Worldwide spatial and temporal ammonia (NH,)
variability revealed by |IASI

IASI-NH; over Europe in 2011

*
M. Van Damme ,/
L. Clarisse, S. Whitburn, C. Clerbaux, P.-F. Coheur mLATM S



mLATM;'s N cycle perturbations

« Planetary
boundaries »

="safe operating space for global
societal development with respect
to the Earth system and are
associated with the planet’s
biophysical subsystems or
processes”

N cycle is one of the main Earth-
system processes for which the
control variable has been
exceeded
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Current value of
control variable

~150 Tg N yr?!



MLATM,{S N cycle perturbations

China's largest algal bloom turns the Yellow

Seagreen

The algae, which can suffocate marine life, is thought to be caused by pollution from
agriculture and industry
Karl Mathiesen
Thursday 4 July 2013 1746 BST

La pollution a Paris aussi nocive
que le tabagisme passif

© LeMonde.fr

© The Guardian
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3L ATM@'S N cycle perturbations

European Nitrogen Assessment, 2011:

Limited availability of NH; observations is currently a barrier for effective
monitoring of the nitrogen cycle

- GLOBAL NH; MEASUREMENTS FROM IASI

1. Development of a retrieval algorithm for NH,
2. Geophysical analyses of NH; distributions and time-series




Method (1) Calculation of the Hyperspectral Range Index (HRI)

! I ! I ! I ! I

T

measurement
contribution function

3
1.8x10™ Walker et al., 2011 .
. - HRI T
3 _| — |AS|-FORLI . -
1.6x10 —Tre
1.4x10” < -
% 1.2x10° - .
= J J
e 1.0x10° - -
2 N
8 8.0x10™ —
c - -
8
B 6.0x107 —
4.0x10™ < ]
) |
2.0x10 !
004 1 k) 1 g 1 U 1 U 4 |
700 800 900 1000 1100 1200 1300
. N H3' VZ g . NHaE
vibrational ms) = Y™ m ( :
= 0.9 E
band g :
© 08 4 * T * t + * * Y
ha 800 900 1000 1100 1200
8 ~ 50:(10‘—_ —— measurement
82 soxet contribution function
.‘E NE 0.0 _‘-—-——‘-‘
g E « ]
E r; -3.0x10 -
E = -6.0x10" T T T T T T T 1
800 900 1000 1100 1200
Y mean spectrum
o~ 7.50x10" e without NH,
8 C‘F) i g
g n,E 5.00x10” M | i'nw»r. \n"’i'f*'llf‘.v'ﬂ;-w‘mﬂ,
B E 2.50x10™ N ! L
= z T T T 1
S 800 900 1000 1100 1200

wavenumber (cm™)

(Van Damme et al., ACP 2014)

1 &=y

mLATM,{s Development of a retrieval algorithm for NH,

quantity representative
of the NH; abundance
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mLATM,/s Development of a retrieval algorithm for NH,

Method (2) From HRI to NH; column

15/08/2010
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Only clear-sky scene
processed

Uncertainties depend on the
amount of NH; and the
thermal contrast

Fixed profile shapes



LATM@'S Development of a retrieval algorithm for NH,
Method (2) From HRI to NH; column

Look-Up-Tables

NH; LAND (molec/cirr) <10 RELATIVE ERROR (%)
15/08/2010 ' oo 3 .
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Artificial
Neural Network!
NH ; column = HRI x f (T, T, P, H,0, 0, z, €, angle) | (whitburn et al., accepted in JGR-atm)
Advantages:

v" Full atmospheric state is taken into account as there is no limit on the number of input parameters
v" Full uncertainty analysis is achieved by perturbing the input parameters

v Reduced bias, NN approach allowing negative columns

v’ Flexible NH; profiles

A FLEXIBLE AND ROBUST NEURAL NETWORK |ASI-NH; RETRIEVAL ALGORITHM
w Simon Whitburn?, M. Van Damme?, L. Cl S. Bauduin!, C L. Heald?, J. Hadji-Lazaro®, D. Hurtmans?, M.A.

s S Poster $9-69

. MIT, Cambridge, MA, USA
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3 ATM@'S Development of a retrieval algorithm for NH,

: AMMONIA EMISSIONS IN BIOMASS BURNING REGIONS: ESTIMATION FROM SATELLITE-
DERIVED MEASUREMENTS AND COMPARISON WITH BOTTOM-UP INVENTORIES

Simon Whitburn'!, M. Van Damme?!, JW. Kais R Nerf?, S_ Turquety*, L. Clarisse’,

1. Spectroscopie de FAlmosphére, Service de Chimie Quantique et Photophysique, Université Libre de Bruxelles {ULB). Brussels, Belgium
2. Max Planck Instiute for Chemistry. Mainz, Germany
3. Faculty of Earth and Life Sciences, VU University Amsterdam, The Netherlands
4. UPMG Univ. Paris 08; Ecole Polytechnique, CNRS/INSU, LMD-IPSL. Palaiseau, France
5. LATMOS/IPSL. UPMC Univ: Paris 06 Sorbonne Universités, UVSQ, CNRS, Paris, France




mLATM,{s Development of a retrieval algorithm for NH,

Validation Ground-based observations ® = observations for 2011 from IDAE, AMoN, EMEP and
T e = 2 NNDMN
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Representativity issues
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National Nitrogen Deposition
Monitoring Network
(NNDMN)

2009 to 2013

(Van Damme et al., AMT 2015)
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ULB Development of a retrieval algorithm for NH,

THURSDAY 14 APRIL All stations LUT

Sess i an 10: Val id at io n <« < r=0.70,Slope=0.74,P=0.00,N=502

14:00 Validation of IASI NH3 columns at the single pixel scale
from airborne- and ground-based measurements

Zondlo Mark (Princeton University)
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“An evaluation of IASI-NH; with ground-based FTIR

measurements”
(Dammers et al., ACPD 2016)

©http://zondlo.princeton.edu



vis WY Geophysical analyses of NH, distributions & time-series

Transport over Atlantic Ocean
12 to 18 September 2011 April 2008




Global distributions
5-yr mean distributions (Nov-2007 - Oct-2012)

Mean columns associated with a relative error > 75%/58%
(land/sea) have been filtered out

morning overpass

-100 -50 0 50

100 150

(Van Damme et al., ACP 2014)
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vis WY Geophysical analyses of NH, distributions & time-series

6-yr composite seasonal distributions over land (2008 - 2013)
Mean columns associated with a relative error > 75%
have been filtered out

morning overpass

evening overpass
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mLATM,ié Geophysical analyses of NH; distributions & time-series
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mu\m,{s Geophysical analyses of NH; distributions & time-series

Inter-annual variability

Model comparison A-yr comparison (2008->2011) O =industrial hot spots
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mLATM,{s Geophysical analyses of NH; distributions & time-series

Intra-annual variability
4-yr comparison (2008->2011)

Model comparison

Fixed temporal profile for agricultural
emissions used in the model
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Emission timing and gridding assessment:

= Po Valley: recurring feature likely linked with
wrong timing

=  Ebro Valley: underestimated emission and/or
misrepresentation of the diurnal profile

= Netherlands: best agreement (magnitude &
timing)

- expected as the fixed timing of the
emissions are based on experimental
data sets from this country
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(Van Damme et al., JIGR-Atm 2014)
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mLATMJ's Geophysical analyses of NH, distributions & time-series
Applications

»  Assessment of fire emissions inventories (whitburn et al, Atm. Env. 2015) +Poster S3-34
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=  Assimilation into CHIMERE model (Fortem-Cheney et al., in revision for GRL) +Poster S3-33

EMEP emissions IASI, Week 2012 March, 24 to 32th |IASI, Week 2014 March, 8 to 15th
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- Significant impacts on (and increases of) PM concentrations
—> Improve the comparison with independent surface measurements of NH; and PM



MLATMJS Final points

= >8years of global (bi-)daily IASI-NH; data (IASI-A and IASI-B) available in open

access via Ether website

Meonitoring of atmospheric composition with IASI/METOP sounders : ULB/LATMOS
data in open access via ETHER website

Juliette Hadji-Lazaro*, C. B LIl Van Damme Whitburn?,

o rumans, 7 Conee T Augst Poster $4-50
%H‘pﬂh

LUATROLAPSL, UPMC Unbe. Park 08 Sorbonne Usharii, VS0, ONRS, Part, France

2 Serbonre Universitin, UPMC Usk. Pars 08; CNBSAMSU, P51, P, Francs '
L fpectmaccpi de Mlmesphine, h\h&ﬂhhwnl‘hﬂwb— Unbanith Libre de Bruomles (UL, Srouseki, Selgium
_ : o= A4 ATMg#S

llr'u\

]m A FLEXIBLE AND ROBUST NEURAL NETWORK |IASI-NH; RETRIEVAL ALGORITHM
nm’w Simon Whitbumn', M. Van Damme! LZ(I i Ehlld J. Hadji-Lazaro®, D. Hurtmans?, M.A.

' FMW , s e, e S s o B (12) . s imis] Poster 59-69
i

3. LATMOSAPSL, UPMC UlIvP ris 06 Sorbonne U iversités, UVS:I CNRS, Paris, France

4. Department and tal Engineering, Princeton University, Princeton, USA .
(A3 ATMe#S
“Hhmn‘"w' 0 T o AN ST NN TN W ’

= Validation of IASI-NH;: Talk at 14:00 on Thursday (M. Zondlo) Session 10

=  Fire emissions assessment =  Assimilation into model
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mLATMJ's Geophysical analyses of NH, distributions & time-series
Applications

»  Assessment of fire emissions inventories (whitburn et al, Atm. Env. 2015) +Poster S3-34
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=  Assimilation into CHIMERE model (Fortem-Cheney et al., in revision for GRL) +Poster S3-33
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- Significant impacts on (and increases of) PM concentrations
—> Improve the comparison with independent surface measurements of NH; and PM



mLATM!’S Development of a retrieval algorithm for NH,

Time-line of IASI-NHg retrievals
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mLATMd:‘» Geophysical analyses of NH; distributions & time-series
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Geophysical analyses of NH; distributions & time-series

IASI-NH,
+

MODIS image




LATM@S

Validation

Development of a retrieval algorithm for NH,

r 2011 from IDAF, AMoN, EMEP and
' — NNDMN
§ networks
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LATMJS Geophysical analyses of NH; distributions & time-series

Satellite vs Emission Inventories

China Po Valley

IASI total columns in 0.052x0.052 grid (mg/m?) IASI total columns in 0.012x0.012 grid (molec/cm?)
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mLATM!'S Geophysical analyses of NH; distributions & time-series

Russian fire episode in 2010

20 July to 20 August mean
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mLATM;"s Geophysical analyses of NH, distributions & time-series

Method (2) From HRI to NH; column ...using a neural network (NN)!

NH 3 column = HRI X_f(T, P HZO' 0, Z,, &, angle) (Whitburn et al., accepted in JGR-atm)

surf?

Advantages:

v" Full atmospheric state is taken into account as there is no limit on the
number of input parameters

v" Full uncertainty analysis is achieved by perturbing the input parameters
v Reduced bias, NN approach allowing negative columns

v’ Flexible NH; profiles:

% deviation from NH, column

based on land LUT -534 -8.4  +11.8 0 +3 +14.9 +41.4
(Van Damme et al., 2014

NH; profile shape

» Study of fires

(* in km)

» Model comparisons

A) B) K k > In-situ measurements
*




WLATMJS Geophysical analyses of NH; distributions & time-series

Model comparison Inter-annual variability - industrial hot spots
4-yr comparison (2008->2011)
LOTOS-EUROS (IASI) IASI observations 1ASI error reave  1ASI - LOTOS-EUROS
simulations H NH, error

mg/m2

(%)

, AEesd A |

Intra-annual variability

Fixed temporal profile for agricultural emissions
used for the entire European domain in the model
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> Limitations of the use of the same fixed temporal
> First time that industrial NH; sources are obse,  profile + added value of IASI-NH, data set

underestimation of emission in the inventories
20
i (Van Damme
I E&ﬂb\“(é T~ u etal., JGR-

Atm 2014

NH; (mg/m?)




