Response to comments of referee #2

General Comments:

This paper describes a new parametrization for the N,Os hydrolysis which is dependent on T,
RH and aerosol composition. The development of such a parameterization for N,Os
hydrolysis for a model framework that does not explicitly track aerosol surface area could be
of interest to the community. However, the paper presented here has several serious

shortcomings and errors, detailed below, so that | cannot recommend it for publication.
Response:

Thanks to the reviewer for the comments and suggestions. Yes, as emphasized by the reviewer,
this work proposed a parameterization for N,Os hydrolysis for the computationally efficient
mass-based aerosol models. This work can be very useful for some regional models (e.g.
COSMO-MUSCAT with aerosol treatment based on Simpson et al., 2003), and also for some
global models (e.g. HadGEM3-ES, Bellouin et al. 2011; Hardiman et al., 2017). In order to

emphasize this, we modified the title, as shown below.

“A Parameterization of Heterogeneous Hydrolysis of N,Os for 3-D Atmospheric Modelling:

Improvement of Particulate Nitrate Prediction” changed to

“A Parameterization of Heterogeneous Hydrolysis of N,Os for Mass-based Aerosol Models:

Improvement of Particulate Nitrate Prediction”

The manuscript has been modified accordingly. Please find the detailed point-to-point

modifications and corrections in the following.

Major concerns:

(1.1) The paper completely misrepresents the parameterization from Riemer et al. (2003): It is
stated by the authors that the particle surface area in Riemer et al. (2003) was set to a constant
value of 600 m2 cm-3. However, this constant value was used only for box model runs. In
all other simulations (KAMM/DRAIS and EURAD) a constant value was not used, instead
the mass, the number and thus the particle surface area were calculated with the modal aerosol
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model MADE and were highly variable. In Figures 8a and 11la of Riemer et al. (2003),
examples of these variable horizontal distributions of the aerosol surface area density are
depicted. It is clearly stated in Riemer et al. (2003) that even the corrected formula of Chang
et al. (1987) shows a big difference in comparison to the more-complete parameterization that
takes into account the dependence on aerosol surface area concentration (Sec. 4.2 in Riemer et
al., 2003).

Response:

We apologize for the misleading introduction of the parameterization from Riemer et al.
(2003), who proposed two parameterizations (P1 and P2) as shown in Table R1 and Fig. R1.
The reviewer was right, the particle surface area (S) was comprehensively considered in P1,
but was not considered in P2. P2 was only used in the box model (Figure 2 of Riemer et al.,
2003) and 1-D simulations (Figure 5 of Riemer et al., 2003). Riemer et al. (2003) suggested
to use ‘a=17’ instead of ‘a=5" (suggested by Chang et al., 1987) for a better approximation
of the more realistic P1. This produces a result that is very close to the PI with ‘S=600 pm?
cm™’ when RH>60%, as shown in Fig. R1. Here, we only adopted and improved the P2.
However, we mistakenly named P2 as ‘Riemer03’ with a constant ‘S=600 pm? cm™’, which is
inappropriate for introducing parameterizations from Riemer et al. (2003). We changed the
‘Riemer03 scheme’ to ‘Original scheme of COSMO-MUSCAT’ or ‘OldN205’, and corrected

the corresponding context throughout the manuscript, as shown later.

The sophisticated P1 is more suitable for models with complex aerosol treatment, e.g.
KAMM/DRAIS and EURAD with the modal aerosol module (Riemer et al. 2003) or WRF-
Chem with a sectional aerosol module MOSAIC (Chang et al., 2016). However, the
simulation of particle surface area is still a challenging task even in the models with complex
aerosol treatment. As mentioned in Chang et al. (2016), the aerosol liquid water need to be
considered when estimating its particle surface area. However, the aerosol thermodynamic

models may not accurately capture aerosol liquid water at low RH.

Nevertheless, P2 is very suitable for the computationally efficient mass-based aerosol models
(as described in the reply of General Comments), where P1 is difficult to be adopted.
Therefore, P2 is used in the current version of COSMO-MUSCAT. Unfortunately, as pointed
out by the reviewer, even the corrected formula of Chang et al. (1987) (P2 with ‘a=17")
shows a big difference in comparison to the more-complete parameterization (P1) that takes

into account the dependence on aerosol surface area concentration. This shows the
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importance of our work: to propose/improve a parametrization for the N,Os hydrolysis that is
suitable for the computationally efficient mass-based aerosol modules, without a big

compromise of accuracy.

Table R1. Parameterizations (P1 and P2) from Riemer et al. (2003).
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Where kN,Os is the reaction constant, ctN,Os is the mean molecular velocity of N,Os, yN,0s

is the reaction probability, and S is the aerosol surface area density
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Figure R1. Rate constants for the heterogeneous hydrolysis of N,Os when different

parameterizations are used. Source: Figure 1 of Riemer et al. (2003)




We changed the description of parameterizations in Riemer et al. (2003), as shown below.
In the ‘Introduction’ part:

“Several studies have implemented the heterogeneous hydrolysis of N,Os in global and
regional chemical transport models, in order to investigate its influences on atmospheric

chemistry. —~Dentener

and Crutzen (1993) investigated the importance of the heterogeneous hydrolysis of N,Os on a

global scale, but-by assuminged a constant value yy o =_0.1, which might be overestimated.

Chang et al. (1987) proposed a scheme to parameterize the ky o for 3-D models without

complex aerosol treatments. Riemer et al. (2003) reported that the scheme of Chang et al.

(1987) could only be representative of heavily polluted conditions or if cloud droplets are at
presence, with a particle surface area concentration of 2700 pm?cm?®. Riemer—et-al—(2003)

_\V/etobeqd Nnamaea Riamar() N alalala alal N ala Name NGO ala ala aMlaTa : Rlemer

et al. (2003) proposed a more complex scheme (P1 in the literature) with respect to the
particle surface area concentration (S) and-ane-—3-B-medels;—with—the—published y, o of
nitrate and sulfatevatuesfrem, which were reported by Mentel et al. (1999) and Wahner et al.
(1998). However, the influence of temperature and particle-compesitionsRH on y, , was still

not considered in the P1 of Riemer et al. (2003). Later, by applying Anttila06 to the P1 of
Riemer_et al. (2003), Riemer et al. (2009) found that organic coatings could decrease
particulate nitrate concentrations by up to 90% where both N,Os and secondary organic
compounds were built-up. Evans and Jacob (2005) developed a parameterization scheme
(EJO5) that has an extensive description of aerosol composition to improve the GEOS-CHEM

simulations. EJOS included yy o, of dust (Bauer et al., 2004), sea salt (Sander et al., 2003),
sulfate (Kane et al., 2001; Hallquist et al., 2003), elemental carbon (EC, Sander et al., 2003)
and organic carbon (OC, Thornton et al., 2003), also took into account the dependence_of

7no, ON RH. However, y, o of nitrate and the-its dependence on temperature were not

carefully considered in EJO5. Archer-Nicholls et al. (2014) incorporated Bertram and
Thornton (2009) into WRF-Chem. Lowe et al. (2015) further took the organic coating effect

into account by applying Anttila06 to Bertram and Thornton (2009). However, yy o with

respect to EC, OC and dust was lacking in Bertram and Thornton (2009). Furthermore, Aas

mentioned above, the reported influence of chloride on o (Bertram and Thornton, 2009)
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may not be reakized-realistic in northwestern Europe (Morgan et al., 2015). Recently, Chang
et al. (2016) improved the P1 (Riemer et al., 2003) with ‘Davis08+Anttila06’ scheme, and

incorporated it into WRF-Chem with a sectional aerosol treatment (MOSAIC, Zaveri et al.,

2008). They validated the improved P1 with the aircraft measurements from CalNex 2010

campaign. ‘Davis08+Anttila06’ showed a better result than that from the scheme according

to Bertram and Thornton (2009), and significantly improved the model performance (Chang

et al., 2016). However, the influences of black carbon (BC), sea salt aerosol (SSA) and dust

were still missing in the parameterizations according to Chang et al., (2016). The P1 scheme

(Riemer et al., 2003; Chang et al., 2016) is very helpful for models with complex aerosol

treatments (modal/sectional aerosol approach, e.g. WRF-Chem with MOSAIC). However, it

can not be easily adopted in the computationally efficient mass-based aerosol approaches,

which are commonly used in atmospheric chemistry transport or climate models, e.g. EMEP
(Simpson et al., 2012) and GEOS-Chem (Walker et al., 2012), as well as long-term modelling

studies (e.qg. Bellouin et al. 2011; Hardiman et al., 2017). Riemer et al. (2003) also improved

a simplified scheme (P2 in the literature) based on the work of Chang et al. (1987), which is

easily adopted in the mass-based aerosol models and is currently used in COSMO-MUSCAT

Consortium for Small-scale Modelling and Multi-Scale Chemistry Aerosol Transport

http://projects.tropos.de/cosmo_muscat, Wolke et al., 2004; Wolke et al., 2012) with the mass-

based aerosol treatment according to Simpson et al., 2003. However, the P2 still showed a

large difference in comparison to the more-complete P1 (Riemer et al., 2003). The reasons

may be the missing of complex considerations of S and yy , in the P2.

Aiming—teTo improve the representativeness of heterogeneous hydrolysis of N,Os in 3-D
models_with mass-based aerosol treatment, we propose a new parameterization_(NewN205)

ofyyg-with respect to temperature, RH, and-particle composition_and particle surface area.

This NewN20O5 was validated by the state-of-the-art parameterization in Chang et al. (2016).

TFhis—hew-seheme—wasWe also incorporated_NewN205 into the 3-D fully on-line coupled
model COSMO-MUSCAT i i ; ;

2042} in order to investigate the impact—of—heterogeneous—hydrolysis—ofN,Os -

theimprovement of particulate nitrate prediction”




In the ‘Data & Methods’ part:

“Riemer03The P2 of Riemer et al. (2003), which adapted from Chang et al. (1987), was
originally incorporatedadepted in COSMO-MUSCAT to represent the heterogeneous
hydrolysis of N,Os (OldN205). ”

transpert However, the complex considerations of S and yy , Is still missing in the OldN205.

In this study, we proposed a sophisticated parameterization based-en-Riemer03to improve the
OIdN205 for mass-based aerosol models, with the—full consideration of temperature, RH,

aerosol particle compositions and S.”

The ‘Riemer03’ in the ‘Results & Discussion’ and ‘Conclusion’ parts of the original
manuscript were revised to ‘OldN205" accordingly. Please find the detailed corrections in

the revised manuscript with track changes.

(1.2) The comparison with the so-called Riemer03 parametrization and an assumption of a
reaction probability of 0.1 (Dentener and Crutzen, 1993) is not very helpful because numerous

papers (e.g. Davis et al. (2008)) show that 0.1 is seen as an upper limit of gamma.
Response:

Thanks for the comment. In this work, we compared NewN205 with the P2 (‘a=17’, Riemer et
al., 2003) which is currently used in COSMO-MUSCAT. In the original manuscript, we called



it a comparison with an assumption of 9N205=0.1", since P2 is developed on basis of
‘yN205 =0.1", as described in Riemer et al (2003):

“The parameterization P2 is based on the assumption that the relative humidity is an
indicator for the aerosol surface area density and that yN205= 0.1.” from page 5-3 of
Riemer et al (2003).

However, we agree with the reviewer that this interpretation is misleading and confusing.
Therefore, we renamed this comparison to ‘the comparison with the original
parameterization of COSMO-MUSCAT’, and modified corresponding texts throughout the
manuscript, as shown later. And the Figure S2 (in the original manuscript) is replaced by a
more interesting comparison with Chang et al. (2016). This was added in the section 3.1 of

the revised manuscript, as described below.

Chang et al. (2016) also used Davis et al. (2008) and Anttila et al. (2006) to estimate the
yN205. Their study adopted P1 (Riemer et al., 2003) into WRF-Chem with a sectional
aerosol treatment (MOSAIC). Their results were validated by the aircraft measurements (yss,
estimated reaction probability in steady state) in the CalNex-2010 campaign, and showed a
reasonable result (Fig. 4). In order to validate the performance of our mass-based
parameterization (NewN205), we performed the simulation with WRF-Chem (MOSAIC)
during the HOPE-Melpitz campaign. The WRF-Chem results with 8 aerosol size bins (40 nm
to 10 pm) were carried out for off-line estimations (see a new method section 2.3) of
k_sectional (reaction constant according to Chang et al. 2016, y-axis in Fig. S2) and mass-
based k_NewN2O5 (according to our parameterization, x-axis in Fig. S2). The comparison
between k_sectional and k NewN205 shows a good agreement (R=0.91), although
k_NewN205 may be lower by a factor of ~8 (Fig. S2) than k_sectional. The possible reasons
for this difference and the uncertainties are discussed in the section 3.1 of the revised
manuscript, as shown later. This comparison further approves a reasonable performance of

our mass-based NewN20O5 parameterization.

Although Chang et al. (2016) reported that ‘Davis+coat’ provided the best results compared
with observations, here, we validated our NewN2O5 with the ‘Davis’ (without OC coating)
according to Chang et al. (2016), namely Ch&Davis in the revised manuscript, due to the

following reasons:



(1) HOPE-Melpitz campaign is an OC-low (less than 7%) case, there is hence not so much
organic carbon (OC) available for coating. Therefore, validating with a non-coating
parameterization (Ch&Davis) would be more reasonable. Furthermore, the OC coating effect

will only make a difference less than 1% at Melpitz during our case.

(2) The treatments of OC coating are different between Chang et al. (2016) and NewN20O5,
although we both used Anttila et al. (2006) scheme. In Chang et al. (2016), total OC (Primary
OC + SOA) was treated as OC coating. However, our NewN20O5 only treat SOA for coating,
which should be more reasonable and is consistent with the original literature Riemer et al.
(2009).

(3) Chang et al. (2016) used the WRF-Chem (V3.3.1) with CBMZ-MOSAIC scheme, which
does not consider the formation of SOA, as described by the MOSAIC developer (Zaveri et al.,
2008). However, in this study, we would like to adopt NewN205 scheme into COSMO-
MUSCAT, which treat SOA formation based on SORGAM (Schell et al., 2001; Li et al., 2013).

(4) The equation (11) written in the Chang et al. (2016) is not identical with its citation
(Riemer et al., 2009), which described the OC coating effect according to Anttila et al. (2006).

As shown following:

4RTH,, D

org=org’'c
Ycoat = C— b Rp
o , (Eq. 11 in Chang et al. 2016)
) _ 4RTHOrgDorch’i
F}/t,coat CN205 EIRPJ

(Eq. 6 in Riemer et al. 2009, also Eq. 11 in Anttila et al. 2006)

We believe that it is just a typo in the paper, and the model simulations were correctly
calculated in Chang et al. (2016). However, to make sure that our validation is completely
reliable and to avoid unnecessary confusion, we would prefer to validate our results with the
‘Davis’ (without OC coating) according to Chang et al. (2016), namely Ch&Davis in the

revised manuscript.

A new section 3.1 was added in the revised manuscript to validate the mass-based NewN205
parameterization with the more sophisticated sectional-based approach according to Chang

et al., (2016), as shown below.



“3.1 Evaluating closure for mass-based NewN2O5 and a sectional approach

In order to confirm that the mass-based NewN205 estimates k, , with a reliable accuracy,

we evaluated closure between NewN205 and a sectional-based state-of-the-art
parameterization (Chang et al., 2016) based on the WRF-Chem (MOSAIC) results. Chang et
al. (2016) reported that ‘Davis + coat’ (Daivs08 + Anttila06) approach produced a best
agreement of y, o with aircraft observations during the CalNex-2010 campaign, with
overestimation by a factor mostly within in a range of 2-8 (Fig. S2b). Without considering OC
coating effect (Davis08 only), the Ch&Dauvis still showed a relatively good linear relationship
with the observed y, o , which was however overestimated with a higher factor ranging
about 3-10 (Fig. S2a). Considering the different treatments of OC coating between NewN205
(SOA coating only) and Chang et al. (2016) (‘Davis + coat’, Primary OC and SOA), the
NewN205 was validated using the Ch&Davis scheme. This would not significantly influence
the comparison results, since the HOPE-Melpitz campaign was an OC-low case, with only
~7% contribution from total OC mass based on filter measurements at Melpitz. Therefore, not
much SOA was available for coating effect, different to the OC-high case (contributed about
50-80% to total mass, Figure 9 in Chang et al., 2016) in the CalNex-2010 campaign. The
coating effect exerted a negligible influence at Melpitz, this point will be discussed in detail in

section 3.4. We validated NewN205 scheme by comparing szos instead of y , , because
NewN20O5 scheme was developed on basis of a parameterization to directly calculate kNZOS

proposed by Chang et al. (1987) and Riemer et al (2003).

As shown in Fig. 4, the szos showed a very good linear relationship (R=0.91) between

NewN205 and Ch&Davis, much better than using the OIdN205 (Fig. 4). Mass-based

NewN205 estimated lower ko than the sectional-based Ch&Davis by a factor of ~8.

However, Ch&Davis may overestimate the y, o by a factor of 3-10 (Chang et al, 2016, see

also Fig. S2a). Assuming that S was correctly given by the WRF-Chem sectional aerosol

module, we can expect that Ch&Davis may overestimate szos by a factor of 3-10 according

to the equation (1). Therefore, NewN20O5 may provide a szos in the range of 0.36-1.2 times of

the realistic one.



Two important uncertainties are needed to be kept in mind in this validation. First, the
estimation of S is very challenging, due to the uncertainties of particle number/mass size
distribution, partitioning processes, secondary formation and etc. In addition, the
hygroscopic grow of particle can also be an important source of the uncertainty of S, due to

the challenge in the estimation of particle liquid water especially at low RH, even by a

complex aerosol treatment (Chang et al., 2016). About 30% difference of szos between

NewN205 and Ch&Davis is stem from the different treatments of S. As shown in Fig. 4, the
factor between NewN205 and Ch&Davis reduced from ~8.3 to ~5.9, with a slightly increase
of R, when we adopted the sectional-based S (same as Ch&Davis) in NewN20O5. Second, the
Ch&Davis was validated by aircraft measurements in an OC-high case during the CalNex-
2010 campaign. Therefore, the overestimation factor of Ch&Davis may not be as high as
expected in an OC-low case during the HOPE-Melpitz campaign. However, the SSA, BC and
dust should exert a sensible influence in an OC-low case, and should also be considered in a
parameterization, as we did in NewN2O5. This can be also a reason for the difference
between Ch&Davis and NewN205. ”
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Figure 4 (newly added). Comparison between the sectional-based Ch&Davis (‘Davis’ of
Chang et al.,, 2016) and mass-based NewN205 (mass-based, black), NewN20O5 (with a
sectional-based particle surface area, blue) and OIdN205 (red). The results are offline
calculated on basis of WRF-Chem simulation with a sectional aerosol treatment (MOSAIC).
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Figure S2 (newly added). Modelled y (Chang et al., 2016) versus calculated yss (reaction
probability in steady state) using aircraft observations from the 31 May flight of CalNex 2010

campaign. (a) Davis (Davis et al., 2008, namely Ch&Davis) and B&T (Bertram and

Thornton, 2009) parameterization; (b) Davis+coat (Anttila06).

Source: Figure 10 of Chang et al. (2016).

A new section 2.3 was added in the revised version (as shown below), to describe the WRF-
Chem simulations that we used for evaluating closure between NewN20O5 and Chang et al.
(2016). The incorporation of mass-based NewN205 to the sectional aerosol module in WRF-

Chem is also described.

“2.3 Estimation of reaction probabilities with a sectional aerosol model

The Weather Research and Forecasting/Chemistry model (WRF-Chem V3.5.1) is a fully on-
line coupled regional air quality model. Chang et al. (2016) incorporated several
parameterizations for the N,Os hydrolysis into a sectional aerosol treatment (MOSAIC,
Zaveri et al., 2008) in WRF-Chem. ‘Davis’ approach from Chang et al. (2016), hereinafter
referred to as Ch&Davis, was chosen to be compared with NewN2O5. The reasons for this

choice will be discussed in detail in section 3.1.

In order to validate the mass-based NewN20O5 with the sectional-based Ch&Davis, we
performed WRF-Chem simulation during the HOPE-Melpitz campaign. The same WRF-Chem

results were adopted for offline estimating szos according to NewN205 and Ch&Davis,
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respectively. We followed the physics relating configuration according to Chen et al. (2016a),
which well reproduced meteorological conditions during the HOPE-Melpitz campaign. The
sea salt emission (Gong, 2003) was reduced by a factor of 20 in WRF-Chem, considering that
Gong (2003) may highly overestimate sea salt emission (Neumann et al., 2016), and thus
leads to an overestimation of sea salt by a factor of 20 during the HOPE campaign at Melpitz
(Chen et al., 2016b). The configuration of chemical and aerosol treatments followed Chang et
al. (2016). CBMZ (Zaveri and Peter, 1999) mechanism was used to describe gas-phase
reactions. MOSAIC (Zaveri et al., 2008) with eight size bins was chosen to represent aerosol
properties. Three nested domains (Fig. S1) with 39 vertical layers were set up for the

simulated case, with a resolution of 54 km, 18 km and 6 km respectively.

In Ch&Davis the aerosol liquid water is considered when calculating particle surface area
for each size bin. Details of the sectional-based method for estimating S in Ch&Davis scheme
are given by Chang et al. (2016). In NewN20O5 scheme, the first six bins (with diameter in the
range of 40nm — 2.5 pm) are counted as fine mode, and the last two bins (2.5 -10 pm) are
counted as coarse mode. This definition is identical with COSMO-MUSCAT. In order to be
consistent with COSMO-MUSCAT, the organic coating effect is considered for fine particles
in NewN205, since the maximum effective particle diameter of Anttila06 scheme is 2 pm
(Anttila et al., 2006). In order to quantify the uncertainty stem from the different S treatments
between NewN205 (mass-based) and Ch&Davis (sectional-based), an estimation result
according to an adapted NewN205 (with sectional-based S) will also be discussed in section
3.1.”

Figure S1 (newly added). Domain setting of WRF-Chem simulation.
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(2) Chang et al. (1987) calculated the rate constant by the following equation: Eqg. 17, Chang
et al. (1987). Whereas in this paper: Eq. 2 and 3, this study is written. It is not clear whether
this is an error in the paper, or also in the parameterization itself. It is not clear which
formulation was the basis for the presented simulations. The authors need to check this
because using the equation written in the paper gives values that are orders of magnitude
different.

Response:

Thanks a lot for pointing out the typo in Eq. 2 and 3. We have double checked that in the
model, the equation is identical with the Eq. 17 in Chang et al. (1987). The calculated kN20O5
is given in Fig. R2, which is identical with the Figure 1 in Riemer et al. (2003) (see also Fig.
R1). We apologize for the mistake, and corrected the equations, as shown below.

0.06

0 10 20 30 60 70 80 90 100

50
RH [%]
Figure R2. Rate constant for the heterogeneous hydrolysis of N,Os with relation to RH.
Modified from Figure 1 of Riemer et al. (2003), or calculated from the equation (2) with
a=17.
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Ko, = f - f
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szos fs : f7NzO5 (3)

- RH 2o\ o
600exp(—(—— 17
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(3) In equation 5, there is no explanation as to why the expression for gammaNZ205 is divided
by a factor of 0.1. This leaves me with the impression that the factors are introduced to yield
the best fit with the nitrate observations, which limits the general applicability of the
parameterization to other domains and conditions. Similarly, there is a division by 600 in
equation 4 which is also not explained. Furthermore, the units of fs are unclear. Based on the
units stated in the text below equation 4, fs appears to have units of m™ , but the factor should

be unitless.
Response:

Thanks for the comment. In this study, we would like to propose a mass-based
parameterization (NewN205) based on the P2 (Riemer et al., 2003). This NewN205 is the
best approximation of P1 (Riemer et al., 2003), which is with respect to reaction probability

(v) and particle surface area concentration (S). Therefore, we introduced two factors ( f, and

fmzoﬁ ) to adjust the kN205 according to P2. The fmz% is calculated as Eq. 5, which is used to

adjust the impact of y. The f, is calculated as Eq. 4, which is used to adjust the impact of

particle surface area (S).

As described in Riemer et al. (2003), P2 is developed on basis of the assumption yN205 =
0.1’, and ‘a=17" will provide a result that is very close to the more-complete P1 with ‘S~=
600 pm? cm™’ when RH is higher than 60% (see Fig. R1). Therefore, when we calculate the
correction factors in NewN205, we divide yN205 by 0.1 and divide particle surface area (S)
by 600 pm? cm’®,

The original text is given: “The parameterization P2 is based on the assumption that the
relative humidity is an indicator for the aerosol surface area density and that yN205 = 0.1. In
14



addition, the values of kN205 as they follow from P1 for different aerosol surface area
densities (S = 200 pm? cm™ and S = 600 pm? cm™) are given in Figure 1. Although the
aerosol surface area density is far from being constant in the real atmosphere, we included
the curves based on P1 for comparison. P1 will be identical to P2 at high relative humidity
(RH > 60%), if the surface area density is about 2700 pm? cm™. However, such surface area
densities can only be expected in highly polluted areas or if cloud droplets are present.
Therefore P2 overestimates kN205 under cloud free and unpolluted conditions. If we use a =
17 instead of a = 5 in P2, it is a much better approximation for P1, as can be seen from

Figure 1 (see also Fig. R1 of this response) ” page 5-3 from Riemer et al. (2003).
However, we agree with the reviewer that the descriptions of Eq. 4 and Eq. 5 are not clear

enough. We modified the descriptions and equations, and the f, is unitless, as shown below.

f = tay H1/01 )
Ny0s \/ core / coating 7/

| core. heN,Os . babili ith_ £ iclo_whi! |
estimated b& Fable-1; 7 coating is—the—N,Os—reaction plebabi“% with-the SEGGIId&I& Glgallie

changed to:

f7N205 = (7/ core_1 + 7 coating_l)_1 / 7/ ref (5)

where y_,. is the N>Os reaction probability with the core of the particle, which can be
estimated by Table 1; .., IS the N.Os reaction probability with the secondary organic

coating shell of the particle, which can be estimated by the formula (6) according to Anttila et

al. (2006) and Riemer et al. (2009); . is the reference reaction probability. Here, we suggest

Y = 0.1, since Eq. 2 is developed on basis of the assumption ‘yy o = 0.1’ (Riemer et al.,

2003).
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S ine fine oarse coarse (4)

W%%—W%mm%mpﬁ%e&m&n%p&%mﬂg&

m?lg-was-used-for-SA.__—considering-recentlyreported-values—of 11.9-m*/g-and-10.2 m?lg

changed to:
fs = (SAﬁne -PM fine T SA\:oarse -PM coarse) / Sref (4)
where SA,. / SA.... IS the specific surface area for fine/coarse mode particles in m?/g,

PMiine / PMeoarse S the mass concentration of fine/coarse mode particles in pg/m®. A value 11

m?/g was used for SA considering recently reported values of 11.9 m*g and 10.2 m?/g

fine !

from laboratory studies (Okuda, 2013) and measurements in Japanese urban regions (Hatoya

et al., 2016). A value of 1.2 m%*g was used for SPrcarse (Okuda, 2013). s, is the reference

ref

particle surface area concentration, here, we suggest ‘S, = 600 pm? cm?’. Since Eq. 2 will

provide a result that is very close to a complex parameterization with 600 pm? cm™ particle

surface area concentration (Riemer et al., 2003), when ‘a=17" and ‘RH>60%".

(4) The reference to Chang et al. (2016) is missing. They also combined the Davis et al. (2008)
parametrization with the coating parameterization of Riemer et al. (2009). Chang, W. L., S.S.
Brown, J. Stutz, A.M. Middlebrook, R. Bahreini, N.L. Wagner, W.P. Dubé& I.B. Pollack, T. B.
Ryerson, and N. Riemer (2016), Evaluating N,Os heterogeneous hydrolysis parameterizations
for CalNex 2010, J. Geophys. Res. Atmos., 121, 5051-5070,d0i:10.1002/2015JD024737.

Response:

Thanks for the very helpful latest study. This literature (Chang et al., 2016) has been added in
the references. The differences of focuses, different applications and the comparison between

our NewN205 and Chang et al. (2016) have been discussed in detail, as shown above.
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