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This paper studies the effect of coagulation on particle diameter (Dm) and geometric
standard deviation (sigma) in biomass burning plumes using a large-eddy simulation
model with an online aerosol microphysical module. The topic is timely and the text
is well written; however, there are some issues that need to be clarified before this
manuscript can be accepted. In my opinion this paper presents a valuable base case
for assessing the role of coagulation and condensation in future biomass burning stud-
ies.

Major comments
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I have two major concerns regarding this study: the lack of organic aerosol (OA) chem-
istry and that while interpreting the results little attention is placed on plume dilution
and its effect on coagulation.

Running the simulations as “coagulation-only” limits the usability of the results. For
instance, new particle formation has been observed in biomass burning plumes (Hen-
nigan et al., 2012; Vakkari et al., 2014), as well as up to a factor of 4 mass increase
during the first few hours (Vakkari et al., 2014). Also a recent study by Konovalov et
al. (2015) suggests that accounting for OA volatility can improve model performance
significantly, although over a much longer time scale than what is considered here.
Therefore, without OA evaporation and condensation, can the parameterisations in
this paper be a good starting point for global and regional scale models (c.f. line 37)?

On lines 453-455 it is concluded that SOA formation within the plume has a minor
effect compared to coagulation. However, this is based on the assumption that SOA
formation does not alter coagulation rate or sigma (lines 388-389). Could you elaborate
on the conditions when these assumptions hold? For instance Pierce and Adams
(2009) showed that secondary aerosol formation rate is one of the key parameters
affecting how large fraction of small particles can grow up to CCN-sizes in new particle
formation.

My second major concern is related to the effect of plume dilution on the coagula-
tion rate. Coagulation depends strongly on aerosol particle number concentration (as
stated on lines 145-146). However, the observed changes in Dm and sigma are not
discussed in terms of concentration, but only with respect to the input parameters and
a rather arbitrary dM/dx (aerosol mass in an infinitesimally thin slice of air perpendic-
ular to wind direction). The effect of dilution on coagulation is mentioned only briefly
(e.g. lines 324-326), though Figure 4 shows that in most simulations the Dm and sigma
change rapidly near emission, but very slowly later on. Is this decrease in the rate of
change in Dm and sigma due to plume dilution and subsequent slowing of coagulation
rate?
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How does Figure 4 look like if you colour it with concentration instead of dM/dx, or plot
Dm and sigma against concentration? The dM/dx takes into account only dilution along
the wind direction, not dilution due to vertical or cross-wind mixing.

Can you identify a range (time and space), where coagulation can cause significant
changes in the size distribution and after which the plumes become so diluted that co-
agulation slows down? How would this turning point depend on the initial concentration
(emissions) and the meteorological conditions (turbulent mixing) during transport?

The background aerosol is assumed to be negligible compared to the plume and is
set to zero (lines 176-179). However, in ambient air measurements this assumption
cannot be made – see e.g. Yokelson et al. (2009). Have you verified that your plumes
are so concentrated even after 200km transport that this assumption still holds? When
will coagulation rate with the background aerosol become similar to coagulation within
the biomass burning mode?

How is turbulent mixing handled in the simulations? Table 1 (page 23) lists “Mixing
depth of aerosol layer” as an input parameter, yet on line 214 “mixing depth” is calcu-
lated from the simulated vertical profile of aerosol mass. Is this related to mixed layer
height (e.g. height of convective planetary boundary layer)?

If Figure 3 is a representative sample of the simulations it seems as if majority of the
plumes are not in the mixed layer but above it, as they do not reach the surface. Again,
I would expect the turbulent mixing in convective PBL (or the lack of convective mixing
in free troposphere or the residual layer) to have a significant effect on plume dilution
and therefore the coagulation rate. Is it so?

Minor comments

Line 69-71 There are some more recent studies which you might want to look up. For
instance Akagi et al. (2012), Hennigan et al. (2012), Ortega et al. (2013), Vakkari et
al. (2014), Jolleys et al. (2015), Konovalov et al. (2015) and May et al. (2015) come to
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my mind.

Line 71 “This SOA condenses onto existing particles causing growth of the aerosol
size distribution.” Please reconsider this statement as there are observations of new
particle formation in biomass burning plumes (Hennigan et al., 2012; Vakkari et al.,
2014).

Line 153 “Mixing depth had a range of 150-2500 m” but Table 1 (page 23) gives “Mixing
depth” limits as 120 m and 2500 m. Which one is it?

Line 169-170 “The algorithm simulated the size distribution across 15 logarithmically-
spaced size bins spanning 3 nm-10 µm.” This leaves quite few bins for the size range of
interest. Can coarse size resolution become an issue for the coagulation calculation?

Line 191-192 “We ran 100 SAM-TOMAS simulations at 500 m x 500 m horizontal res-
olution (total horizontal extent = 100 km),” but Figure 4 x-axis extends to > 200 km. I
assume these are the same data because on lines 244-245 it is stated that “Figure 4
shows the Dpm (panels a and c) and σ (panels b and d) as a function of distance for
each of the 100 SAM-TOMAS simulations used to train the emulator (Sect. 3.2).” What
was the horizontal extent?

Line 382-385 Also for this statement some more recent references could be consid-
ered.

Line 824, Figure 3 Please provide a legend for the lines (indicating input and meteoro-
logical parameters).

Line 871, Figure 4 There are so many overlying lines that it is getting difficult to read.
Please consider if you can clarify it.
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