
We would like first to thank the Reviewer #2 for his/her constructive and positive review which will help
to improve our manuscript. 

With interest I have read the manuscript on a theoretical investigation on the (in)feasibility to limit mass
loss from the Greenland Ice Sheet due to increased ablation by solar geoengineering. The bottom line is
that  if  a  high-end  warming  scenario  (SSP585)  comes  true,  rather  severe  geoengineering  actions  are
needed to keep the surface mass balance positive, not to speak about keeping the mass balance near
zero. I have three concerns that needs to be addressed before the manuscript can be published.

The first concern is the introduction of the G6solar scenario in the manuscript, and how useful it is to
evaluate this scenario. As far as I understood – I have only searched a short while for more information in
Kravitz  et  al,  2015  (doi:10.5194/gmd-8-3379-2015)  and  references  therein  –  G6solar  is  the  more
theoretical and clean version of (surface) irradiance reduction compared to G6sulfur, in which insolation
is reduced by stratospheric aerosols. Geoengineering of G6sulfur seems to be technically feasible.
However,  top-of-the-atmosphere  solar  irradiance  reduction  (G6solar)  appears  to  me  to  be  more  a
theoretical  exercise.  Somehow magically  we reduce,  globally  evenly  distributed,  the  irradiance.  This
magic becomes relevant since the authors show that this irradiance reduction has a clear impact on the
surface mass balance (SMB) of the Greenland Ice Sheet. However, if I would engineer a global reduction
of  the  irradiance  using  extra-terrestrial  techniques,  I  would  focus  on  the  low albedo  parts  on  Earth
(subtropical oceans and/or land) and not on the high albedo low mean insulation ice sheets. Given this
thoughts,  which  might  be  valid  or  not,  I  started  doubting  how relevant  the  results  presented  in  this
manuscript actually are.  
Given this lack of information on G6solar and the looming irrelevance, and the fact that I presume that
the current average reader of The Cryosphere is not well informed on geo-engineering, I propose the
following:

Firstly, the authors add in the appendix a section of say 300 words, describing in more detail what the role
is  of  the  G6solar  experiment  in  the  GeoMIP ensemble,  its  relation  to  G6sulfur,  and  the  technical
(in)feasibility of G6solar geoengineering. Of course, the authors refer to this appendix section in their
introduction and appendix. It makes also out-of-phase information in line 81 unnecessary and fills the
lack of background information on the how and why of considering G6solar.

Excellent suggestion. We suggest to add a sub-section in Section 2 describing the used scenarios as well
as the theoretical exercises presented in Section 4. This subsection will allow us to add more details about
G6solar and its doable implementation using G6sulfur, while the aim of this study is not to propose realist
solutions to mitigate the excepted Greenland ice sheet melt but only to show the sensitivity of theoretical
geoengineering measures on its projected surface melt increase. 

Secondly,  the  authors  address  in  the  manuscript  the  likelihood  that  a  G6solar-type  solar  irradiance
management will be applied. Furthermore, discuss if their results are also applicable for geoengineering
of  the  type  S6sulfur,  which  is  more  likely  to  be  feasible,  but  much  harder  to  model.  I  know,  such
discussion can never be conclusive without doing G6sulfur model simulations, but I trust that the authors
have sufficient understanding of the climate system to provide useful assessments.

As the aim of G6sulfur is to reduce the solar constant as theoretically imposed in G6solar, the conclusions
made in this study remain relevant for G6sulfur if the decrease of solar constant is however effective over
the  polar  regions  and  if  there  is  no  feedback  on  the  general  circulation  by  adding  sulfur  into  the
stratosphere. 

The second concern is an erroneous interpretation of what an insignificant deviation is. The authors now
use 2 times the interannual variability as limit (supplement, line 16), which gives a very optimistic view
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that  all  changes  are  insignificant.  The  authors  should  use  the  Welch’s  t-test,  which  is,  for  example,
explained on Wikipedia. Given that most of the differences exceed 1 standard deviation of the variability,
I’m afraid this test will show that on many grid points the differences are significant. Subsequently, these
presumably significant  differences require a more careful  discussion on how the differences between
MAR-ERA5 and MAR-CNRM impact the results presented here. 

Sorry, the legend of Fig. S1 is wrong. It is not two but one standard deviation and anomalies larger than
one standard deviation is very often used to evaluate if two models are statistically different or not as in
Fettweis et al. (2013, TC; 2017, TC) and in Hofer et al. (2020).1 We can see below that MAR-CNRM
significantly overestimates (resp.  underestimates) runoff at  the South (rest.  North) of Greenland with
respect to MAR-ERA5 but once integrated over the whole ice sheet, both modelled estimates compare
very well. As only integrated numbers are shown and discussed in this study, we can then assume that
these local biases should not impact in depth on the presented results.  

Fig S1: Annual SMB (in mmWE/yr), meltwater runoff and summer 2m-temperature anomaly (in °C) of MAR forced by CNRM-
ESM2-1 vs MAR forced by ERA5 over 1981-2010. The anomalies lower than the 1981-2010 interannual variability are hatched and
then considered as not statistically significant according to Fettweis et al. (2013 and 2017). The ice-sheet margins are represented by
a blue line.

Table S1: Mean integrated values and standard deviation (i.e.  the interannual variability) around this mean of SMB, snowfall,
runoff, meltwater (in GT/yr) as well as mean summer temperature (in °C) and solar radiation (in W/m²) as simulated by MAR
forced by ERA5 and CNRM-ESM2 over 1981-2010.

The third concern is the introduction and discussion of the various sensitivity experiments. It now looks
like some various theoretical attempts to bring the GrIS SMB back to “normal” even in the SSP585
scenario.  As such they are also introduced in section 4, but it  should be stated more clear that these
experiments are theoretical exercises and not (so much) feasible geoengineering options. I also think it is
better that these experiments are already introduced in section 2 (Data) and summarized in a table, which
could be placed in the appendix.

See our comments above about the addition of a sub-subsection in Section2 presenting the scenarios.

Textual comments:

1 Hofer, S., Lang, C., Amory, C. et al. Greater Greenland Ice Sheet contribution to global sea level rise in CMIP6. Nat 
Commun 11, 6289 (2020). https://doi.org/10.1038/s41467-020-20011-8
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Snowfall Runoff Meltwater

MAR_ERA5 633±57 293±83 464±106 -7.8±0.9 282±6
MAR_CNRM-ESM2 650±66 452±95 -8.3±0.8 282±6

SMB 
(GT/yr)

JJA T2m
(°C)

JJA SWD 
(W/m²)

369±101
381±104 308±72



L 15-16: Please rewrite as the sentence is long and unclear.
OK

L 22: Is it officially called “low mitigation”? I would call it “no mitigation”. Nevertheless,
follow official definitions.

In the literature, we can find SSP585 (low mitigation), SSP245 (moderate mitigation), and SSP126 (high
mitigation). High/Low emission scenario for SSP585/SSP126 is also used.

L 26: This sentence is unclear, as the 6% could apply on the initial increase or on the
reached reduction. Rephase to make this clear.

OK

L 27: allow -> would allow.

OK

L 31: Consider to add, in a later stage of this manuscript revision process, the relevant publication(s) of
which the authors are aware but currently not yet published but will be published before acceptance of
this paper.

Hofer et al. (2020) is now published:
Hofer, S., Lang, C., Amory, C. et al. Greater Greenland Ice Sheet contribution to global sea level rise in
CMIP6. Nat Commun 11, 6289 (2020). https://doi.org/10.1038/s41467-020-20011-8

L 36: Consider to add some estimates of Goelzer, now the discussion is rather dry.

We will list rather here numbers from Hofer et al. (2020) focusing more on surface melt than Goelzer et
al. (2020). Those both papers use the same MAR based future projections.

L  42:  “proposals”?  Is  solar  geoengineering  a  set  of  proposals?  I  would  call  it  a  ‘class/group  of
methods/numerical experiments’. I surely doubt if ‘proposal‘ is the right word here.

Yes we agree. The word “proposal” will be replaced by “numerical experiments”.

L 46: This sentence is long and unclear, rephrase.

OK

L 55: At first read I noted “I don’t buy this as a very realistic experiment”. Hence, missing is here an
introduction to the aims and intentions of GeoMIP6 experiments, which is discussed in more detail in my
first concern.

See our comment above.

L 65: I would rephrase “downscale” to “dynamically downscale”

OK

L 66-67: Can you quantify this statement with giving the ECS of this model and the CMIP5 mean and/or
likely ranges from Sherwood, 2020 (doi: 10.1029/2019RG000678)
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According to 

Meehl, G. A., Senior, C. A., Eyring, V., Flato, G., Lamarque, J. -F., Stouffer, R. J., … Schlund, M. (2020).
Context for interpreting equilibrium climate sensitivity and transient climate response from the CMIP6
Earth system models. Science Advances, 6, /advances/6/26/eaba1981.atom. doi:10.1126/sciadv.aba1981

the ECS of CNRM-ESM2 is 4.8 vs 3.2+/-0.7 for the CMIP5 ensemble mean and vs 3.7 +/- 1.1 for the
CMIP6 ensemble mean.  CNRM-ESM2 is then in the upper but likely range of CMIP6. These details will
be added in the revised version of our manuscript.

L 88&141: It should be noted the MAR realization for ssp585 goes ‘off the cliff’ after 2070, due to
increased  global  warming  rates  and  an  increasing  runoff-to-temperature  dependency.  Still,  I’m  not
convinced of the likelihood for ssp585 (and hence the threat) to give a SMB of -1500 Gt a−1 by 2100, as
this  compares  to  annually  an  ice  sheet  mean  thinning  of  1  m of  ice.  Therefore,  I  would  put  a  bit
uncertainty on this factor 2.5 /250% decrease of mass loss, and would tend to formulate it more like
‘delay mass loss rates by 30 years by 2100’ as the G6solar SMB of 2100 is similar to the ssp585 SMB of
2070. To be precise, I’m not dictating the authors to adopt my rephrasing; I’m requesting that the authors
to reflect in their wording that these high mass loss estimates have significant uncertainty, and hence this
improvement ratio of G6solar is uncertain too.

It is a good suggestion and we agree that these numbers are uncertain and dependent of the forcing.
Therefore mentioning only that G6solar delays mass loss rates by 30 years by 2100 is more prudent.

Figure S1: Displayed are not values covering 1981-2100 (which is impossible as ERA5
is a reanalysis) but (likely) 1981-2010.

oups … sorry, well seen
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