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ABSTRACT

A glacier's terminus, velocity, surface height, and total mass are examined as related but non-interchangeable 
measures. Hypothetical examples show how a nearly stationary front can coexist with upstream thinning, or an 
advancing tongue with redistribution rather than sustained mass gain. The essay distinguishes surface balance from 
total balance, retaining refreezing and discharge within the appropriate accounting boundaries. Greenland's published 
2025 assessment provides a concrete case of reduced annual loss that remains net loss, with its period and uncertainty 
intact. Gravimetry, altimetry, and input-output methods are compared by what they measure and omit, including 
discharge-gate boundaries. Image timing and geolocation also matter to retreat claims. The conclusion matches each 
question to its measurement instead of making one dramatic front photograph represent the whole ice sheet.
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Adapted from the Still North field journal. Original article. A source-based editorial text, not a report of original Still North research. Examples and 

imagery are illustrative.

A glacier can look almost unchanged at its front while 
losing ice elsewhere. It can also push its front forwards 
without demonstrating a sustained recovery of its total 
mass. The visible edge matters, but it is one boundary of a 
moving, three-dimensional system. A photograph of that 
boundary cannot serve as the glacier's annual balance 
sheet.

For Greenland, the distinction is particularly useful. 
Some outlet glaciers reach the sea, where ice flow, calving, 
melting, and fjord geometry influence the front. The ice 
sheet also gains snowfall and loses water across an enor
mous surface far from any photographed cliff. A good 
explanation keeps the front, surface, and whole-system 
budget separate before connecting them.

An edge moves differently from the ice in­

side it
The National Snow and Ice Data Center's glacier guide 
makes an important distinction: retreat refers to the 
position of the terminus, not ice flowing uphill. Ice can 
continue moving towards a front that retreats because 
loss at that boundary exceeds delivery. Think of a con
veyor carrying material forwards while its unloading 
edge moves back.

For a hypothetical marine glacier, ice delivery and 
frontal loss might temporarily match, leaving the mapped 
front nearly stationary. That does not tell us whether the 
glacier is thinning upstream. Conversely, an advancing 
tongue might reflect a redistribution of existing ice rather 
than enough new snowfall to increase the glacier's total 
mass. Position, velocity, thickness, and mass change each 
describe something different.

A front can also vary seasonally. Comparing an early-
season image with a late-season image risks calling a sea
sonal difference a long-term trend. Repeat mapping needs 
image dates, a consistent definition of the ice boundary, 
geolocation uncertainty, and treatment of floating ice or 

mélange that could confuse the outline. The uncertainty 
in a traced line belongs with the reported displacement.

Surface gain is not total gain
Surface mass balance accounts for inputs such as snowfall 
and losses such as runoff and sublimation. Meltwater that 
refreezes within the snow and firn has not necessarily left 
the ice sheet. Total mass balance must also account for ice 
discharge and other relevant boundary losses. A positive 
surface balance can coexist with a negative total balance 
if discharge is larger.

The NOAA Arctic Report Card 2025 Greenland chapter 
gives a concrete example of the wider accounting. For 1 
September 2024 to 31 August 2025, GRACE-FO measured 
an ice-sheet mass balance of −129 ± 50 gigatonnes. Above-
average snowfall and below-average melt helped limit the 
loss, while ice discharge was above average relative to the 
chapter's 1991–2020 baseline.

That is less loss, not a gain. The chapter compares it 
with a 2003–24 annual average of −219 ± 16 gigatonnes 
and describes continued net loss. Neither figure can be 
read from one terminus photograph. The assessment 
combines evidence across different processes and scales, 
with uncertainties retained rather than replaced by a 
dramatic image.

Three ways to constrain the budget
Gravimetry measures changes in Earth's gravity field 
associated with changing mass. Altimetry measures sur
face height change, which must be converted into mass 
with corrections for processes including snow and firn 
compaction. Input-output methods compare surface bal
ance with ice moving through defined cross-sections. 
Each method brings distinct assumptions, coverage, and 
sources of uncertainty.

Even a discharge gate needs a boundary note. NOAA's 
chapter explains that its gates sit a few kilometres up
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stream of termini, so that calculation omits front advance 
or retreat and melting between the gates and the sea. This 
is not a reason to discard the method. It is a reason to 
distinguish what crosses a measured section from every 
change beyond it.

Choose the measure that fits the question
A question about a local fjord may need front position 
and calving behaviour. A question about the ice sheet's 
contribution to sea-level change needs its mass budget. 
A question about summer surface conditions needs snow, 
melt, and energy observations. These records can inform 
each other without becoming interchangeable indicators 
or competing photographs.

Our Arctic change in 2025 brief retains the regional 
Greenland result and its source. Measuring a glacier in 
footsteps explains the narrower job of repeated stake 
readings. Read a glacier story by asking what changed: its 
edge, its surface height, its speed, or its mass. The answer 
determines what the evidence can support.
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