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copernicus.eumetsat.int

H A huge step forward for monitoring environment and climate

opernicus
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A simplified view of the Copernicus programme

copernicus.eumetsat.int

Sentinel-1
Sentinel-2
Sentinel-3 (land)
S5P/TROPOM/

CAMS
(ECMWF)

CMEMS
(IFREMER)

Delegation Agreements

Sentinel-3 .
(mar/ni}alt,;sosphere @pernlCUS

)
Sentinel-4

Sentinel-5

(European Commission) C35
(ECMWF)

CGLS
(JRC)

elc.

Jason-3
Jason-CS/Sentinel-6

m (ope(_nicps & EUMETSAT
EUM/OPS-COPER/VWG/21/1254319, v1 Draft, 16 November 2021 S 3



Copernicus Sentinels operated by EUMETSAT

YEAR.. 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38

European
Commission

(opemicys @ EUMETSAT é
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MTG-S-1: SOUNDING s 8

MTG-S-2: SOUNDING o2

SENTNEL4onMTGS £ E

‘= O

<« £°
k- =
EUMETSAT POLAR SYSTEM SECOND GENERATION (EPS-SG) o
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freegifmaker.me

Monitoring the
ocean

YEAR.. 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40

[ £ ] (opernicus @ EUMETSAT
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Satellite monitor pollutants and support observational effort

copernicus.eumetsat.int

Nitrogen Dioxide from 1 month TROP
© Copernicus program

0.01 kg/s
0.1 kg/s

1 kgls

; sy .
. 11. Sur Industrial Estate 17. Shizuishan .
6. Alto Laran district 12. Beech Island 18. Zezhou-Gaoping 24. Bacau

Ammonia fluxes based on 9 years of IASI data
© Martin Van Damme and Lieven Clariss@/llisB B8 Goercs 5




H Products for Trace Gas: EUMETSAT and Sentinels

copernicus.eumetsat.int

Carbon monoxide (CO) is present in small amounts (about 80
‘ ppb) in the Earth's atmosphere.
About half of the carbon monoxide in Earth's atmosphere is

from the burning of fossil fuels and biomass (such as forest
‘ and bushfires)

PRESENT FUTU RE Most of the rest of carbon monoxide comes from chemical

reactions with organic compounds emitted by human
activities and plants.

Satellite

1GOME, SOANACHY
OML GOME.2}

Metop
GOME-2
and 5p
Metop
IASI
Metop-SG
IASI-NG
MTG-S
S4/UVN

Sentinel 5

Nitrogen dioxide (NO2) is produced from oxidation of
monoxide (NO) that is in turn produced by combustion - high
temperatures to break nitrogen and oxygen molecules

O3 total column

03 profile (incl.
troposphere)

Os tropospheric column
NO; total column

NO; tropospheric column HCHO Formaldeheide also produced in fires

SO, Synthesis product - potentially toxic Ne—o -'S

SO, Layer Height

HCHO
CHOCHO
BrO NH3 - Ammonia produced in livestock- also
ocClo Synthesis product - potentially toxic

HNO3

NH3

Co

CHa4

SIF

CO>

H>0

UV Products

EUM/OPS-COPER/VWG/21/1254319, v1 Draft, 16 November 2021 ecuversar [l (opericss 6



Sentinel-3: Synchronous ocean and atmosphere data

copernicus.eumetsat.int

* -~ Daily data from 3 instrument packages:
 (QLCI

« SLSTR
« Altimetry (SRAL)

 Wide variety of relevant products:

SST from S3 (04 Apr 2018 DAY)

* (Ocean colour, chlorophyll, TSM

- Brisbane

e Aerosols, Fire Radiative Power
« Many relevant applications:

« Carbon cycling, sediment dynamics,
waves/wind, air quality fires, dust,
volcanic eruptions.

S
160°W 120°W 80°W  40°W 0° 40°E  80°E_ 120°E_160°E
10 20 30 40 50

EUM/OPS-COPER/VWG/21/1254319, v1 Draft, 16 November 2021 7
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(opermious & EUMETSAT

METOP (EPS-SG) - (incl. Sentinel 5)

Sentinel-5

copernicus.eumetsat.int

Operational : 2023-2035

KNMIESA

=

3MI

Multi-viewing,
-channel,
-polarisation Imager

Radio Occultation

Microwave Sounder

Sentinel-5 OMI tota NO, 11 Jan 2019

UV-VIS-NIR-SWIR Sounder

; ,
2
i 1 -S
METimage - N2 e
e | © KNMI / ESA |

Visible-Infrared Imager

IASI-NG
Infrared Atmospheric Sounding Interferometer
- New Generation

EUM/OPS-COPER/VWG/21/1254319, v1 Draft, 16 November 2021



Example: Changes in ammonia concentrations

What does it means — support air quality monitoring

Analysis of 7 years of IASI data from https://acp.copernicus.org/articles/21/16277/2021/

) ; 4 . vl .
7 _~ Lake Victoria
e,
f 1
. R
i g
R W
N s
W

Change in NH, Vertical Column Density
(10" molecules/cm? per year)

-1.5 0 1.5

https:/ /agupubs.onlinelibrary.wiley.com/doi/epdf/10.1029/2023GL103540

EUM/OPS-COPER/VWG/21/1254319, v1 Draft, 16 November 2021
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Change in Burned Area
(Fraction burned per year)

olfps 26367202361 103540

A

o\

12

0

"~ Lake \ ictoria

0.1

copernicus.eumetsat.int

@ EUMETSAT
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MetéoéatThi'rd_'Genera.l:ion (MTG]: Mission overview -

agery evevry 10 minutes in : : : o i
‘\:\bands with the Flexible Comblned Imager (FCI) Fast imaging of European weath

. Soundlng mission (MTG-S):

1. 3D mapping of water vapour,
temperature with Hyperspectral
Infrared Sounder (IRS)
Air quality monitoring and
atmospheric chemistry in synergy
with Sentinel-4 / Ultraviolet Visible &
 Near-infrared -

o Sta'rt of operatio‘ns in 2022 and 2024
= Operational exploitation: 2022-2042




Example: MTG-S Sounding Mission - Sentinel 4 B Gore: @umersr

copernicus.eumetsat.int

The spatial resolution ~ 8 x 8 km
with hourly temporal resolution

First Geostationary over EU . 7 i E 16108100 FOVNTG+ phel mar oo 10"
- pEBaRnAr
Focus on air quality with the main S ’ = ] :
data products being 05, NO,, SO, 4° entinel 4.5 5 F K
HCHO, and aerosol optical depth. . \ 25
LAY TN
H . L4l N 2

20

Start of operations: 2023
Operational : 2023-2042

Synergy with the instruments
on the EUMETSAT Meteosat
Third generation

-40

-60 -40 -20 0 20 40 60
Latitude

EUM/OPS-COPER/VWG/21/1254319, v1 Draft, 16 November 2021 12



(opermicus & EUMETSAT

Example: Better coverage with multiple satellites ®

Sentinel-4

Sentinel-4 !
Sentinel-5 Sentinel-5
Sentinel-5 Precursor
h

Sentinel-5 Precursor

NO,

!
L P

N
gl \d
[ Y l PR
Sunrise . Sunrise .
Sunset Time of day Sunset Time of day
One day of ND2 at the ground fre EURAD model: 01 UTC

13
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GEMS as Sentinel-4 precursor - LEO vs GEO

% Ulaanbaara
Ynaa"rap

Lon

EUM/OPS-COPER/VWG/21/1254319, v1 Draft, 16 November 2021
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Combining the polar and geostationary worlds: $4 & S5

copernicus.eumetsat.int

00:55 UTC

ENEE
E..

Scan to see a video
on S4 instrument

NO2 [a.u.]

B (opernicus @ EUMETSAT

European

EUM/OPS-COPER/VWG/21/1254319, v1 Draft, 16 November 2021 R — 15



Sinergy - Constellation

TEMPO (hourly)™
Tropospheric Emissions:
Monitoring of Pollution &

=

EUM/OPS-COPER/VWG/21/1254319, v1 Draft, 16 November 2021

GEMS (hourl)™— >

Geostationary Environmeni @J
Monitoring Spectrometeﬁ% :

Bl (oocrmicus

& EUMETSAT

icus.eumetsat.int
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Sinergy - Weather Cube

EUM/OPS-COPER

& EUMETSAT

—=—> = Convection

— -» = Winds

.»f_'

i » = Atmosphere

metsat.int

17



H Greenhouse gases - preparing for CO2M

copernicus.eumetsat.int

"~
Total CO (x 1e18 molec/cm2}

i P

resolution

m 4 km?2 0.5 - 0.7 ppm o
m 4 km?2 10 ppb g
(N02 PR 1.5x1015 molec/cm? RS
m 4 km2 0.7 mW m-=2srl nm-t o
16 km?2 0.05 AOD, 500 m LH
m <5% of FOV  Water & cirrus clouds

VIS band also covers CHOCHO (glyoxal)
VIS & SWIR band also covers water vapour
*Top-of-Atmosphere Solar Induced Fluorescence

EUM/OPS-COPER/VWG/21/1254319, v1 Draft, 16 November 2021 e cuversar Bl (ooernics 18



E Example: Monitoring Carbon Dioxide

>407.5

407.0

406.5

406.0

XCO; [ppm]

405.5

405.0

<4045
>3.5

3.0

25

2.0

NO, slant column [10'® molec. cm™?]

EUM/OPS-COPER/VWG/21/1254319, v1 Draft, 16 November 2021

1}
11.07.2018 12:03:45 (At = 6ming Wy
Normal wind speed [m/s]: 2.6i0.s !‘|
CO, Flux [MtCO,/a]: 31+7

27

NO, slant column [10'® molec. cm™?]

XCO;, [ppm]

4.5

3.5

25

copernicus.eumetsat.int

Experimental study on Matimba Power Station

| 2a L P
| [S) [N
[N

1
1
»

NO, slant column [10'® molec. cm]

50 100 150
Distance in flight direction [km]

Nitrogen Dioxide from TROPOMI data
© Copernicus program & CO2 from 0C02

Credit - Hakkarainen et al. 2020

@cumersar Bl (ooernicss 19



G

Atmosphere
Monitoring

Sentinel CO2M

4

OBSERVATIONS OF
ATMOSPHERIC CO2 AND CHs4

INTEGRATION AND
MODELLING

Using computer models of the
Earth system, the data are
combined to provide timely

emission estimates.

PROGRAMME OF
THE EUROPEAN UNION

EMISSION
MONITORING DATA

GLOBAL
Supporting the Paris Agreement

44

OUTPUTS

POLICY TOOLS

o

(opemus CECMWF

@ EUMETSAT

LOCAL
Supporting green cities

Qesa

GOVERNMENTS AND
POLICYMAKERS

USERS

Consistent, reliable
information

Supports policy and
ecision-making
processes

SCIENTIFIC COMMUNITY

THE PUBLIC

-~

copernicus.eumetsat.int

https://atmosphere.copernicus.eu/ghg-services

EUM/OPS-COPER/VWG/21/1254319, v1 Draft, 16 November 2021
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6\
copernicus.eumetsat.int

Atmosphere

4ll Observations of What we

Monitoring . éi.....'..
: -ﬁm - A atmospheric CO2 b W i already know

Integration and modelling

Using computer models of the atmosphere, the data
are combined to provide timely emission estimates,
with the detail required to support mitigation actions

A new European anthropogenic CO, emissions monitoring
and verification support (CO2MVS) capacity will support countries
and regions with observation-based policy-relevant information.

Energy sector Industry Forestry  Transport Agriculture Buildings

Scientific community The public

Users 3 G
g9 and reliable
to support policy-making and
decision-making processes.

EUM/OPS-COPER/VWG/21/1254319, v1 Draft, 16 November 2021 21




~ TIMELINE OF COPERNICUS co2Mvs

copernicus.eumetsat.int

‘Sentinel 5
............... ‘ CO, Mission

Air Quality emissions
Sentinel 4 2025

Atmosphere

Monitoring

From expert groups through

dedicated research funding, €SECMWF ( esa @ eumersat [
to operational services

Sentinel 5p

SATELLITE MISSIONS -~ Operational ?
ramp-up in CAMS > SERVICE

CO2 TASK FORCE COMPONENTS

GUIDANCE DOCUMENTS

2017

2026
CO, Monitoring & Verification Support (CO,MVS)

T - OBSERVATIONS
2021 europe INTEGRATION ouTPUT

= | - -
@) CoCO2
\

RESEARCH AND )
PREPARATORY
PROJECTS

PRIOR INFORMATION DECISION \

—

2015

EUM/OPS-COPER/VWG/21/1254319, v1 Draft, 16 November 2021 22



H Copernicus expansion missions - focus on cryosphere

copernicus.eumetsat.int
5000 T T T ml
I~ e . — 1 === : ‘ OPErmICUS
Europe’s eyes on Earth
-5000- 3
o Floating ice: CI MR ‘
,-10000-
c
£
Q
g "18000" N z COPERNICUS IMAGING
= i J0 3 E :MICROWAVE RADIOMETER
-20000+ Grounded ice: 45 z 8§
Antarctica "0 &%
-25000+ Greenland :gg (% %
Glaciers Jag 8
-30000

1995

Radiometer

EUM/OPS-COPER/VWG/21/1254319, v1 Draft, 16 November 2021 ecuversar [l Copernicss 23



What we see and what Satellites see

500~ T T 1 T 1T T 7]
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Programs are divided by orbit type ©

Why monitoring from Space? copernicus.eumetsat.int

Use data and algorithms instead of eyes
® Observe and measure from a distance without modifying the target

® Access to spatial and temporal scales impossible without the contribution of
satellite

® Consistency of measurements worldwide

Sentinel-3 A+B SLSTR - AOD(550 nm) Land - Unfiltered - 19.10.2022

B Cooernicus 9.5 ki Resohytion & EUMETSAT

® Low earth orbits (circling the earth)

Advantages:

More near to Earth -> Higher spatial resolution
Used also for Active Obs.(Radar/Lidar) and PMW
Disadvantages:

Poorer time resolution -> needs of constellation

freegifmaker.me

® Geostationary (fixed position above earth)

Advantages:
Better time resolution

Residual low-
level smoke™ *

Disadvantages:

One side of the Earth -> needs of constellations
large viewing angles at the borders -> geometrical
distorsions

) e Y B 'Side” of the -
Only VIS/IR and passive Obs. S R 9GS active storm

EUM/OPS-COPER/VWG/21/1254319, v1 Draft, 16 November 2021 25



\

Satellite

[OOME, SOANALCHY
OML GOME2|

Satellite measurements
Radiation emerged from the
interaction with the
Atmosphere-Surface system

COMPARED TO

Modelleded measurements
- A priori information on the
system (atmospheric
scenarios)
- Model of the system
(Forward model)



Limb scanning — vertical profiles

Tangent Height
-3t0 100 km

E
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https://www.researchgate.net/publication/3204055_Retrieval_algorithms_for_the_EOS_Microwave_Limb_Sounder_MLS_instrument

A question of resolution ...

copernicus.eumetsat.int

12 km 4 km 2 km

i (opernicus @ EUMETSAT
EUM/OPS-COPER/VWG/21/1254319, v1 Draft, 16 November 2021 = 08



Resolution -Third vs Second Gen ... MTG data are preliminary

cus.eumetsat.int

29

EUM/OPS-COPH



Observe smoke : In a nutshell

AOD (Aerosol Optical depth) = How much Solar light attenuated by aerosols?
— A proxy of the aerosol amount in air

Looking at the contrast between aerosol layer & the underlying surface

Western Sahara —

% : < Sy

2019.02.05 : o = ; . P
S3 A-SLSTR (RGB Balkan fires — 2020.04.10 Massive Thomas fire, California,
Composite) S3 B — OLCI (RGB Composite) 2017.12.10

i S3 A-SLSTR (RGB Composite)



Dust measured on visible channels (RGB)

Limitations
_ High clouds obscure
S / dust: High cloud cover can
obscure dust plumes
D u St beneath them and make
(magenta)

spatial analysis of the dust
more difficult.

,,?'m, : : i Dust thickness typically unknown:
. Magenta/pink variations in daytime are not indicators
of thickness, but rather density. However, very thick
. . dust plumes are purple in both day and night scenes.
Moist Air, Low clouds look like dust over oceans:

s Marine stratus over the ocean in the tropics appear
light purple and can look similar in color to dust,
particularly at night.

Dust RGB Recipe (GOES/ABI, H8/AHI)

Band / Band Physically Relates to... Small contribution to Large Contribution to pixel
Diff. (pum) pixel indicates... indicates...
Optical depth / cloud
Red 12.3-10.3 P . pth/ Thin clouds Thick clouds or dust
thickness
. Ice and particles of Water particles or
Green 11.2-8.4 Particle phase ) P o P
uniform shape (dust} thin cirrus over deserts
Blue 10.3 Surface temperature Cold surface Warm surface

Contributor: Kevin Fuell NASA SPoRT https://weather.msfc.nasa.gov/sport/



Aerosol measured on UV channels

Absorbing Aerosol Index (AAl)

* Also known as UV Aerosol Index (UVAI)

* Defined using UV-wavelengths
(typically 340 — 380 nm; GOME-2,
TROPOMI, OMI, OMPS)

* Sensitive to absorbing aerosols:
smoke, volcanic ash, desert dust

» AAl separates the spectral contrast at
two UV wavelengths caused by aerosol
extinction from that of other effects
(e.g. molec. scattering)

o
0
£
@
o
£
@
<
=3
£
=}
&
a
<
o
o

* Can be obtained also for cloudy
scenes, where aerosols are on top of
clouds.

‘ AAl is a good tracer for dust, smoke and ash plumes



Fire Hot-Spot from space — In a nutshell

* A hot spot radiates a strong heating signal.

» Looking at the temperature contrast between the local hot-spot pixel and
the surrounding background

Caseiro et al. (2018)

* Hot-spot more emissive than
the ambient background

—— T T
A\ — 1800K, gas flaring * N=100=>TIR (112 pm)
- 8 nm — 1500K, industry, higher bound « N=1000=> MWIR (3.7 pm)
0 — 1100K, industry, lower bound
= - ; * N >>1000 => SWIR (1.5-2.25
T pm)
g Table 1. Geometric features and further sensor parameters of the operational IR sensors MODIS,
it I i 1 R S R VIIRS and SLSTR in comparison with HSRS, flown on BIRD, TET-1 and BIROS.
|
E : : : : : Feature/Parameter MODIS VIIRS SLSTR HSRS
..... 1999 “Terra” -
: : : : 3 i , " P ot 2011 “Swomi 2015 ,, o
=3 : ; : : i LaunL;"fﬂ inthe  2002"Agua" e, N “Senge 4", 200 “BIRD”
= with Satellite identical “NOAA-20" “Gontinel-3B" 2016 “BIROS"
[na i | ISR SRt] 1 i (CTTTh (0] NF NEEHUIRIORE: (T S S| pe instruments - -
8 Orbit altitude 705 km 829 km 815 km 500-560 km
g Swath width 2330 km 3060 km 1407 km 162-178 km
SOE TN I Ground sampling
3 distance (at 1000 m 375m 1000 m 170-185m
m the nadir)
......................................................................................................................................... -;"R;]t‘l‘iﬂiﬁ]?l‘“-’l MIR: 450 K, MIR: 367 K, MIR: 500 K, MIR: 630 K
ter]r\\{p{el_’atum m TIR: 400 K TIR: 300 K TIR: 400 K TIR: 600 K
inimum
; ; N detectable area of a ~150 m? ~20-30 m?2 ~150 m? 15-20m*
3 N L " i 2 " " s 3 = =] 1000 K THE @
R 12 h (achived with
Revisit time ¥ 12h 24h 12h-3d®
Wavelenath [uml L DL T

) In the IR bands used for observation of high-temperature events (HTEs), ¥ at 300 K background temperature,
see also Figure 15a in [3] for more details. ¥ The revisit ime of BIRD, TET-1 and BIROS is/ was variable due to
the possibility to move the line of sight (LoS) by +/— 307 from the nadir. This “rollmovement” of the LoSisa

tool to enhance the field of eegard (FoR) of the satellite sensor. This also allows observing an area of interest (Aol) é EUMETSAT

three times within 3 days.



We walk the line ... chemistry — air quality climate
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GOME-2 a good example for UV-VIS

Satellites provide amount of specific gas in
total column / tropospheric column
Satellite observation # surface
concentration

e ° Even though satellites have limited
sensitivity close to surface concentrations,
to a high degree satellites tell “the same

story” as surface measurements.
SO e e e e aeeaesd« Observations can be limited by cloudiness
S 1T and or polar winter (UV-VIS)
" * Wind information is often very useful when

analysing the data

Atmosphere

& ozone layer

Rayleigh scattering Mie scattering

S0,

EUMETSAT

@& ACSAF

ATMOSPHERIC COMPOSITION
MONITORING

225 nm kel 800 nm



Observe gaseous species: example of TROPOMI
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IASI on-board METOP-ABC

Brightness Temperature (K)
N
&
[=]

220 —_— —_—

200 |- SO 2

g0 y y p : , y ; p , i
800 1000 1200 1400 1600 1800 2000 2200 2400 2600

Wavenumber (cm'1)

Greenhouse gases and ozone- H,0, CO,, CH,, N,0, O;, HNO,, CFC-11,

Now 33 species related substances (13) CFC-12, HCFC-22, CF,, SFy, CCly, HFC-134a
measured or detected by |ASI
y Air quality and VOCs (12) CO, CH;0H, HCOOH, CH;COOH, CH,COCH,,
C,H,, GH,, NH;, HCN, PAN, SO,, OCS
Concentrated plumes (6) HCl, H,S, C;Hg, C;H,0, HONO, HCHO

107!

10°

Pressure (hPa)

0.00 0.02 0.04 0.06 0.08 0.10 0.
‘Weighting functions (K/K)




TIME SCALES FOR HORIZONTAL TRANSPORT
(TROPOSPHERE)
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DIURNAL CYCLE OF SURFACE HEATING/COOLING:
ventilation of urban pollution
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24-25 M06/05 - PR? 532 nm [A.U]
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Chemical vs. transport lifetime

¥ *When the chemical lifetime is

- 100 times larger than the

dynamical lifetime, materials

will have an almost constant

mixing ratio to nearly 100 km

| altitude.

* However, when the chemical

lifetime is 1% of the
dynamical lifetime the mixing

o—litamy] ratio falls very rapidly in the

Inter-hemispheric
le— mixing time

— Intra-hemispheric
mixing time

i Boundary layer
mixing time
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Climate gases
H,O

CO,, NO, [100 yr ]
CH, [10 yr]

(Os)

Pollutants

CO [4-8 weeks]

O, [weeks]

NO, [days ]
Formaldeide,
methanol, formic
acid [days]

NH; [hours — days]

C. Clerbaux 2015




What can be observed from




What can be observed trom

a)
Linear regression of the VCDyoz (2007 - 2011)
ot “Boigade - ol - Slope
- [moles cm-2 y-1]
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Whose map is it (retrieved from TIR IASI)?

Tropo O5, C5H5, column CO column, ammonia column ?

Ash-volcano, dust (sand) ?

LATMa#S : C. Clerbaux 2015






Ammonia

Mapping from local to global scale
- 28 emission hotspots identified

l Po Valley

) ‘|

Clarisse et al., Nature Geo 2009



NO, emitted by combustion, has atmospheric lifetime ~ 1 day:
strong gradients away from source regions

Satellite observations of NO, columns

OMI trop. NO, Apr. 2007 KNMI/NASA /NIVR
-150 __ —120 —30 —50 —30 0 30 60 30 120____150

30
g
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-15D -120 —80C —£&0 —30 a
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[ 1
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CO emitted by combustion, has atmospheric lifetime ~ 2 months:
mixing around latitude bands

Satellite observations

Mopitt - spring

CO mixing ratio (ppbv) @ 850 hPa

no data 50 100 150 200 > 250




OBSERVATION OF CO FROM AIRS SATELLITE
INSTRUMENT

AIRS CO data at 500 hPa (W.W. McMillan)

AIRS DAILY CO AT 500 mb (ppbv) 20070101

Averaging kernels
for AIRS retrieval

1007 O e S I
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Carbon monoxide (CO) : seasonal distribution

April 2009
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CO, emitted by combustion, has atmospheric lifetime ~ 100 years:
global mixing

Assimilated observations

2010-Feb-07

“:— [CO,] umol mol™

380 385 390 395

NOAA Earth System Research Laboratory @
CarbonTracker CT2011 release V



Useftul links

EO Portal
eoportal.eumetsat.int

Create and manage your user account, subscribe to
our services

WEKEO

by COPE:

WEKEO
wekeo.eu

User Portal
user.eumetsat.int

Explore our catalogue, what and where, supporting documentation

Data Store
data.eumetsat.int

Download Metop,
Meteosat First and Second
Generation and Copernicus (Sentinel 3, Sentinel-6) data

EUMET View
view.eumetsat.int

Visualise and explore, create layers in GIS applications

EXE

Data Tailor

Transform both historical and near-real-time satellite data

Copernicus Browser
browser.dataspace.copernicus.eu

Visualise and explore Copernicus products

AC SAF
acsaf.org

Explore even more atmospheric composition data



MONITORING WILDFIRE EMISSIONS

copernicus.eumetsat.int
Atmosphere
Monitoring

Wildfires are a significant source of atmospheric pollution, including carbon gases,
volatile organic compounds and particulate matter, influencing global atmospheric
composition and chemistry.

.I}l-:i(i)‘l(l'vl\‘('l'i:‘lll‘:7,.’\Afr\j‘[l}NVIé')-{\J ﬁoplenlcus ' —c EC MWF (

Daily total Fire Radiative Power 1 Jan-31 Dec 2022

https://atmosphere.copernicus.eu/global-fire-monitoring

EUM/OPS-COPER/VWG/21/1254319, v1 Draft, 16 November 2021 55



Example: Synergy of observational datasets to monitor wildfires

copernicus.eumetsat.int
Pollutants, hot spots & intensity from satellite observations P

Measurement of fire intensity

Linked to emission of combustion gases & aerosols int 4

MODIS Fire Radiative Power Pixel - 05 August 2021

>
%

the atmosphere

Vertically integrated CO column 2021-08-05 Nitrogen Dioxide 2021-08-08T21:00:00.000000000
Ve v - =

Sentinel-3 OLCI Level-1 False Color RGB - "07 August 2021"

o 1 2 3 4 5 &
*1e-18 molecules per cm2

Aerosol index from 380 and 340 nm 2021-08-05

MSG/SEVIRI - every 15-minute allows:
Strong seasonality
Strong diurnal cycle

Fire Radiative Power

EUMETSAT

i | @ LSASAF

o

EUM/OPS-COPER/VWG/21/1254319, v1 Draft, 16 November 2021 @ cuversat B (opericus 56



Individual 1 km hot spot and day-time imagery

Fire radiative power Sentinel-3 NRT product

m’fe

Northern_Hemisphere FRP 8/2023

80°N
70°N
60°N
50°N

40°N

180°W

20000 40000 60000 80000 100000 120000 140000 160000 180000

MegaWatts

@ 1-km Fire Radiative Power [MW]
RGB Composite from SLSTR Solar Channels (R=2.2pum, G=1.6um, B=0.6pum)

EUM/OPS-COPER/VWG/21/1254319, v1 Draft, 16 November 2021 57



Monitoring from space: Sentinel-3 observations of Canadian wildfires

copernicus.eumetsat.int

" @pemicus & EUMETSAT
Sentinel"3"A¥B SLSTR - AOD(550 nm) - Quality (Land + Ocean QI 2 & 3) - 20.06.2023

9.5 km Resolution

50°N

30°N [£7 2

7 N\

* X

* * I - 3 EE——— |

; ( ' 0.0 0.2 0.4 0.6 0.8 1.0
L OLEIrMICUS

Europe’s eyes on Earth

EUM/OPS-COPER/VWG/21/1254319, v1 Draft, 16 November 2021 58



Monitoring from space: MTG observations of Canadian wildfires

copernicus.eumetsat.int

EUM/OPS-COPER/VWG/21/1254319, v1 Draft, 16 November 2021 59



Monitoring from space

copernicus.eumetsat.int

follow the smoke: Australia bushfire smoke 2020/2021 reached 35 km
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Monitoring from space: Sentinel-4

copernicus.eumetsat.int

Simulated Sentinel-4 Nitrogen Dioxide
2021-08-07 at 00:00 UTC

43.5°N

42°N

40.5°N
a whole new dimension will be

explored by Sentinel-4:

daytime hourly air quality data over el
Europe

12.5°E 15°E 17.5°E 20°E 22.5"E 25°E 27.5°E

*t * N v .
. 4 E
- Europe’s eyes on Earth

EUM/OPS-COPER/VWG/21/1254319, v1 Draft, 16 November 2021 61




E Part of an unique data value chain

copernicus.eumetsat.int

Bring to Users the concept of “Copernicus - 77 /-
improves usability” 7

User journey encompassing:
—>Forecast

—>Monitoring and nowcasting
->Estimate of impacts

Integrated system:

- Satellite and non satellite, models
-> Support emission estimate
->Generate added value products
->Ensure Quality and usability

Space Agencies

%

National scale

e e

CAMS JJA Wildfire C Emissions (GFASv1.2) for Sakha

Bl sy o S CECMWF (cpemicus @

EUM/OPS-COPER/VWG/21/1254319, v1 Draft, 16 November 2021 @ comersar Bl Copermicss 62



Atmosphere
Monitoring

research)

=

Earth Observation
from satellite (>75
instruments) and in-
situ (regulatory and

European Air Quality Index
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CAMS: GHG MONITORING CAPACITY

G

Atmosphere
Monitoring C
/7 Atmosphere
m\ Monioring Service
INDUSTRY
S
@? S Qitlz; Sentinel 5P m,;’m
: g e EMISSION GLOBAL
L S MONITORING DATA Supporting the Paris Agreement >
b . GOVERNMENTS AND
S R7 0 POLICYMAKERS

OBSERVATIONS OF
ATMOSPHERIC CO2 AND CHs4

INTEGRATION AND — USER SUPPORT
MODELLING

Using computer models of the
Earth system, the data are
combined to provide timely

emission estimates.

USERS

Consistent, reliable
information

Supports policy and
ecision-making
processes

SCIENTIFIC COMMUNITY

LU LA

POLICY TOOLS

B s (opemicus CECMWF @ EUMETSAT QCesa

LOCAL THE PUBLIC
Supporting green cities

-~

IMPLEMENTED BY

PROGRAMME OF .
 aa
eeirEdmo. (opemicus €S ECMWEF

https://atmosphere.copernicus.eu/ghg-services




‘ CAMS: CO2 MONITORING AND VERIFICATION SERVICE

Atmosphere
Monitoring

B atmospheric CO2 i
Integration and modelling
Using computer models of the atmosphere, the data
are combined to provide timely emission estimates,
with the detail required to support mitigation actions
from local to global scale.

Cities: Industry

A new European anthropogenic CO, emissions monitoring
and verification support (CO2MVS) capacity will support countries
and regions with observation-based policy-relevant information.

:
wrrr PRRE

Governments & policymakers The public

Users

Delivering ¢ and reliable inf
to support policy-making and
decision-making processes.

PROGRAMME OF

IMPLEMENTED BY
- P o
THE EUROPEAN UNION Gpﬁml&}iﬁ S ECMWF




Atmosphere
Monitoring

2015

From expert groups through
dedicated research funding,
to operational services

Sentinel 5p

CO2 TASK FORCE
GUIDANCE DOCUMENTS

2017

CECMWF ( esa @ eumersat [

0 TIMELINE OF COPERNICUS CO2MVS

‘Sentinel 5
............... ‘ CO, Mission

’ Air Quality emissions
Sentinel 4 2025

(<>}

SATELLITE MISSIONS Operational

ramp-up in CAMS SERVICE

(<>
COMPONENTS

2026
CO, Monitoring & Verification Support (CO,MVS)

T ( OBSERVATIONS DECISION \

2021 _europe

\

PRIOR INFORMATION
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INTEGRATION

=8
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(opernicus

@- CoCO2
\\\ 4 nunm-yxm“:;
RESEARCH AND
PREPARATORY

PROJECTS
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SCECMWF
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copernicus.eumetsat.int

E Case studies -
= A natural laboratory to study

(i) the contribution of long-range transport,

(if) the ageing of continental air masses over the basin,

(iii) the impact of aerosol on the regional climate,

(iv) the impact of atmos. deposition on low-Chl, low-nutrient surface waters
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EUM/OPS-COPER/VWG/21/1254319, v1 Draft, 16 November 2021
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Useftul links

EO Portal
eoportal.eumetsat.int

Create and manage your user account, subscribe to
our services

WEKEO

by COPE:

WEKEO
wekeo.eu

User Portal
user.eumetsat.int

Explore our catalogue, what and where, supporting documentation

Data Store
data.eumetsat.int

Download Metop,
Meteosat First and Second
Generation and Copernicus (Sentinel 3, Sentinel-6) data

EUMET View
view.eumetsat.int

Visualise and explore, create layers in GIS applications

EXE

Data Tailor

Transform both historical and near-real-time satellite data

Copernicus Browser
browser.dataspace.copernicus.eu

Visualise and explore Copernicus products

AC SAF
acsaf.org

Explore even more atmospheric composition data



