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Background - Atmospheric Ammonia (NH,)

Atmospheric NH;: main chemical reactions, global emissions and sources, and global budget. The emission values are mostly
for 2005 -2008 (Paulot et al., 2014). The global depositions and conversion to particulate NH,* percentages are from model
simulations (Khan et al., 2020). 2




Background - NH; Distribution
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Global 5-year mean (2013-2017) of CrlS NH,total columns distribution at 0.05° x 0.05° (long, lat) resolution (Dammers et al.,
2019).



Background - NH; Variability
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Global 6-year (2008-2013) weighted mean distribution of seasonal total columns of NH; (molecules/cm?, vertical color bar)
from IASI morning measurements in 0.25° x 0.5° cells. December-January-February (DJF), March-April-May (MAM), June-
July-August (JJA), and September-October-November (SON). Modified from Van Damme et al., (2015).



Background - NH; in the Arctic

NH; sources: hydrolysis of guano from
migratory seabirds (Blackall et al., 2007; Croft
et al., 2016; Riddick et at., 2012; Sutton et al.,
2013; Wentworth et al., 2016), seal excreta
(Theobald et al., 2006), and the ice-free and
snow-free tundra (Croft et al., 2019)

NH; enhancements due to boreal wildfires in
the Northwest Territories have also been
observed (Wentworth et al., 2016, Lustch et al.,
2019)




Objectives

To improve our knowledge of NH;in urban and remote regions
by using FTIR measurements, satellite data, and a chemical
transport model.

1) Variability and trends of 2) Link between NH, 3) Long-term impacts
NH, using ground-based and PM, . formation of boreal wildfire NH,
ETIR data in Mexico City on the Arctic



Methodology - FTIR

Solar spectra
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Basic elements of a solar FTIR experiment (Michelson interferometer adapted from Encyclopedia Britannica).



Methodology - SFIT4

SFIT4 is based on the SFIT2 algorithm, which is built upon the Optimal Estimation Method
(OEM) from Rodgers (2000). The SFIT4 retrieval strategy minimize the difference between
the measured spectrum and a theoretical calculated one (Pougatchev & Connor, 1995).

SFIT4

Parameter I

Microwindow 1 930.32 -931.32 cm'!
Microwindow 2 966.97 —970.0cm™!
Interfering species H,0, O3, CO,, N,O, HNO,
SFIT4 version V0.9.4.4



Methodology

Satellite Data

IASI is a spectrometer on board the
meteorological satellite platforms MetOp,
that measures infrared thermal radiation
emitted by the Earth's surface and the
atmosphere in a range of 2760 to 645 cm™.
(Shepard and Cady-Pereira, 2015).

IASI onboard the MetOp satellite, image
from ESA.

Atmospheric Models

Is a global 3-D model of atmospheric
chemistry with assimilated meteorology
from the Goddard Earth Observing System
(GEOS) of the NASA (Bey et al., 2001)

Core -> chemical module that computes
the local changes in atmospheric
concentrations due to emissions, chemistry,
aerosol microphysics and deposition
(www.geos-chem.org)
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Preliminary Results — Mexico City
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Time series of NH; total columns at Mexico City (UNAM) station between January 2014 and April 2019. Time series but all years
are plotted in different colors while the monthly means are in the bottom panel to show the seasonal variability of NH,. The gray
shaded area in the monthly means indicate 1o from the monthly mean. The mean NH; column is 1.21e16 + 8.86e15 molecil(l)es

cm2, the mean DOFS is 0.86 + 0.07.



Mexico City

lelb
S 2500
-
o
-~
O
= 2.01
(]
Q
o
> 1.51
c
c = _
E 1.0+ -~ TTTveeee_ e S S~e” -=-- 2014
S -~ 2015
o ———- 2016
((¥]
= 0.51 —=-- 2017
S ~=-- 2018
Im ~=-- 2019
= | | . . ‘ .
8 10 12 14 16 18

Hours (Local Time)

6-year (2014-2019) mean diurnal pattern of NH, total columns over Mexico City. The thick blue line is the average
for all years and the blue shaded area indicates 1o from the hourly mean.
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Mexico City
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a) Average spatial distribution of NH, total columns over Mexico City measured by IASI-A between 2007-2018. The white star
shows the location of the UNAM station in Mexico City. The IASI data version used is ANNI-NH;-v3, provided by the
ULB/LATMOS team. The figures on the right show NH; total columns from ground-based FTIR measurements at UNAM and
satellite measurements from IASI-A monthly (b) and annual (c) averages. The shaded area indicates 1o from the monthly and

annual mean.
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Altzomoni
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Time series of NH; total columns at Altzomoni station between January — December 2016. Time series but all years are
plotted in different colors while the monthly means are in the bottom panel to show the seasonal variability of NH; The

mean NH; column is 5.84e14 + 6.80e14 molecules cm, the mean DOFS is 0.76 + 0.31.
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Altzomoni

lels

(9)

i

w

N

=

o

NH5 total columns [Molecules/cm?]

6 8 10 12 14 16 18
Hours (Local Time)

1-year (2016) mean diurnal pattern of NH; total columns over Altzomoni. The blue shaded area indicates 1o from the
hourly mean. The bottom panel in black indicates the monthly means and the gray shaded area indicates 1o from the
monthly mean.
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Fureka
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Time series of NH, total columns at Eureka station between August 2006 and March 2020. Time series but all years are
plotted in different colors while the monthly means are in the bottom panel to show the seasonal variability of NH; The
mean NH; column is 1.69e14 + 2.41e14 molecules cm?, the mean DOFS is 0.96 + 0.14.



Future work

Antarative

Study sites locations, green for remote sites and blue for urban sites, image from the NDACC IRWG website.

e Retrieval strategies

* Acquisition of NH; satellite data _¢
* Acquisition of NH; time series -V
e Variability and trends ——
*  Model simulation 16
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