Speciated aerosol water diagnostics in the global Copernicus Atmospheric Monitoring Service (CAMS)
Integrated Forecast System (IFS-COMPO)
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Atmosphere Monitoring The ECMWF's Integrated Forecasting System (IFS-COMPQO) is the European global atmospheric model used to provide global analyses and forecasts of atmospheric composition, including ResearchCo 5 5
aerosols as well as reactive trace gases and greenhouse gases in both the troposphere and stratosphere within the framework of the Copernicus Atmosphere Monitoring Service (CAMS).

Recently the Equilibrium Simplified Aerosol Model for Climate version 12 (EQSAM4Clim-v12) has been implemented in IFS-COMPO and will be used in cycle 49R1 to compute the inorganic gas/aerosol equilibrium partitioning involving major ammonium, sulphate and nitrate compounds, i.e., NHz/NH4*, H2S04/HS04/S042- and
HNO3/NQO3-, as well as the non-volatile mineral cations Ca2*, Mg2z+, Na+, and K*. The composition and aerosol water mass (AW) is calculated by EQSAM4Clim through the neutralization of anions by cations, which yields numerous salt compounds. In EQSAM4CLlim, all salt compounds (except CaS04) can partition between the
liquid and solid aerosol phase, depending on temperature (T), relative humidity (RH), AW and the T-dependent RH of Deliquescence of (a) single solute compound solutions (RHD) and (b) of mixed salt solutions (MRHD). The possibility to store the speciated AW from each EQSAM4CLlim salt compound has been implemented in
IFS-COMPO in an experimental version. Additionally, the associated compound’s growth factors (GF) and various aerosol properties have been added to the IFS-COMPO output diagnostics. Here, we show that results related to the speciated AW and GFs as computed by EQSAM4Clim-v12 in IFS-COMPO based on RHD compare
well with the corresponding lookup table values of IFS-COMPO that are currently used operationally. The speciated aerosol water diagnostics based on MRHD will be used to improve the aerosol optical depth (AOD) calculations. Differences between an AW and GF based AOD coupling will be discussed.
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Speciated GF vs AW \ " .
"Motivation
— EQSAMA4clim allows to parameterise the gas/liquid/solid aerosol partitioning and — Aerosol water (AW) itself is volatile and sensitive to:

associated aerosol water uptake sufficiently fast and accurate (i.e., noise free) for NWP: The speciated aerosol water mass has been implemented in EQSAMA4Clim (v12) and the

New + fully analytical equations . ; L
f Y Y a diagnostic output evaluated for selected aerosol compounds and composition cases.

e equilibrium aerosol composition s igalod
@ Molality [mol/kg H20] - measure of solubility, i.e.

* Aerosol water parameterization: long-term evaluation and importance, 10.5194, « primary aerosols (particularly sea salt, but also aged dust / OC / BC) | Additionally, the associated compound’s growth factors (GF) and various aerosol properties, i.e.,
acp-18 47-2018 the aerosol dry and agueous PM, both mass and molar based, aerosol density, total growth
. . e . e consideration of solids (change in diameter due to dissolution and water uptake : factor, | domains, and hyd tration, have b dded to the di tic output.
¢ Transboundary particulate matter, photo-oxidants, acidifying and eutrophying ( g P ) g 0" aerasol domains, and hydrogen concentra _'on ave been a' ed to the dlagnostic ouvpu
components, EMEP report 2019, ISSN 1504-6192 (on-line 4 e aerosol hysteresis effect (efflorescence values << deliquescence values) The results show that the GF values of EQSAM4Clim (v12) as used in the IFS compare well with
! the corresponding lookup table values of IFS currently in operational use for ammonium sulfate

¢ Comparing the ISORROPIA and EQSAM Aerosol Thermodynamic Options in CAMX, v - — AW affects the of aerosol wet radius, which in turn affects all aerosol tracer transport - @ Aerosol water mass derived from molality, i.. T and ammonium nitrate. Differences can be attributed to assumptions made on the aerosol
Springer Book chapter 2020: 10.1007/978-3-030-22055-6_16). K (dependency of sedimentation and deposition on particle radius) { - S Y ~ physical state.
w = s

— Compared to the IFS previous schemes, EQSAMA4clim improves the aerosol — AW affects the radiation and meteorology (indirectly through AQD, directly through CCN) estimates of IFS. This is indicated by the considerably large differences in the AW and GF values
trez:er aFlmorr]num anld_nltrate, as |t§ conce;:t ba_mce;lly ;I.Ior:/vs to_ bettetr cc;nfmd;: mlne/ral ' — AW itself is a composite or aerosol precursor emissions and meteorology U Relative hu.w'.wll.tld ofoleLLquesccmc (RHD), L.e. 1 for both assumptions, as shown by various results of the EQSAM box model.
cations (i.e., here: calcium, magnesium, potassium), which are important for the gas, y / ! . .
Lo . - 8 P . . P Lo & | . AW is highl iable in ti d v . | v g A comparison of collocated growth factors as computed by EQSAM4Clim and those used in the
liquid/solid aerosol partitioning (Importance of mineral cations and organics in gas- is highly variable in time and space ' % RHD = ™ New ) IFS has been carried out for four species. The agreement is in general good, except for sodium
aerosol partitioning of reactive nitrogen compounds: Case study based on MINOS s nitrate. Differences can be attributed to the use of MRHD values. '

results, 10.5194/acp-6-2549-2006)
\ |
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Especially, the solids or metastable assumption can have a strong impact on the radiative forcing
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water — fundamentals water — calculation

—— ¢ tivit tati C ¢ New aroaoh - Metzger et al.,, 2012
ater activl y represen ations — Oncep S i Top: The GF values of ammonium sulphate (left) and ammonium Speciated AW versus GF — why does it matter for IFS?

Water activity parameterization as a function of v; : ¥ nitrate (right) of EQSAMACIim (v12) as used in the IFS, overlayed
New + -‘CM_LLa uwa[_ati,cul_ equutiows y R with the corresponding IFS lookup table values currently in

5 N o operational use for sulphate (left) and nitrate_1 (right). * Speciated AW or GF needed for AOD calculation.

Generally, the values are in good agreement, particularly for
ammonium sulphate. The difference for ammonium sulphate in
dry conditions (RH <=40%) can be explained by the hysteresis

Pitzer-Simonson-Clegg mole fraction based model AIM

ewaeraciviy by Standard equations
© ay = (A pg My

Radiative forcing feedback of aerosol mass through AOD.

. o ion scale activity coefficient of water, which is in- viy -1 0 | |
(@ Speciated GF for Tianjin — solid vs metastable IAW of EQSAMA4CIlim vs E-AIM — Pye et., 2020 cases cluded in this water activity representation model to account for non-ideal solutions and solutes =(A A+ pg - My - v - % +B} ) effebc_t: t?e_g_rcmr;ﬁfactorﬁncz: the ?(a)r?e:;raot/h;ss c'andmons Iw)hs_n
2 » that dissociate (partly or completely). ., [~] is the mole fraction of water in the solution that ambient air is getting wetter (from 10 to 30% RH, for example), in . f :
sphere which Gase the GF remains nul, than when the aif is geting drier Aerosol hygroscopic growth currently represented in IFS only by GF (for optics).

(from 60 to 20% for example), in which case the GF continuously
decreases, as shown by EQSAM4CIim values. GF is a fractional value to characterise hygroscopic growth of aerosol compounds or mixed composition.

at equilibrium contains the numbers of moles (amount-of-substance) n,, [mol] and n,, [mol] of & . - S - . -
water and solute, respectively. a, can be mathematically described as: | Similar to the VH concept, i.e. Eq. (5), and the activity coefficient concept, i.e. Eq. (9)
3. Van't Hoff factor (VH) models, e.g. van't Hoff (1887), Low (1969), Young and Warren

(1992), which are of the type: s Bottom: The GF values of sodium chloride (left) and sodium
nitrate (right) of EQSAMA4CIim (v12) as used in the IFS,
= (14 My i)™ ) “ overlayed with the corresponding IFS lookup table values

Standard equations J : " ﬁ:::’;:g"; (li_:;h"’)”e’a"°"a' use for sea-salt aerosol (left) and But, actual aerosol mass loading determines humidity amplified light extinction.
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Analogously, the mole fraction of the solute , is given by GF is, however, independent of actual aerosol loading (total aerosol, or single solute compound mass).

ecssmcln-y12-cam2-sol k) - AW

[ (. !
T 14 ne/ns M,
satisfying the condition z; + x,, = 1 for a binary solution (sone solute and water). 4 . - A e The collocated EQSAMA4CIim and IFS growth factors for sea-salt . i
ind ., are related to the solute molality /i, [mol (solute) /kg(H0)] by aw=fu T (U M) ©) . . 3 aerosol and nitrate_2 (sodium nitrate, formed from sea-salt More dry particulate mass, more aerosol water can be present for solute hydration.
: particles). The agreement is very good for sea- salt aerosol,

_ (M V-1 1 R However, v; introduced here is not only a linear correction factor, | ¥, : ¥ . 2 except in dry conditions, which comes from the fact that . "
My " 3y - Mo =)= (O [ - AD . i BAMGIT, coetione - a miture or sodim cHorcis. For More aerosol mass, more water, more haze and lower visibility — all at the same composition (GF) ... .

g % but appears also as a constant in_the exponent of Eq. (15) in the form of . g j SN " !
where X, = g2 =] is the solute mass fraction, m, and m,, [ke] the masses of solute PP Eq & w8 sodium nitrate, the agreement is less good, which could warrant
and water, with M, and M, [kg/mol] the corresponding molar masses, respectively. New b arevision of the growth factor used in the future. Thus stronger radiative forcing feedback, also for IFS ...
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The activity coefficient model describes the water activity by
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