Responses to Reviewer 1

We wish to express our sincere appreciation to the reviewer for their thorough review, which
we believe has substantially improved the paper.

Abstract, lines 5-7: This sentence seems largely irrelevant to the abstract.

This sentence was removed from the abstract.

Abstract, line 12: | suggest referring to an “inorganic” ion balance.

Inorganic was added to the term ion balance. This is an important clarification as organic ions
were not measured in the cloud water samples.

In the abstract and throughout the manuscript the authors refer to measurements of Ca2+
and Mg2+; however, the measurement techniques they report measure elemental Ca and
Mg, not the cationic form. The cation concentrations will be equal to or lesser than the
elemental concentrations. This reporting issue can be easily corrected in the manuscript, but
that does not solve the problem of using these species in calculating the ion balance or the
inferred pHTD (eqn. 6).

This is a legitimate concern and we thank the reviewers for bringing this to our attention. Note
that for all cloud water samples that were filtered during collection (as we have been routinely
doing since taking over the cloud water monitoring program in 2018), we can be more
confident that the reported measurements for calcium and magnesium are cationic, since any
insoluble particles >0.4um would have been removed through filtration prior to analysis. Also
note that the most recent years are the most impacted by calcium (with the greatest measured
cation to anion ratio and the greatest difference between the measured bulk cloud water pH
and estimated cloud droplet pH), in spite of filtration.

However, for the majority of the long-term monitoring program, samples were not filtered.
The assumption has long been that all measured calcium and magnesium were fully dissolved
within cloud water due to the dilute aqueous solutions that comprise cloud droplets. This
assumption has been “baked in” to every previous analysis conducted with this dataset to our
knowledge (including Aleksic et al., 2009; Schwab et al., 2016; Pye et al., 2020; Lee et al., 2022),
given that only the “ion balanced” samples (including Ca and Mg, assumed to be in their ionic
form) have been labeled as “Valid”. Since this is an important assumption behind our analysis
as well, we tested this assumption by conducting additional analysis of 10 unfiltered cloud
water samples that were archived from 2018-2020. Only a small number of samples could be
re-analyzed in this way, because we do not have archived cloud water samples prior to 2018



when routine filtering began. To our knowledge, this sort of test was never conducted on
samples from the historical dataset. For our reanalysis of these samples, we used a Metrohm
761 Compact lon Chromatography (IC) system to measure cationic Ca%* and Mg?*. We re-
analyzed these samples twice; once without filtering and once filtering the samples through a
0.4 um polycarbonate filter. We found that there were virtually no differences between the
filtered and unfiltered IC measurements. When compared to the original unfiltered elemental
measurements, we also found very little difference (over a wide range of pH values, 4.5-6.4),
consistent with the measured Ca and Mg being completely dissolved for these samples.

In the supplemental material, we also show that, if Ca?* and Mg?* are associated with CaCOs3
and MgCOs, we expect them to be completely dissolved for the full range of pH and dilution
that have been observed for cloud water samples collected at WFM. Note that other forms of
calcium and magnesium, e.g. CaCl,, Ca(NOs3), or Ca(OH)z, are even more soluble and even more
likely to be completely dissolved at the pH and liquid water contents encountered at WFM.
Detailed information about the IC analysis and the CaCO3 and MgCOs solubility calculations as a
function of pH described above can be found in section 4 of the supplemental material.
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The authors correctly point out the important variations that often exist among the pH of
individual cloud droplets. In calculating the inferred pH, they attempt to remove one factor
that changes the alters the pH of drops that form on coarse mode dust aerosol. They neglect,
however, that other factors will still contribute to variations in pH among other, remaining
cloud drops.
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Coarse mode aerosol is chemically distinct from fine mode aerosol due to the very different
pathways that give rise to their presence in the atmosphere. This is one of the reasons that
policy makers often distinguish between PM1 or PM2.5 and PM10. While imperfect, it is often
useful to classify the aerosol types in this way. We attempted to remove the influence of
coarse mode aerosol on bulk cloud water because the coarse mode aerosol is so chemically
distinct (as supported by the size-resolved aerosol composition measurements discussed in the
paper) and comprises a very small fraction of the aerosol number concentration (and therefore
does not represent a “typical” cloud droplet). There are other processes such as gas-aqueous
partitioning or aqueous chemistry that can impact the pH of cloud droplets, but those
processes are likely to act on all droplets to some degree (and the degree to which they act on
the droplets depends, to first order, on whether those droplets formed from fine mode or
coarse mode aerosol particles).

Line 34: Sulfate is not necessarily formed photochemically in the aqueous phase as many of
the key reactions can occur in the dark. The oxidants (e.g., H202, 03) may have previously
formed photochemically. It would be simpler to just say SO2 is oxidized to form sulfate.

The sentence was changed to simplify, as recommended by the reviewer. The sentence was
changed to:

“Through field experiments at WFM and other locations in the Eastern U.S., researchers
established that SO,, originating largely from fossil fuel combustion, can dissolve in cloud
droplets and undergo aqueous oxidation to form sulfate (S04%).”

Line 34: | do not think there is compelling evidence that significant nitrate is formed via
aqueous phase chemistry in many environments. This sentence should just focus on sulfate.

The reviewer is correct in that cloud droplets are not a major production pathway for nitric
acid. We removed the mention of nitrate in this sentence.

Lines 36-38: more references are needed here.

More references were added to this section.

Lines 71-73: Please state clearly that this result is specific to New York.

The specification of New York state was added.



Line 93: The cited reference (Anastasio et al., 1994) is missing from the reference list

The citation was added to the list of references.

Lines 97-99: Please state the materials used for the tubes and sample bottles.

We use amber high-density polyethylene sample bottles and Bev-A-Line transfer pump tubing
outdoors (which have an ethyl vinyl acetate shell with polyethylene liner) and platinum cured
silicone tubing indoors.

Line 101: Please state how long the LWC had to exceed the threshold to activate the collector.
How quickly was the collector turned off when LWC dropped?

The sentence was changed to be more specific about the timing of the deployment of the cloud
water collector, as follows:

“If all of these meteorological parameters are met for at least 1 minute, the collector is raised
from its protective housing, exposing the Teflon strings to the passing airflow. Similarly, if the
state meteorological parameters are not met for at least 1 minute, the collector returns to its
protective housing. A rain valve in line with the accumulator is instantaneously activated
(within 1 second) if rain or no cloud is detected, sending rain water to waste.”

Line 114: How was sample dilution from residual rinse water accounted for? | doubt the
collector dried quickly in a humid environment.

Unfortunately, we will not be able to provide a realistic quantitative estimate of this potential
artifact for the longterm dataset, since details in the setup (which have long since been
modified) could have an impact on the overall system performance. To have a 10% impact on
the measured concentrations, the residual rinse water would have to contribute 10% of the
total sample volume. During the long-term cloud water monitoring program at WFM, samples
typically require at least 100mL to conduct the full suite of ion measurements (required for ion
balance calculations). Sample volumes require at least 250mL to also conduct TOC analysis.
Sample volumes were typically much higher than these minimum values. In 2001 when hourly
sampling protocols were in place, 63% of samples had volumes > 250mL and 89% of samples
had volumes > 100mL. In 2017 when 12-hourly sampling protocols were in place, 80% of
samples had volumes > 250mL and 92% had volumes > 100mL. The average sample volume
collected during a one hour period was 450mL in 2001, while the average sample volume
collected during a 12-hour period was 1960mL in 2017.



From our experience with the cloud water collection system in its current configuration,
accidentally collecting 10mL or more of rinse water does not seem likely to happen, as
supported by spray tests with cloud water analogs that we conducted in 2018 (which are
described further below).

Spray tests with prepared concentrations of inorganic and organic salts were conducted by first
creating an aqueous test solution, spraying the cloud water collection system (on the roof of
the silo), and allowing the spray water to funnel down the tubing into sample bottles within the
refrigerator as if they were cloud water samples. These tests were performed to assess
contamination and other potential artifacts from the cloud water collection system itself
(including degradation from any microbes that might have been contained within the system
and artifacts that might have been introduced by filtering). We found that the most practical
device for spraying the samples was a sprayer typically used for manual application of
pesticides. Other spraying devices were tested, including an airbrush, in an attempt to mimic a
typical cloud droplet size distribution with droplet diameters centered around ~10-20 um, but
the finer droplets produced tended to get caught in the wind and lost. The higher rate of
collection for the larger drops produced with this sprayer meant that the water did not sit as
long on the Teflon strings and other surfaces of the cloud water collection system as cloud
water typically does. Spray tests were only conducted on clear (non-cloudy) days, when winds
were relatively low. An attempt was made to uniformly coat the cloud water collector strings
with the sprayed droplets. The sprayer was first rinsed with hot water, rinsed twice with Type |
water and then filled with Type | water and allowed to sit overnight (mimicking the bottle
washing procedure of ALSC), before adding the test solutions. Test solutions were prepared by
weighing dry salt samples (purchased from Fischer Scientific), dissolving the salts in a known
volume of Type | water and then diluting multiple times (first using a micropipette) to achieve
the desired concentrations.

The goal for these tests was to control as many variables as possible to determine the impact of
various aspects of sample handling on the measured concentrations of inorganic and organic
compounds, in terms of both contamination (or dilution) and degradation. Most of these tests
focused on the degradation of organic acids, and we intend to report on those tests and more
in a future paper. However, a set of tests highlighted below is relevant to the question of
potential unintended dilution by rinse water residue in the cloud water system. An
organic/inorganic solution mixture was prepared for these spray tests comprised of glucose and
sodium acetate, formate, malonate, citrate, oxalate, pyruvate and SO4%, with the intention to
mimic a polluted cloud condition with realistic but high SO4%> and TOC concentrations. The
sample volume of the aged sample was 56mL, and the other sprayed sample was of about the
same volume (though the sample volume was not recorded, unfortunately), yielding a total
collected volume for this spray test of about 100mL. Measurements of both TOC and SO
remained quite constant from the prepared solution to the sprayed samples (97-98% of the
SO4 was recovered and 96-100% of the TOC was recovered), indicating that artifacts like



dilution, contamination or degradation were not major factors for these analytes under these
sampling conditions.

Summary of the relevant 2018 spray tests

Date Sample solution | Measured Conc. | Sample handling
June 26 | Org-inorg 8.27 mg/L SO4%, | As prepared
mixture 16.86 mg C/L
June 26 | Org-inorg 8.01 mg/L SO4%, | Sprayed, filtered thru 0.4 um
mixture 16.94 mg C/L polycarbonate filter +
polypropylene pre-filter
June Org-inorg 8.15 mg/L SO4*, | Sprayed, not filtered, aged for 3
26-29 mixture 16.18 mg C/L days in the accumulator fridge

Line 121: Is there evidence that the refrigeration “prevented” microbial degradation? This is a
strong claim and contradicts your statement in line 135 that degradation occurs down to 0 C.
Perhaps the refrigeration “reduced” microbial degradation. Lines 130-131: What evidence do
you have that filtration prevented microbial degradation?

Our intention was not to claim that refrigeration or filtration completely prevented microbial
degradation, but rather that those sample handling measures were put in place for that
purpose. The spray tests described previously do give some evidence that refrigeration, even in
the absence of filtering, may have prevented microbial degradation of the cloud water mimic
we concocted (which included organic acids and glucose, expected to be consumed by many
different microbes that might have been present within the cloud water collection system).
Measured TOC concentrations in the sprayed sample that sat within the carousel refrigerator
for 3 days (alongside cloud water samples) remained within 0.4% of the concentration of the
prepared solution and within 4% of the initially collected spray water (which was not aged). This
is a very encouraging result. However, given that we are not monitoring the micro-ecology at
all, this “spot check” cannot fully answer this question for the present day, and certainly not for
the historical dataset when the micro-ecology may have been quite different. We modified the
text to try and make this clearer.

Filtration was specifically introduced for the organic acid measurements that we recently began
conducting, for which microbial degradation was a concern even with refrigeration down to 0C.
Microorganisms are typically larger than 1 um in size, and we expect the vast majority of
microorganisms to be removed with the inline filtering. As a precautionary measure, we began
routinely filtering samples with a 0.4um filter in 2018 when we began conducting routine
organic acid measurements. While we do have some evidence that filtration may not be
necessary to prevent microbial degradation of organic acids, we are not yet ready to report on
those results, and we do not believe it would be appropriate to do so in this paper, because
organic acid measurements were not conducted for nearly the entire duration of the long-term
measurement program that is the subject of this paper. We have chosen not to report our



recent organic acid measurements in this paper (as explained in more detail in response to
another question from this reviewer), but we do mention the automated filtering we initiated
in 2018 because we wanted to describe the complete history of the cloud water collection
system, including the last several years of the long-term measurement period (2018-2021). The
biggest impact of the routine filtering that we are aware of, as pointed out in the paper, is the
fraction of insoluble organic carbon that we are no longer able to measure.

Section 2.2: Please add descriptions of pH and conductivity measurements. These are key to
your analysis.

Details of the pH and conductivity measurements throughout the cloud water monitoring
program were added to the supplement (Section S1).

Lines 161-162: Do you have any evidence to support the claim that nitrite is negligible
compared to nitrate? Is this true now even at higher pH values where HONO solubility would
increase?

NO; was a regular analyte that was measured from 1994-2007. However, NO, was rarely
above detection limits and even if NO, was detected, the concentrations were below 1 ueq L*
and therefore not contributing significantly to ion balance. Due to the difficulties in
measurement and negligible contribution to ion balance, NO2 was no longer included in the
regular analytes. Even in 2018 with significantly higher cloud water pH, NO;  is rarely visible on
ion chromatographs, indicating it remains a minor species in terms of contributions to ion
balance. We now discuss this in the manuscript.

Line 156: Please define “AWI”

A definition for AWI was added to line 79 and the Figure 1 caption.

Section 2.2. As mentioned earlier, the atomic emission and absorption techniques utilized
measure elements, not ions. This applies to Ca, Mg, Na, and K.

Based on the IC analysis mentioned above and in Section 4 of the revised supplement, we
assume that all Ca and Mg are in their cationic form.

Section 2.2. Please add description of how NH4+ and metals were measured in the most
recent years’ samples collected by the Lance group.



A section discussing the analytical techniques used by AWI was added reading:

“AWI injects the cloud sample with an alkaline solution of sodium hydroxide, converting all
NH4* to NH3. The NH3 is separated from the solution using a hydrophobic semipermeable
membrane, which is combined with a solution containing a pH indicator. The solution is then
measured continuously at 590nm using a flow photometer”

Section 2.2. This section briefly described many different measurement techniques used by
different investigators/labs during different time periods. As mentioned above, it is
incomplete. It is also confusing and difficult to follow. | suggest adding a composition
measurements table that would outline measurement methods, associated time periods, and
relevant QC info (detection limits, accuracy, precision).

We appreciate this suggestion, and now include a table in the revised supplement that
summarizes the various techniques used at different stages of the cloud water monitoring
program and the associated method detection limits, accuracy, and precision.

Figure 3: The colors for TOC and WSOC are difficult to distinguish in panels a and c.

Labels have been added to distinguish all measured analytes in Figures 3 and Figure 6

It is probably worth mentioning that Pye et al (2020) report pH in cloudwater from WFM back
to the mid-70s and that the values between the mid-70s and mid-90s are relatively flat (and
acidic).

A sentence was added that reads:

“A similar trend was found in data reported in Pye et al 2020 for cloud pH from the 1990s to the
2010s while showing data as far back as the 1970s with the cloud water being highly acidified
and the trend remained flat until the 1990s.”

Please more clearly explain what the error bars represent. Mean standard error of what? And
does it make sense to center such error bars on plots of median values?

The standard error was clarified in Figure 3. Standard error is used as measure of variance
rather than standard deviation. Due to large standard deviations, the error bars were quite
large making the figure difficult to read. Similarly, using a log scale on the y-axis made it difficult
to read the year-to-year changes in median concentrations. Therefore, we chose to use



standard error of the annual concentrations to provide a measurement of variance while
retaining the readers ability to see the year-to-year changes in annual concentrations.

Line 261: NH4+ concentrations increase then decrease in recent years. Why is just the
increase mentioned?

Thank you for bringing this to our attention. The increase mentioned here was left over from
an older draft of the paper when we stopped our analysis at 2017. The recent decrease in NH4*
is now mentioned.

Line 313: Bicarbonate increases with increasing pH to a point, then decreases as carbonate
ion becomes more prevalent.

The authors disagree with this statement. This situation would be true within a system that is
not open to the atmosphere. However, as shown in chapter 4 of Snoeyink and Jenkins (1980),
within an aqueous system in equilibrium with the atmosphere, increasing pH leads to increasing
concentrations of both HCO3™ and CO3%, even while the fraction of HCO3™ within the system
decreases as pH approaches the pKa of COs?".

Snoeyink, V. and Jenkins, D.: Water Chemistry, John Wiley and Sons, Inc., 1980.

Lines 342-343: Increasing pH does increase the abundance of the deprotonated acid anion. It
also increases the effective solubility of the gas phase acids, which also raises concentrations
in solution. The authors need to pay more attention to the important of the gas phase source
of organic acids here and throughout the manuscript, especially for low molecular weight and
highly volatile formic and acetic acids.

A sentence was added to address the increased partitioning of weak acids into cloud water,
potentially increasing ion imbalance further.

Given the primary claim of this manuscript that organic acid anions are increasingly present in
WFM cloud water, | am really puzzled that these compounds were not measured in samples
collected by the authors. These are not especially difficult measurements. Having measured
values would greatly strengthen the manuscript and enable a more complete assessment of
ion charge balance and effect of the weak organic acids on droplet pH. Even in standard IC
analyses, there may be evidence of these compounds in the anion chromatograms. Have the
authors reviewed these?



The original intention of the site was to monitor acid deposition in the eastern United States, so
little attention was paid to the organic acid concentrations beyond 3 select cloud water
episodes in 1987 (Khwaja et al., 1995), before the start of the routine long-term measurement
program that is the subject of this paper. While we have begun measuring organic acids in
recent years, these measurements are not available for the majority of the long-term dataset.
As such, we believe that adding these measurements would be beyond the scope of the current
paper. While organic acid measurements have been conducted by many groups for many
years, we feel that substantial caution is required when conducting these measurements in a
routine fashion as we have begun to do at WFM, particularly relating to the volatility and
chemical reactivity of organic acids. Adequately handling all of these issues requires dedication
of substantial time and discussion, which we are pursuing in a separate follow-up paper that
focuses on the impact from organic acids in samples collected in the past few years. The
guestions arising from this long term trend analysis are the impetus for adding organic acid
measurements to the routine suite of measurements.

Khwaja, H. A., Brudnoy, S., and Husain, L.: Chemical characterization of three summer cloud
episodes at whiteface mountain, Chemosphere, 31, 3357-3381, https://doi.org/10.1016/0045-
6535(95)00187-D, 1995.

Table 1. The number of significant digits presented here seems hard to justify.

The significant digits in Table 1 have been reduced.

Section 6: | found myself struggling to determine how useful the analysis and discussion were
in this section. The claim that this is a “new chemical regime” seems a bit overdramatic. Yes,
WFM was dominated for decades by acidic sulfate conditions, but other parts of the world
have long known cloud compositions that look more like the “new chemical regime” at WFM.
The idea that species other than sulfate and H+ might be important contributors to cloud
composition is not new.

We are disappointed to find that we were not able to clearly convey that there indeed has been
a dramatic change in the chemical regime experienced at WFM, with annual median TOC
concentrations in cloud water doubling over the last decade, which was not expected and has
not been explored by anyone previously, to our knowledge. We emphasize that we are
referring here to absolute (not relative) abundances in TOC. This finding is one of the primary
results of the paper, which we attempt to better emphasize in the revised manuscript. To what
extent the trend in TOC concentrations may be linked to sulfate chemistry is unclear. Though
we do expect that reduced acidity could lead to greater partitioning of organic acids from the
gas phase, historical cloud water data from WFM showed similar TOC concentrations similar to
today in spite of much greater acidity (shown in Fig. R1 below). The growing difference



between NH4 and SO4 + NO3 trends about halfway through the long-term monitoring period at
WFM is the other major change exhibited by cloud water at WFM, which is behind our
assessment of a new chemical regime and, again, is likely due to more than simply changes in
sulfate chemistry. Crucially the system does not seem to be reaching a steady state TOC
concentration, even as the SO4 concentrations have been leveling out.
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Figure R1. Annual mean concentrations of TOC (right axis) and major inorganic ions (left axis)
throughout the long-term monitoring program at WFM compared to concentrations published
in the scientific literature for select samples collected at WFM from 1987 to 1992.

A stronger case for the change in regime would be made by having more complete speciation
information. Organic acids are likely key, as hypothesized, but not measured. Ca, Mg, Na, and
K should really be measured as cations to do the analyses included here. And why do the
authors largely ignore K and Na in this analysis?

Measurements of organic acid concentrations are not available for the majority of the 28 year
long-term monitoring program. As mentioned previously, we plan to report on our recent
organic acid measurements, in comparison to historical measurements conducted for a small
subset of samples in 1987-1992 (some of which have been published, and others that were not,
but all were conducted prior to the start of the routine measurements evaluated in this paper),
but the organic acid data will require substantial additional discussion since no one to our
knowledge has attempted to conduct routine measurements of organic acids in cloud water to
date. Given that the current paper is focused on the routine long-term measurement program,
we did not feel it would be appropriate to include that dataset and discussion here.

Based on the analysis discussed in Section 4 of the supplement and described above, we believe
the measured Ca and Mg in cloud water were in their cationic form. For the past four years,
especially, we are confident that the reported metals are water soluble, and therefore ionic,
since we now routinely filter our cloud water samples. As shown below, K, Na and Cl contribute
a very small fraction of the total ions in the system (Fig. R2), and have even less impact on the



pHrp calculation (Figure R3). Figure R2 shows the overall ion balance versus the ion balance
only including H*, NH4*, Ca%*, Mg?*, SO4? and NOs". The slope of the regression line is 0.99 and
linear correlation coefficient is 0.96, indicating that the removal of K*, Na* and ClI" generally had
very little impact on the overall ion balance.
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Figure R2. Comparison of lon Balance (including all measured ions) vs. Major lon Balance
(including only H*, NH4*, Ca%*, Mg?*, SO4% and NO3’). The difference between the two
calculations is the contribution from Na*, K* and CI ions, which are only included in the values
reported on the y-axis.
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Figure R3. Calculation of annual median pHrp including K, Na and Cl (dark blue) in comparison to
the original calculations for pHrp (light blue), pHsu (orange) and measured bulk cloud water pH
(black). Light blue curve lies underneath dark blue curve. Note that we now exclude samples
with negative [H:]su from the annual median pHsu calculated here as well as in the paper (they
were mistakenly included in the submitted paper, potentially yielding a high bias in the previous
calculation for annual median pHgu)



The authors’ constructs of pHTD, pHBU, and MAF in equations 6-8, are perhaps as confusing
as helpful. MAF, in particular, is simply an ion balance equation, although K+, Na+, and Cl- are
neglected. Section 6 goes on for many pages. At a minimum, | suggest the authors streamline
the portions presented in the main text and move some of the material to supplementary
information.

We are disappointed that the reviewer did not appreciate the analysis and discussion we
presented on how the bulk cloud water composition measurements could be interpreted in
light of expected aerosol mixing state. While not perfect (mostly because the long-term
observations were not adequately constrained to fully assess the impact from mixing state), we
believe that we provided compelling evidence to support making these simple calculations to
estimate the pH of the vast majority of cloud droplets as they existed in the atmosphere. The
available size resolved aerosol composition measurements of Ca* and Mg?* supported making
the assumption that these analytes are present primarily within a small fraction of droplets
containing coarse mode mineral dust particles. However, we did not feel we had adequate
support for making that same conclusion about the other trace metal ions measured, so we did
not include Na, K and Cl in the calculation of pHrp. As WFM is an inland site, we do not
experience substantial impacts from sea salt, but we also would not expect NaCl to impact the
bulk cloud water pH. As we showed above, including Na, K and Cl in the pHtp calculations has a
negligible impact on the results (See Figure R3). We posit that the substantially improved
correlation between many of the measured analytes including TOC, NH4*, SO4? and NOs™ with
pHrp suggests that the calculation for pHrp is a better proxy for cloud droplet pH than the bulk
cloud water pH. However, we also show that NH4*, SO42 and NOs™ are increasingly unable to
explain the inferred cloud droplet pH.

While the MAF calculation does account for ion balance (within a dilute aqueous system), it is
not simply an ion balance calculation. See comparison of MAF to normalized ion balance in Fig.
R4 below. Only at very low NHs* concentrations are they roughly equivalent (with slight
differences then due to the other trace analytes Cl, Na* and K*). Though imperfect, our MAF
calculation provides a quantitative estimate for how well the measured SO4?, NO3  and NH4*
concentrations can explain the estimated cloud droplet acidity. Even under the conservative
estimate for MAF that only includes samples with positive values for [H*]su (i.e. with samples
represented as black dots in Fig. R4 excluded), ~60% of the inferred cloud droplet acidity is
unexplained by the measured SO4%, NO3s and NH4* concentrations on an annual median basis
for the last few years, which is a new and important results, and a considerably different
situation from 15 years ago at WFM.

We attempt to simplify this section to more succinctly and clearly convey these points.



Samples in black have [NH,] > [SO,2] + [NO;]
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Figure R4. Missing Acid Fraction (MAF) versus Normalized lon Imbalance for individual cloud
water samples, colored by the measured NH4* concentrations divided by the measured S04 +
NOs concentrations. For a normalized ion imbalance of 0.2, MAF can vary from roughly 0.2 to
1.0, corresponding to the degree to which NH4* neutralizes SO4> and NOs™ concentrations.



