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General comments:

This study estimates and discusses how the Greenland ice sheet (GrIS) surface mass
balance (SMB) will be able to change under the future warmer climate if people in the
world attempt to slow down the on-going global warming by employing the so-called
geoengineering methods. The data and study methods employed are reliable. At
present, there are two types of geoengineering methods (see below). In this study, the
authors consider the solar radiation management technique that attempts to control
mainly the instantaneous downward shortwave radiation and the outgoing longwave
radiation, where the stratospheric aerosol geoengineering technique is recognized as
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the most feasible approach to achieve the purpose. In the CMIP6 climate simulations,
some global climate models (GCM) provide future climate simulation results consid-
ering the effects of the solar radiation management. The authors utilize such a GCM
simulation result and force the polar regional climate model (RCM) MAR. Although
some GCMs can simulate the GrIS SMB, the accuracy is still not so high compared
to physically based polar RCMs. These imply that readers can know reliable quan-
titative information about the effects of the solar radiation management on the future
GrIS SMB for the first time. In addition, the authors conduct some numerical sensitivity
simulations where snowfall is artificially increased: this process, which can artificially
increase the surface albedo of the GrIS, can also be considered as another solar radia-
tion management technique although this is not so feasible as the stratospheric aerosol
geoengineering technique. Overall, this study is an interesting new challenge, so that
this reviewer would like to recommend its publication in the journal The Cryosphere as
a brief communication. In the following part, I list only a few minor issues. I hope the
authors consider these points and update the manuscript.

Specific comments:

L. 38 ∼ 39: Before introducing solar geoengineering, I think it is better to introduce
there are two types of geoengineering methods: 1) Carbon dioxide removal tech-
niques which remove CO2 from the atmosphere; and 2) Solar radiation management
techniques that reflect a small percentage of the sun’s light and heat back into space
(Shepherd et al., 2009; already cited in this paper).

L. 72: What do the authors mean by “biases” here? “Biases” of a model are often
indicated with respect to in-situ measurements. In this case comparing two model
simulation results, I think it is better to use the word “anomalies” or “differences”.

L. 72 ∼ 73: “MAR forced by CNRM-ESM2-1 using the historical simulation” I would
like to see temporal evolution of simulated GrIS-integrated SMB together with that from
MAR forced by ERA5 and/or ERA-Interim like the Figure 6 by Fettweis et al. (2020;
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cited in this paper). I believe this information can assure reliability of the model simula-
tion results presented/discussed in this study.

L. 74 ∼ 75: “∼ are not impacted by significant biases over the current climate”: This
part is too technical to understand the intention precisely. Please detail more about
meanings of the description.

L. 98: “the melt-albedo positive feedback”: In Fig. 1a, discrepancies between the
temperature anomaly from ssp585 and that from G6solar (and ssp245) becomes large
after 2030 ∼ 2040. However, the runoff difference becomes large after 2050 and the
SWA (absorbed shortwave radiation at the surface) difference becomes large after
2050 ∼ 2060. I think the differences in these timings are related to the melt-albedo
feedback and should be discussed more in detail.

L. 130∼132: “As proposed by Feldmann et al. (2019), another solution to mitigate the
ice sheet melt could be to artificially increase snowfall, bringing additional solid mass
over the ice sheet in winter and reducing the surface melt in summer by increasing
albedo.”: Suggest to add a sentence something like “This solution can also be rec-
ognized as another geoengineering technique that controls solar radiation.” By the
sentence, readers can fully understand why the authors conducted such a numerical
sensitivity simulation.

Technical corrections:

L. 20: The definition of “ssp” should be indicated, because this technical abbreviation
is new for the community.

L. 24, L. 31. L. 126: “Global Warming” -> “global warming”

L. 56 ∼ 57: “despite ssp585 GHG emissions (∼8.5 Wm-2 in 2100, O’Neill et al.; 2016).”
-> “despite ssp585 GHG emissions (∼8.5 Wm-2 in 2100, O’Neill et al.; 2016) are as-
sumed.”?
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