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Review papers can be a dangerous task to undertake, and can also be challenging to
comment on. Arguments of different referees can be condratictory: too long, too short,
too many references, too few, not all is covered, too much is covered, too much focus
on one issue, chapters order should be the other way around and so on and so forth.
As an author, it is challenging to satisfy all those views and partly needs a thick skin,
also once it is published and more people comment on it.

From my perspective, Pippa Whitehouse reviews glacial isostatic adjustment (GIA)
modelling very well and I think that this paper will be highly regarded and cited, es-
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pecially as it draws a bow from the historical development over recent advances to
possible future directions posing a few interesting research questions to take on for the
wider community.

The paper is in most parts well written and additionally supported by a couple of figures
that help explain major GIA-related processes. Much thought was given on recent and
future developments and may likely reflect many personal views, I note though many
discussions that Pippa does on conferences, thus I think she has a good overview of
ongoing and future works.

I recall the GIA workshop in Reykjavik in September 2017 where the 10 top research
questions in GIA research were collected. I guess some of them also arise while
reading this paper and perhaps it is an option to pick that up in the Conclusions pointing
to the SCAR-SERCE website.

There also are a few paragraphs/sections that are very brief with a few common refer-
ences while others are well developed with a large number of references. I guess this
is due to the personal research interest of the author, and I try to give some help below
so that brief parts can be extended.

I hope that my comments in the following are taken in the positive manner with which
they are intended. I apologize right away that some comments and mentioned refer-
ences are due to my "Fennoscandia-biased" eye, so please take them as suggestion
only, especially when I write "I’d suggest"...

General remarks

L12: I would not agree with "in detail" when you mean "field of GIA" - there is so much
more to discuss - but I would support it when you say "field of GIA modelling".

First paragraph of Introduction: I’d suggest to add 1-2 sentences about the term "post-
glacial rebound" which you mention three times in this paper, e.g. L780 "postglacial
rebound is not the only GIA-related process". It would be good for the reader to learn
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about this term and how it relates to GIA, especially as it is still often used synony-
mously in publications.

L44-59: as your paper has next to modelling a strong bias to sea level, it is perhaps
good to mention a couple of other review papers the reader can look at, e.g. White-
house (2009, I really missed that in the references), Steffen & Wu (2011), Milne (2015),
Spada (2017)

L64/65: The sentence is per se ok but I note that Celsius was not the first to cut marks
for the sea level in rocks, see Mörner (1979). Celsius’ intention though was to allow
rigorous measurements, especially for future generations. See Martin Ekman’s new
book (2016) about Celsius, section 5.4 therein.

Section 2.2: This section discusses only GIA models applying the sea-level equation
but misses among others flat Finite Element models. Also GIA-fault models are not
yet connected to it. I’d suggest to either alter the title slightly including the SLE or
add another short section with a discussion of models not involving the SLE, see my
comments on L216-218.

L183/184: you can well mention here that the "system Earth" has further contribution
that you will pick up later.

L209: I’d suggest to add references Lambeck et al. (2001) and Milne et al. (2002)
here and add a few words on the issue briefly discussed in both papers, that is that
inconsistent use of this term has caused some confusion earlier, thus one should be
aware that some publications may use it in a wrong way.

L216-218: Although this paragraph intends to make a link to following sections, I be-
came irritated while reading the next sections. I expected a discussion of the different
quantities of the SLE, especially as you began in 2.2.2 with the solid Earth, thus I ex-
pected the ice thickness evolution next and so on. Putting 2.2.2 aside (and perhaps
move it somewhere else) Section 2.2 would deal with the SLE only because 2.2.3-2.2.5
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deal with SLE but not with GIA models as indicated in the title of 2.2. So a suggestion
could be to rename section 2.2 to "Development of the sea-level equation" or some-
thing similar, section 2.2.1 to "The original form of the sea-level equation", moving 2.2.2
after 2.2.4 to have old 2.2.1, 2.2.3 and 2.2.4 as new 2.2.1, 2.2.2 and 2.2.3. Then put
old 2.2.2 together with 2.2.5 and perhaps other GIA models without application of the
SLE including GIA-faults models (R. Steffen et al. 2014a) to a longer new "Numerical
methods for modelling GIA" section with old 2.2.2, missing GIA without SLE, old 2.2.5
to new 2.3.1, 2.3.2 and 2.3.3. This should also fit the title of section 2.

Section 2.2.5: I’d suggest if possible add a few words on the temporal and spatial
resolution of the models and how it has changed over the years. Anything easy to say
about the run time for such models - really general in terms of minutes, hours or days?

Section 2.3: (1.) You briefly mention optimal location later but I’d suggest to place a
few words already here. I note that there is not only the study by Wu et al. (2010) on
optimal GPS, later on Steffen et al. (2012, 2014) also discussed optimal gravity and
RSL data, respectively. (2.) You miss a quite interesting, though also difficult to analyse
data set: tide gauges - just mentioned two times in the manuscript. However, it is a
crucial data set in all sea-level rise discussions. I’d suggest to add a section here.

Section 2.3.3: I miss the studies by Nerem & Mitchum (2002) and Kuo et al. (2004)
using SAR together with tide gauges.

L396-398: I’d suggest to mention the GIA-frame approach introduced in Kierulf et al.
(2014) that deals with this problem and can be regarded quite successful when check-
ing the discussion therein.

L398-401: Getting information on the subsurface structure from horizontal velocities
was the aim of Milne et al. (2004), Steffen et al. (2007) and Steffen and Wu (2014).
The latter two papers are quite technical and I admit rather complex for reading but
they support your conclusion that horizontal rates have not yet been used to their full
potential. However, studies exist.
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L416: suggest to add "e.g." to the references

L424-426: in view of the relationship between uplift and gravity change, the study by
Olsson et al. (2015) should be mentioned.

L439: strongly suggest to change "may not be" to "are not"

L449/450: Argus et al. (2014) should be mentioned along the three papers.

Section 2.3.6: one of the rather short sections where much research has been under-
taken, see the works by Wu, Johnston, Klemann, Kaufmann, Lund, R. Steffen etc. This
section should be expanded. Stewart et al. (2000) is certainly a key paper but impor-
tant studies were already published in the late 70s and much research was triggered by
the studies of Spada et al. (1991), Wu & Hasegawa (1996a,b) and Arvidsson (1996),
to name a few.

L455/456. The unloading is not only able to trigger postglacial faulting but also more
recent (historic) earthquakes can be linked to GIA, see Brandes et al. (2015). Since a
few years the term "postglacial fault" or "postglacial faulting" is thus under discussion,
see e.g. Lund (2015). My personal preference is "glacially induced fault".

L458: triggering slip on pre-existing faults was a major result of R. Steffen et al.
(2014b).

L495: I’d suggest to add Nordman et al. (2015) to Fennoscandia (Lev Tarasov’s North-
European model), and Lambeck (1995) for the British ice sheet. What about Patagonia
and the work of Ivins and James (2004)?

L498: Lambeck et al. (e.g. Lambeck et al. 2014) and Tarasov also work on global
models and should be named.

L577: Klemann et al. (2008) should be cited for the effect of plate boundaries.

L578: Wang & Wu (2006a,b) also analyzed the effect of a 3D lithosphere (it’s in the
paper titles).
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Section 3.3: In view of this section, L677/678, Section 4.2 and the Conclusions you can
state that GIA is part of Earth System Modelling and should always be investigated in
an interdisciplinary context.

L688-691: I miss a reference here.

L725: This relates to the concept of "underwater GPS". Future measurements may
help solving this question and it is perhaps worth to mention that research is going on
in this field (e.g. Ramesh et al. 2016, Honsho & Kido, 2017).

L729: I’d suggest stating "use of satellite gravity data". Terrestrial gravity data are not
a gap-filler for GPS in view of the effort to perform a single measurement.

L777: The studies by Schmidt et al. (2013) and Kutterolf et al. (2013) should also be
mentioned.

L830: "central component of any GIA model" implies that flat FE models are no GIA
models..., suggest "any GIA model"="the majority of GIA models"

Figure 1: In view of the basic equations the outputs are not complete. Rotation and
stress are missing, which are both quantities that you discuss in your manuscript.
Should be added.

Technical corrections

L97: The first ice(-)cap appearance should be without dash

L827: correct brackets for Daly (1925)
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