We would like to thank the referee for the review and the constructive comments and to help
us to improve the manuscript. Below are our answers to the comments by the referee. The
page and line numbers used here refer to the original AMTD manuscript published online.

Answers to the referee comments by Anonymous Referee #2 on our manuscript “How to
reliably detect molecular clusters and nucleation mode particles with Neutral cluster and Air
lon Spectrometer (NAIS)” by Hanna E. Manninen et al.

REFEREE COMMENT: For that reasons, | recommend the publication of this paper. However | have
some comments that should be addressed in a revised version. Also, | suggest the paper to be read
and cleaned up by a native English speaker.

Our reply: We revised the manuscript and corrected the language.

Specific comments

P1, L20-23: “have remained unclear until very recently”: can we really consider that the mechanisms
and precursors involved in the particle formation process are now clear? | would balance this
statement and rather say that our understanding of the formation process has benefited from direct
atmospheric measurements that could be achieved by the improvement of measurement
techniques.

True. We modified the sentence accordingly: “Insight into the detailed formation mechanisms
and the chemical composition of vapors, which participate in the atmospheric particle
formation processes, has clearly benefited from direct atmospheric measurements and
improvements in measurement techniques (Manninen et al., 2010; Kulmala et al., 2013,
2014; Ehn et al., 2014).”

P2, L13-14: The journal (Nature protocols) does not need to be specified in the text.
We removed “... in a Nature protocols article” from the manuscript.

P4, L12: It should be mentioned that the recommended measurement cycle is for ground based
measurement, since a different cycle is later suggested for airborne measurements (P11, L19).

Done. The manuscript was modified: “Recommended measurement cycle for the NAIS
ground-based measurements is alternating between offset, ions and particle modes as
follows: [offset 30, ions 90, particles 90], where the numbers represent measurement times in
different modes in seconds.”

P5, L1-5: If | understand well, the right bound of the shaded area on Fig.3 and Fig. 4 represents the
lower detection limit of the NAIS? It is defined as the lower diameter for which post filtered
concentrations can be considered negligible? This should be clearly stated since it is crucial for the
user to be able to define this lower detection limit (see last comment regarding P21, L25-26).

Yes, the gray shaded area represents the size range of corona charger-generated ions. In Fig.
3, the charger ions were clearly smaller than 2 nm. Fig. 4 shows that the corona-generated
ions are slightly smaller when negative charging is used. The corona ions should be always



cut out of the particle spectra during the subsequent data processing. The lowest detection of
the NAIS is determined as the upper edge of the gray shaded area which is equal to the upper
edge of the corona charger ion size distribution. The determination of the lower detection
limit should be done always when new particle formation (i.e. natural cluster activation and
growth) is not taking place. To make sure that the lowest detection limit is at preferred size
range, the post-filters should be adjusted so that the 2-3 nm particle concentrations should
remain in a range of ~200—700 cm including the corona generated ions in that size range.

We modified the manuscript by dividing this reply into two parts.

To comment P5, L1-5 we clarified the information on the two figures: “The corona charger
ions have a mobility diameter range of 1.0-1.6 nm (1.3-0.8 cm?V-!s1, Manninen et al., 2011).
These sizes define the absolute lower detection limit of the NAIS in the particle mode. The
size range of corona charger-generated ions measured by the NAIS is illustrated in Fig. 3
with a gray shaded area. The figure shows that the charger ions were clearly smaller than 2
nm. As can be seen from Fig. 4, the electrical filtering of the charger ions and the inability to
remove all the naturally charged particles plays an important role in determining the lowest
detection limit to approximately at 2 nm in electrical mobility equivalent size. A post-filter is
used to cut-off the corona ions generated by the charger, and consequently the small charged
particles are filtered out together with ions used for the charging.”

And regarding to P21, L25-26, we added more detailed information: “The corona generated
ions below the lowest detection limit should be always cut out of the particle spectra during
subsequent data processing. The lowest detection of the NAIS is equal to the upper edge of
the corona ion size distribution which is illustrated with the gray shaded area in Fig. 3. The
determination of the lower detection limit should be done always when new patrticle
formation (i.e. natural cluster activation and growth) is not taking place. After removing the
corona ions from the particle spectra, the particle concentrations in sub-3nm should remain
in a concentration range of ~200-700 cm™.”

P5, Section 3: The term “calibration” is used for different purposes with different meanings (e.g.
P7,L2 :"the calibration (actually a flow verification)”). This can be misleading.

We agree with the referee’s comment, and we remodified the manuscript accordingly. In
modifications, we followed the terminology: i) a calibration indicates the error of the
instrument and compensates for any lack of trueness by applying a correction, and ii) a
verification indicates that the measurement error is smaller than a so called maximum
permissible error.

E.g. we modified the chapter 3.1.1.Determining the flows of the NAIS: Option B, where it
was wrong to mention a calibration.

“Option B: Flow calibration with flowmeters for 3- and 4-blower systems” changed to
“Option B: Flow verification with flowmeters for 3- and 4-blower systems”

P6, L18-24: Can you give more details regarding the way to adjust the Venturis’ pressure drops? This
will also help for the 3- and 4- blower systems described on P7 (L21: “The valves should be adjusted
accordingly.”)

If the balance has drifted, then the pressure drop will be higher than specified on one Venturi,
and lower than specified on the other. To fix that, either the valve on the higher pressure drop



side should be slightly closed or the other valve slightly opened. Which valve to adjust is not
strictly determined. If the valves are both too open, then small disturbances (e.g.
contamination of laminarizing grids) may shift the flow balance too easily. If the valves are
both too closed then the sample flow blower may be overstrained.

We added more information on the way to adjust the Venturis’ pressure drops (P6, L24): “To
adjust the Venturi’s pressure drop turn the brass knob which is located on a side of the flow
adjusting valve with pliers (middle bottom panel, Fig. 5). To fix misbalanced flows, either the
valve on the higher pressure drop side should be slightly closed or the other valve slightly
opened.”

P7, L14: Can the calibration coefficient be directly adjusted by the user? If yes, can you give
additional pieces of explanation? If no, clearly state that assistance from Airel is needed.

The user can adjust those coefficients but with the assistance from Airel. Thus, we added a
sentence: “To change these calibration coefficients, the user should contact to Airel Ltd.”

P10, L10-17: Can you precise the setup which is used for the “drying by heating”. Should particular
precautions be taken at altitude sites to limit RH in the sample flow? High RH conditions are
especially found during in-cloud measurement and can coincide with very low temperatures.

The setup to be used for the “drying by heating” is described already in the manuscript (P10,
L12-14). To avoid misunderstandings we modified the sentences and clarified the language:
“During earlier deployments in South America (Backman et al. 2012) drying by heating has
been used for the NAIS. The inlet line and at the instrument is heated above ambient
temperature to avoid water condensing inside the tubing or the instrument. At high altitude
sites and other sites with heavy snow storms heated inlet has been used to avoid ice blocking
the inlet line. Heating of the sample flow may change the sample by evaporating the most
volatile particulate species.”

P10, L26-27: Can you give more details regarding the way to take into account the deviation
between target and actual flow rates in the processing of the number size distributions?

We added more detailed information which procedures to take to take into account the
change in the sample or sheath flow rate. We added sentences: “When the sample-flow rate is
recorded, the ion and particle number concentrations can simply be multiplied by (default
flow rate)/(recorded or measured flow rate) ratio. When the sheath flow has changed from
default values the ion and particle size distributions should be re-inverted (assistance from
Airel Ltd. is needed).”

P11, L1-8: In case of measurements performed with a one blower system, are there corrections that
can be made on the data afterwards to compensate for an unappropriated use of the blower?

Some correction may be possible if the actual flow rate that the instrument was running with
are known. However in the case of the one blower system it is difficult to estimate how the
different flowrates behave if the main blower flowrate is wrong or the flow balance is wrong.

This referee comment/question is related to same corrections to number size distributions as
replied above (P10, L26-27). Thus, we modified the sentence at P11, L1-8: “Otherwise, the user
needs to keep the blower operating in the right volumetric flow range manually or apply a



correction to the number size distributions, and a separate airflow calibration is needed for
the 1-blower system in the variable environmental conditions.”

P12, L21-22: You should precise that the full procedure is described in the supplementary.

We assume this comment refers to P13, L21-22, (a small typo) and to the post-filtering voltage
manual adjustment by the user which is described detailed in the supplementary (S2: NAIS
troubleshooting by eliminating potential causes of a problem). | added a reference to the
Supplement S2: “In the 1-blower systems, the post-filter voltage is adjusted by the user
manually, see Supplement S2 for details.”

P18, L22-26: | am not sure to understand what the authors mean when talking about “correction”.
Should we try to correct NAIS data based on SMPS measurements, and if yes how? Or should we just
ignore NAIS data above 20 nm, as suggested on P23, L227

Yes, we recommend to use the particle spectra measured with the NAIS up to 20 nm (P23,
L22). To avoid misunderstandings, we modified the sentences as follows (P18, L22-26):
“Therefore, we recommend that the ion and particle number size distributions above 20 nm
should be utilized with caution. One possibility is to merge the number size distribution
measured with the NAIS into a distribution measured with e.g. Differential Mobility Particle
Sizer (DMPS, Wiedensohler et al., 2012) in size range from 10 to 1000 nm to obtain
information on the background aerosol population to be used in the data inversion (e.g.
Kulmala et al., 2012).”

P20, L29: “supplementary data”. Be more precised.

We clarified the sentence: “If possible the ion and particle data measured with the NAIS
should be crosschecked with the data from additional instruments.”

P21, L12: Should corrections be applied even when using the recommended inlet manufactured by
Airel?

It is stated earlier in the manuscript (P20, L21-23 and P19, L4-6) that the inversion matrix
considers particle losses inside the instrument. Diffusion losses for the sampled particles
inside the instrument are estimated by fitting a diffusion length parameter of the instrument
model to the ion mode calibration results. The diffusion losses in the sampling lines prior to
the instrument should be taken into account by the user. Thus, the users need to take into
account only the sampling line losses. Example photo of a sampling line is in Fig. 7. As the
NAIS comes from Airel Ltd, without a sampling inlet, we assume that the referee is referring
the internal (inlet) tubes considered to be as “inside the instrument”. We added more
information to manuscript: “Diffusion losses inside the sampling lines prior, see Fig. 7 (upper
panel), to the instrument should be taken into account by post-processing of the data.”

P21, L25-26: In practice, how can we accurately find out the lowest detectable size given the fact
that both residual generated ions and sampled particles are present at the smallest size ranges? This

should be clearly explained using Fig. 3 and 4.

See our earlier reply to comment P5, L1-5.



