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Introduction

First IASI observations of NH; in fire plumes
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Coheur et al; ACP 2009

Fires in Greece from August 25, 2007
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Introduction

First IASI observations of NH; in fire plumes
Coheur et al; ACP 2009

Fires in Eastern Mongolia May 18, 2008
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Introduction

First IASI observations of NH; in fire plumes

But fires represent only a small
(locally strong) fraction of
total emissions.

Emissions from agriculture dominates
fertilizers and animals account for 56 %

l

» Can IASI monitor NH;?
« How well?
e DO we care?

Biomass
burning

Fertilizers

Oceans

Animals
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Outline

a0 Ammonia and the perturbed N-cycle: Causes and
consequences

a Global mapping of NH; using IASI radiance indexing
* Method
* Yearly averages: hotspots and description of sources

a Local (boundary layer) monitoring

* How close to the surface do we see?
* small-scale variations

8 4
LATM‘S A Pierre Coheur, IASI Conference, Sévrier, January 2010



Outline

o Ammonia and the perturbed N-cycle: Causes and
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0 Local (boundary layer) monitoring

« How close to the surface do we see?
* small-scale variations
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Ammonia and the perturbed N-cycle

Ammonia and the perturbed N-cycle

Anthropogenic nitrogen fixation
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Ammonia and the perturbed N-cycle

Ammonia and the perturbed N-cycle

1860 1995

N-fluxes

N-deposition
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-y Spatial pattems of total inorganic nitrogen deposition in early 1990s, ..~
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Adapted from Galloway, 2003
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Ammonia and the perturbed N-cycle

Ammonia and the perturbed N-cycle

Anthropogenic nitrogen fixation

Form of Nr Ecosystem Impacts scale
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Ammonia and the perturbed N-cycle

Ammonia and the perturbed N-cycle

The nitrogen cascade (Galloway, 2003): Circulation of anthropogenic Nr in Earth’s
atmosphere, hydrosphere, and biosphere has a wide variety of consequences, which are
magnified with time as Nr moves along its biogeochemical pathway. The same atom of Nr can
cause multiple effects in the atmosphere, in terrestrial ecosystems, in freshwater and marine
systems, and on human health. We call this sequence of effects the nitrogen cascade.
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Outline

a Global mapping of NH; using IASI radiance indexing
* Method

* Yearly averages: hotspots and description of sources
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Mapping Ammonia

Global mapping using radiance indexing

1. Brightness temperature difference
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Mapping Ammonia

Global mapping using radiance indexing

2. Brightness temperature difference = Total columns (Curve of growth)
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Mapping Ammonia

Global mapping using radiance indexing

2008 average
- 28 emission hotspots identified
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Mapping Ammonia

Global mapping using radiance indexing

2008 average The link to agriculture

Colonnes totales d'ammoniac pour I'année 2008 Colonnes totales d'ammoniac pour I'année 2008
Amérique du Nord et Centrale NH3 Europe et Afrique du Nord (ml‘;l}lri})
- _w - I — . (mg/rvf.)n ” L — 19 — ;1 — H)lnn
= V > T, F ' pl ~ ) ;77: e
=2 - S NN N~ - =
4 L .83 0.83
‘-;1“, \ . ] \ \ ( -
£ Ly i |
[/ T b SV
] \ 3 ,: {‘)} L
S 4 = ) = ~ G
\ 5 .. 2
} . Z— 13
{ > 6 u 3
N 12
. 2 | A 5 \
‘ 1 7 \ 5 ( £
s f 1 I o Y) Ay —
Lo P q - ‘.4' »
o A S .|
8 ‘ = R f 24 ¥, Tl e s 017
. . — ) R
a1 g 1 ) : ' 25¥4
(1 . ! 0.00 4 : .’-
auteurs : u{.B/LATMOS, 2009 projectipn cylindrique équidistante ' r-_-‘ r % - - =
source : CNES/EUMETSAT auteurs : ULB/LATMOS, 2009 projection cylindrique équidlsfapte

source : CNES/EUMETSAT

pire "Nile Delta

. High Plains Aquifer

§ -

Ebro vaIIey§

b 4
LATM‘ S 4 Pierre Coheur, IASI Conference, Sévrier, January 2010



Mapping Ammonia

Global mapping using radiance indexing

2008 average The link to agriculture
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Increased fertilizer use + enhanced volatilisation in NH during summer
(+ also enhanced surface sensitivity...)
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Mapping Ammonia

Global mapping using radiance indexing
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Mapping Ammonia

Global mapping using radiance indexing

2008 average 2009 average
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Outline

o Ammonia and the perturbed N-cycle: Causes and
conseqguences

a Global mapping of NH; using IASI radiance indexing
* Method
* Yearly averages: hotspots and description of sources

0 Local (boundary layer) monitoring

* How close to the surface do we see?
* small-scale variations
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Local source monitorino

2008 yearly average

US central valley

» Typical agricultural valley
* Elevated NH; and PM levels throughout the year Y
 Large temperature variations at surface ! i

]

(including temperature inversions) UB— CNRSLATMOS o= i tmememee | |

Retrievals using Atmosphit (line-by-line RTM + OE inversion)

Prior information built from TM5 1x1 output, Clarisse et al., accepted for
With xa and Sa >1ppb surface (polluted) publication in JGR
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Local source monitorino

US central valley

Two good cases for surface sensitivity

Large POSITIVE thermal contrast (AM) Temperature inversion (PM)

N N T T T YT o L 152
0.0 P/ UL T srma A A Ny Dol AR asm A A AL o ol 10- AT —~ - 5 K NH, (ppb) T
-054 AU N = ’
. 05- _ | 1 A 1 R L A 4

-1.04 AT + 10 K 0_01 \ Ay, < N Y /‘ /-:,‘\/ e ‘w,l;’;\y/\/" A PNy o0 2 4 \/ A ’/\-ﬁb/ \“\*)’\v\fﬂ
15 T T T T T T T T T T T 0.5+ y T T T T T T T T —T T

940 945 950 955 960 965 940 945 950 955 960 965

Wavenumber (cm") Wavenumber (cm”)

Significant absorption contribution from emission contribution from ammonia in the
ammonia in the TOA radiance spectrum TOA radiance spectrum

8 LN IR B B B T P SN A S S — 05 8 T T T T i T i = 0.5
B B : -
——25 i 2
= & | ] | —
6 3 B Averaging o4 £ 35
o 4 4% L = .
k=1 | o 4 —— 5.5
—~—5.5 k=] u
- Z, I kernels - e
2, . . 75 =3 < 2 1——7.5]
g 85 3 285
2 ~— 240 260 280 300  32( 95 2 | o5
= ~ Q'_j‘:*_;:\._, ___ _‘\Temperature (K) < 260 280 300
5 ~— i Temperature (K) |
—
0 —T T~ I T~ T T T - T "~ T T T 17 0 —T T 1 T T T T T T T T T * T
0.00 005 010 015 020 025 030 035 040 045 050 055 0.0 01 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Averaging Kernels Averaging Kernels




Local source monitorino

US central valley

AM

NH3 vmr at 700 m

Concentration (ppb)
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(a) NH3 concentration at 700m (IASI morning orbit)
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(g) Thermal Contrast at 500m (IASI morning orbit)
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Local source monitorino

US central valley

revealed fromspace {8

0.0675° x 0.0675°

Sources at “micro”-
scale and on a (close
to) daily basis

1202 -120 -119.8 1194 -1192  -119 1186 Clarisse et al., accepted for
publication in JGR
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conclusions

NH3 from IASI —conclusions-

« first example of volatilization processes seen from TIR nadir sounders
« first example of significant boundary layer sensitivity in favorable cases of atmospheric

thermal structure (= detection down to 5 ppb!)
* Allows detecting sources globally, and monitoring the largest on a daily basis
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+ higher spectral resolution would further help! ©
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