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Response to Reviewer #1 

(1) This manuscript simulates atmospheric aerosol formation over Europe using a regional 

modeling framework. The investigated research topic is very important, yet very few 

investigations like this have published before. As a result, I consider the paper very welcome 

to the scientific community. The paper itself is clearly written and easy to follow. The 

presented analysis appears scientifically sound, but it should be expanded a bit in order to get 

a better idea how robust the obtained results really are. 

We do appreciate the positive comments. 

 

Major issues: 

 

(2) As the authors point out in section 2 (the top of page 13589), organic vapors do not assist 

the growth of <100 nm in the current model implementation. This is understandable 

considering the current complexities in simulating secondary organic aerosol formation. 

However, since organics probably do play an important role in ultrafine aerosol growth in 

many parts of Europe, the authors should bring out this thing in a bit concrete manner when 

discussing the results and their implications. The model evaluation is based only on 

comparing particle number concentration. The capability of the model to reproduce observed 

growth rate could be investigated as well, at least for the sites for which such information has 

been published in the literature. Such an analysis, if possible carry out based on model output 

information, would immediate give some hints whether "missing organic condensation" is a 

serious problem and where. 

This is a valid concern. As suggested, we have calculated predicted growth rates (from the 

model output, based on the method describe in Hirsikko et al. 2005) and compared with 

observed values that are reported in Manninen et al. 2010. We have added a new figure 

showing this comparison and a new section (new paragraph 5.2) discussing the results as well 

as the possible effect of limited organic condensation on the results. As expected, the model 

underpredicts the growth rates in all studied sites, most probably due to insufficient organic 

condensation in the model. This is now stated in the paper more clearly as suggested by the 

reviewer.   

 

(3) Concerning the sensitivity analysis, is there any possibility to investigate how sensitive the 

results are on the availability of condensable vapors (other than sulfuric acid)? For example, 

could one think of artificially enhancing the ultrafine particle growth rate by a certain factor 

to mimic what organics might do for these particles. 

We have performed a new sensitivity run to quantify the effect of organics condensation as 

suggested by the reviewer. The secondary OA contribution to the particle growth rate was 

artificially enhanced by assuming that a fraction of the new secondary organics has zero 

volatility. Enhancing the organics condensation resulted in an increase of N100 by 10 percent 

on average over the whole domain. However, during nucleation event days the predicted 

increase was larger. In Melpitz for example, where frequent nucleation events are predicted 

(and observed), N100 increased by 30 percent in this test. This was the largest increase 

predicted in N100 among the 7 sites studied. At the same the total OA concentration in the new 

simulation increased on average by approximately a factor of 1.7. Text has been added 

discussing the results in the new section 5.2 (second paragraph). 

 

Minor/technical issues: 

 

(4) The kinetic approach (equation 2) was suggested already by McMurry and Friedlander 

(1979, Atmos. Environ., p 1635) and should therefore be cited here. 

We have added the reference to the original work. 

 

(5) Page 13597, lines 9-10: organics contributing to the growth of fresh particles are 

considered to be low-volatile rather than semi-volatile. 

Corrected. 
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Response to Reviewer #2 

This paper discusses a modeling study of aerosol particle formation and evolution with a 

sectional 3-D model. The paper is generally well written and has important new information. 

Below are some requested edits and calculations.  

 

(1) Introduction. Mention that secondary particles also form by in cloud processing of 

aerosols followed by cloud drop evaporation, releasing a modified aerosol. 

This is now mentioned in the revised manuscript. 

 

(2) P. 13588. “…assuming a density of 1.4 g/cm3.” Is this a constant density assumed for all 

particles of all sizes and for all times? What about when soil dust particles are present in 

larger size bins? 

No, the density is not constant. The aerosol density is calculated and updated continuously in 

each size bin based on the particle composition. The value of 1.4 g/cm
3
 mentioned in the 

original text was indicative to estimate the corresponding size range. To avoid confusion we 

have deleted this statement.  

 

(3) P. 13588. “For the integration of the differential equations during nucleation…” Does this 

mean that nucleation is operator split from condensation? If so, please state explicitly. 

Nucleation and condensation rates are simulated together using the pseudo-steady-state 

approximation (PSSA) for sulfuric acid vapor (Pierce and Adams, 2009). We have re-phrased 

this sentence to avoid any misunderstandings. 

 

(4) P. 13588. “Condensation of ammonia…” Ammonia is more likely to dissolve in solution 

than condense. Is its dissolution treated? What about crystallization to ammonium nitrate or 

ammonium sulfate? 

Ammonia dissolution as well as formation of ammonium salts is treated by making use of the 

ISORROPIA (Nenes et al., 1998) aerosol thermodynamic model. 

 

(5) P. 13588. “We limit the ammonia condensation flux in each time step to prevent 

condensing more than what is available…” Shouldn’t the flux also be constrained by the pH 

of solution in drops of each size, which itself is a function of all other acids and the condense 

or dissolve (e.g., Jacobson, Aerosol Science, and Technology 39, 92-103, 2005). Even if this 

is not included, it would be useful to clarify what the ammonium concentration in solution is a 

function of. 

This is actually constrained by the ISORROPIA model. We have now deleted this sentence to 

avoid any misunderstandings. 

 

(6) P. 13592. “The first two days of each simulation were excluded…” Did you check 

whether results from the first two days are really inaccurate compared with other days or were 

they just automatically excluded? I would suggest to check whether there really was much 

error. 

We did check the results from the first two days and no major problems were evident 

compared to the other days. Despite that, we decided to be cautious and exclude these first 2 

days to minimize any influence of the rather arbitrary initial conditions on our results.  

 

(7) P. 13597. What was the operator-splitting time step used and what was the order of 

calculation? 

Based on results of Jung et al. (2006) the operator-splitting time step used here is 300 s 

(which corresponds to the master time step of PMCAMx-UF). The calculations follow in 

general the order of gas-phase chemistry – nucleation – coagulation – condensation. More 

specifically, in the operator-splitting scheme, the condensation of NH3 is simulated for ∆t/2 

(where ∆t is the operator time step) and then particles are allowed to coagulate for ∆t/2. In the 

next step, the gas-phase chemistry and nucleation equations are integrated. Finally the overall 

step ends with calculation of coagulation for ∆t/2 and condensation for ∆t/2. 
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 (8) P. 13597. Since the authors are operator splitting nucleation and growth, I think it is 

important to do the following two sensitivity tests: 

1) Solve condensation before rather than after nucleation each time step to see whether the 

depletion of sulfuric acid (and ammonia) during condensation reduces the nucleation rate. 2) 

Reduce the operator-split time step between nucleation and condensation to see whether 

increased competition reduces the nucleation rate. 

This is not applicable to the current structure of the model (see also reply to previous 

comment for the order of calculation). As stated in the text, the two species (i.e. sulfuric acid 

and ammonia) are treated independently in the aerosol microphysics scheme. For sulfuric acid 

vapor, nucleation and condensation rates are calculated simultaneously. We have included 

some text explaining this and also stating that a different model structure (e.g. Jacobson, 

2002) could also be used. 

 

(9) Table 2. Use the same number of significant digits for the model and observations. 

Done. 
 


