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Dear Jeff Pierce,
Thank you very much for your comments on our paper.
We’ll respond to your comments (in italics) below:

Forbush decreases often occur within several days of solar energetic particle (SEP)
events. These events can bring dramatic changes in ionization to the stratosphere
leading to chemical changes (e.g. Funke et al., 2011). lts not clear if this could feed
back dynamically on the troposphere (e.g. Atmospheric tides) and effect clouds, but
perhaps this should be mentioned. | believe that Calogovic et al. (2010) tried to filter
out Forbush Decreases that had accompanying SEP events, and this could be one
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possibility for the differences between that paper and SBS 2009.

It's true that FDs are often linked with these solar energetic particle events and that
these can cause changes in the ionisation. But the energies of the solar particles are
not as strong as the cosmic ones and do not reach as far down (at most latitudes),
so they will not have as big an effect as one could suspect from their stratospheric
response. Also filtering out the events associated with SEPs leaves very few and quite
weak events. This is certainly the reason for the differences between the Calogovic
paper and the SBS 2009 paper — the events that fit the criteria set in the Calogovic
paper only leaves events that rank low on the SBS 2009 list — their 6 events are no.
13, 8, 5, 10, 24, and 15 on the SBS list. In our discussion of the Calogovic paper we
could mention that the SEPs are a reason why they end up with events that rank low
on the SBS 2009 list. In the attached figure is a list of Solar Proten Events (provided by
NOAA) for our top-5 FDs. For the Halloween event (and our event 4) there are strong
SPEs. What exactly this means for the ionization spectrum we do not know but as
noted above the energy of the solar particles are not as strong as the galactic ones.

In Section 4.1, the theory shows that the changes in optical depth (tau) are driven more
by the changes in LWP than by droplet number concentration (CCN) (eqn. 3) or effec-
tive radius (eqgn. 2). This shows that the first aerosol indirect effect (brightness effect)
is likely not the main player in the cloud changes. It could possibly the second aerosol
indirect effect (lifetime effect) if the clouds have a very strong LWP response to smaller
change in droplet number. However, | would interpret the small changes in cloud-drop
number concentrations as evidence that aerosols are not driving the changes in clouds.
Obviously there is nothing conclusive regarding the mechanisms in the data, however,
| believe that a brief discussion of how the relative changes in optical depth, LWP, cloud
droplet number and effective radius give evidence for certain mechanisms would help
the paper.

What makes such a discussion tricky is a point that we’re maybe not communicating
clearly enough in the paper. The derived change in CCN, based on Eq. 2, for the
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observed change in signal strength in the other parameters, is within the noise of the
data. The derived change for CCN is about 2.49% (Table 3) which corresponds to
around 1 sigma. So there could easily be the required signal (we see about 1.35
sigma in the data) but it would not be significant — we would need the FDs to be much
stronger before we would expect a measurable signal, unfortunately. So based on
these measurements we cannot say, with much certainty, if there is anything in the
aerosols or not, leaving us with the observation that there is a signal in the Aeronet
data (Svensmark, Bondo and Svensmark, GRL 36, 2009).

Section 4.3, what fraction of each factor is described in the first principle component?
I'm curious to see if certain factors are NOT part of this principal component. This
may give some insight into the physical mechanisms, which could aid in the discussion
above. For example, are CCN and/or effective radius strongly part of this principal
component?

The equations for principle components 1 and 2 are in the figure text to Fig. 3. Maybe
we should mention this in the text. Anyway they go like this: The expression for PC1 is
—0.441.e—0.502-7 —0.463-CF—0.232.CCN—0.470-LWP+0.255-Reff. PC2 (not shown
in the figure) is 0.313.e—0.471-7 +0.400-CF+0.323-CCN—0.537-LWP—0.356-Reff.
They are made such that the sum of the individual coefficients squared equal one, so
you could say that for PC1 the percentage contributions would be 0.4412.¢, 0.5022.7,
0.4632-CF, 0.2322.CCN, 0.4702-.LWP, 0.2552.Reff = 0.19-¢, 0.25-7, 0.21-CF, 0.05-CCN,
0.22-LWP, 0.07-Reff. So more or less equal contributions from ¢, 7, CF, and LWP total-
ing about 90% and the rest divided between CCN and Reff.
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January 1976 - December 2889

————————————— PARTICLE EVEWT—————mm— o ASSOCTATED —-———-——-FLARE AND ACTIYE REGION--——-———
Start Moz mum Proton Flux CHME Flare Max. Importonce Location Regiond

(Day AT (pfu @ =18 MeY) (Loc./ Doy UT){xray/Opt.) (S0
ZEE3

Oct 26/1215 Oct 29/8615 29508 Halo/25 1854  Oct 258/1118  X17/4B S16ERS 436
ZEES

Jan 16/8218 Jan 17/1758 BA48 Halo/16 2386 Jdan 16/2382 X2 H1EWAE 728
ZEES

Sep B8/Bz15 Sep 11/8425 1888 E/BT 1723 Sep B7/1748  X17/3B SAGESS &as
ZEEE

Jul 14/1845 Jul 16/1258 24008 Halo/s14 1864  Jul 14/1824  #5/3B WZZWa7? 9877
ZEE1

Apr 18,8558 Apr 11,2855 356 Halos1l 8538 Apr 18/8626  X2/3B 523WP9 9418
Fig. 1.
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