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The “Anthropocene” Dutch Nobel Prize winner Paul Crutzen T
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e Ozone Layer
e Air Quality

e Climate

e Biodiversity
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: Biomass burning
Industry and traffic Courtesy: R. Noordhoek (KNMI)



Atmospheric composition: gases

Nitrogen

Oxygen
Argon

Trace gases:

- Carbon dioxide (CO3)

- Methane (CH,)

- Ozone (0O3)

- Nitrogen dioxide (NO3)
- Sulfur dioxide (SO,)
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Atmospheric Chemistry: fascinating and challenging

Thermal radiation B _, Solar ///,\l$\
e radiation“//
Stratosphere . — l Stratosphere-Troposphere |__ . /
Tropasphere Gas o Main Science Questions in the air quality domain: -
as p |
C
1.What are the emissions? -
2.What are the chemical transformations? st
g — 3.What is the role of transport? =~

(HCHO) 4.How does this affect air quality and climate?
5.What does this mean for air quality and climate policies?

NV
LSS

Megacities Fossil fuel 2 REmm———_ =0 A N—
Emissions=spes= ﬁ Dry

Biogenic emissions Biomass -
ourtesy: D. Hauglustaine (CNRS, LSCE) burning o

emissions

deposition



Montreal Protocol: also important for climate change

KNMI/ NASA Assimilated total ozone
OMI 1 Aug 2017
12 UTC

e

R
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[

Ozone hole measured by OMI for 2017

¥ Royal Netherlands

Z@f Meteorological Institute
Ministry of Infrastructure and the
Environment

e Satellite measurements form the
basis of assessing the effect of the
Montreal Protocol

e Without Montreal Protocol
climate change would have been worse

e At the time the Protocol was set we were
not aware of this



Air Pollution

Chinese city on a clean and polluted day
Courtesy David G. Streets, Atm. Env. 41 (2007) 480-492




Air Pollution Accounts for 4.2 Million Premature Deaths per Year

Russia: 140,000 Q

T
et

China: 1,030,000

United States: 38,000 |-

!

Deaths per 100 000 population
E:

10-24

| 25-39

— ottt WHO [2016] AR -

91% of World’s population lives in places exceeding WHO air quality guidelines




Air Quality and its effect on human health

PM 2.5 NO,
PM, ¢ NO, ¢
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* Europe is one of the most affected regions

| * Global warming will lead to an increase in
‘," %,\V pollution episodes
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4000 death a year in The Netherlands
Children are more vulnerable to air pollution

.3

u
¢ 7 NO, | toxic th iously thought
= % f . v y , IS more toxic than previously thoug
: ( v ¢ I/~ (Lancet paper 2019)
Years of life lost per 100 000 population attributable to PM,, and NO, (2018)
YLL/100 000 YLL/100 000
[ D I . QS0 100 1gokm [ D N .
® @ P L0 [] Nodata [ Outside coverage RIS Years of life lost per 100 000 population attributable tc
I A KO and NO2 (2018)

The maps show the number of years of life lost per country
attributable to air pollution (PM2.5 left and NO, right).
European Environmental Agency 2018 https://www.eea.europa.eu/data-and-maps/figures/years-of-
life-lost-per-3 (Created 06 Feb 2020 Published 08 Sep 2020)



https://www.eea.europa.eu/data-and-maps/figures/years-of-life-lost-per-3

Emission based view of climate change

Effective radiative forcing, 1750 to 2019
CO>
CHg4

Pt Glasgow komt tot 'methaanpact"

ruim honderd landen willen
minder uitstoten

CFC + HCFC + HFC
NO,
NMVOC + CO

Organic carbon

Black carbon +

Ammonia d
0

-~1.5 -1.0 -0.5

Figure 6.12: Contribution to effective radiative forcing (ERF) (left) and global mean surface air temperature
(GSAT) change (right) from component emissions between 1750 to 2019 based on CMIP6 models

> Climate change is driven by changes in the atmospheric composition

> COP 21 & 26 addresses the emission control of long-lived greenhouse
gases

> For the short and medium term, also the short-lived components
(SLCF) - air pollutants - are important



Kyoto Protocol

Climate
P, T, wind, humidity

Air Quality
Legislation

Montreal Protocol

Radiation forcing
Greenhouse gases and aerosols

Air quality ‘ / ‘ \ ‘ Ozone layer

NO,, SO,, CO, & CH, CFC'’s
emissions CO and VOCs
aerosols

Control
parameters



European solar backscatter instruments since 1995 .

TROPOMI

KNMI: Pl OMI&TROPOMI
SRON: co-PI SCIAMACHY&TROPOMI
Dutch industry (TNO/Airbus Netherlands) designed and built GOME-1, SCIAMACHY, OMI and TROPOMI
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Netherlands Leading role in OMI & TROPOMI

OMI International Science Team received:
NASA-USGS Pecora Award 2018
AMS Special Award 2021

~N

OMI launched at July 15, 2004
at NASA’s Eos-Aura satellite

13 x 24 km2 & daily global coverage

OMI received the NASA/USGS Pecora Award 2018!
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TROPOMI launched at October 13, 2017
at ESA’s sentinel-5 precursor satellite

3,5 x 5 km2 & daily global coverage

KNMI: PI institute for OMI and TROPOMI



Ozone Monitoring Instrument OMI

UV and VIS backscatter instrument (270 - 500
nm)

Wide swath telescope yields daily global maps
(2600 km)

First instrument with urban scale resolution of air
quality measurements from space (13 x 24 km?2)

Dutch-Finnish instrument launched at NASA’'s
EOS-Aura in July 2004

Heritage: GOME, SCIAMACHY, GOMOS and TOMS

Levelt, P.F., et al The Ozone Monitoring Instrument, IEEE Trans. Geo.

Rem. Sens., Special Issue on the EOS-Aura mission, 44 (5), 1199-1208,
May 2006.

Levelt, P.F, et al.: The Ozone Monitoring Instrument: Overview of

fourteen years in space, Atmos. Chem. Phys. Discuss., Atmos. Chem.
Phys., 18, 5699-5745, https://doi.org/10.5194/acp-18-5699-
2018, 2018.

Royal Netherlands
Meteorological Institute
Ministry of Infrastructure and the
Environment

wgcernel Levelt and Ber
} * OMI Pl and dep

14



Royal Netherlands
Meteorological Institute
Ministry of Infrastructure and the
Environment

Measurement Technique

OMI measurement over De Bilt  April 2, 2005
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OMI and TROPOMI Measurement Principle

‘\
Across track (swath) w .

| TROPOMI
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OMI lead to new findings in

e o o Ozone column Ozone layer monitoring / NWP

Air Quality Domain _ - |
Ozone profile Ozone layer monitoring / Tropospheric ozone
NO, Air quality / Emission monitoring
so, Volcanic eruptions / Air quality / Emission monitoring

. . Formaldehyde Air quality / Emission monitoring

e Air Quality forecast . L
BrO Polar chemistry / stratospheric chemistry
Aerosol Absorbing aerosol plumes / Volcanic ash

* Environmenta | Tren d Monitorin g Cloud Cloud fraction and height variability
UV index Health / Biosphere
Surface reflectivity Climatology

¢ Ca | Ccu | d t | on Of E m | SS | ons Solar irradiance Solar variability




EU Copernicus Atmosphere: Air Quality product chain

OMI NRT
contributions
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President Barack Obama

about OMI NO, and emission control
Science Channel, April 12, 2016

‘ PRESIDENT BARACK OBAMA
@POTUS

Aug 07 2005
> » € o010/12

President Obama Explains How Pollution Affects Our
Planet



OMI: 2005 compared to 2014
(NASA/KNMI)
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Issident Barack Obama

about OMI NO, and emission control
Science Channel, ,&pril 12, 2016

=, https://www.youtube.com/watch?v=LKe5FdKInJs

Planet



https://www.youtube.com/watch?v=LKe5FdKInJs

[T | oMIso, VCD (DU)
0.00 015 030 045 060 075 090

Mean warm season (April to October) OMI
SO, vertical column densities (VCDs) over
eastern China from 2005-2019 [Li et al.,
AMT 2020].

Continued but slower decrease in SO,
pollution over China since 2016 (figure on
left).

Courtesy: Can Li (U. Maryland,
ESSIC) and OMI SO, group at GSFC



OMI Long-term
Monitoring of
Anthropogenic
NO, Pollution

Trends somewhat
different from SO,,
peaks later in time and
decrease is not as
dramatic (different
technologies used to
decrease emissions).

Courtesy: Lok
Lamsal, USRA, and
NO, group at GSFC
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>
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Trends in global tropospheric ozone inferred from OMI &
MLS and other instruments (OMPS, EPIC)

Merged Tropospheric Ozone (DU)

onal Means /7~ O\

60~ - Th 7 Ik . )
L
o OGO MRS O [
) L ’ 8
-30—’ 66 0
60 |

05 07 09 11 13 15 18 19 21

Year
From Ziemke et al., GRL, 2022 OMI+MLS +OMPS+EPIC

» Tropospheric ozone decreases in the NH in 2020 and 2021 produced the lowest recorded tropospheric
ozone in the NH since at least year 2005
* NO, measurements suggest that the NH tropospheric ozone losses in both 2020 and 2021 were

largely of anthropogenic origin Slide courtesy : Joanna Joiner, NASA GSFC



Top_down emi < HTAP v2 /f EDGAR v4.3 (2010)
estimates ' = A ol L.
based on

. NG
| \\\\1_-

- \.;I...r-“” =
°  HTAP/Edgar 2010

Daily emission estimates
constrained by satellites:
DECSO algorithm from KNMI

Bas Mijling , Ronald van der A
KNMI



EU Copernicus Sentinels c

TROPOMI

Sentinel 5
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Sentinel 4 Sentinel 5P



SCH total NO, 13 May 2006 QAZECY

From OMI to TROPOMI SCIAMACHY
13 May 2006
30 x 60 km?
6 day global
* 16 x higher spatial resolution coverage
3,5x5,5 km?2vs. 13 x 24 km?
* 1-5x higher sensitivity per ground pixel | OMI
* CO and Methane (7 x 5,5 km?) ™= 10 March 2016
SWIR band added
. . - SR 13 x 24 km?
e Better cloud information R Daily global
oxygen A band added | coverage
 TROPOMI was launched on the ESA/EU " *’*?5““{\ TROPOMI
sentinel-5 precursor satellite on October 13, 22 March 2019
2017 2
% i@ 3,5x5,5 ki
Daily global
gﬁg&g Qesa @AIRBUS  TINO /5" SRON ;::;’.f;: - } nom};m(:m- = m;_.. | COVETaESe

E— 3 : B ]
o 1 2 2 4 L} L " L b




0 (T

sntinel-5p
sLOBAL AIR MONIIO!

‘NG FOR COPERNICUS



1.E-06
1.E-07

1.E-08

1.E-09

Radiancedmol@hotonsfcm-2mmEr-1]

1.E-10

abf=ilal
270 280 290 300 310 320

Wavelength@nm]

’Ji wny W v W

. 2 ’,t‘ ’3\

o

RO AL

v L < Y
Y (e Y

SR,
e

1 scanline per second
* 440 spectra per scanline
* 3000 scanlines per orbit
e 15 orbits per day

J e 20 million groundpixels per day
e 225 Gbyte raw data per day

1 Thyte L1b data per day

RadiancedmolphotonsZcm2zhm "EBr']

5.E-07

=
m
<)
N

w
m
<)
N

LY
m
<)
<

-
m
o
<

UVIS

380

400
Wavelengthfnm]

-7, .
e Bt s
- ‘s
i 5y § E e |
~y >N 2
\ ,

w 2.E-07

2.E-07

NIR

1.E-07

£

¥
I”
Radiancef mol@hotonsZcm 2ahm"E8r™"]

695 705 715 725
Wavelengthiinm]

735 745

Radianced mol@photonsFcm 2ahm"GBr"]

420

440

2300

2310

PEVI]

2330

2340 pEL]

Wavelengthiinm]

2380

2390

I A




TROPOMI Operational Data Products

Vertical .

KNMI | DLR | BIRA-IASB | SRON | RAL [IUP-Bremen | MPIC | FMI

Provided by FMI in frame of the Finnish Sentinel Collaborative Ground Segment



First NO, measurements after launch from S5p/TROPOMI KNMI/NSO/

NOZ 07-11-2017 NO2 17-11-2017 TROPOMI
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Ml sensor (1e-6 mol mA-2)

B , % .
i@burtesy, Henk,EslgesljydI, KNMI

NO2 tropospheric column gridded mean, TROPOMI sensor (1e-6 mol mA-2) RS VARG Rk i B
| NOZ:opospheric column gridded mean, TROPOMI sensor (1e-6 mol mA-2)
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NEWS - 09 APRIL 2020

Why pollutionis plummeting in some cities —
butnotothers

Tantalizing signs that coronavirus lockdowns are making air cleaner aren’t as
straightforward as they seem.

Quirin Schiermeier Nature Physics news item

ENGLISH  ESPANOL

€he New ] ork Times

Traffic and Pollution Plummet as U.S.
Cities Shut Down for Coronavirus

By Brad Plumer and Nadja Popovlch March 22, 2020

New York 8% _i New York

New York

In New York City, residents are less dependent on car travel than in
other metro areas, but vehicle traffic has still seen a steep drop-off
in recent days as office buildings, schools and restaurants have
shut down. On Wednesday afternoon, rush-hour traffic moved 36
percent faster than normal as the roads cleared out, according to
data from INRIX.

NO,

Less oo
March 1- April 5, 2019

’? s Ehe Washinaton Post
e }g&,‘*\ The silver ining to coronavirus
g e lockdowns: Air qualty's
e w { lmpmvmo

k. irg i - “ N : ; Andrew Fresdman =0 Lauren Tierney

TECH & SCIENCE

Coronavirus Is Having a Major Impact on the
Environment, With Reduced CO2, Better Air Quality
and Animals Roaming City Streets

BY ARISTOS GEORGIOU ON 3/24/20 AT 5:43 AM EDT

23 Feb - 14 Mar 2020
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Image: H. Eskés, KNMI

Pieternel Levelt from the Dutch Met office KNMI and Delft
University of Technology in the Netherlands, echoed
DeCarlo's comments telling Newsweek that there have
been significant reductions in nitrogen dioxide over China
and northern Italy in particular. 32




Royal Netherlands

NO2 pollution reductions related to
. - Meteorological Institute
COVID-19 lockdown in China Bl 1vinisuyof Inrastrucaure and

Normal situation February 2019 Lockdown in February 2020 China back to work in March 2020

Sentinel-5P NO,, 13 March - 13 April 2020

18 Feb - 4 March 2019 8 - 28 February 2020
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Courtesy Henk Eskes et al, KNMI Sentinel 5p/TROPOM|



TROPOMI NO,, SO,, CO, HCHO, CHOCHO COVID lockdown
impact (comparison February 2019 with 2020) over India

.

TROPOMI

HCHO CHOCHO

April 2019

April 2020

Concentrations maps for April 2019 and April 2020 for the various species measured
by TROPOMI: NO2, SO2, CO, HCHO and CHOCHO.

34
Levelt, et al, ACP, 2022



TROPOMI NO,, and SO, over Indian cities and powerplants

a. Average NO, column over 40 biggest cities
I I I I I I
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b. Average NO, column over 100 biggest coal power plants
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Lock-down (Phase 1 to 4)

Levelt, et al, ACP, 2022

TROPOMI

Average tropospheric NO2 concentrations for
2018 (green), 2019 (black) and 2020 (red) :

* over the 40 largest Indian cities (top);
* over the 100 largest power plants in India (middle);

e average SO2 concentrations over the 59 largest SO2-emitting
power plants in India (bottom).

The reductions in NO2 (or SO2) concentrations are given relative to
the same period in 2019.

The dots are the daily means, and the solid lines represent the 7-day
running means.
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New Delhi and Indo-Gangetic plane as observed by TROPOMI
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HCHO and CHOCHO : OMI climatology is shown in dashed black line, 2010-2018.
Error bars : interannual variability of the bi-weekly averaged columns.

36
Levelt, et al, ACP, 2022



- —

Methane XCH4 l\.

12 Nov - 30 dec 2017 TROPOMI
L S e e [ROPOMI-GOSAT comparison
ﬁ'\:;n"r‘f \g’(}‘;“' n
gﬁ; oS Q }A_j‘\ -

o
- G = e
) '{E},;j,) < - s TROPOMI vs GOSAT XCH4

1950

1900

’
/
L
%
o
v
1850 ‘
J
v
7
4
3
5
,

1800

TROPOMI XCH4 [ppb]

1750

1700

1650

1

.
600
1600 1650 1700 1750 1800 1850 1900 1950 2000
GOSAT XCH4 [ppb]

1650 ! g 1700 1800

XCH,4 [ppb]

B Hu, Landgraf et al,-2018

TROPOMI 1000 x more measurements than GOSAT!! Credits: SRON




Methane Sources

~ 40% natural

Wetlands: 30 %

Coal: 9 %‘

Fires 4%
Oil/Gas:13 N

: |
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Joint EU-US Press Release on the

Global Methane Pledge
Brussels, 18 September 2021

The European Union and the United States announced
today the Global Methane Pledge, an initiative to reduce
global methane emissions to be launched at the UN
Climate Change Conference (COP 26) in November in
Glasgow.

President Biden and European Commission President
Ursula von der Leyen urged countries at the US-led
Major Economies Forum on Energy and Climate (MEF)
to join the Pledge and welcomed those that have already
signaled their support.

In Glasgow at the UN Climate Summit methane was
one of the main discussion points.

Waste

Rice fields

- - i e #



Oil and Gas : TROPOMI NO2/Methane in the Permian basin “

Joost de Gouw, Pepijn Veefkind et al., Nature Scientific Reports, January 2020 |
TROPOMI
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CH,4 Column Average Mixing Ratio [ppbv]
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Average TROPOMI columns for (top) methane and (bottom) troposph2 ove
contiguous United States between 1 December 2018 and 31 March 2019. Retrieved columns
have been binned on a 0.1°X0.125° latitude-longitude grid for this analysis. ’ —a  0s
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CH, Emissions from Oil and Gas TROPOM

TROPOMI

LEAKS REGULAR OPERATIONS

Turkmenistan . Permian, 31 Jan 2019
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Varon et al., Geophysical Research Letters, First published: 25 October 2019
(10.1029/2019GL083798)



ESA Satellites detect large methane
emissions from Madrid landfills

https://www.esa.int/Applications/Observing_the Earth/Satellites_detect_large
__methane_emissions_from_Madrid_landfills

675

ENHANCEMENT ABOVE BACKGROUND (ppb)

High-resolution satellites have detected substantial quantities of methane leaking from adjacent landfill sites close to the centre of
Madrid, Spain. Using data from the Copernicus Sentinel-5P mission combined with GHGSat’s high-resolution commercial imagery,
scientists from the SRON Netherlands Institute for Space Research and GHGSat discovered both landfill sites combined emitted 8800
kg of methane per hour in August 2021 — the highest observed in Europe by GHGSat



(a) August CO trend

August CO trends

(2002-2018)
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Forest Fires California 12-12-2017




Forest Fires California 12-12-2017 KNMI/SRON/ESA
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GIobaI Atmospheric Chemistry Constellation (‘
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SYNERGY TROPOMI and commercial satellites

GHGSat-D

Powerful tool to
identify localized CH,
W . leaks at facility scale
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(chsat Satellite discovery of large gas leaks SRON vyt

NOS News on television at 20:00, Friday November 22, 2019
GHGSat, 27 January 2019 TROPOMI, 27 January 2019
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PP Methane enhancement (ppb)

Methane enhancement

Paper out now in GRL: Varon et al. (2019)



TANGO
a potential constellatlon of high spatial resolution emission momtorm“\

TROPOMI

| TANGO _ .
| (https://www.youtube.com/watch?v=hOS3cm1BKuU)

= will zoom in on user-selected targets with a spatial -
. resolution of 300x300 m? for CH,, CO, and NO,

To be funded

o™=
'(t
TNO iztn SRON

EU supports UNEP in establishing
(IMEO). IMEO will play an impc
emissions calculations and d .

play an important role in this by forminc A - &1 tLon‘e“;Ssmn - iy
monitoring of methane (& CO2) emission 1S, :

ded) could




Nitrosat (ESA’s Earth Explorer program):
Mapping reactive nitrogen (NH3 and NOx) on farm scale resolution from space (500x500 m?)

Lead-Investigator: Pierre Coheur (ULB); co-Lead Investigator Pieternel Levelt (KNMI, TUD, NCAR)

Synchronized imaging of NH; and NO, at a
spatial resolution of 500 x 500m2 and a
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Nitrocam aircraft campaign 2020

Science and mission objectives

Sentinel 5
CO2M resolution MTG — IRS resolution

native Nitrosat - 500 x 500 m” 2 x 2 km? 7 x 7 km?

Port of Antwerp

Piesteritz (agro)chemical
complex

From Nitrocam 2020 aircraft campaign

Landscape scale: a remaining gap for measuring reactive nitrogen
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Ne=ob o ’ COB _ Africa r
Fossil fuel e et NG

TROPOMI
Population is expected to double in 2050

(now 1.1 billion)

4t industrial revolution: will lead to huge increase in
~ air pollutants and green house gases

Workshops last 2 years:

0 NO2 Total Column [umol/m2] 250 0 CO Total Column [ mmol/m2 ] 70

HCHO UVAI
Sahara Dust

Advancing air quality and carbon science in Africa
(Ben Gaubert — March 2021)

Biogenic Emissions
Workshop on a pilot design for air quality in Africa
(Solomon Bililing — June 2021)

‘ Lorentz Workshop on Africa, April 11-15, 2022 at
\MI, TU Delft, Africa Institute

1, NCAR)

IGAC: Long standing tradition with Africa subgroup

Sy 2019 including scientists from Africa

— —‘l [ — E— |




Lorentz. The Power of TROPOMI to Bridge

m African Science and Policy

Workshop @Oort 11 - 15 April 2022, Leiden, the Netherlands

» e
TROPOMFIMmages show trace gases relevant to air quality measured
in.Septemper 2021. Image credits KNMI, ESA) Compilation by
Deberah Stein Zweers, KNMI. Poster design: SuperNova Studios . NL




NEW YORK TIMES: RACE TO THE FUTURE

A Power Struggle Over Cobalt Rattles the Clean Energy Revolution (21 nov
2021)

Race to the Future: What to Know About the Frantic Quest for Cobalt (20 nov

nA Frie | intnn
Where Clean Energy Metals Are Produced

Production of key resources is highly concentrated today. Charts show the top three producers.

OI% 20‘% 4[1:% 60% BO‘% 100%I
Copper I Chile } Peru China
Nickel Indonesia ‘ Philippines ‘ Russia | Russia Australia
Cobalt Democratic Republic of Congo .-
Rare sarths | China Myanmar

Lithium | Australia [ Chile China

And Where They Are Processed

China dominates the refining and processing of key metals.

0% 20% 20% 60% 80% 100%
Copper | China e
Nicke! | China [ indonesia | Japan | Belgium
Cobalt | China | Finlend || Estonia
Rare earths | China [ Mataysia ||
Lithium | China | cale [as ]

Source: International Energy Agency By The New York Times

An industrial cobalt and copper mine in mineral-rich
Congo.

Credit Ashley Gilbertson for The New York Times
NCAR

UCAR Atmospheric Chemistry Observations and Modeling Laboratory


https://www.nytimes.com/by/dionne-searcey
https://www.nytimes.com/by/dionne-searcey
https://www.nytimes.com/by/michael-forsythe
https://www.nytimes.com/by/eric-lipton

Results: TROPOMI NO2 captures mining activities for green energy over Africa.

Cu and Co mines

[ Post-Katangan

[_1R-4, Nguba and Kundelungu rocks
e —— %=
| 0 | TROPOMI total NO, column (x10” molec cm”)
(Geological map from Muchez et al., 0.10 0.15 0.20 0.25 0.30

2008) | ; . | —

Sara-Eva Martinez-Alonso?, Pieternel Levelt!, Wenfu Tang?, Helen Worden?, Louisa Emmons?, Henk Eskes?, Pepijn Veefkind?, Joost de Gouw? Nicolas Theys*
NCAR, KNMI, TU Delft, CU Boulder, BIRA

NCAR

UCAR Atmospheric Chemistry Observations and Modeling Laboratory



Summary

The Netherlands has an international leading position in measuring the
atmospheric composition from space:

Dutch Clean Air initiative (KNMI, SRON, TUDelft and TNO)

OMI and TROPOMI led to new findings in the air quality & health
domain

Air Quality and Greenhouse gas emissions can nowadays be monitored
from space, important for the Paris agreement

The Netherlands is working towards emission monltorlng from space on
a < 500 x 500 m2 spatial resolution.

New satellite initiatives presented:
— Nitrogen Deposition (ESA Earth Explorer- final selection 2025)
— TROPOMI follow-on (KNMI, SRON, TNO, TUD, Airbuss)
— TANGO (KNMI, SRON, TNO, ISIS)
— Africa (NCAR, KNMI)

Emission regulation have been pr

TROPOMI

levelt@ucar.edu
veefkind@knmi.nl

www.tropomi.eu

www.temis.nl

www.knmi.nl/omi
sentinels.copernicus.eu

Htropomi

[ opermicus

Europe’s eyes on Earth
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