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ABSTRACT

Glacier change can be expressed per unit area, as total mass, or as a global mean sea-level equivalent, but these
quantities support different comparisons. This methods note synthesises the IACS mass-balance glossary, World
Glacier Monitoring Service reporting, and NASA sea-level explanations. Fictional glacier calculations demonstrate
how rankings reverse between specific and total loss, how sign conventions change between glacier and ocean
accounts, and how area uncertainty affects a conversion. The discussion separates rates from cumulative change,
water equivalent from surface lowering, and global accounting from local relative sea level. It supplies no original ice-
budget estimate or attribution. Its practical result is a reporting sequence that retains dates, area convention, boundary,
original units, and uncertainty so a useful translation does not silently become a different scientific claim.
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A source-based editorial text, not a report of original Still North research. Examples and imagery are illustrative.

Units can change the apparent ranking

One glacier can lose a larger water-equivalent thickness
while another loses more total mass. Both statements can
be correct because they use different denominators. Like-
wise, a mass change in gigatonnes can be translated into
a global mean sea-level equivalent without describing the
water level at any particular coast. These conversions are
useful, but only if the physical boundary, period, sign, and
assumptions travel with the number.

This methods note draws on the International Asso-
ciation of Cryospheric Sciences mass-balance glossary,
World Glacier Monitoring Service reporting, and NASA's
explanation of global sea level. It addresses dimensional
interpretation rather than estimating an ice-sheet budget
or attributing a cause of loss. All glaciers and numerical
mass changes in the worked examples are fictional. No
example is a measurement, forecast, or achievement of the
demonstration institute.

Separate specific balance, total mass, and
volume

A specific mass balance expresses change per unit glacier
area, often in metres water equivalent. One metre water
equivalent corresponds to 1,000 kilograms per square
metre under the conventional reference water density. It
is a mass-per-area statement expressed as an equivalent
water-layer thickness. It is not necessarily the measured
lowering of the ice surface, which can also reflect firn
compaction, ice dynamics, and changing density.

Total mass change is obtained by integrating specific
change over glacier area. For a glacier-wide mean
expressed consistently over the chosen reference area,
multiplication gives the corresponding total. A volume
change requires a density assumption before it can be
converted to mass. A cubic kilometre of glacier ice is
not a gigatonne by definition. A cubic kilometre of water
at the conventional reference density is approximately a
gigatonne.

The IACS glossary is valuable because it separates
these dimensions and defines water-equivalent and ice-
equivalent reporting. It also distinguishes point, glacier-
wide, seasonal, cumulative, and rate quantities. The
familiar phrase mass balance can be used for a change
over an interval or a rate, so the unit and period need to
resolve that ambiguity. A table heading should not make
the reader infer the intended dimension.

Worked example: two glaciers, two valid

comparisons

Fictional worked example. Glacier A covers 200 square
kilometres and has a glacier-wide balance of -1.0 metre
water equivalent over a specified year. Glacier B covers
2,000 square kilometres and has a balance of -0.25 metres
water equivalent over the same interval. Assume these
means use compatible area conventions and adequately
represent each glacier.

A loses four times as much mass per unit area, but B
loses two-and-a-half times as much total mass. A state-
ment that A is losing ice faster is incomplete unless faster
is defined. The specific comparison may help describe

Ilustrative glacier | Reference area
A 200 km®

B 2,000 km®
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Specific mass change
-1.0 m water equivalent

-0.25 m water equivalent

Total mass change
-0.20 Gt
-0.50 Gt


https://wgms.ch/downloads/Cogley_etal_2011.pdf
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climatic response per area, while the total comparison is
relevant to aggregate mass transfer. Neither alone estab-
lishes which glacier's local impacts, future trajectory, or
hazards are greater.

The conversion for A is -1.0 metres x 200 million
square metres x 1,000 kilograms per cubic metre = -200
billion kilograms. One gigatonne is one trillion kilograms,
giving -0.20 gigatonnes. Writing the intermediate units
prevents confusion between tonnes and kilograms, or
square kilometres and square metres. A million-fold area
conversion error can survive behind a beautifully format-
ted decimal.

Rates require an interval, not only a year
label

A cumulative loss of 2 gigatonnes over ten years corre-
sponds to an average rate of 0.2 gigatonnes per year. It
does not show that each individual year lost exactly that
amount. An annual anomaly is different again: a less-neg-
ative balance than a reference average is not necessarily
a positive balance. The baseline, sign convention, and
interval must remain explicit when converting a result
into a headline.

Different glaciers and programmes can use hydrolog-
ical, fixed-date, or stratigraphic time systems. Comparing
values with the same nominal year label can therefore
compare different intervals. A sensible synthesis checks
the underlying date conventions before averaging. Con-
verting all quantities into gigatonnes per year cannot
repair unequal seasonal coverage or turn a point stake
measurement into a glacier-wide observation.

Area conventions also matter during retreat. Dividing
mass change by the initial area, final area, or a changing
area can produce different specific balances. A shrink-
ing denominator can make specific loss more negative
without an equivalent increase in total loss. Preserve
the source convention or document any transformation.
When combining glaciers, an unweighted average of their
specific balances is not the area-weighted balance of the
whole glacier population.

Sea-level equivalent is an accounting trans-

lation
For an explicitly simplified conversion, spread a trans-
ferred water mass uniformly over an ocean area of about
3.62 x 10" square metres and use a reference water
density of 1,000 kilograms per cubic metre. Raising that
surface by one millimetre requires about 3.62 x 10** kilo-
grams, or 362 gigatonnes. This gives the familiar order of
magnitude of roughly 360 gigatonnes per millimetre. The
rounding should match the purpose of the comparison.
Under that accounting convention, the combined fic-
tional loss of 0.70 gigatonnes from A and B corresponds
to approximately 0.0019 millimetres of global mean sea-
level equivalent, conditional on the lost mass being trans-
ferred appropriately to the ocean. The glacier balance is
negative, while the associated ocean-mass contribution is
positive. The sign reverses because the accounts describe
different control volumes. Retaining a negative glacier
sign in a column labelled sea-level rise would be confus-
ing.
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The World Glacier Monitoring Service reports global
and regional glacier mass changes alongside sea-level
equivalents and their uncertainties. Its synthesis also
explains how observations are combined and sampling
bias addressed. That reporting should not be imitated
by scaling a few convenient glaciers to the whole world
without a sampling model. Unit conversion is straightfor-
ward; establishing the representative mass estimate is the
scientific work.

Do not turn an equivalent into a local fore-

cast

NASA's sea-level explanation distinguishes the addition
of water from melting land ice from ocean warming and
expansion. A glacier-mass sea-level equivalent covers an
accounting contribution, not total sea-level change from
every process. It also does not specify local relative sea
level, which depends on ocean dynamics, gravitational
and solid-Earth responses, and land motion as well as the
global mass contribution.

Floating ice, grounded ice below sea level, and ice
stored above sea level require appropriate physical treat-
ment. The simple water-volume calculation should not be
indiscriminately applied to every ice volume visible in a
satellite scene. Nor does every unit of glacier mass loss
appear immediately as ocean water: routing, storage, and
the distinction between mass change and ocean contribu-
tion need attention. A global equivalent is most useful
when its simplifications are stated rather than disguised
as precision.

Carry uncertainty through the same conver-
sion

If the fictional specific balance of A has a standard
uncertainty of 0.20 metres water equivalent and its area
a standard uncertainty of 10 square kilometres, assume
independence for illustration. Their relative uncertainties
are 20% and 5%. Combining them by root-sum-of-squares
gives a total-mass standard uncertainty of about 21%,
or 0.04 gigatonnes. The mass result would therefore
be approximately -0.20 * 0.04 gigatonnes under those
assumptions.

This does not include systematic errors shared by
the balance and area estimates, uncertain density
conversions, or unmeasured glacier sectors. Real uncer-
tainty propagation must include relevant covariance and
methodological terms. If a published mass estimate al-
ready incorporates density uncertainty, adding it again
would double count that contribution. A sea-level conver-
sion should preserve the source interval meaning, such
as standard uncertainty or a stated confidence interval,
rather than relabelling every error bar as equivalent evi-
dence.

Limits and a claim that survives translation
This note does not prescribe a universal glacier density or
reconstruct mass from elevation change. Firn, snow, and
ice require method-specific treatment. Its worked area
products assume a meaningful glacier-wide mean; they
cannot rescue sparse, unrepresentative point observa-
tions. A precise conversion of an uncertain input remains
uncertain.


https://wgms.ch/sea-level-rise/
https://sealevel.nasa.gov/sea-level-101/global-sea-level-rise/the-basics
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A strong comparison therefore states the quantity, ref-
erence area, dates, sign, and uncertainty before changing
units. Keep the original quantity beside its translation,
especially when using sea-level equivalents for public
communication. The useful achievement is not making
an ice loss sound large or small. It is allowing readers to
move between per-area response, total mass, and global
accounting without accidentally changing the scientific
claim.

References

1. Cogley, J. G., and colleagues (2011). Glossary of
glacier mass balance and related terms. IHP-VII
Technical Documents in Hydrology 86, IACS Contri-
bution 2, UNESCO-IHP.

2. World Glacier Monitoring Service. Contribution to
sea-level rise: glacier mass-change estimates and
reporting methods.

3. NASA Sea Level Change Portal. Why is global sea
level rising?

Still North Papers - SN-2026-079

SN-2026-079


https://wgms.ch/downloads/Cogley_etal_2011.pdf
https://wgms.ch/downloads/Cogley_etal_2011.pdf
https://wgms.ch/sea-level-rise/
https://wgms.ch/sea-level-rise/
https://wgms.ch/sea-level-rise/
https://sealevel.nasa.gov/sea-level-101/global-sea-level-rise/the-basics
https://sealevel.nasa.gov/sea-level-101/global-sea-level-rise/the-basics

	Units can change the apparent ranking
	Separate specific balance, total mass, and volume
	Worked example: two glaciers, two valid comparisons
	Rates require an interval, not only a year label
	Sea-level equivalent is an accounting translation
	Do not turn an equivalent into a local forecast
	Carry uncertainty through the same conversion
	Limits and a claim that survives translation
	References

