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Ammonia (NH,) esa

* NH; is massively emitted in the atmosphere by anthropogenic activities
* Levels of NH; on the rise in Europe and in most other developed countries

% 10yr?

Van Damme, M. et al. (2021). Global, regional and national trends of atmospheric ammonia
derived from a decadal (2008-2018) satellite record. Environ. Res. Lett., 16(5), 055017. 2

- =W 4= 1= il O I e B b= Il B 2= E = B m ¥l » THE EUROPEAN SPACE AGENCY



Ammonia (NH,) esa

* NH; is massively emitted in the atmosphere by anthropogenic activities
* Levels of NH; on the rise in Europe and in most other developed countries

« Alteration of the global nitrogen cycle
— Cascade of deleterious effects on
health, environment and climate
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790,000

excess deaths
due to ambient
air pollution
per year

: 100
in Europe
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Lelieveld, J. et al. (2019).
Cardiovascular disease
burden from ambient air
pollution in Europe
reassessed using novel
hazard ratio functions.
European Heart Journal, 40,
1590-1596.

Excess deaths/(1000 km?)
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Van Damme, M. et al. (2021). Global, regional and national trends of atmospheric ammonia
<0.1 derived from a decadal (2008—2018) satellite record. Environ. Res. Lett., 16(5), 055017. 3
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Current satellite measurements esa

 Global distribution of NH; columns from satellite measurements obtained from
11 years of |IASI| data (2008-2018)

* Importance of point sources (already +/- 500 pinpointed)

x10'° NH, molec.cm™

Van Damme, M. et al. (2018). Industrial and agricultural Clarisse, L. et al. (2019). Tracking down global NH; point sources with
ammonia point sources exposed. Nature, 564(7734): 99—103. wind-adjusted superresolution. Atmos. Meas. Tech., 12, 5457-5473.
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Current satellite measurements esa

 Global distribution of NH; columns from satellite measurements obtained from
11 years of |IASI| data (2008-2018)

* Importance of point sources (already +/- 500 pinpointed)
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Limitations of satellite measurements esa
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» Limitations of current satellite
measurements to quantify emissions:
— Spatial resolution
— Lifetime of NH,
— Background

* Nitrosat %

— Satellite mission proposed in answer to the
11t ESA’s Earth Explorer call (currently in
phase 0)

Fertilizer plant in Piesteritz
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Coheur, P. et al. (2020). NITROSAT : Mapping reactive nitrogen at the landscape scale. Techni“c‘;l report. 6
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Flight over a fertilizer plant in Piesteritz esa

Fertilizer plant in Piesteritz

* Flight over the industrial site of Piesteritz in autumn 2020

—————

* Measurements by the Hyper-Cam instrument in the infrared
(800-1350 cm™") at a spatial resolution of 4 m
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Various satellite footprints esa

* Progressive degradation of the spatial resolution of HRI distributions
« Sub-km spatial resolution required to identify the point source

NITROCAM 7( Nitrosat % IASI %
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 Limitations of current satellite measurements to quantify emissions: —Spatial-reselution
- —Lifetime of NH,
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Emission rate retrieval

* General behaviour of the plume - it rises
with the distance downwind the source
(Gaussian model)

HRI
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Emission rate retrieval TC = Toue ~ Tair

3000

* General behaviour of the plume - it rises
with the distance downwind the source
(Gaussian model)

» Columns retrieval by inversion of the =
spectra - they decrease with distance

_ Altitude of
the PEL

— —
L= o
—

[
%]
=
=

1

20001

S ™
Themnal contrast (K)

-
=
=
=
[=2]

Assumed plume altitude (m)
o
=
=]

[y
=
=]
Cad

0 ' ' : 0
2000 4000 5000
Distance downwind (m)
<1017

< 3

E

Q

% 25

I=]

£

= 2

Q

E

8 15

=

m

=

=

@ 1

=

E

=3

g 05

I{"‘.l

= 0 . : ;

2000 4000 6000
Distance downwind (m) 10
iz N 1= D1l D = = s Il ZE 2= E - Em i (¥l » THE EUROPEAN SPACE AGENCY



Emission rate retrieval esa
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Emission rate retrieval

* General behaviour of the plume - it rises
with the distance downwind the source

(Gaussian model)
* Columns retrieval by inversion of the

spectra - they decrease with distance

* Emission rate retrieval with the cross-
sectional flux (CSF) method - they are
quite constant
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Emission rate retrieval esa
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Second flight over the fertilizer plant esa

« Second flight over the fertilizer plant in Piesteritz in spring 2021

 Detection of the plume coming from the industry with the HRI Fertilizer plant
 The same quantification methods % | B’
lead to higher results |,
— Higher emissions
— Higher thermal contrast
— Lower wind speed | |
B3  s570-3970 1330 — 4480
CSF 580 — 3890 1220 — 4060 |
540 — 3900 1300 — 3890
500 — 3340 1300 — 3810 ”
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Second flight over the fertilizer plant esa

« Second flight over the fertilizer plant in Piesteritz in spring 2021

* Detection of the plume coming from the industry with the HRI Fertilizer plant
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Flight over StaRfurt and Bernburg esa

 Flight over a large area of Stal3furt and Bernburg in spring 2021
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Flight over StaRfurt and Bernburg esa

* Flight over a large area of Staldfurt and Bernburg in spring 2021
 Detection of various signals with the HRI

Sedimentation
basins

Soda ash
plant
Wool Sugar factory
production
factory
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Brightness temperature (K)

Flight over StaRfurt and Bernburg esa

 Flight over a large area of Stal3furt and Bernburg in spring 2021
» Detection of various signals with the HRI

* The large one comes from the sedimentation

basins associated with the soda ash plant of
Staldfurt

* Notincluded in the E-PRTR
« NH; signature in spectra
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Conclusion esa

* Analysis of measurements at high spatial
resolution over a wide variety of emission
sources

, Croatia
« 500 m spatial resolution required to detect | | \
and isolate point sources Mon&co |

* More accurate flux quantification

_ Po Valley
—> Nitrosat % Highest hotspot

region in Europe

| Fertilizer Tyrrhenian Sea
| experiment
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