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Recent and ongoing activities (which should be)
contributing to SIA improvement

JFiner model resolution: 0.1x0.1° and 50m lowest layer
JFiner resolution of national emissions : 0.1x0.1°

1 Bi Directional Ammonia fluxes (David Simpson in
cooperation with TNO)

1 EQSAMA4clim - new thermodynamic equilibrium model
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Bi-Directional exchange of NH,

David Simpson & Roy Wichink Kruit
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Towards Bi-Directional NH,
On-going work:

NH3 contributions, from 'above’ (left) and 'below’ (right)
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Courtesy of David Simpson & Roy Wichink Kruit

Norwegian
Meteorological
v Institute



SIA formation & Gas-aerosol partitioning

SO,

Formation of sulfate-nitrate-ammonium (SNA) aerosol
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+ Uptake of NH; and HNOj by sulfate aerosol follows thermodynamics
+ This uptake affects the mass and phase of the aerosol

Thermodynamic equilibrium schemes for sulphate-nitrate-ammonium-water system

«Old» EMEP scheme:
MARS (ARES):
EQSAM-3:
EQSAM4clim:

(NH,),5SO,, simplified Kp =f(Rh, T)

two regimes for NH, /SO,, metastable aqueous aerosol
parameterized version of ISORROPIA

most recent version
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EQSAM4clim R~

Liquid Phass, lons:

NO;, NH,*, SO,%, CI,
Na*, K*, Caz* Mg?*,
lum Low Molecular
Weight (LMW) organic
acids (e.g., HCOOH),

H,0, pH

Solid Phase, Salts:
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Implemented in the EMEP MSC-W model, in close cooperation with Swen
Metzger ( www.researchconcepts.io, www.eco-serve.de)

Thoroughly compared against ISORROPIA, evaluated with in-situ and satellite
observations (AOD) on global scale (Metzger et al., ACP (2018, 2016, 2012,

2006) Norwegian
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http://www.researchconcepts.io
http://www.eco-serve.de

Testing EQSAM4clim for 2016

MARS
Eqg4clim
Rep18

NO3_in_PM25

Start: 2016-01-01 00:00:00
End: 2016-12-31 23:59:50
‘Time Step: yearly

Source: MSC-W / EMEP

Min. Common days: 274

Correlation: 0.63
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Ammonia_in_Air

Start: 2016-01-01 00:00:00
End: 2016-12-31 23:59:59
Time Step: yearly

Source: MSC-W / EMEP

Min. Gommon days: 274
Min. Qualty:
Units: ugh/m3
MEASUREMENTS-mean: 0.12
MODEL-mean: 0.08

Bias: -30%

RMSE: 0.08
Correlation: 0.54

30% bias: 13 points (76%)
509% bias: 16 points (94%)
total stations: 17
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‘Source: MSC-W / EMEP.
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MEASUREMENTS-mean: 0.46
MODEL-mean: 0.79
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EQSAM4clim
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Corr.: 0.51

RMSE : 4.49

Apr May Jun Jul

Ispra

Aug Sep Oct

Jan Feb  Mar

Obs

NH4 inPM2.5 1

L(

l JMm,“ i uum m

Apr May Jun Jul Aug Sep Oct Nov Dec

Mean Obs: 1.35

Mean Mod: 0.77
Corr.: 0.49

Ispra

RMSE : 1.49

MARS

w
o

(]
(=]

[\
o

n
o

-
(3]

-
o

Jan Feb Mar
Mean Obs: 3.02
Mean Mod: 2.31
Corr.: 0.46
RMSE : 4.68

Apr May Jun Jul

Ispra

Aug Sep Oct Nov  Dec

-
o

Obs

=]

(]

NH4 inPM2.5 ‘

\\IllllJ\\llllll\\l

L l Mlmmm,,,mm M m

Jan Feb Mar
Mean Obs: 1.35
Mean Mod: 0.83
Corr.: 0.45
RMSE : 1.52

=)
|

Apr May Jun Jul

Ispra

Aug Sep Oct Nov  Dec

Norwegian
Meteorologlcol

Tomond il td o



NO,- in PM, .

[0S feadel Imars Reqkcl Rmars

DEO1 1.99 2.25 2.44 0.39 0.34
DEO2  2.48 2.95 3.13 0.49 0.46
DEO8 1.58 2.50 2.69 0.41 0.37
FRO9 1.81 2.88 2.97 0.23 0.20
FR24 1.57 2.33 2.44 0.46 0.46
S108 0.31 0.93 0.93 0.49 0.48

Similarly, some improvement is found for
NH,* in PM, ;.
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EQSAMA4clim:

Bias meg4cl
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NO3- NH4 PM10 PM25 HNO3 NH3
IOA - yd Meqdcl MWmixs [glals
NO3- NH4 PM10 PM25  HNO3 NH3

B mixs

testing setups

Cgl/als

EQSAMA4clim allows flexibility wrt
included processes and gas/aerosol
components (cations and anions)
and variable degree of complexity..

|deally, all major cation/anions
should be included for best result

Presently, base cations from
mineral dust are not accounted for

eq4cl — metastable aqueous aerosols,
gas/aerosol partitioning (as in MARS)

Mixs — equil. dissociation constant Kp for
NH,NO; not only f(RH, T), but also

f(composition): decreases with increasing
(NH,),S0O,) content

g/als — full gas/aerosol/solid equilibrium
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PM episode due to sea salt

in Bergen (Norwegian west coast) 13.02.2019
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PM episode in Bergen (Norwegian west coast) 13.02.2019
air quality forecast using MARS

SEASALT_C ug/m3 SEASALT_F ug/m3

0.5
0.1
0.05

Coarse NO, (NaNO,) formation, but not NaNO, on fine sea salt
Also Na,SO, is formed (actually preferential wrt (NH,),SO,)

Norwegian

Could this (partly) explain the model failure???? Meteorological
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EQSAM4clim
Formation of fine NO,* due to fine sea salt

Sea salt

SEASALT_F_due to sea salt ug/m3
N | L

NO3_F_due to sea salt ug/m3

— 0.15

0.07
0.05

23-24 January 2016
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EQSAM4clim
Formation of fine NO,* due to fine sea salt

Sea salt NO,*

NO3_F_due to sea salt

SEASALT_F_due to sea salt ug/m3
1

28'30 December 201 6 Norwegian
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Summary and outlook

% The latest version of EQSAM - EQSAM4clim - has been
implemented in the EMEP MSC-W model

Y Initial tests give positive results:
- evaluation for 2016 - similar compared to MARS
- inclusion of sea spray NaCl in the equilibrium allows
formation of Na,SO, and NaNO, (which can be important in
coastal sea salt influenced regions)
- several setups for equilibrium system complexity are tested -

needs more study for diff regions (episodes!!),
evaluation with observations (ACSM data, gas/aerosol )

- more accurate calculation of PM water is expected, but
depends on the setup (=completeness of cation/anion system)
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Aerosol evaluation with ACSM
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Summary and outlook

Y EQSAM4clim will be one of the options to solve SIA in the Open
Source (May 2019?) and after some testing next weeks will likely
be used in model calculations for Report 2019

Further work

Y Extending to base cations (Ca2+, Mg2+, K+) from windblown and
anthropogenic dust

v Testing EQSAMA4clim for coarse aerosols??

Many thanks go to Swen Metzger I%:

for his assistance with EQSAM4clim implementation and
consultancy regarding thermodynamics
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Muchas gracias!



