption lines of the gases of interest (Fig. 3).
For aerosol property retrievals, measurements in the longer visible (Vis) and near-infrared
(NIR) regions are useful, but a measurement window in the UV-Vis region, similar to that of
Ozone Monitoring Instrument (OMI), was eventually chosen for GEMS. The spectral resolution
was selected to be 0.6 nm with 3 samples/band, based on sensitivity tests using resampled
OMI spectra and simulations using radiative transfer models (RTMs). The accuracy of the 0,
SO,, and HCHO retrievals is sensitive to the spectral resolution (Fig. ES2), and contributed to
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Fig. ES1. Probability to find clear-sky pixels for
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obtained by analyzing MODIS cloud data.
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the user requirements. Because the spectral resolution affects the SNR, the spectral resolu-
tion was optimized to produce product uncertainties small enough to resolve air quality (AQ)
standards and achieve the required accuracy (Fig. ES3). The 10 uncertainties for the various
gas products can be reduced by increasing SNRs, which can be achieved by binning multiple
spatial pixels.

Figure ES4 shows solar illumination conditions for different seasons as solar zenith angle
(SZA) contours by season. Using these SZAs, an ideal E-W scan scenario was suggested
(Fig. ES5). GEMS scans from east to west and return to null position to be ready for next scan.
However, due to the limited number of command lines on board the GK-2B spacecraft, this
was optimized to the 3-scan scenario shown in Fig. 5.
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Fig. ES2. Retrieved slant column densities (SCDs) for different gases (y axis) as a function of spectral resolution (x axis), by
resampling high-resolution simulated radiance spectra. True SCD values are assumed for the highest spectral resolution
calculated by the radiative transfer model, and DOAS retrieved values are shown in the y axes.
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Fig. ES4. Solar zenith angles (SZA) distributions for different seasons within the GEMS FOR. Blue, red, and
black lines represent SZA of 50, 70, and 90, respectively.

Preflight tests

Prior to the final assembly of the GEMS with the spacecraft, GEMS went through charac-
terization and calibration tests to confirm compliances with the GEMS requirements and to
gather GEMS sensor data that are critical for on-ground corrections. The spatial, spectral,
and radiometric performances of the GEMS were tested.

For the spatial performance test, a tunable laser feeds a pinhole target placed at the focus
of the GEMS instrument system. GEMS spectral performances are verified at the spectrometer
level only, using f-number matched broadband or monochromatic light in front of the slit in
the spectrometer. As radiometric calibration and polarization tests need high SNR during the
test, radiometric performance is characterized using the thermal vacuum test configuration.
Major user requirements of the GEMS instrument are listed in Table ES1.

L1 and L2 processor

A flowchart of processing from Lo to L2 is shown in Fig. ES6. Level 1B data are spectrally,
radiometrically, and geometrically calibrated from the transmitted Lo digital count value.
The baseline Lib processor consists of sequences of image corrections followed by spectral
registration and radiometric calibrations. The processor applies to both Earth radiance and
solar irradiance calibration in which the diffuser bidirectional transmittance distribution
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Fig. ES5. Ideal E-W scan scenarios (black solid lines) for different seasons. Vertical and horizontal axes represent local
time in Seoul and pixel longitude at 17°N. Dashed lines represent scan mirror movement back to null position after scan.
Nominal daily scan (NDS), full central scan (FCS), and full west scan (FWS) represent scan scenarios of GEMS in Fig. 5.

function (BTDF) correction is applied. After these steps, spatial registration, and spectral and
radiometric calibration are done for the Earth radiance, and spatial registration and BTDF/
goniometry calibrations are performed for the solar irradiance.

The L2 processor uses Lib data to provide the final scientific products, as described in
section 3. As the polarization correction is dependent on geometry of observation, it is done
after the image navigation and registration (INR). All GEMS data are received and processed at
the Environmental Satellite Center (ESC) of the National Institute of Environmental Research
(NIER). All data are processed from Lo to L3 at ESC where the final data will be distributed to
users via the Internet. Further details can be found in W. J. Choi et al. (2018).

Expected performance

The expected retrieval performance of GEMS was assessed according to its design require-
ments, prelaunch calibration results, and synthetic radiances using the optimal estimation (OE)
method (Rodgers 2000; Jeong 2015). This method classifies sources of the retrieval error into
five categories (i.e., smoothing error, model parameter error, forward model error, systematic
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measurement error, and retriev-
al precision; Rodgers 2000). The
calculated retrieval errors for
trace gases include both system-
atic and random components
from measurement uncertain-
ties, interferences from spectral
absorptions by other species,
spectroscopic parameter errors,
surface reflectance uncertainty,
and other ancillary information
uncertainties. Errors in radianc-
es and irradiances are precisely
estimated at high precision from
prelaunch calibration, includ-
ing radiometric calibration,
polarization sensitivity, and
stray light. The vector linear-
ized discrete ordinate radiative
transfer code (VLIDORT) model
was used to generate GEMS
synthetic radiances from hourly
simulated trace gases and aero-
sol concentrations from a GEOS-
5 nature run (Molod et al. 2015),
and surface reflectance from
OMI climatology (Kleipool et al.
2008).

To retrieve trace gas concen-
trations, the absorption signal
of the target species must be
sufficiently large compared
with the measurement noise.
Physical parameters such as
the vertical profiles of trace
gases and surface reflectance
also affect the measurement
sensitivity. Longer optical
pathlength through the layers

Spectral Calibration 1

l Level 0 digital count ‘

'

’ Coaddition Correction ‘

4

’ Offset/Linearity Correction

i

‘ Smear Correction ‘

)

‘ Gain/FPE Temp Correction

i

’ Integration Time /PRNU ‘

)

‘ Dark Correction ‘

'

‘ Spectral Shift Correction ‘

|

‘ Straylight Correction 1 ‘

)

‘ Radiance Calibration |

T

‘ 2 pixel Binning ‘

‘ Level 1B data l

!

’ Straylight Correction 2 ‘

+

‘ Polarization Correction ‘

Il

\ Level 1C data |

I Absorption Coefficients

‘ Surface Reflectance

Spectrum Fitting (DF, DOAS)

Spatial Registration

Image Navigation & Registration

Spectral Calibration 2 ‘

‘ Slant Column Density(SCD)

Cloud/aerosol Information

‘ TOMS ver 9 Algorithm

ms Factor(AMF) | Optimal Estimation (OE)

‘ Total Ozone (TO3) ‘ Vertical Column Density(VCD) ‘ Aerosol Effective height(AEH) ‘
’ Level 2 data ‘

Fig. ES6. Flowchart of the GEMS level-1 and level-2 processors.

of trace gases, as well as the sufficient numbers of photons reaching at the detector, provide
better measurement sensitivity. Estimated retrieval errors of the GEMS trace gases as a func-
tion of SZA are shown in Fig. ES7 and Table ES2. The retrieval errors increase with SZA for
all gases except for NO,. GEMS is expected to provide reliable diurnal cycles of NO, at all
SZAs, as the fitting window is at longer wavelengths than that of other gases (Table 2), and
is thus less shielded by Rayleigh scattering even at higher SZAs (Fig. ES7a). The expected
retrieval accuracy of HCHO from GEMS also satisfies the user requirements up to a SZA of
~70° (Fig. ES7c), whereas that of SO, decreases significantly at SZA > 50° (Fig. ES7b). The tro-
pospheric ozone retrievals from GEMS might have higher retrieval errors at larger SZA > 70°.
However, stratospheric ozone is of uniform quality for the full diurnal cycle. In addition to
the viewing geometry, persistent aerosols over East Asia along with diverse surface types,
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Fig. ES7. The estimated retrieval errors of (a) NO,, (b) SO,, (c) HCHO, (d) tropospheric O, (e) stratospheric O,, and (f) total
0, VCD as functions of SZA. Vertical and horizontal red lines represent user requirements in uncertainty and SZA, respec-
tively; thus, data points below and to the left of these red lines satisfy requirements.

Table ES2. Statistics and requirement satisfaction of estimated retrieval error of GEMS target trace gases.

Retrieval error Requirement
Target product (unit) Mean £ stddev  Median Maximum Minimum | satisfaction
NO, (10" molecules cm™?) 0.45 +0.13 0.44 2.47 0.15 99.03%
SO, (10" molecules cm™) 5.81 +3.07 4.87 28.90 2.06 89.53%
HCHO (10" molecules cm™) 4.03 +0.81 3.86 17.77 2.02 99.99%
Tropospheric O, (%) 3.33+£1.29 2.93 18.49 1.64 85.80%
Stratospheric 0, (%) 1.43 £ 0.59 1.23 6.38 0.76 100.00%
Total O, (%) 2.54 £0.80 2.33 12.37 1.43 99.92%

Table ES3. Classified sources of retrieval error for each retrieval target species of GEMS.

Error sources of retrieval error

Albedo Polarization Stray light
Target product (unit) Solution error uncertainty residual residual
NO, (10> molecules cm™?) 0.44 0.1 0.02 +0.09 0.06 = 0.05 0.00 = 0.00
50, (10" molecules cm?) 5.79 + 3.04 0.23 £ 0.50 0.05 +0.07 0.14+0.13
HCHO (10%™ molecules cm~) 3.74 £ 0.62 0.16 £ 0.16 1.08 £ 1.11 0.20 £ 0.04
Tropospheric O, (%) 2.24 +0.86 1.38 +1.48 0.06 = 0.06 1.45 +0.93
Stratospheric O, (%) 1.26 £ 0.52 0.39 +£0.37 0.03 £0.03 0.38+£0.33
Total 0, (%) 1.47 £0.43 1.29 +1.05 0.04 +0.04 1.24 + 0.68

AMERICAN METEOROLOGICAL SOCIETY BAMS JANUARY 2020 ES8
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Fig. ES8. Rows of the averaging kernel matrices of O, profile retrievals throughout the day (0000-0700
UTCQ) for 15 Jan in Seoul. The values were normalized by the variability of the O, at each altitude (from
Jeong 2015). Colors represent values at different peak altitudes.

contribute to overall trace gas errors. Table ES3 shows the classified sources of retrieval error
for each retrieval target species of GEMS.

The effect of aerosols and surface reflectance on trace gas retrieval is also important, par-
ticularly in East Asia. Absorbing aerosols typically reduces the light pathlength, thus reducing
measurement sensitivity. The role of scattering aerosols is more complicated as it depends
on the relative vertical distributions. Scattering aerosols above the target trace gases lead
to reduced gaseous absorption, and consequently, reduced signal and retrieval sensitivity.
The opposite is true for scattering aerosols below the target gases (Jeong 2015). However, the
effects of aerosols and surface reflectance on trace gas retrievals can be minimized by their
careful characterization.

Retrieval sensitivity for ozone

Ozone is a key component of GEMS retrievals, as it affects the accuracy of other trace gas
retrievals, particularly SO, and HCHO. Using the OE method, the expected retrieval perfor-
mance of GEMS has been assessed based on its design requirements, prelaunch calibration
results, and synthetic radiances (Rodgers 2000; Jeong 2015; Zoogman et al. 2017). Detailed
descriptions of the performance estimation and results can be found in the supplement,
Fig. ES7, and Tables ES2 and ES3. Averaging kernels (AKs), which characterize the sensitivity
of retrieved values to the true atmospheric quantities, are important tools in assessing the
product accuracy. Diurnal variations of the ozone AK are shown in Fig. ES8 at selected hours on
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Table ES4. Summary of validation network for GEMS products.

Network name Network full name Instrument Observation Reference (home page) GEMS product
Dobson .
World Ozone and spectrophotometer 103, 0, umkehr Fioletov et al. (1999) m
WouDC Ultraviolet Radiation Brewer T03, O, umkehr, AOD, SO, total (htt s-//wouac org) T03, SO,,
Data Centre column density, UV irradiance, ps: 019 AOD, UV
spectrophotometer . )
UV index index
Herman et al. (2009)
Pandora network  Pandora network Pandora Totgl colu_mns of 0, 118, [0 (https://pandora.gsfc.nasa.gov, UOEL O
spectrometer their vertical profiles i " HCHO
http://pandonia.net)
Acid Deposition Wet deposition (sulfate), dry . S0,, NO,,
EANET Monitoring Network in W:\;;ntlie(:ry deposition (concentrations of Sugl(Tv(\)/E(\)/vaenadngtngsgg;) 09) tropésphezric
East Asia P S0,, NO,, and 0)) ] ] L
Multi-Axis Differential Kanaya et al. (2014) .
RGOS Optical Absorption MAX-DOAS Tropospheric NO,, AOD (https://ebcrpa.jamstec.go.jp/ Tropospheric
network 2 NO,, AOD
Spectroscopy network maxdoashp) 2
Asian dust and aerosol Extinction coefficients of Sugimoto et al. (2016)
AD-NET lidar observation attenuated backscatter, aerosol, gimoto et al.
. : (www-lidar.nies.go.jp/AD-Net)
network dust, spherical particle
. Attenuated backscatter
KALION KO E ol lidar . coefficient, aerosol extinction Yeoetal. .(2016)
observation network Lidar - (www.kalion.kr) AOD
coefficient
Cloud heights, thin cloud
MPLNET NASA Micro-Pulse lidar extinction optical depths, cloud Welton et al. (2001)
Network phase, aerosol height,? aerosol (https://mplnet.gsfc.nasa.gov)
depolarization ratio profiles
Aerosol Robotic Size distribution, refractive Holben et al. (1998)
AR Network S AT index, phase functions, water (https://aeronet.gsfc.nasa.gov)
Sun—Sky Radiometer vapor, Angstrom exponent, fine Li et al. (2018)
SO Observation Network Sumpliotamee mode fraction, AOD, SSA (https://aeronet.gsfc.nasa.gov) A0,
SKYNET Sky radiometer Sky radiometer  AOD, SSA Takamura and Nak_ajlma (2004)
network (www.skynet-isdc.org)
Global Atmosphere Aerosol particle number
GAW WDCA Watch World Data Aerosol sampler  concentration, size distribution, Wl\?v(\?\//va/\-/\Wa\F/{ve—S\./(}faifrzo)M) AOD
Centre for Aerosols light scattering coefficient, AOD 9 019
Ceilometer Ceilometer network Lidar Cloud bottom height, cloud Miinkel and Roininen (2010) Cloud fraction
network fraction (https://data.kma.go.kr/data/)

2 0nly available at AERONET observation times.

15 January. Diurnal variations Table ES5. Geostationary Air Quality Constellation (from CEOS).

of the AKs indicate enhanced Sentinel-4 TEMPO GEMS
retrieval sensitivity near the Domain Europe North America Asia—Pacific
surface at noon and with de- Revisit 1h 1h 1h
creasing sensitivity as SZA Planned launch ~2023 2022 2020
increases due to Rayleigh scat- UV—Vis—NIR UV-Vis UV-Vis
tering and ozone absorption. Payload 305-500 nm 290-490 nm 300-500 nm
Sensitivity near the surface 750-775 nm 540-740 nm
peaks in July (not shown here) 0,, trop. 0,, NO,, 0, trop. 0, 0=2km o 0 <5 HcHo
- Products 10 il el 0y NO,, HCHO, SO, 5o, AOD, Al
and decreases in other months AOD, height-resolved  CHOCHO, B0, 10, 2= AO0 AR
as noontime SZA increases. aerosol HONO, AOD, AAI
Note that in this analysis, the Spatial sampling 8 km x 8 km at 45°N sz.zE/kvr\? N/S x 5.2 km 3.5km N/S x 8 km
— o at 36.5°N E/W at 38°N
VZA is fixed at 43° to represent
th .. ¢ 7 km N/S x 8 km E/W
€ average viewing geometry | nominal product 8.9km N/Sx 11.7km  <8.88kmN/Sx  at 38°N (gas),
of the GEO instrument. The resolution E/W at 40°N 5.15 km E/W at 35°N 3.5 km N/S x 8 km
degrees of freedom for signal e (el
. Accompanied
(DFS) is a measure of the num- : MTG-S, MTG-| GOES-R/S ABI AMI, GOCI-2
instruments

ber of components of the profile
retrieval not constrained by the
a priori (Rodgers 2000). The GEMS performance estimation showed that the expected annual
mean DFS for ozone is 0.8 + 0.2 in the troposphere and 2.9 + 0.5 in the stratospheric. The DFS
increases by up to 20% with the binning of 8 spatial pixels.
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Validation network

For the validation network with-
in the GEMS FOR shown in Fig. 7,
the details of each measurement
network are listed in Table ES4,
including instruments, mea-
sured parameters, and refer-
ences.

Geostationary AQ
constellation

In the framework of the Com-
mittee on Earth Observation
Satellites’ (CEOS) Atmospheric
Composition Virtual Constella-
tion (AC-VC) program, initiatives
have been taken to enhance the
relevance of the GEO AQ con-
stellation missions (Table ES5)
for related science and policy
applications. To this end, AC-
VC pursues harmonization of
product quality, coordination of
calibration and validation activi-
ties, and facilitates sharing and
analysis of the mission on the
global scale (CEOS 2011).

In the future, additional geo-
stationary AQ missions will
hopefully join this constellation,
including the Geostationary At-
mospheric Observation Satellite
(Japan) and the Fengyun-4 (FY-
4) mission (China), with hopes
for South America, Africa, and
the Middle East. These GEO AQ
missions will be accompanied
by meteorological instruments
including the Advanced Base-
line Imager (ABI), AMI, and the

Table ES6. Satellite instruments to observe air quality with operational periods.

Sensor
TOMS
GOES-8 imager
GOME
SeaWiFS
MISR
MODIS
MOPITT
SCIAMACHY
AIRS
SEVIRI
omI
TES
MTSAT imager
GOME-2
IASI
Godl
MI
Crls
OMPS
VIIRS

INSAT-3D imager

AHI

EPIC

ABI

AGRI
TROPOMI
SGLI

EMI

AMI
GEMS
GOCI-2
TEMPO
FCl

3MmI
Sentinel-4
MAIA

Years of operation

Reference

October 1978—December 2006 Heath et al. (1975)

April 1994—-May 2004
April 1995—July 2011

August 1997-December 2010

December 1999—present
December 1999—present
December 1999—present
March 2002—April 2012
May 2002—present
August 2002—present
July 2004—present

July 2004—present
February 2006—May 2016
October 2006—present
October 2006—present
June 2010—present

June 2010—present
October 2011—present
October 2011—present
October 2011—present
July 2013—present
October 2014—present
February 2015—present
November 2016—present
December 2016—present
October 2017—present
December 2017—present
May 2018—present
December 2018—present
Launch in 2020

Launch in 2020

Launch in 2022

Launch in 2021

Launch in 2022

Launch in 2023

TBD

Menzel and Purdom (1994)

Burrows et al. (1993)
McClain et al. (2004)
Diner et al. (1998)
Levy et al. (2013)
Deeter et al. (2003)
Bovensmann et al. (1999)
Aumann et al. (2003)
Aminou et al. (1997)
Levelt et al. (2018)
Beer et al. (2001)
Miyamura (2007)
Munro et al. (2016)
Clerbaux et al. (2009)

Choi et al. (2012), Choi et al. (2016)

Kim et al. (2016)
Han et al. (2013)
Flynn et al. (2014)
Jackson et al. (2013)
Singh et al. (2016)

Bessho et al. (2016), Lim et al. (2018)

Marshak et al. (2018)
Schmit et al. (2017)
Yang et al. (2017)
Veefkind et al. (2012)
Imaoka et al. (2010)
Zhang et al. (2018)

Choi and Ho (2015), Park et al. (2016)

This paper

Ahn et al. (2010)
Zoogman et al. (2017)
QOuaknine et al. (2017)
Fougnie et al. (2018)
Ingmann et al. (2012)
Diner et al. (2018)

Flexible Combined Imager (FCI), which will significantly enhance our understanding of the
globalization of tropospheric pollution and short-term climate change significantly.

TEMPO

The TEMPO (http://tempo.si.edu) satellite instrument will measure atmospheric pollution
over North America, ranging from Mexico City to the Canadian oil sands, and from the At-
lantic to the Pacific. Its high temporal resolution (hourly or better in daylight, with selected
observations at 10 min or better) and high spatial resolution (10 km? at the center of the FOR)
can resolve pollution sources at the sub-urban scale, improves emission inventories, monitors
population exposure, and enables effective emission-control strategies. TEMPO will measure

AMERICAN METEOROLOGICAL SOCIETY

BAMS

JANUARY 2020 ES11




0, profiles down to the boundary layer, along with NO,, SO,, H,CO, CH,0,, H,0, BrO, IO,
HONO, clouds, and aerosols. Applications for these measurements include intercontinental
pollution transport, biomass burning and 0, production, aerosol products in concert with
synergistic GOES IR measurements, lightning NO , soil NO_and fertilizer application, crop
and forest damage from 0,, chlorophyll and primary productivity, foliage studies, halogens
in coastal and lake regions, ship tracks and drilling platform plumes, water vapor studies
including atmospheric rivers, hurricanes, and corn sweat, volcanic emissions, high-resolution
pollution versus traffic patterns; tidal effects on estuarine circulation and outflow plumes;
and AQ response to power blackouts and other exceptional events. The instrument has been
delivered and is awaiting spacecraft integration and launch in the next several years. Further
details can be found in Zoogman et al. (2017).

Sentinel-4 UVN. The Sentinel-4 (S4) mission is part of the Copernicus Space Component. It
has been designed to serve the needs of the Copernicus Atmosphere Monitoring Service for
atmospheric composition observations over Europe with a fast revisit time (hourly) at a high
spatial resolution (8 km N/S x 8 km E/W at 45°N). The key level-2 products of the Sentinel-4
mission cover total and tropospheric columns of O3 and NO,, total columns of SO,, HCHO,
CHOCHO, and aerosol parameters (optical depth, layer height, and UV absorbing index).
Auxiliary products cover cloud properties (optical depth, fraction, and height) and surface
reflectance characteristics. The S4 mission represents the European component of the geo-
stationary Earth orbit (GEO) AQ constellation.

The S4 mission is implemented as a series of two imaging spectrometers with bands in
the UV, Vis, and NIR (UVN) spectral domain, deployed on the Meteosat Third Generation
Sounder (MTG-S) platforms. ESA is responsible for the mission implementation. Two S4/UVN
instruments will be flown in sequence spanning an expected mission lifetime of 15 years.
EUMETSAT will operate the S4/UVN instruments and will process mission data up to level
2. Further details can be found in Ingmann et al. (2012).

Relevant satellite instruments to observe air quality shown in Fig. 1 are listed in Table ES6
with operation period and references.
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