Implementation of ISORROPdAe thermodynamic module within EMAC,
Implications for aerosol composition, acidity, and radiative forcing.
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Abstract Thisstudyfocuseson the performanceand resultsof a lighter and more computationallyefficient versionof
the ISORROPIAthermodynamicmodule,i.e., ISORROPHI&e, in the globalatmosphericand chemistrymodel EMAC
Themainfocusisto comparelSORROPHIe with ISORROPIA(In stablemode),andfor that reason,simulationswere
completedinthe W Q T 2 Nalobldddedff@uration(gas+ aerosolasinput), for the years2009& 2010 An evaluationof
the results of ISORROPIIAe is also performed by comparingthem with surfaceobservationsfrom three different

Comparison Against ISORROPIA |l (Stabl

networksin North America(IMPROVEEurope(EMEP)and EastAsia(EANET)Irheexaminedaerosolcomponentsare Coarse NQ -0.033 6.2
nitrate (NOy) in the coarseandfine sizemodes,aswell assulphate(SQ2), ammonium(NH,"), crustalions(Na, C&, K, Fine NQ -0.025 7.6
Mg*), water massfraction (WMF)of aerosolsandaerosolacidity (pH) Firstly,the modelpredictionscomparequite well ) 0.012 12 6
with the observations,apart from some overpredictionsof PM, c nitrate over Europeand EastAsia(~2 & 5 > 3n

respectivelyor 20%). Theobserveddifferencesbetween|SORROPHAe and ISORROP{Aare minimal exceptfor some NH,” UG, 6.3
overpredictionsby the latter in inorganicaerosolconcentrationsand underpredictionof the WMF, producingin the SQ* -0.012 3.0
majority Mean Error values<10% Regardingacidity, ISORROPH&e producedsomewhatmore acidic particles (for Na -0.460 8.1
about 2 pH units) with further sensitivitysimulationsshowcasinghat NH, playsa major role in the buffering of the Ca?2 .0.021 4.0

accumulationrmode pH. Regardinghe computationalefficiencyof ISORROPIAe, it exhibiteda speedup by 4% & 5%

comparedto ISORROPIAIN metastableand stable mode respectivelyand was calculatedbasedon the number of 0.018 Bl
total time stepsthat EMA(performedduringthe samerunningperiod. Mg* -0.057 7.0
Model performance in NQ over specific region:s e 1.320 3.6

U A few underpredictions of up to
1 >g n3(10-20 %), for NEt and SG¥-.

U Excellent agreement for crustal ions.
U Slightly larger biases low

concentrations up to 3>g n3 (~40 %)
for coarse & fine NO

U Overprediction of aerosol water due to
the different aerosol state assumption.

Model Evaluation vs Observations

IMPROVE

0 Disagreements in coarse & fine N® dzLJ ( 23 om0 %)BdveryHimalayan Region with
characteristic low RH values < 40% that do not favor nitrate aerosol formation in metastable.

U Reverse behavior in coarse mode \N&er Middle East due to low water content available for
HNQ, condensation in stable. I0E 0 0E
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U Better agreement over North America, East Asia and Europe where annual RH values are Hd g

higher U Exceptional agreement fd¥H,* over North America and Europe. Modelerpredictionof ~2>g m?3

, — (~10 %) over East Asia.
Relative Humidity dependence of NO

Mean Annual Relative Humidity

U Exceptional agreement f@Q?% over North America and Europe. Slightly strongegrpredictionof
East Asia concentrations.

U Best agreement foNO, over North America. Modalverpredictionover Europe ( ~2g n3or 20 %)
and East Asia (~35 n13 or 20%).

Estimated Aerosol Acidit

PH of ISORROPIA-lite in the Accumulation Mode Absolute Bias of Accumuation Mode pH, ISORROPIA lite - ISORROPIA I

U Metastable state produces
more acidicaccumulation mode
aerosols particularly over arid
regions,

- due to no or extremely low

water available for pH

calculation by stable.

Bigger biases in the lower RH ranges
(20¢ 60 %).

Along with midrange temperatures,
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by the supersaturated state.

pH of ISORROPIA-lite (Metastable) in the Coarse Mode

NG; aerosol formation is not favored || & : : : ; 75 9
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The more basic pH values of Eg
Asia are due to higher aerosol
water present in metastable

Regions governed by such
atmospheric conditions have most
disagreements.

Direct TOA Radiative Forcingj( yearPeriod)

Net | LW | SW

ALL
(00l - 148 +0.44-1.93

-0.14 +0.23-0.37

Coarse
NO; -0.12 +0.23-0.35

Fine
NGO, -0.02 ~0 -0.02

ONLY COARSE] ONLY FINE N

U The aerosol Direct Radiative Forcing is controlled more by the effect of the SW radiation flux.

U The NQ Direct Radiative Forcing is controlled more by the Coarse Mode particle phase.
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Absolute Bias of Coarse Mode pH, ISORROPIA lite - ISORROPIA II

- H=

State.

U Metastable state produces
more acidiccoarse mode
aerosols over polluted regions,
although with smaller bias

(~1 pH).

U More efficientdust removal
along withnon-existent salt
precipitationin metastable lead
to more acidic particles.

U The presence of NHirives the pH
of accumulation mode to be
significantly more basic.

U Effect on coarse mode pH is simil
but not so evident.

U Should NHbe present, NENG,
would be formed in arid regions
which is less acidic (than KN
CaNQ).
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Conclusions:

C Successfulimplementation of ISORROPIge in EMAC showing very good agreement with
ISORROPIAWwhiIle reproducingobservationscompetently

C The most disagreementsoccur in regionswith low-to-mid RHvalues (20 ¢ 60 % range) due to
particle state differentiation.

C Metastablecaseproducesin generalmore acidicparticlesthan stablestate (1-2 pH),with strongNH,
bufferingin AccumulationMode.

C Magnified estimate of Direct TOA RadiativeForcingfor aerosols(- 1.48 Wm?) but much more

realisticfor NO;- particles(- 0.14 Wm).

~ Computationakpeedup in comparisorto ISORROPIAMeasuredup to 5%




