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Have You Seen the Storehouses
of the Snow? Glaciers in the

Anthropocene

Sam Pimentel

Within Christian theology, the beauty and grandeur of glaciated regions on Earth
are seen as reflections of God’s glory. These landscapes have spiritual significance in
reminding us of God’s power and majesty, as well as of the humility of our own human-
ity in relation to these awe-inspiring parts of God’s creation. Yet, the current state and
future prognosis of these regions also reflect humanity’s desecration of God’s glory in
them. Projections indicate that with 1.5°C warming above preindustrial levels, 49% of
the world’s glaciers will disappear between 2015 and 2100. These losses have profound
implications for society, particularly for the poor and vulnerable, including rising sea
levels, diminished freshwater resources, and increased exposure to natural hazards. Any
reduction in the ongoing temperature increase that can be achieved by humanity matters
for the survival of glaciers. We must choose our future responsibly and embody God’s
care for these majestic parts of his creation and all who benefit from them. Christians, as
witnesses to the God who creates and loves the world, have the privilege of advancing
climate solutions that bring reconciliation to the world and maintain a place for glaciers
within the community of creation.
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laciers have shaped some of the
‘ most spectacular landscapes on

Earth (fig.1).! In Christian theology,
all of creation is viewed as a gift, loved into
existence by God,? and glaciers are one of its
most striking expressions. Everything in cre-
ation is intended by God to be a revelation, a
self-disclosure; the world is full of God.? The
sheer beauty and grandeur of glacierized
regions of Earth reflect God’s glory; they
embody something of the divine presence.*
They burst with joy in celebration of God's
redeeming and renewing work.> The vast
expanses of ice express the enormity and
power of God. There is the unrelenting force
of a glacier to level mountains and carve out
valleys, to mold and make the landscape on
such grand scales, and in its wake to leave
the fertile places that sustain human and
ecological communities.® Consideration of
the spiritual significance of glaciers offers us
an opportunity to ponder God’s beauty, his
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power and his majesty, as well as the humil-
ity of our humanity in relation to these awe-
inspiring parts of God’s creation.” As biblical
scholar Terence Fretheim writes, “the natu-
ral order provides raw materials for hu-
man praise ... Human beings give voice to
nonhuman praise, to a world charged with
wonder and praise.”® Glaciers are one such
stunning example of this.

The Current State of Glaciers

Glacier ice represents by far the larg-
est planetary store of freshwater. Nearly
90% of Earth’s land ice is contained within
Antarctica, with most of the remainder
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held in the Greenland Ice Sheet. In fact, only about 1%
of the total volume of glacier ice is stored outside these
ice sheets. Nonetheless, land ice masses that are sepa-
rate from the continental ice sheets —hereafter referred
to as “glaciers” —play an outsized role with respect to
societal significance and are the focus of this article. For
instance, according to one estimate, mountain glaciers
account for 18.4% of the freshwater considered acces-
sible for sustainable human use.” Glaciers are typically
situated in steep, localized mountain environments and
are of much smaller size; thus they are highly sensitive
to climate change, responding to atmospheric and oce-
anic warming on shorter time scales, when compared
to the ice sheets. As such, glaciers are one of the most
visible indicators of a warming world and the ill effects
of ice mass loss from glaciers are more immediately
apparent. For example, ice melt from glaciers is contrib-
uting about 25% of the currently observed global sea
level rise.’

The Randolph Glacier Inventory records 274,531 gla-
ciers and ice caps on Earth," located on mountain
ranges from the tropics to the polar regions (see figs. 1
and 3) and encompassing an area of 706,744 km? The
global glacier ice volume (apart from the ice sheets) is
estimated to be 140,600+40,400 km?.22 If all this ice were
to melt completely, it would raise global sea levels by
0.311 £ 0.099 m.” This potential contribution is referred
to as sea level equivalent (SLE).**

As evidenced by repeat photography, glaciers around
the globe have been losing mass and retreating over
recent decades (fig. 2). Changes in glacier mass have

been carefully observed by multiple in situ monitoring
programs. Although only a relatively small number of
glaciers (a few hundred) are sampled with instrumenta-
tion, they form an important historical record of glacier
change; in some cases, these glaciological measure-
ments go back over 100 years.’

With the advent of geodetic methods that use precise
geospatial techniques we can utilize spaceborne obser-
vations to monitor glaciers at the global scale, including
in remote locations. Optical and radar sensors allow
for the derivation of digital elevation models (DEM) of
glacier surface topography. With repeat mapping and
DEM differencing, we can determine multiyear trends
in glacier elevation and track volume change for all gla-
ciers in the world. Laser and radar altimetry are also
used to provide higher temporal resolution along lin-
ear tracks, which can then be extrapolated to ascertain
regional changes. Scientists have also utilized satellite
gravimetry for determining glacier mass change by
measuring changes in Earth’s gravitational field which,
after correcting for solid Earth and hydrological effects,
reveal regional ice mass changes.

The combination of these methods — glaciological, DEM
differencing, altimetry, and gravimetry—provides a
robust and comprehensive picture of contemporary
global glacier changes. By combining results from all
major studies using these different techniques, it is esti-
mated that the world has lost about 5% of its glacier
ice since the year 2000.* The total amount of ice pres-
ent is not uniformly distributed across regions, and
there is considerable regional variability in glacier mass
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Figure 1. (a) Aletsch Glacier,'” Switzerland; (b) Perito Moreno Glacier,® Argentina; (c) Khumbu Glacier, Mount Everest, Tibet;

(d) Kaskawulsh Glacier,?® Yukon, Canada; (e) Rebmann Glacier,?' Mount Kilimanjaro, Tanzania; (f) Baltoro Glacier,?? Pakistan.
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changes. For example, regions with comparatively large
glacier volumes, such as the periphery of Antarctica and
subantarctic, Arctic Canada North, and the Greenland
periphery, experienced relatively modest losses
between 2000 and 2023: approximately 2%, 3%, and 7%,
respectively. In contrast, regions with smaller total ice
volumes, such as Western Canada and USA, Central
Europe, and New Zealand, saw much larger percentage
losses over the same period: about 23%, 39%, and 29%,
respectively.?

Hugonnet et al. provided the first globally complete
and consistent estimate of 21st-century glacier mass
change, using highly resolved estimates based on differ-
encing DEM.* In light of this and several other studies,
the Intergovernmental Panel on Climate Change Sixth
Assessment Report (IPCC AR6) concludes that the
global mass loss rate during the period 2000-2019 is
267 =16 Gt/ year (Gt = gigatonne = 1,000,000,000 tonnes
or 1 billion metric tons, where 1 metric ton = 1000 kg).»
This means that each year glaciers lose roughly the
same amount of mass as the total water consumed by
every person on Earth over 30 years.? The mass loss rate
has increased from 240 + 9 Gt/year during 2000-2009
to 290 + 10 Gt/ year in 2010-2019.% It can be concluded,
with very high confidence, that glaciers lost more mass
during 2010-2019 than in any previous decade since the
beginning of the observational record.?

The Human Influence on

Glacier Change

The key variable connecting glaciers to climate is the
mass balance of gain to loss over time. Throughout the
year, a glacier can gain mass through snow accumu-
lation and lose mass due to melt and other processes.
The net result of these gains and losses, the balance of
inputs to outputs, determines any change to the size
of the glacier. A positive mass balance causes a glacier
to thicken and advance, while a negative mass balance
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leads to thinning and retreat. As such, the mass balance
is the most critical measure of a glacier’s health and a
direct indicator of its response to climate change.

Over geological timescales, Earth has experienced mul-
tiple glaciation events during which continental-scale
ice sheets have covered much of the planet, profoundly
reshaping the landscape. These glacial-interglacial
cycles are a natural feature of the unfolding of God's
creation and a fundamental characteristic of Earth’s
history over the past 2.5 million years (the Quaternary
Period). Long-term climate variability is driven pri-
marily by changes in Earth’s orbit, known as the
Milankovitch cycles. The past 11,700 years demarcate
the latest interglacial period, that is, the current geologi-
cal epoch called the Holocene. During this time, glaciers
retreated to their minimum extent about 6,000 to 8,000
years ago, followed by a gradual expansion that culmi-
nated in a new maximum between the mid-15th to late
19th centuries.”

Over the past century or so, humanity has emerged
as a planetary force, driving profound environmental
changes —a shift often referred to as the Anthropocene.®
Human activities, principally the burning of fossil fuels,
have caused concentrations of atmospheric greenhouse
gases to rise to levels unprecedented in at least the last
800,000 years.?! As a result, global average surface tem-
peratures rose to 1.1°C above the 1850-1900 baseline
during the 2011-2020 period.® This atmospheric warm-
ing is the primary driver of contemporary global glacier
recession. In some regions, precipitation changes or
internal glacier dynamics have also modified the tem-
perature-induced glacier response.

Today, the vast majority of the world’s glaciers have
a negative mass balance; hence, they are out of equi-
librium with the current climate and are losing mass.
Furthermore, because the response is lagged, even if
global temperatures stabilize, glaciers will continue

Figure 2. Muir Glacier, Alaska, USA, in (a) 1941, and (b) 2004.3
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to lose mass in the near future. The reason: although
glacier mass loss is directly connected to increasing
atmospheric temperatures, a glacier’s response to those
changes can take decades.

Attribution studies have demonstrated that the
observed centennial-scale retreat of glaciers far exceeds
the length fluctuations that would have occurred due
to natural climate variability alone.® For alpine val-
ley glaciers, it has been estimated that 85-130% of the
observed cumulative mass loss since 1850 is a result
of anthropogenic warming (a value over 100% indi-
cates that, in the absence of human influence, glaciers
would have gained mass).** Hence, contemporary gla-
cier retreat and mass loss are entirely a consequence of
human-caused climate change, which has fundamen-
tally disrupted the patterns of natural variability.

Glaciers at the End of the
Twenty-First Century

The future of glaciers is dependent on greenhouse gas
emission scenarios. A recent comprehensive study
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by Rounce et al. have run individual model simula-
tions of every glacier on Earth.¥” For each glacier, an
ice dynamic model is “forced” with a suite of poten-
tial future climates out to 2100. This study projects that
glaciers are set to lose between 26 + 6% (+1.5°C warm-
ing) to 41 +11% (+4°C warming) of their mass by 2100,
relative to 2015, depending on the global temperature
change scenario (fig. 3).* This corresponds to the disap-
pearance of 49 + 9% (+1.5°C) to 83 £ 7% (+4°C) of the
world’s glaciers; note that most glaciers are small and
thus inherently more vulnerable.*

Impacts of Glacier Loss

The ongoing decline of glaciers due to climate change
will have major societal and ecological outcomes.
Melting glaciers are a significant contributor to con-
temporary sea level rise. Sea level rise includes a steric
component (thermal expansion) and a mass component
(melt from glaciers and ice sheets, as well as land water
storage changes). Melt specifically from glaciers con-
tributes about a quarter of the total sea level rise.*’ The
projected loss of glacier ice mass by 2100 corresponds to
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Figure 3. Regional glacier mass change and contributions to sea-level rise from 2015 to 2100. Disks show global and regional
projections of glacier mass remaining by 2100, relative to 2015, for global mean temperature change scenarios. Disks are
scaled based on each region’s contribution to global mean sea-level rise from 2015 to 2100 for the +2°C scenario by 2100
relative to preindustrial levels. Nested rings are colored by temperature change scenarios showing normalized mass remaining
in 2100. Regional sea-level rise contributions larger than 1 mm sea-level equivalent (SLE) for the +2°C scenario are printed
in the center of the ring charts. The color of the rings for each region indicates the risk to livelihoods and the economy from
changing mountain water resources between 1.5 and 2°C global warming. The gridded population density (people per km?) is

also shown (grey scale). Glaciers are shown in blue.*!
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an expected sea level rise of 90 £ 26 mm under a +1.5°C
scenario, and 154 + 44 mm under a +4°C scenario (see
fig. 3).2 It is estimated that 190 million people currently
live on land that is projected to be below the high-tide
mark in 2100 under a low emission scenario.* These
coastal communities will become increasingly vul-
nerable to storm surges and flooding events, putting
infrastructure and livelihoods at risk.*

Glaciers are effective water towers, as they play a criti-
cal role in the storage and supply of freshwater that is
vital for many mountain regions (fig. 4). It is estimated
that at least 1.9 billion people live in or downstream of
mountain areas that receive water from glaciers.* This
includes the high population density in the regions of
High Mountain Asia, which are particularly vulnerable
as they rely on glaciers for water, energy, and food secu-
rity (see fig. 3). Glacier melt is seasonal and can play a
buffering role as it delays the supply of melt water,
compensating for water shortages during the dry sea-
son, and thus reducing drought frequency and severity.
The loss of these vast storage containers of freshwater
(mountain water towers) depletes regional freshwater
resources as the ability of glaciers to retain and release
water is diminished.

The decline and loss of glaciers affects the local moun-
tain environment causing changes in water flow and
sediment transport, and creating slope instabilities that
can trigger landslides.* Their melting leads to increased
geohazards putting local populations at risk. As glacial
ice mass loss accelerates, we are witnessing an increase

Ecosystem
services of

glacial
meltwater

Figure 4. Examples of the cultural, provisioning, regulating, and
supporting ecosystems services provided by glacial meltwater
in mountain regions.*”
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in glacial lakes, exposing around 15 million people to
serious damage from potential glacial lake outburst
floods.*

Many hydroelectric power plants are principally gla-
cier fed. As glacier runoff declines, the reduction in
streamflow will reduce hydropower output, putting at
risk a major source of renewable energy. Hydropower
infrastructure is also vulnerable to the destabilization of
the local landscape due to glacier loss that can produce
slope failures and increased sediment fill.*’

Glaciers preserve important records of past climates.
Isotope content and soluble impurities trapped in the
ice can be sampled through ice cores and used to recon-
struct the regional environmental conditions of the past.
However, the valuable “memory” stored in these natu-
ral archives is being permanently lost or contaminated
due to melt caused by climate change.™

Glaciers hold deep cultural value.’ For example, of the
247 natural World Heritage sites listed for their out-
standing universal value,* 46 contain glaciers. For five
of those sites, glaciers are the principal reason for their
status, and for 28 sites, they are a contributing factor.>
However, for between 8 and 21 of those World Heritage
sites, glaciers will become extinct through mass wastage
by 2100, depending on the future emission scenario.”
Glaciers also hold profound cultural and spiritual sig-
nificance for many Indigenous cultures around the
world and are an important feature in oral histories and
storytelling. The disappearance of glaciers on ancestral
lands represents a profound loss to cultural heritage
and identity, not to mention the glaciers’ life-sustaining
water and ecosystem services that will disrupt the tradi-
tional ways of life for Indigenous communities.

The global retreat of glaciers is altering terrestrial and
marine biodiversity. Mountain glacier ecosystems host
diverse habitats, but rising temperatures and the loss of
meltwater are modifying environmental conditions and
putting these communities at risk.>® As glaciers recede,
proglacial and postglacial habitats emerge in the newly
exposed ice-free terrain, creating opportunities for eco-
logical succession and colonization.”” In alpine river
catchments, the diminishing glacial influence reduces
cold-water inputs, affecting species adapted to stable,
low-temperature environments.® In marine settings,
tidewater glaciers function as nutrient delivery systems,
enriching fjord waters with macro- and micronutrients
that support plankton, fish, and seabirds. Consequently,
changes in glacial meltwater delivery may undermine
the productivity and viability of these communities.”
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Climate Justice

The Anthropocene has brought about worldwide gla-
cier retreat and decline. This is unequivocally a result
of atmospheric warming driven by anthropogenic
emissions. At the heart of this lies a justice issue, as
those who have contributed least to this crisis are the
ones who are most vulnerable to current and future
changes. The poorest, the least protected, and the least
resilient populations will bear the heaviest burdens.®
Risks are not evenly distributed, and there is dispro-
portionate exposure to harm (see fig. 3). Those living
in low-lying coastal zones are in direct danger from
sea-level rise driven by glacier melt. Meanwhile, com-
munities downslope of glacierized mountain regions
suffer from the loss of critical seasonal freshwater from
mountain water towers. Moreover, future generations
will live in a world with far fewer glaciers. They will
not have contributed to this loss, yet they will nonethe-
less be impoverished by it. This raises the question of
intergenerational justice, of what we owe to those who
come after us, and of the fairness in the provision and
legacy we leave behind. There is also the sense of the
justice we owe to the glaciers themselves, to the ecologi-
cal spaces they shape, and to the habitats they sustain.
We must ask whether our interaction with the world
allows glaciers to fulfill their fitting role within creation,
or whether it disrupts their God-given purpose. These
glaciological systems carry something of God’s inten-
tion and invitation; they are an expression of God’s gift
to us. We should care about the glaciers because God
does. It is not simply about human concerns, but justice
for the whole community of creation, doing what is fair
and true and fitting.

Reconciliation and Climate Action

Figure 3 illustrates that each projected increase in global
mean temperature is associated with corresponding
glacier mass loss.” Our policies and actions to curb
greenhouse gas emissions are directly linked to the
extent to which glaciers survive. Indeed, it has been
calculated that every kilogram of CO, emission would
eventually be responsible for about 16kg of glacial ice
loss.®? It is inevitable that we will continue to experi-
ence glacier loss and retreat; however, the differences
between a 2-, 3-, and 4-degree world to global glacier
coverage is stark (see fig. 3). We choose the differences
now by the policies we enact today. These findings call
for urgent and concrete actions to limit anthropogenic
climate change.

Glacier mass loss can be halted only when glaciers are in
balance with their climate and have had the necessary
time to return to equilibrium. Global average tempera-
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tures must be stabilized to slow the acceleration of ice
mass loss and the resulting consequences. Reaching net-
zero® anthropogenic CO, emissions is a requirement to
stabilize human-induced global temperature increase
at any level. Transformative actions are required to
achieve this, including improving energy efficiency;
transitioning to renewable energy sources, particularly
wind and solar; reducing deforestation and promoting
reforestation; limiting the release of short-lived climate
pollutants; and implementing technologies to remove
and store CO, from the atmosphere —all whilst adapt-
ing to unavoidable changes.®* Many of these actions
have health and economic co-benefits.

Efforts to save glaciers, such as glacier blanketing — the
practice of laying geotextiles across glacier surfaces to
reduce ablation,® and building ice stupas—a form of
glacier grafting to create artificial glaciers built to store
winter water for spring irrigation,® demonstrate both
human ingenuity and a commitment to environmental
stewardship. These interventions reflect values such
as care for creation, justice for climate-affected local
populations, and community responsibility to future
generations. Adaptive measures, while valuable, cannot
prevent all losses or damages, which will continue to
be unequally distributed and concentrated among the
poorest and most vulnerable populations.®”

Psalm 1:1%® describes a transition from walking to
standing to sitting. Where are we, as a society and as
individuals, on our moral journey when it comes to cli-
mate change? Are we becoming increasingly sedentary
with inaction as we sit around paying heed to the cli-
mate naysayers? Do we scoff or stand about as we wait
for our scientific predictions to come true? Or should
we walk the narrow path in pursuit of the kinds of
choices that climate justice calls for, living with honesty
and humility, and seeking Christ-like ways to relate to
the world that God has entrusted to us?® What future
climate pathway will we choose?”” How many glaciers
will we bequeath to future generations? What an awe-
some responsibility and challenge! Rather than fearing
or denying climate change, we can embrace it as an
opportunity for reconciliation.

Christian faith gives us well-grounded hope.
Throughout scripture the Christian hope is directed
toward what is not yet visible, a “hoping against hope.”
Despite human-driven degradation of glaciers and gla-
cierized habitats, the life-giving Spirit of God remains
at work. For example, receding glaciers give rise to
new proglacial and postglacial landscapes, quickly pio-
neered by species, forming new habitat niches.”” The
recession of marine-terminating glaciers opens up new

Perspectives on Science and Christian Faith



Sam Pimentel

spawning routes for salmon.”” The loss of glacier tour-
ism instead might result in new recreational activities
such as hiking routes in the newly uncovered territory.”
Melting glacier margins sometimes reveal remains that
can shed light on past societies and ecosystems, spur-
ring a new subdiscipline called ice patch archeology.”

In the words of Saint Paul in Romans, the whole of cre-
ation groans in frustration as it awaits redemption.”
Applying his anthropomorphic characterization of
nature, as glaciers recede and become remnants of their
former stature, they yearn to be set free, to flourish, to
be in harmony with their climate, to become a place of
healing and reconciliation, and to be a visible reflection
of God’s glory.

God'’s grace is inbuilt into creation. With a favorable
climate, over time glaciers can be restored and regrow.
For example, in the decades following the cataclysmic
eruption in 1980 of Mount St. Helens, Washington,
USA, heavy winter snowfall and avalanches led to the
rapid growth and formation of a new glacier within the
deeply shaded niche of the crater. This newly formed
glacier is now the largest on Mount St. Helens exceed-
ing all other remaining glaciers in extent.”

Continuing scientific endeavors to monitor and sim-
ulate glaciers is vital for understanding the impact
of climate change and accurately projecting future
freshwater resources and sea-level rise. The work of
glaciologists helps us live out our calling as co-creators
by equipping us to make informed decisions that shape
a future of flourishing for glaciers, humanity, and the
whole community of creation.” Transformative actions,
both mitigation and adaptation, to limit glacier loss
and care for those most at risk are urgently needed to
protect life and promote well-being, global equity, and
safety.

Notes
'The title is a reference to Job 38:22, “Have you entered the
storehouses of the snow or seen the storehouses of the hail ...?”
Although the verse isn’t explicitly referring to glaciers, it
seems an apt title. The writer of Job here imagines some
great cache for storing these primal meteorological forces
of nature from which God can dispense weather’s wrath.
Glaciers form from snowfall accumulated over many
years. As layers of snow build up, they are compacted
into firn (an intermediate stage between snow and glacial
ice), and with continued compression and recrystalli-
zation, glacier ice is formed. Eventually, the mass of ice
deforms and flows under the force of gravity. Although
it can snow in Jerusalem and surrounding areas, there are
no glaciers in the biblical geographical region. The clos-
est would be the glaciers that are present in Turkey and
extremely remote regions of Iran. As such, the biblical
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authors would presumably be unaware of the existence of
glaciers. It is interesting to imagine how the writer of Job,
who is so attuned to describing the natural world, would
have described glaciers. For example, Job 6:15-18:
My brothers betrayed like a wadi,
like the channel of brooks that run dry.
They are dark from the ice,
snow heaped on them.
When they warm, they are gone,
in the heat they melt from their place.
The paths that they go on are winding,
they mount in the void and are lost.
is a beautiful and perceptive passage comparing Job’s por-
trayal to a wadi, a desert stream that dries up. The author
describes the seasonal cycle with the ice and snow heaped
on top followed by warming that melts the snow and so
on. Presumably the author of Job here has in mind the
Lebanese mountains where there is significant seasonal
snowfall.

See, for example, Simon Oliver, Creation: A Guide for the
Perplexed (Bloomsbury, 2017).

3See, for example, “The whole earth is full of God’s glory”
(Isa. 6:3); “The Lord’s kindness fills the earth” (Ps. 33:5);
“Do I not fill heaven and earth? says the LORD” (Jer. 23:24).

“The Christian tradition has held that the manifestation of
the divine is through both the natural world and the bibli-
cal world. In the words of Thomas Berry, “to save Earth
is an essential part of saving the pristine divine presence”
(Thomas Berry, The Christian Future and the Fate of Earth
[republished by Maryknoll, 2009], 38). In the context of
this article, it would be appropriate and relevant to replace
“Earth” with “glaciers” in the above quote.

See Isa. 55:12: “... the mountains ... burst into song ...”

‘See, for example, Job 14:18-19:

“... the mountain falls and crumbles away,
and the rock is removed from its place;
the waters [ice!?] wear away the stones;
the torrents wash away the soil of the earth ...”

"See, for example, the Psalmist’s humility in response to
God’s awe-inspiring creation, “What are human beings
that you are mindful of them?” (Ps. 8:4). A more in-depth
exploration of this theme can be found in a chapter on
wonder and humility in Steven Bouma-Prediger, Earth-
keeping and Character: Exploring a Christian Ecological Virtue
Ethic (Baker Academic, 2020), 29-50.

8Terence Fretheim, God and World in the Old Testament:
A Relational Theology of Creation (Abingdon Press, 2005),
284.

‘Matthew Mccartney et al.,, “Change in Global Freshwa-
ter Storage,” International Water Management Institute
(IWMI), IWMI Working Paper 202, 2022, https:/ /www
.researchgate.net/publication/359586409_Change_in_
Global_Freshwater_Storage.

'Romain Hugonnet et al., “Accelerated Global Glacier
Mass Loss in the Early Twenty-First Century,” Nature 592,
no. 7856 (2021): 726-31, https://doi.org/10.1038/s41586
-021-03436-z.

"RGI Consortium, “Randolph Glacier Inventory — A Data-
set of Global Glacier Outlines, Version 7,” NASA National
Snow and Ice Data Center Distributed Active Archive
Center, 2023, https:/ /doi.org/10.5067 / F)lMOVY5NAVZ.

2Romain Millan et al., “Ice Velocity and Thickness of the
World’s Glaciers,” Nature Geoscience 15 (2022): 124-29,
https: //doi.org/10.1038 /541561-021-00885-z; Regine Hock
et al., “What Is the Global Glacier Ice Volume Outside the
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Ice Sheets?,” Journal of Glaciology 69, no. 273 (2023): 204-10,
https://doi.org/10.1017/jog.2023.1.

BMillan et al., “Ice Velocity and Thickness of the World’s
Glaciers”; and Hock et al., “What Is the Global Glacier Ice
Volume?”

“To calculate SLE, the total ice volume above flotation
is used —that is, the portion of the glacier ice that is not
already displacing seawater. Approximately 15% of the
global glacier volume is already submerged below sea
level at grounded tidewater termini and thus would not
contribute to sea level when melted. The above flotation
volume is converted to the equivalent volume it would
occupy in the ocean, accounting for the difference in den-
sity between ice and seawater, and this volume is then
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