Response to Anonymous Referee #2

We thank the Referee for their kind words and comments. We quote the Referee’s comments below (in bold) and
then provide our responses to them; revised text is shown in red.

General

Comment

Despite the wide use of the term «sulphate aerosol» in the geoengineering community, it is mostly used
wrongly, as it is the case in this paper. A sulphate normally refers to a salt containing SO.%, but not liquids.
Thus, the term "sulfuric acid aerosols' is more appropriate since the aerosols consist of a H2SO4-H-20

solution.

We have

Specific
1.

made the suggested change throughout the manuscript.
Comments
Line 66: 1 recommend writing ""correlated" instead of ""associated" or do Zanardo et al., 2019

really show association?

We have made the suggested change (line 66).

Line 117-119: How can consistency be guaranteed here? Differences in radiative forcing do result
in very different temperature responses across GCMs.

We agree that differences in radiative forcing can indeed result in very different temperature responses
across GCMs. This issue is avoided in these GeoMIP simulations by specifying the criterion for
consistency in terms of temperature response rather than radiative forcing: all participating models are
consistent in that their G6sulfur simulations have cooled sufficiently to match the temperature
evolution of their respective ssp245 simulations, as described in lines 116-119.

Line 120-129: The very different emission locations, especially differences in emission altitude,
can cause significant differences in the distribution of the aerosol burden in the stratosphere and
therefore very different SW cooling patterns (e.g., Niemeier et al., 2009). How does this impact
your results? This could be relevant, especially with respect to the QBO responses of SAI (see
also Franke et al., 2021). This point should also be discussed in section 3.3.

We agree that the altitude at which aerosol is introduced can affect its radiative impact as shown by
Niemeier et al. Nevertheless, all model perturbations are still in the equatorial lower stratosphere even
if the exact locations differ, and all models achieve the GeoMIP goal of cooling their ssp585
configurations to ssp245 temperatures via SAl as required. Assessing the impact of different SAI
emissions locations is beyond the scope of this study and would require a new intercomparison effort.
As we note in Section 3.3 there is no correlation between the amount of stratospheric warming induced
in the models with whether or not the QBO shuts down. We have now made this point more explicitly
(lines 242-244) and now also include the Niemeier et al. reference (from 2011 as indicated in the
Referee’s reference list, not 2009 as used in the comment):

Although the altitude of SO injection can affect the radiative impact of SAI (e.g., Niemeier etal., 2011),
there is no correlation between the amount of stratospheric warming induced by SAI and the shutting
down of the QBO...



Line 165: How does the NAO change in the SSP585 scenarios in the set of models considered in
this study? The set of models in this study is different from the one in Tsanis and Tapoglou, 2019
(different set of models as well as model versions). How do they differ with respect to the NAO
response?

The multi-model mean gradient in ssp585 over 2021-2100 is +0.30 hPa decade™™. This cannot be
compared quantitively with the results of Tsanis and Tapoglou (2019), nor would we expect
quantitative agreement given the different models/versions and scenarios as noted by the Referee, but
in a qualitative sense both indicate a positive NAO trend in high-forcing/warming scenarios (SSP5-8.5
in our study, RCP8.5 in theirs) — this is the only point being made here. We have modified the text to
include the result from ssp585 (line 172-173):

For reference, the multi-model mean gradient in ssp585 is +0.30 hPa decade™ (range -0.22 to +0.86
hPa decade™).

Line 163-168: Doesn't Gésolar (Kravitz et al., 2015) include the ""confounding factor of different
temperature' as well? The temperature difference is only due to solar constant reduction instead
of SAL...

By design, experiments ssp245, G6sulfur and Gésolar all follow the same time-profile of global-mean
temperature whereas ssp585 does not — ssp585 is warmer. Although they did not investigate exactly the
same scenarios we use here, Tsanis and Tapoglou (2019) have shown that such warming in itself
causes a change in the NAO, a finding our results confirm (see response to Comment 4 above). By
restricting the comparison to ssp245, G6sulfur and Gésolar this warming-induced source of NAO
change is avoided. The text has been revised as follows (lines 164-170) to make this clearer:

In order to assess whether the NAO changes seen in G6sulfur are due to SAI the results from G6sulfur
need to be compared against those from a similar experiment which does not include SAI and which also
follows the same temperature evolution to G6sulfur, thus ruling out a straightforward comparison against
ssp585. The latter condition is required because studies of scenarios with warming levels similar to
ssp585 have been found to affect the NAO (e.g., Tsanis and Tapoglou, 2019). Both conditions are
satisfied by GeoMIP experiment Gésolar (Kravitz et al., 2015) which is parallel to G6sulfur but achieves
the cooling from ssp585 to ssp245 levels by the highly idealised method of reducing the specified solar
output.

Line 168: You should make clear that the data referred to here is from your simulation and not
Kravitz et al., 2015 as it was referred in the sentence before.

We have amended the text to make this clearer (line 170):

The multi-model mean NAO gradient of the G6solar simulations from the models used here is...

Line 184-198: This is very impressive. It would be great to see figure 6 also for temperature, not
only for precipitation.

We have expanded Fig. 6 to include the temperature response and have modified the associated text as
follows (lines 190-197):

We now examine temperature and precipitation over Europe to compare changes from present-day under
scenario SSP5-8.5 plus SAI (i.e. G6sulfur) with the situations under scenarios SSP2-4.5 and SSP5-8.5.
Figure 6(a) shows the multi-model-mean difference in DJF mean surface air temperature between end-
of-century in ssp245 (mean over 2081-2100) and present-day (mean over 2011-2030) which shows a
typical pattern of increased warming at higher latitudes and over land. As expected, this warming is



greater in ssp585 (Fig. 6b) and the latter is then somewhat reduced in G6sulfur (Fig. 6¢) while also
showing the impact of the change in the NAO. Figures 6(d-f) show the corresponding multi-model-mean
differences in DJF mean land precipitation rate. In ssp245 (Fig 6d) there is a general increase in
precipitation over most of central and northern Europe and a slight reduction over southern Europe....

The panel identifiers have been changed in the rest of the text and the figure caption revised.

Table 1: The identifiers of the individual simulations are very long and confusing to distinguish.
Could this be simplified?

We agree that the identifiers are somewhat unwieldy but they are the official identifiers used by CMIP6
(we have not invented them) and are what is required to identify specific simulations in the ESGF
archive.



