
CRYOSPHERE IN CRISIS — PART II
Himalayas, Polar Ice, Oceans, and the Science of Governance

Comprehensive Teaching Notes for Postgraduate Social Science Students

IS470N — Environmental Security and Climate Change in Asia

These notes cover four new sources. Together with Part I (glaciers, permafrost, snow in Central 
Asia), they complete a comprehensive picture of the global cryosphere crisis — from the 
Himalayan peaks that feed Asia's great rivers, to the Antarctic ice sheet that threatens coastal 
cities worldwide, to the institutional machinery that makes cryosphere science possible.



SECTION 1: KEY CONCEPTS EXTRACTED
This section draws on all four sources. The concepts are organised thematically — not source 
by source — to help you see the connections across scales, from local glacier monitoring to 
global sea-level consequences.

1.1 The Himalayas as a Planetary Water System

The Himalayas extend 2,400 kilometres across six nations — India, Pakistan, Afghanistan, 
China, Bhutan, and Nepal. They are often called the Third Pole because, outside the Arctic and 
Antarctic, they hold the largest concentration of glacial ice on Earth. The numbers that matter for 
social scientists:

• Over 1.3 billion people depend directly on Himalayan water resources for drinking, 
irrigation, and energy

• 3 billion people depend on food systems sustained by the rivers that flow from these 
mountains — the Indus, Ganges, Brahmaputra, Yangtze, Yellow, Tarim, and Mekong

• The region has already warmed by 1.5 degrees Celsius above pre-industrial levels — 
comparable to the rate of warming in the Arctic

This is not a distant environmental problem. It is the water security infrastructure for nearly half 
the human population.

Source: ICCI Himalayas factsheet

1.2 East vs. West: Two Completely Different Water Regimes

One of the most important facts for understanding Himalayan water policy is that the western 
and eastern parts of the mountain system work in fundamentally different ways.

Western Basins (Indus, Tarim) Eastern Basins (Ganges, Brahmaputra, 
Yangtze)

Over 80% of river flow comes from glacier and 
snowmelt. Highly sensitive to changes in melt 
timing and volume.

Less than 20% from melt — monsoon rain 
dominates. More sensitive to changes in 
monsoon timing and intensity.

Pakistan: already classified as one of the world's 
most water-stressed nations, partly from Indus 
flow changes.

The 2013 Uttarakhand floods (6,000 deaths) 
resulted from compound hazards: extreme 
monsoon rainfall + glacier melt together.

This east-west divide is not merely hydrological. It defines the political economy of water in 
South Asia. Western river systems — especially the Indus — support Pakistan's agriculture and 
are already under stress. Eastern systems face different but equally severe threats from 
monsoon disruption.



1.3 Chhota Shigri: What a Single Glacier Can Tell Us

One of the most valuable things a scientist can do is monitor a single place very carefully over a 
long time. Chhota Shigri Glacier in Himachal Pradesh, India, is one of the few benchmark 
glaciers in the Himalayan region — meaning it has been systematically monitored as a 
representative indicator of regional trends.

Why does this particular glacier matter? Because of its unique location. It sits in the monsoon-
arid transition zone — a place where two completely different weather systems compete for 
influence. It receives summer moisture from the Indian monsoon AND winter snowfall from 
western disturbances. This makes it sensitive to changes in both systems simultaneously. It is, 
in effect, a natural sensor for detecting how both monsoon and westerly circulation are shifting.

What the data shows:

• Mass balance of −1.06 metres water equivalent in 2002-03, worsening to −1.20 metres 
in 2003-04 — accelerating loss

• The equilibrium line altitude (the altitude where accumulation and melting balance out) 
rose by 50 metres in a single year — from 5,050m to 5,100m in altitude

• The proportion of the glacier in the accumulation zone shrank from 40% to 31% in one 
year — meaning the glacier's ability to sustain itself is declining

• The glacier has been retreating at approximately 18.7 metres per year — a rate that 
compounds over decades

Plain Language: What Is Mass Balance?

Imagine your bank account. If you earn more than you spend, the balance grows. If you spend more 
than you earn, it shrinks. A glacier's mass balance works the same way — snowfall adds mass 
(deposits), melting removes it (withdrawals). Chhota Shigri is running a persistent deficit. The account 
is draining.

Source: Hasnain, 2006 — Shrinking Cryosphere in South Asia

1.4 The Antarctic Ice Sheet: The Slow Giant with Catastrophic Potential

The Antarctic Ice Sheet contains enough ice to raise global sea levels by 58 metres if it melted 
entirely. That will not happen in this century. But the question of how much melts, and how fast, 
is arguably the most consequential scientific uncertainty facing humanity.

The ice sheet has two distinct parts:

• The West Antarctic Ice Sheet (WAIS): Rests on an archipelago of islands, much of it 
grounded below sea level. This is its critical vulnerability — warmer ocean water can 
flow beneath the ice and erode it from below. Many scientists believe parts of the WAIS 
passed an irreversible collapse threshold between 2010 and 2015. Potential sea level 
contribution: 4 to 6 metres



• The East Antarctic Ice Sheet (EAIS): Larger, more stable, grounded on land above sea 
level. But still vulnerable at higher temperatures. Potential sea level contribution: 52 to 
54 metres

What is already locked in: At the current level of warming — approximately 1 degree Celsius 
above pre-industrial — between 1 and 3 metres of sea level rise is already committed over 
coming centuries. This is from ice already melting, plus the thermal expansion of a warmer 
ocean. It cannot be undone.

The Irreversibility Problem

At 1.5°C warming, 6 to 9 metres of sea level rise become locked in. At 2°C, historical evidence from 
past warm periods suggests sea levels were 12 to 20 metres higher. These are not projections for 
this century — they are commitments that unfold over centuries. But they are caused by decisions 
made now.

Source: Antarctic Ice Sheet & Polar Oceans — ICCI Climate Science Summary

1.5 Polar Oceans: The World's Most Acidifying Waters

The Arctic Ocean and the Southern Ocean are doing something remarkable and alarming: they 
are absorbing the majority of the carbon dioxide that human activities release into the 
atmosphere. Cold water absorbs CO2 far faster than warm water. The Southern Ocean alone 
absorbs approximately 40% of all the CO2 that oceans extract from the atmosphere globally.

The consequence is ocean acidification — the chemical process by which dissolved CO2 
makes seawater more acidic. This matters because:

• Acidic water dissolves the shells of marine organisms. At the base of the polar food web 
are pteropods — tiny marine snails whose shells are already showing dissolution 
damage at current acidity levels

• Pteropods are food for salmon, cod, and other commercial fish. A collapse of pteropod 
populations cascades upward through the food web

• Ocean acidification takes 50,000 to 70,000 years to naturally reverse. On human 
timescales, it is irreversible

• At 1.5°C of warming, nearly all of the Arctic Ocean will become seasonally corrosive to 
shell-building species

There is also a 'sandwich effect' compressing Arctic species: acidification and meltwater 
freshening from the north, warming and invasive species from the south. Important northern fish 
like cod are being squeezed into narrower and narrower habitat bands. Some may go extinct.

1.6 How Cryosphere Science Is Governed: Behind the Scenes

One source in this set is unusual — it is not a research paper about ice or water. It is a report of 
a meeting. The 13th Session of the Climate and Cryosphere Project (CliC) Scientific Steering 



Group, held in Wellington, New Zealand in February 2017, gives social science students a rare 
window into how international science is actually organised and funded.

This is worth understanding because it explains why the data gaps we read about in the other 
sources exist, and what it takes to close them.

Key facts about the governance machinery:

• CliC is the organisation within the World Climate Research Programme (WCRP) 
responsible for coordinating global cryosphere science

• Its annual budget in 2017 was 43,000 Swiss francs — enough to keep the institutional 
lights on, but insufficient for major new initiatives

• The organisation struggled to maintain geographical balance, gender balance, and 
scientific expertise simultaneously on a shrinking budget

• Four major partner organisations — CLIVAR (oceans), SPARC (atmosphere), SOOS 
(Southern Ocean), and PCN (permafrost carbon) — all needed coordination to prevent 
duplication and enable collaboration

• The question of where to hold the next meeting was debated seriously: in-person 
meetings build relationships but cost money; virtual meetings save funds but lose 
something harder to quantify

Why This Matters for Social Scientists

Scientific knowledge about glaciers and sea level does not emerge spontaneously. It is produced by 
institutions — institutions with budgets, politics, leadership transitions, and competing priorities. Who 
gets funded, whose questions get asked, and which regions receive monitoring attention are all 
political decisions, made in rooms like the one in Wellington.

Source: CliC 13th SSG Report, February 2017, Wellington



SECTION 2: ATMA ANALYTICAL MAPPING
The four new sources add significant new dimensions to the ATMA framework established in 
Part I. The mapping below focuses on what is new — the Himalayan dimension, the global sea 
level threat, polar ocean ecology, and the governance of science itself.

2.1 Ontological Axis — What Is Real and What Is Being Lost?

These four sources push the ontological question in two new directions.

The scale of human dependence

The ICCI Himalayan factsheet forces us to reckon with a simple but staggering fact: the 
Himalayan cryosphere is not simply a natural system. It is the water infrastructure for half the 
world's population. To understand the full ontological weight of cryosphere change, you need to 
hold in mind simultaneously:

• The 1.3 billion who drink, irrigate, and generate power from these rivers

• The 3 billion whose food systems depend on them

• The further billions in coastal zones worldwide whose cities sit at elevations that will 
eventually be reached by the sea levels determined by what happens to the Antarctic ice

The problem of thresholds

The Antarctic data introduces a new ontological concept: the tipping point. Unlike a glacier that 
shrinks gradually and predictably, the West Antarctic Ice Sheet may pass thresholds beyond 
which collapse becomes self-accelerating. Scientists believe parts of it may have already 
crossed such a threshold. This changes the nature of what is real:

• We are no longer only talking about gradual, manageable change

• We are talking about the possibility of sudden, irreversible shifts in the planetary system

• This changes what is at stake and who has obligations to act

2.2 Epistemological Axis — Knowledge Production and Its Limits

The benchmark glacier as a knowledge strategy

The Chhota Shigri case illustrates a fundamental choice in how scientists produce knowledge 
under conditions of scarcity. There are thousands of Himalayan glaciers, but almost none are 
systematically monitored. The benchmark glacier approach concentrates resources on one well-
studied site to generate representative knowledge. The epistemological question this raises: 
how representative can one glacier be? Can findings from a glacier in Himachal Pradesh speak 
to conditions in Nepal, Bhutan, or northern Pakistan? The answer is partial — with careful 
contextualisation, yes. But the approach is a compromise born of resource constraints, not 
scientific ideal.

The CliC meeting as epistemological infrastructure



The Wellington meeting illuminates something that most science communication never shows: 
the infrastructure on which knowledge rests. Consider the debates reported:

• Replacing the phrase 'frozen ground' with 'permafrost' — a single word change that 
sharpens scientific precision and signals institutional seriousness about a neglected 
topic

• Adding explicit questions about permafrost carbon — the fact that this was added only 
now (2017) in a formal science plan means decades of research may have 
underweighted this feedback

• Whether the Permafrost Modelling Forum should be merged into the Permafrost Carbon 
Network due to budget constraints — a decision that will determine what gets studied, by 
whom, for years

For social scientists, this is a lesson in the sociology of science: knowledge is not produced by 
neutral genius. It is produced by institutions that have budgets, politics, leadership transitions, 
and competing priorities.

The problem of compound uncertainty

The Himalayan factsheet raises a specific epistemological challenge: monsoon-cryosphere 
interactions. The monsoon is driven by Indian Ocean sea surface temperatures, El Niño, and 
the Atmospheric Brown Cloud (industrial aerosol pollution from South Asia). These drivers are 
themselves uncertain. When you try to project how changing glaciers will interact with a 
changing monsoon, the uncertainties multiply. This is not a failure of science — it is an honest 
statement of what is not yet knowable. Social scientists must become comfortable 
communicating probabilistic risk rather than precise prediction.

2.3 Social Axis — Vulnerability, Food, and the Ocean Economy

Agricultural systems and compound shocks

Across the Himalayan basin, more than 3 billion people depend on food systems linked to these 
rivers. Agriculture in this region is calibrated to predictable rhythms: snowmelt in spring, 
monsoon in summer. Climate change disrupts both simultaneously. The 2013 Uttarakhand 
disaster is a case study in compound vulnerability: extreme monsoon rainfall combined with 
accelerated glacial melt overwhelmed a landscape and killed over 6,000 people. Compound 
hazards — where two or more processes amplify each other — are becoming more frequent.

Coastal communities and sea level

The Antarctic data connects the cryosphere to a completely different set of social vulnerabilities: 
coastal communities worldwide. Every centimetre of sea level rise is not felt equally. Low-lying 
deltaic nations — Bangladesh, Maldives, Pacific Island states — face existential threats from 
even moderate sea level rise. The projected 1 to 3 metres of committed rise (at current 
warming) is enough to permanently inundate agricultural land, contaminate freshwater with 
saltwater, and force mass displacement. The social dimensions include:

• Climate migration: which communities will be displaced, when, and where will they go?



• Insurance and finance: as coastal property becomes uninsurable, how do housing 
markets and municipal finances adapt?

• Infrastructure: what is the cost of protecting existing cities versus managed retreat?

Food webs and fishing communities

The polar ocean acidification data connects directly to the livelihoods of coastal and fishing 
communities across the Northern Hemisphere. Cod, salmon, and other commercially important 
fish depend on pteropods and other shell-building organisms at the base of the food chain. If 
acidification collapses these base species, the cascading effect reaches fishing communities in 
Norway, Canada, Russia, Alaska, and beyond — and the hundreds of millions who depend on 
seafood protein globally.

2.4 Political Axis — Governance, Science, and Power

The politics of scientific funding

The Wellington meeting is a masterclass in the politics of international scientific governance. 
Key political dynamics:

• Budget austerity: CliC received 43,000 Swiss francs for 2017 — a fraction of what is 
needed. Decisions about which projects survive are effectively decisions about which 
questions get answered

• Geographical representation: the SSG had to balance scientists from different regions. 
Science from the Global South is structurally disadvantaged — fewer institutions, less 
funding, fewer seats at governance tables

• Gender balance: the meeting explicitly noted the need to improve gender representation. 
This is not merely symbolic — who sits in these rooms shapes what gets studied and 
how

• Leadership transitions: the Norwegian Polar Institute was about to get a new director. 
The entire CliC International Project Office's future was uncertain. Scientific continuity is 
a governance problem, not just a technical one

The Atmospheric Brown Cloud: where pollution meets geopolitics

The ICCI factsheet raises the Atmospheric Brown Cloud (ABC) — a layer of aerosol pollution 
from South Asian industry, vehicles, and cooking fires that blankets the region. The ABC may 
be moderating monsoon rainfall while simultaneously depositing black carbon on glaciers and 
accelerating melt. This connects South Asian industrial policy directly to Himalayan hydrology. It 
raises a geopolitical question: if Indian or Pakistani industrial emissions are contributing to 
glacier melt that affects Bangladesh or Nepal downstream, what obligations arise? The causal 
chain is scientifically complex — but it is politically consequential.

GLOF governance: the Tsho Rolpa example

One encouraging political case study emerges from the Himalayan data: the successful 
mitigation of GLOF risk at Tsho Rolpa Lake in Nepal. Through engineering intervention — 
siphoning water from the lake to lower its level — the immediate flood risk was reduced. This 
demonstrates that adaptation is possible. But it also demonstrates what it requires: early 



monitoring, political will, international technical support, and community engagement. Not all at-
risk lakes receive this attention. Which ones do, and why, is a political question.

2.5 Geopolitical and Ethical Axis — Scale, Justice, and Intergenerational 
Responsibility

The intergenerational dimension

The Antarctic and polar ocean sources are unusual in explicitly naming intergenerational 
responsibility. The language used in the climate science summary is direct: 'The need for action 
is urgent for children and future generations.' The ethical logic is:

• Decisions made in the next decade about emissions determine the trajectory of Antarctic 
ice loss for centuries

• People alive now are making irreversible choices that will define the world for people not 
yet born

• This is a classic problem of intergenerational justice — those who will suffer most have 
no voice in current decisions

The speed asymmetry: emissions versus consequences

The polar ocean acidification data contains a striking asymmetry that has profound ethical 
weight. The current rate of CO2 increase in the atmosphere is orders of magnitude faster than 
the natural volcanic processes that caused the Permian-Triassic extinction event 252 million 
years ago — Earth's worst mass extinction, which wiped out 96% of ocean species. But natural 
acidification took thousands of years; anthropogenic acidification is happening over decades. 
The speed at which damage is being done vastly outpaces the capacity of ecosystems to adapt.

Discussion Provocation

If the acidification of polar oceans is effectively irreversible on human timescales, and if its primary 
drivers are emissions from wealthy industrialised nations, what is the ethical relationship between 
those nations and the coastal and fishing communities — often in poorer countries — who will suffer 
the consequences most severely?

Knowledge sovereignty and the Third Pole

The CliC meeting noted a priority: connecting to the Third Pole Science Summit and 
strengthening engagement with the Hindu Kush Himalaya region. But notice the direction of this 
engagement — it is an international scientific organisation seeking to extend its reach into a 
region. The question of who controls data about the Himalayas, who sets the research agenda, 
and whether local scientific communities (in India, Nepal, Pakistan, China, Bhutan) are equals 
or subjects of global science governance is an important one that these notes raise but the 
sources themselves do not fully resolve.



SECTION 3: TEACHING FOCUS POINTS

3.1 The Compound Hazard Concept

The Uttarakhand disaster of June 2013 is the most vivid case study in these notes for what 
scientists call a compound hazard — where two or more processes combine to produce impacts 
far greater than either would alone. Extreme monsoon rainfall intersected with the melting of the 
Chorabari Glacier. Neither event in isolation would have caused the same catastrophe.

Compound hazards are increasing in frequency and severity for a simple reason: climate 
change is not shifting one variable at a time. It is simultaneously:

• Intensifying rainfall events (more water falling faster)

• Altering melt patterns (glaciers releasing water at unexpected times)

• Destabilising slopes through permafrost degradation (increasing landslide risk)

• Raising sea levels (increasing storm surge penetration into coastal zones)

For disaster risk governance, compound hazards are particularly challenging because most 
early warning systems are designed for single-event scenarios. The policy response must be 
integrated — not siloed by hazard type.

3.2 The Benchmark Approach: Doing Science Under Scarcity

The Chhota Shigri case teaches a lesson that goes beyond glaciology. It is a lesson about 
knowledge production under conditions of resource scarcity — a condition familiar to 
researchers across the Global South.

When you cannot monitor everything, you choose representative cases carefully. The 
benchmark glacier approach is scientifically defensible because the site was selected for its 
unique sensitivity to both monsoon and westerly systems. But it requires a chain of reasoning: 
from the specific to the general, from one glacier to a region, from two years of data to a long-
term trend.

For social science students: this is not unlike ethnographic case selection. A carefully chosen 
case can illuminate structural conditions that apply more broadly. But the generalisation must be 
made explicitly and defended — not assumed.

3.3 Science Governance as a Social Science Subject

The CliC Wellington meeting is the most unusual source in the entire corpus — a governance 
document rather than a research paper. It deserves sustained attention because it reveals the 
social structure of knowledge production.

Key insights for social scientists:



• Science plans are constitutive documents: The revision of the CliC Science Plan — 
changing words, adding questions, reframing themes — directly shapes what research 
gets done and funded for the next five years. Documents are not passive records. They 
are active forces

• Committees are political institutions: decisions about membership, geographical 
balance, and gender representation reproduce or challenge existing power structures in 
the global science system

• Budget scarcity creates trade-offs with ethical dimensions: when the Permafrost 
Modelling Forum faces absorption into PCN due to budget cuts, this is not merely an 
administrative efficiency measure. It may mean that certain research questions get 
deprioritised. In a field where data gaps are already severe, this matters

• Early career scientists are a structural concern: the presence of APECS (Association of 
Polar Early Career Scientists) at the meeting signals awareness that the next generation 
of researchers needs active cultivation. Who gets opportunities to attend workshops and 
join governance bodies shapes the future composition of the scientific community

This is, in essence, a study in the political sociology of science — a field of inquiry that deserves 
much more attention in the context of climate change governance.

3.4 Sea Level: From Physics to Politics

The Antarctic data presents a trajectory of consequences at different temperature thresholds 
that is worth making vivid for students:

Temperature Sea Level Locked In Political / Social Implication

1°C (now) 1–3 metres already committed Long-term coastal planning must begin 
immediately in low-lying regions.

1.5°C 6–9 metres locked in (includes 
most WAIS)

Bangladesh, Maldives, Pacific Island 
nations face existential risk. Climate 
migration becomes unavoidable.

2°C and above Historical analogy: 12–20m 
higher sea levels

Civilisational-scale disruption. Major coastal  
cities — Mumbai, Dhaka, Shanghai, Miami 
— face permanent inundation.

These are not projections for this century. They are multi-century commitments made by near-
term emissions. The political challenge is acute: the harms are deferred; the decisions are 
immediate.

3.5 Irreversibility as an Analytical Category

Across both the Antarctic and polar ocean sources, the concept of irreversibility recurs as the 
central ethical and political challenge. It is worth building this into your analytical vocabulary:



• Ocean acidification is irreversible on human timescales: 50,000 to 70,000 years for 
natural buffering to restore pre-industrial chemistry. No technology currently exists to 
reverse this at scale

• West Antarctic Ice Sheet collapse, once begun, may be self-reinforcing: warmer oceans 
erode ice from below; as ice retreats, more warm water can access deeper ice — a 
feedback loop

• Committed sea level rise: once the energy is in the climate system, the melting will 
continue regardless of future emissions reductions

The political implication of irreversibility is that delay is not neutral. Every year of higher 
emissions forecloses options, commits communities to harms they did not choose, and narrows 
the range of possible futures. This transforms climate change from an environmental problem 
into a justice problem — specifically, a problem of who bears the costs of irreversible decisions 
made by others.



SECTION 4: SCIENTIFIC GLOSSARY FOR SOCIAL SCIENCE 
STUDENTS
This glossary covers the new scientific terms introduced in Sources 5 through 8. For terms from 
Sources 1 through 4 (permafrost, peak water, GLOF, etc.), refer to the Part I teaching notes.

Scientific Term What It Means in Plain 
Language

Why It Matters for Social Science

Benchmark glacier A glacier chosen for long-term, 
systematic monitoring as a 
representative indicator of 
regional climate trends

Benchmark sites are the empirical 
foundation for making claims about 
regional glacier behaviour. Their selection, 
funding, and continuity are governance 
decisions as much as scientific ones

Mass balance 
(glacier)

The difference between snow 
gained and ice lost in a year, 
expressed in metres of water 
equivalent. Negative means the 
glacier is shrinking

Persistent negative mass balance is a 
direct signal of future water scarcity. It is 
the clearest quantitative evidence of 
glacier decline available to policymakers

Equilibrium Line 
Altitude (ELA)

The altitude on a glacier where 
annual gains and losses exactly 
balance. Above it, the glacier 
gains mass; below it, it loses 
mass

A rising ELA is a key indicator of glacier 
stress. When ELA rises above the glacier's  
upper elevation, the entire glacier will 
eventually disappear

Accumulation Area 
Ratio (AAR)

The proportion of a glacier's 
area that is in the accumulation 
zone (gaining mass). A healthy 
glacier has an AAR above 0.5 
or 50%

Shrinking AAR at Chhota Shigri (from 40% 
to 31% in one year) signals a glacier under  
severe stress. Below certain thresholds, 
recovery is effectively impossible

Water equivalent 
(w.e.)

The depth of liquid water you 
would get if you melted a given 
amount of snow or ice. Used to 
standardise measurements 
across different densities

This unit allows scientists to compare 
glacier mass changes across different 
sites and conditions. When reading mass 
balance data, always look for the w.e. unit 
to understand what the number means

Compound hazard When two or more natural 
processes occur simultaneously 
or in sequence, amplifying each 
other's destructive impact

The Uttarakhand 2013 floods (extreme rain 
+ glacier melt) are a textbook compound 
hazard. Single-event disaster planning is 
inadequate for compound hazards — an 
important governance gap

Atmospheric Brown 
Cloud (ABC)

A layer of aerosol pollution over 
South Asia (black carbon, 
sulfates from industry and 
cooking) that reduces sunlight, 
warms the atmosphere, and 
may disrupt monsoon patterns

The ABC connects South Asian industrial 
and energy policy directly to Himalayan 
hydrology. It is a transboundary pollution 
problem with water security implications 
that cross national borders

Debuttressing When a glacier retreats and 
removes the ice that was 
physically supporting the rock 
slope beside it, making slopes 

Debuttressing is an invisible consequence 
of glacier retreat — it increases landslide 
and rockfall risk even in areas not directly 
inundated by meltwater. Infrastructure 



suddenly unstable and prone to 
collapse

planners must account for it

West Antarctic Ice 
Sheet (WAIS)

The western section of 
Antarctica's ice, resting on a 
submarine archipelago with 
much ice grounded below sea 
level. Highly vulnerable to warm 
ocean water erosion from 
beneath

The WAIS is the most dangerous tipping 
element in the cryosphere for coastal 
populations worldwide. Its potential 4-6m 
sea level contribution would permanently 
inundate dozens of major coastal cities

East Antarctic Ice 
Sheet (EAIS)

The larger, more stable eastern 
portion of Antarctic ice, 
grounded above sea level. 
Holds the majority of the 
potential sea level rise (52-
54m) but requires higher 
warming to become unstable

The EAIS represents the extreme long-
term risk scenario. Even its partial 
destabilisation at 3-4°C would commit 
civilisation to civilisational-scale coastal 
transformation over centuries

Ice shelf A floating platform of ice 
attached to a glacier or ice 
sheet. Acts as a buttress, 
slowing the flow of inland ice 
toward the ocean

When ice shelves collapse (as with the 
Larsen B shelf in 2002), the glaciers 
behind them accelerate dramatically. Ice 
shelf stability is a key threshold in Antarctic  
sea level projections

Marine ice sheet 
instability

A self-reinforcing feedback 
where an ice sheet grounded 
below sea level loses ice, 
exposing deeper and deeper 
ice to warm water, accelerating 
collapse

This is the mechanism that makes the 
WAIS potentially irreversibly unstable at 
current temperatures. Once started, it may 
not be stoppable. It transforms Antarctic 
risk from gradual to potentially abrupt

Ocean acidification The process by which CO2 
absorbed from the atmosphere 
makes seawater more acidic, 
threatening shell-building 
organisms and marine food 
webs

Irreversible on human timescales. It 
threatens commercial fisheries, 
subsistence fishing communities, and 
marine ecosystems across both 
hemispheres — with cascading effects on 
food security and livelihoods

Pteropods Tiny marine snails, sometimes 
called sea butterflies, that form 
a critical part of the polar food 
web. Their calcium carbonate 
shells dissolve in acidic water

Pteropods are a sentinel species — their 
decline signals broader food web collapse.  
They are food for salmon, cod, and other 
commercially important fish. Their fate 
connects polar ocean chemistry to fishing 
community livelihoods

Atlantification (of 
the Arctic Ocean)

The process by which the Arctic 
Ocean increasingly resembles 
the Atlantic — warmer, saltier, 
less sea ice — as Atlantic water 
masses move northward

Atlantification is pushing Arctic species out  
of their habitat from the south while 
freshening from meltwater squeezes them 
from the north. The 'sandwich effect' 
threatens iconic species like Arctic cod

Eutrophication Excessive nutrient enrichment 
of water, often causing algae 
blooms that deplete oxygen and 
create 'dead zones' where fish 
and marine mammals cannot 
survive

The 'Blob' warm water event in the Bering 
Sea (associated with the collapse of fish, 
mammal, and seabird populations) is 
linked to eutrophication dynamics. It is a 
preview of what warming oceans may 
produce more frequently



CORDEX 
(Coordinated 
Regional Climate 
Downscaling 
Experiment)

An international programme 
that takes global climate 
models and generates higher-
resolution regional projections 
for specific mountain ranges, 
coastlines, and cities

Global climate models operate at scales 
too coarse for local planning. CORDEX 
provides the resolution needed for specific 
infrastructure and adaptation decisions — 
but requires sustained funding and 
institutional support

CliC (Climate and 
Cryosphere Project)

The body within the World 
Climate Research Programme 
responsible for coordinating 
global cryosphere science. 
Hosts an International Project 
Office and a Scientific Steering 
Group

Understanding CliC's structure helps social  
scientists see how scientific priorities are 
set internationally. The organisation's 
funding constraints directly shape which 
regions get studied and which data gaps 
persist

Scientific Steering 
Group (SSG)

The governing body of CliC — 
the committee of scientists that 
sets research priorities, 
allocates budgets, manages 
partnerships, and makes 
membership decisions

The SSG is where power in cryosphere 
science governance is formally exercised. 
Its geographical composition, gender 
balance, and budget determine the shape 
of global knowledge production

Science plan A formal document that defines 
the research questions, 
themes, and priorities of a 
scientific programme for a 
multi-year period

Science plans are constitutive documents 
— they determine what gets funded and 
studied. The debate over word choices in 
Wellington (e.g., 'frozen ground' vs. 
'permafrost') has real consequences for 
what research gets done

Karakoram anomaly The observed stability or slight 
growth of glaciers in the 
Karakoram range, in contrast to 
widespread retreat elsewhere, 
due to unique climate 
conditions (westerly moisture, 
cold temperatures, winter 
precipitation)

The anomaly complicates simple 
narratives of universal glacier retreat. It 
demonstrates the importance of regional 
specificity in climate science — and 
cautions against policy generalisations that  
don't account for local conditions

Elevation-
dependent warming

The phenomenon where higher 
altitudes warm faster than the 
global average, amplifying 
cryosphere impacts in mountain 
regions

High mountain communities and 
ecosystems face accelerated change 
compared to lowland areas. Infrastructure 
and ecosystems designed for historical 
conditions are becoming obsolete faster at 
altitude

Permafrost carbon 
feedback

The process by which warming 
permafrost releases stored 
organic carbon as CO2 and 
methane, which further warms 
the atmosphere, which further 
thaws permafrost — a self-
reinforcing loop

This is one of the most potentially 
dangerous tipping points in the entire 
climate system. The CliC meeting's explicit  
addition of this question to the science 
plan reflects growing scientific urgency. 
Social scientists should understand it as a 
threat multiplier



SECTION 5: KEY CITATIONS AND SOURCE SUMMARY

Source 5: Himalayas — International Cryosphere Climate Initiative (ICCI)

Type: Policy factsheet / regional overview

Primary contribution: Translates cryosphere science into human-scale implications for the 
Himalayan region. Key statistics: 1.3 billion directly dependent on Himalayan water; 3 billion 
dependent on associated food systems; 1.5°C of warming already achieved.

What it opens for social scientists: The east-west divide in water regimes is the most analytically 
important finding — it means that generalised policy frameworks for 'Himalayan water' are 
insufficient. Pakistan's water stress situation is qualitatively different from the Ganges basin 
situation. Compound hazards (Uttarakhand 2013) show the limits of single-event disaster 
governance.

Source 6: Shrinking Cryosphere in South Asia — Hasnain (2006)

Type: Peer-reviewed glacier monitoring study

Primary contribution: Detailed mass balance monitoring of Chhota Shigri Glacier — one of the 
few long-term datasets in the Himalayan region. Demonstrates accelerating mass loss and 
rising ELA over two monitoring years.

What it opens for social scientists: The benchmark approach to knowledge production under 
resource scarcity. The site's unique sensitivity to both monsoon and westerly systems makes it 
a strategic choice — but the limitations of generalisation from one case must be acknowledged. 
The paper also illustrates how labour-intensive and fragile field-based glacier monitoring is, 
helping explain why data gaps are so persistent.

Source 7: Report of the 13th Session of the CliC Scientific Steering Group 
(2017)

Type: Governance / institutional document

Primary contribution: Reveals the institutional infrastructure behind global cryosphere science. 
Documents budget constraints, strategic debates, partnership negotiations, and membership 
decisions that shape what science gets done.

What it opens for social scientists: This is the most directly sociological source in the entire 
corpus. It can anchor discussions of the sociology of science, the politics of knowledge 
production, institutional power in international science governance, and the structural barriers to 



adequate monitoring of under-studied regions. The narrative format in which it was written 
makes it accessible and engaging for student discussion.

Source 8: Earth's Cryosphere — Antarctic Ice Sheet and Polar Oceans 
(ICCI)

Type: Policy-oriented climate science summary

Primary contribution: Provides the global-scale frame — connecting cryosphere change to sea 
level rise (Antarctic) and ocean ecosystem collapse (polar oceans). Structured around 
temperature thresholds and their consequences.

What it opens for social scientists: The threshold-and-consequence framework is powerful for 
policy communication. The irreversibility of ocean acidification and the potential self-reinforcing 
collapse of the WAIS are the most important analytical concepts for discussing intergenerational 
justice and the ethics of delay. The explicit connection to the 2030 emissions target grounds the 
science in political time.

Connecting Parts I and II

Read together, the eight sources in this series build a coherent analytical framework. Part I 
established the Central Asian cryosphere — the state of glaciers, permafrost, and snow in the 
Tien Shan and Pamir, the data gaps, and the governance failures. Part II extends this to the 
Himalayas (the largest Third Pole system), introduces the global sea level dimension through 
Antarctica, reveals the polar ocean acidification crisis, and lifts the curtain on the institutional 
machinery of international science governance.

The connecting thread across all eight sources is a single, uncomfortable insight: the science is 
clear about the direction of change, uncertain about its precise magnitude and timing, and 
almost entirely dependent on political and social choices that lie outside the domain of science 
itself. That is where social scientists belong — and where this course aims to take you.
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