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Interactive comment on “An estimate of global gla@r volume” by A. Grinsted
Referee #2 Roger J. Braithwaite
General Comments:

The total volume of water contained in the worlglaciers is important because it sets a limit on
the potential sea level rise from glaciers undebal warming. Insofar as sea level rise is regylarl
re-assessed by bodies like the Intergovernmenta¢lRan Climate Change (IPCC), research on
global glacier volume is policy-relevant and, lik policy-relevant research, the emphasis has to
be on the best available science at the time chssessment rather than on the last word.
Estimation of the volume of all the world’s glageand ice caps (excluding the great ice sheets of
Greenland and Antarctic) is difficult because afklaf data. In a strict sense, there is no single
glacier whose volume has been measured directligowagh glacier volume can assessed with
greater or lesser accuracy for about 200-300 gkciesing field data from the glacier in question.
We are referring to these (roughly) 200-300 glaciehen we talk of “observed” glacier volume,
although there will still be questions of samplio§ measuring sites and extrapolations to
unmeasured sites.

A number of recent studies use so-called voluma-aoaling to estimate glacier volumes
from known glacier areas, e.g. from a glacier inggn Some people may prefer thickness-area
scaling but the final global ice volume will be tk@me whichever way you go. To apply volume-
area scaling, a.k.a. thickness-area scaling, yaudueeed (1) the area of each and every glacier in
the world, and (2) a tried and tested equatiorefurations) to calculate average glacier thickness o
total glacier volume for each glacier from its anéde still have some way to go to achieve both (1)
and (2) but the paper by Grinsted is a very intergschallenging and timely contribution to the
literature.

With respect to (1), the paper by Grinsted usesnéwly compiled Randolph Glacier
Inventory v2 together with updates to the WGMS &1dMS datasets, which must surely be the
best available data on glacier areas. With reqpe@), Grinsted uses volume-area scaling carefully
and critically although he should look seriouslhgatjgestions made by Referee #1 and by M. Huss.
In particular, Grinsted’s comment that the scaleng “remains the only feasible way of estimating
the volume of the vast majority of glaciers” maguee some modification in the light of the newly
published paper by Huss and Farinotti (2012).

Grinsted refers the reader to Cogley (2012) foexaew of earlier estimates of global ice
volume. As this review constitutes a chapter ielatively expensive book, excellent as it may be, |
think Grinsted should exploit the open-access atarafThe Cryosphere to give a briefeview of
earlier estimates in this paper, e.g. in the fofra table.

“Low and “high” ice volume estimates:

An earlier estimate of global glacier volume by Bapnd Braithwaite (2005a) suffered from the
lack of a complete global glacier inventory at thate. These authors could only use available
glacier areas, which then excluded local glaciensirad the ice sheets of Greenland and Antarctica.
The ice volume estimate of Raper and Braithwai@®%2) was heavily attacked as being too low by
Meier et al. (2005) but Raper and Braithwaite (2f)08efended themselves vigorously. A revised
version of Grinsted’s paper could usefully refeeetits discussion for the insights that it mayl stil
give and for the fact that the global ice volumeR&per and Braithwaite (2005a) is a relatively
“low” estimate (0.241 + 0.026 m sea level equival8hE) compared with Grinsted’s (0.35 £ 0.07
m SLE). However, if we adjust the Raper and Bra#thevestimate for their lower glacier area total,
it would agree reasonably well with Grinsted’s mstie, which is itself much lower than the 0.60 +
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0.07 m SLE found by Ragland Hock (2011). An ice volume of 0.43 + 0.06 mnEStom Huss and
Farinotti (2012) is between these “low” and “higixtremes.

Specific comments:

Abstract second sentence reads: ‘I calibrate sgéhws against volume observations of optimized
towards the purpose of estimating the total glateholume’. Perhaps ‘glaciers’ should be inserted
after ‘of’.

Page 3650 line 12: ‘GLIMS where.’ Delete ‘where’

Page 3650 line 13: replace ‘does contain’ shouldlbeontain’.

Page 3650 line 18: replace ‘determined ERA40’ ltedmined from ERA40’.

Page 3650 line 19: other authors have used theahnawge (from warmest to coldest month) to
express “continentality”

Page 3650/3651: delete ‘This has been...” and $tarséntence with ‘The only practical...’
Page 3651 line 27: ‘weighing’ should be ‘weighting’

Page 3652 line 7: *...that is...” should be ‘...thatsit.i’

Page 3653 line 8: | am not sure | know what ‘...ingban models’ means.

Page 3653 line 19: You give the range 0.30 to M3SLE but Table 3 gives 0.27 to 0.41 m SLE.
Page 3653 line 26: There is something odd abouirits given on this line!

Page 3656 line 13-14: ‘...probably hundreds of glscand ice caps that habeen measured, but
which haveyet to be included...’ .

Page 3663 Table 4: As commented earlier in thig,nBaper and Braithwaite (2005a) estimate
global glacier volume to be 0.24 m SLE for glaciansl icecaps but they exclude local glaciers in
Greenland and Antarctica. Adding the regional valire Table 4, but excluding Greenland and

Antarctica, gives an equivalent value of 0.23 m Slé& Grinsted’s ice volume for the same areas is
almost the same as the Raper and Braithwaite (20@8Bae. When it comes to applying glacier

thicknesses to glacier areas, the two studieslaresaidentical.
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