CRYOSPHERE IN CRISIS — PART Il

Permafrost Carbon, Mountain Glaciers, Central Asia Nexus, Sikkim GLOFs, and
the Asian Science Network

Comprehensive Teaching Notes for Postgraduate Social Science Students
IS470N — Environmental Security and Climate Change in Asia

Part Il completes the twelve-source cryosphere series. These four sources deepen three
themes that Parts | and Il introduced: the permafrost carbon time-bomb and its intergenerational
ethics; the on-the-ground mechanics and surveillance of glacial lake outburst floods in Sikkim;
the political economy of water in Central Asia as an integrated nexus; and the institutional
sociology of how Asian cryosphere science is actually coordinated. Together they provide the
analytical tools to move from physical description to policy argument.




SECTION 1: KEY CONCEPTS EXTRACTED

Concepts are organised thematically. Where a concept deepens something covered in Parts | or
1, this is noted explicitly so students can build cumulative understanding.

1.1 Mountain Glaciers and Snow: A Global-Scale Water Security Problem

The ICCI Mountain Glaciers factsheet provides the clearest temperature-threshold framework
for understanding what is at stake at each level of warming. The key facts:

Mountain glaciers hold the equivalent of approximately 0.5 metres of global sea level
rise — smaller than ice sheets, but their local importance is far greater than this global
number suggests

Tropical glaciers — in the northern Andes, East Africa, and Papua New Guinea — are
already functionally lost at 1°C of warming and will disappear entirely by 2100. They
were already retreating before industrialisation, but would have survived for centuries or
millennia without human-induced warming

Mid-latitude glaciers — Alps, North American Rockies, Iceland, Scandinavia, New
Zealand, Patagonia — can still preserve meaningful ice if warming is held at 1.5°C.
Some Alpine glaciers might even partially recover

Beyond 2°C, nearly all glaciers worldwide disappear. Only polar glaciers and those in the
Himalayas survive — and even Himalayan glaciers lose two-thirds or more of their mass

Two additional dimensions are underemphasised in most science reporting but critical for social
scientists:

Cultural loss: for many communities, glaciers are not resources but living beings with
spiritual significance. The loss of a glacier is not just a hydrological event — it is the
death of an ancestor, the erasure of a landscape that gives a community its identity

The asymmetry of recovery: once a glacier disappears entirely, it is much harder to
regenerate even if temperatures cool. This asymmetry means that crossing a threshold
is qualitatively different from approaching it — yet policy rarely treats it that way

Plain Language: The Ski Industry as a Social Indicator

The world's highest ski resort — in Bolivia — was abandoned in 2009 after the glaciers it depended
on disappeared. Ski industries across the Alps, Rockies, and Andes face the same trajectory above
1.5°C. This is not just an economic story — it is a signal that the cryosphere is already reshaping
which ways of life are sustainable, and where.

Source: ICCI — Mountain Glaciers and Snow: Climate Science Summary

1.2 Permafrost Carbon: The Sleeping Giant in the Climate Budget

This is arguably the single most consequential and under-communicated dimension of the
cryosphere crisis for climate policy. The core facts require careful attention:



« Permafrost holds twice as much carbon as currently exists in the entire atmosphere.
Most of this carbon is in the form of ancient plant and animal remains, locked in frozen
soil for tens of thousands of years

e At current warming (approximately 1°C), annual emissions from permafrost are already
equivalent to Japan's total annual emissions — making permafrost a top-20 global
emitter today, without any policy attention or accountability

* When permafrost thaws, microbes become active and begin digesting the organic
material. Under dry conditions they release CO2; under wet conditions (ponds, lakes)
they release methane — a far more potent short-term greenhouse gas

« Once thawed — even briefly during a heatwave — microbes are activated and carbon
emissions continue for 150 to 200 years, even if the ground refreezes

The Irreversibility Trap

Humans can reduce their emissions by changing behaviour and technology. Permafrost cannot. Once
activated, its emissions are locked in for up to two centuries. This creates a fundamental asymmetry:
the more permafrost thaws now, the more future generations are burdened with warming they did not
cause and cannot stop.

The temperature-threshold consequences are stark:

e At 1.5°C: saving approximately 2 million km2 of permafrost compared to higher
scenarios. Annual emissions from permafrost would equal Canada's total national
emissions, continuing for 150-200 years after peak warming

e At 2°C and above: permafrost carbon feedback accelerates, eventually producing annual
emissions equivalent to total EU emissions today — a self-reinforcing loop that makes
climate stabilisation far harder and requires massive deployment of negative emissions
technology just to offset permafrost, quite apart from human industrial emissions

Why This Changes the Carbon Budget Calculation

Every tonne of CO2 that permafrost releases reduces the remaining budget available for human
emissions if we want to stay below 1.5°C. Permafrost is essentially borrowing from the future carbon
budget on our behalf — without our consent and without any possibility of early repayment. This is the
intergenerational debt problem at its most severe.

Source: ICCI — Mountain Glaciers and Permafrost: Climate Science Summary

1.3 The Central Asia Water-Energy-Food-Climate Nexus

The SDC Nexus Brief provides the most integrated policy-facing picture of the Central Asian
cryosphere crisis. Its key contribution is framing the problem not as a water issue, or an energy
issue, or a food security issue — but as a nexus: an interconnected system where changes in
one domain cascade through all others.

The water towers of Central Asia



The Syr Darya and Amu Darya rivers, rising in the mountains of Kyrgyzstan and Tajikistan, are
the lifelines of an entire region. They support:

* 75% of the region’'s irrigated agriculture — including the vast cotton economies that have
defined Central Asian political economy for generations

e 22% of electricity generation through hydropower
« Domestic water supply for the capitals and major cities

» Approximately 20% of regional GDP, and up to 50% of the labour force in some
countries

The numbers on physical change

By end of century, glacier mass loss across Central Asia is projected at:
* 50% under a low-emission scenario
e 67% under a high-emission scenario

The snowline is rising at approximately 150 metres per degree of warming — meaning
precipitation that once fell as snow increasingly falls as rain, missing the glacial accumulation
cycle entirely. After peak water (expected around mid-century for the Aral Sea basin), glacial
runoff during the melt season could decline by 10 to 40% compared to 1990-2010 levels.

The Soviet legacy and its consequences

Understanding the political economy of Central Asian water requires understanding what the
Soviet Union built and what collapsed with it:

* Under Soviet planning, an energy-for-water trading scheme operated across the region:
upstream countries released water from reservoirs in summer for downstream irrigation;
in return, they received energy (coal, gas) from downstream countries in winter for
heating

« After 1991, this coordination mechanism dissolved. Five newly independent states
inherited the infrastructure but not the governance. Upstream countries (Kyrgyzstan,
Tajikistan) began prioritising hydropower for their own winter energy needs; downstream
countries (Uzbekistan, Turkmenistan, Kazakhstan) continued demanding summer
irrigation water

* The Interstate Commission for Water Coordination, created in 1992, and the
International Fund for Saving the Aral Sea established frameworks — but these
institutions have struggled to adapt to rapidly evolving political realities

* In 2016, Kyrgyzstan suspended participation in IFAS — a sign of how fragile the regional
governance architecture remains

Source: SDC Nexus Brief Nr. 8, October 2019 — Where Water Meets Ice

1.4 Sikkim's Glacial Lakes: Forty-Five Years of Surveillance

The Kumar and Murugesh Prabhu study of Sikkim's glacial lakes provides the most concrete,
place-based evidence of GLOF risk accumulation in the series. Its method is elegantly simple:
compare satellite images of the same lakes across 45 years (1965-2010) and track the growth.



The headline findings are alarming:

South Lhonak Chho (the same lake studied in depth in Part I) grew from 0.242 sq km in
1965 to 1.028 sqg km in 2010 — a 4.2-fold increase in 45 years. Evidence of a past
moraine breach already exists

Gurudongmar Chho B grew 4.3-fold; the Tikip Chhu lake (which did not even appear on
older Survey of India maps) grew 4.5-fold — it is an entirely new feature of the
landscape

In 15% of glacial lakes across South and Central Asia, outburst floods have already
occurred

In Kyrgyzstan, approximately 20% of glacial lakes are classified as potentially dangerous
due to unstable moraine dams

Two growth phases are visible in the data: rapid expansion from 1965 to 1989 (the period of
accelerated glacier retreat), then slower growth or apparent stabilisation from 1989 to 2010. But
stabilisation is not safety — a lake that stops growing can still breach catastrophically if its dam
is structurally weak.

Additional hazard layers in Sikkim that compound GLOF risk:

Seismic activity: Sikkim sits in Seismic Zone IV. A magnitude 6.9 earthquake in 2011
occurred approximately 70 km from the most dangerous lakes. Earthquakes can trigger
GLOFs by destabilising moraine dams or dislodging ice avalanches into lakes

Piping: water seeping through moraine dams gradually washes out fine material from
within — a slow, invisible process that can cause sudden structural failure

The Zemur River threat: lateral landslides near the Zemu Glacier could temporarily dam
the river, creating flash floods when the improvised dam fails

Plain Language: Why Old Maps Lie

The Tikip Chhu lake did not appear on older Survey of India topographic maps because it did not
exist. It is a new feature, created entirely by glacier retreat within the past few decades. Any
infrastructure planning, disaster risk mapping, or land use zoning based on older maps is therefore
working from an obsolete picture of the landscape. This is a governance problem as much as a
scientific one.

Source: Kumar and Murugesh Prabhu — Impacts of Climate Change: GLOFs in Sikkim

1.5 The Asian Cryosphere Science Network: Collaboration and Its Limits

The 1st Asia CIliC Symposium (Yokohama, 2006) offers a different kind of evidence: a snapshot
of how cryosphere science is actually organised across the Asian continent. One hundred and
seven scientists from eleven countries gathered to share data, identify gaps, and plan
coordination.



The most important finding is also the most uncomfortable: an immense amount of data exists
across national programmes in Russia, China, Mongolia, India, Pakistan, Nepal, and Japan —
but collaboration among researchers and institutions is insufficient to make optimal use of it.
The problem is not ignorance. It is fragmentation.

Key national data points that illustrate both progress and gap:

* Mongolia: 316 permanent snow cover stations, 16 permafrost monitoring sites with 37
boreholes, 262 glaciers — yet glacier area reductions of 25 to 45% were recorded
across different mountain ranges in a single decade (1992-2002)

¢ Nepal: 3,252 glaciers covering 5,323 sq km, 2,315 glacial lakes, 20 identified as
potentially dangerous, more than 15 GLOF events since 1935 — yet only 6 hydro-
meteorological stations in the higher Himalaya

« Pakistan: 200 meteorological stations under PMD plus 18 automated high-altitude
stations — but the highest station is at 4,420 metres, leaving the most vulnerable
glaciated zones above 5,000 metres essentially unmonitored

The symposium identified the same gap that appears in every other source in this series: glacier
ice volume data is critically inadequate; permafrost monitoring in the Pamir and Alai ranges is
essentially absent; satellite data is underutilised because field validation is sparse. The
recommendations — better data sharing, enhanced observation networks, modelling
coordination — are structurally similar to what the Wellington CIliC meeting (Source 7) identified
eleven years later. The persistence of the same problems across a decade is itself a significant
social science finding.

Source: 1st Asia CliC Symposium — State and Fate of Asian Cryosphere, Yokohama 2006




SECTION 2: ATMA ANALYTICAL MAPPING

The four sources in Part 11l enrich all five analytical axes. The focus here is on what is
distinctively new — patrticularly the permafrost carbon ethics, the nexus governance framework,
and the on-the-ground texture of GLOF risk in Sikkim.

2.1 Ontological Axis — What Kinds of Things Are Glaciers, and What Is
Being Lost?

Glaciers as living beings

The ICCI Mountain Glaciers document makes an observation that most scientific texts elide: for
many cultures, glaciers are not resources to be managed but spiritual beings. They are
ancestors, guardians, sources of identity. The Quechua communities of the Andes, the Sherpa
communities of the Himalayas, and indigenous communities across the Hindu Kush all hold
relationships with glaciers that are not reducible to hydrology.

This is an ontological claim about what glaciers are — not just what they do. For social
scientists, it raises a core methodological question: whose ontology of the glacier should govern
environmental policy? The hydrologist's, the economist's, or the community's? These framings
are not automatically compatible, and resolving their tensions is a political act, not merely a
technical one.

New landscapes, new hazards

The Sikkim data adds a concrete ontological dimension: the landscape is literally being remade.
Lakes that did not exist 50 years ago now contain millions of cubic metres of water behind
unstable dams. Valleys that were stable are now subject to forces that have no precedent in
local experience or institutional memory. The ontological shift is not just scientific — it is
experienced by the people who live there, whose mental maps of their own territory are
becoming obsolete faster than governance can track.

2.2 Epistemological Axis — How Do We Know, and Who Is Left Out?

Remote sensing and the 45-year record

The Sikkim study demonstrates what remote sensing can achieve: a 45-year archive of lake
growth using declassified military satellite imagery, Indian Remote Sensing satellites,
LANDSAT, and Google Earth. This is a triumph of data archaeology — assembling a
longitudinal record from heterogeneous sources. But it also exposes a limit: satellite data gives
area, not depth. We know how large these lakes have become. We know far less about how
deep they are, how much water they hold, and the structural integrity of their moraine dams.
The most dangerous unknowns are still underground.

Oral history as complementary evidence

In the Sebu Chhu valley, field scientists found physical evidence of past GLOFs — moraine
debris spread across the valley floor in patterns only a catastrophic flood could produce. Local



people confirmed: there had been a flash flood. The physical evidence and the oral memory
aligned. This is a methodological insight of considerable importance: community knowledge is
not anecdote. It is a form of long-term environmental monitoring that predates any satellite
programme and survives in the absence of institutional infrastructure.

The data paradox at the 2006 CliC symposium

The Yokohama symposium identified what can only be called a data paradox: there is more
cryospheric data across Asia than any single team can use — but the absence of collaboration
means most of it is either inaccessible, incompatible, or simply unknown to those who need it.
This is not a knowledge gap in the conventional sense. It is a coordination failure. The data
exists; the social and institutional infrastructure to share it does not. This is a quintessentially
social science problem dressed in scientific clothing.

2.3 Social Axis — Who Bears the Risk, and Who Benefits?

The cotton economy and its water dependency

The Central Asia nexus brief places the cotton industry at the centre of the regional water
economy. Cotton accounts for a dominant share of irrigated agriculture across Uzbekistan,
Turkmenistan, and parts of Kazakhstan. These cotton fields were expanded dramatically during
the Soviet era, partly responsible for the Aral Sea disaster — one of the largest human-induced
ecological catastrophes in history. The water-thirsty cotton monoculture now faces a double
pressure: climate-driven water scarcity from retreating glaciers, and the long-term inefficiency of
irrigation infrastructure built for a wetter regime.

The social consequences are not evenly distributed. Agricultural labourers — many of them
women and seasonal migrants — are the most exposed to water-driven income shocks and
least represented in the governance institutions that will determine adaptation strategies.

Downstream communities in Sikkim

The Sikkim GLOF study makes the social distribution of risk concrete. A lake that is growing 4-
fold at an altitude of 5,000 metres threatens communities, roads, and hydropower infrastructure
in the valleys below — communities that had no role in creating glacier retreat and no means to
prevent it. The early warning system being designed by C-DAC (Centre for Development of
Advanced Computing) represents the state's acknowledgement of this obligation: to give
communities time. But time alone is not protection. Evacuation requires roads that are not
themselves destroyed by the flood; it requires trust in authorities; it requires communities that
have practised the response.

Permafrost and Arctic indigenous communities

The ICCI permafrost source notes that in coastal Alaska, some indigenous communities have
already been forced to relocate because permafrost thaw has destabilised the ground beneath
their houses and eroded the coastline. This is not a future projection. It is happening now.
These communities did not meaningfully contribute to global warming, yet they are among the



first to lose their homes, their ancestral territories, and the landscapes that sustain their cultural
identity. This is a case study in climate injustice at its most direct.

2.4 Political Axis — Governance, Institutions, and the Limits of Cooperation

The nexus as a governance challenge

The water-energy-food-climate nexus is not just an analytical framework — it is a governance
problem. Most government ministries are organised by sector: a ministry of water, a ministry of
energy, a ministry of agriculture. Each optimises for its own sector's goals. When water, energy,
and food are interdependent, siloed governance produces suboptimal outcomes for all sectors
simultaneously. The nexus approach demands integration that existing institutional structures
are not designed to provide.

In Central Asia, the upstream-downstream conflict perfectly illustrates this:

« Upstream hydropower (Kyrgyzstan, Tajikistan) wants to store water in autumn and
release it in winter for electricity generation

« Downstream irrigation (Uzbekistan, Turkmenistan, Kazakhstan) needs water in summer
for crop cultivation

* Both claims are legitimate. Both are expressions of real energy and food security needs.
The conflict is structural — built into the geography and history of the region

« Climate change will intensify this conflict as total water availability declines after peak
water, even as demand from population growth and economic development continues to
rise

The recovery of regional dialogue

The nexus brief notes a cautiously optimistic development: after years of fragmentation, Central
Asian heads of state met twice in 2018 and placed water and energy at the centre of
discussions on economic stability. This signals that the severity of the coming crisis is beginning
to produce political momentum. But dialogue is not agreement, and agreement is not
implementation. The institutional machinery for translating political will into coordinated water
management remains weak and under-resourced.

The science coordination problem as a political problem

The Yokohama symposium documented a recurring institutional failure: data gathered by
national agencies in Russia, China, India, Pakistan, Nepal, and Mongolia is not routinely shared,
standardised, or synthesised. Each country's cryosphere programme operates largely in
isolation. The political barriers to data sharing — national sovereignty over sensitive
hydrological data, competitive science systems, and the absence of trusted multilateral
frameworks — are as significant as the technical challenges. Building the Asia CliC Committee
was a first step. But eleven years later, the Wellington meeting (Source 7) was still grappling
with the same coordination gaps.



2.5 Geopolitical and Ethical Axis — Intergenerational Debt and the Ethics of
Emissions

The intergenerational debt of permafrost

The permafrost carbon analysis introduces the sharpest formulation of intergenerational
injustice in the entire twelve-source corpus. The argument is worth stating precisely:

» If permafrost thaws now, emissions will continue for 150 to 200 years regardless of what
future generations do

* Future generations will need to deploy negative emissions technology — pulling CO2 out
of the atmosphere at enormous cost and at scales that do not yet exist — simply to
stabilise temperatures, not to reduce them further

« They will need to do this not because of their own emissions, but because of emissions
that were locked in before they were born

e The only way to reduce this intergenerational debt is rapid emissions reductions now —
specifically, 50% reductions by 2030

Discussion Provocation: The Consent Problem

Future generations cannot consent to the intergenerational debt being created by current permafrost
thaw. They have no voice in the decisions that are loading this burden onto them. Traditional ethical
frameworks (consent, representation, democratic accountability) do not easily address this problem.
What frameworks might? What obligations does this create for current decision-makers?

The glacier as cultural heritage: a rights-based framing

The acknowledgement that glaciers are spiritual beings for many cultures opens a rights-based
framing that goes beyond environmental protection law. If a glacier is recognised as a living
being or as constituting cultural heritage, then its destruction through anthropogenic warming
could be framed as a violation of cultural rights — a position that some indigenous communities
and their legal advocates are beginning to advance in international forums. This is a frontier
area of environmental justice that social scientists are well-placed to analyse.

The transboundary accountability gap

The GLOF data from Sikkim and the nexus brief together reveal a transboundary accountability
gap: hazards and harms cross national borders, but accountability structures do not. A GLOF
originating in Tibet can devastate communities in India. Glacier retreat in Kyrgyzstan reduces
summer water flows in Uzbekistan. The emissions that cause these harms originate globally.
Yet the governance institutions that might assign responsibility, require compensation, or
coordinate prevention are weak, fragmented, and often absent. This is one of the central
unresolved problems of international environmental law.




SECTION 3: TEACHING FOCUS POINTS

3.1 The Permafrost Carbon Feedback: Understanding the Slow Time-Bomb

Of all the concepts in the twelve-source series, the permafrost carbon feedback is perhaps the
most important for students to understand deeply — because it is the least visible, the most
counterintuitive, and the most consequential for climate policy.

The intuitive model of climate change is that if we reduce emissions, temperatures stabilise. The
permafrost feedback breaks this model. Even after human emissions reach zero, permafrost
emissions will continue for up to two centuries. This means:

e The carbon budget — the total amount of CO2 humanity can emit and still stay below
1.5°C — is smaller than most calculations suggest, because those calculations often
under-account for permafrost

* The faster permafrost thaws now, the less carbon budget remains for human activities

e At higher temperatures, permafrost becomes not just a problem but a driver — adding
warming that adds more thaw that adds more warming

For policy students, this changes the calculus of delay. Every year of delay in emissions
reductions does not merely defer the solution — it enlarges the problem by activating more
permafrost carbon that will then be released regardless of future action.

3.2 The Nexus Approach: Integration as Political Challenge

The nexus framework — understanding water, energy, food, and climate as an interconnected
system — is intellectually appealing and practically very difficult. The Central Asia case
illustrates why.

The technical case for integration is clear: a reservoir built for hydropower that releases water at
the wrong season undermines irrigation; an irrigation system that extracts too much water in
summer reduces hydropower capacity in autumn; energy price subsidies that encourage coal
heating in cities contribute to black carbon deposition on glaciers. These connections are real,
and managing them separately produces worse outcomes for everyone.

The political barriers to integration are equally real:

e Ministerial silos: water ministries do not coordinate naturally with energy ministries,
which do not coordinate with agriculture ministries

* National interest vs. regional benefit: what is optimal for the region as a whole may not
be optimal for any single country

* Asymmetric bargaining power: downstream countries with larger economies
(Kazakhstan, Uzbekistan) have different leverage than upstream countries with vital
water control (Kyrgyzstan, Tajikistan)



e Short electoral cycles vs. long-term change: political leaders optimising for the next
election cannot easily commit to adaptation strategies whose benefits accrue over
decades

The nexus approach does not resolve these political barriers. It identifies them clearly and
argues that only integrated, multi-stakeholder dialogue can navigate them. This is
simultaneously its strength and its limitation as a policy framework.

3.3 Early Warning Systems: Technology Is Not Enough

The Sikkim GLOF early warning system case study is a useful vehicle for teaching the gap
between technical solutions and social implementation.

What the system does: sensors at lake level detect sudden water rise, transmit data by satellite
to scientists who run flood models, producing predictions of which villages will flood, how deep
the water will be, and how much time is available before impact. In principle, this gives
authorities and communities the ability to evacuate in time.

What the system requires to work in practice:

* Technical reliability at 5,000 metres altitude, in sub-zero temperatures, for years without
maintenance — an engineering challenge that has not been fully solved

¢ Institutional reliability: the agency receiving the sensor data must be staffed, funded, and
alert at all hours. Early warnings in the middle of the night on a weekend require
institutional arrangements that most systems do not have

« Communication infrastructure: the warning must reach communities that may have no
mobile phone coverage, may speak minority languages, and may distrust government
authorities

* Community preparedness: evacuation is not instinctive. Communities need practised
protocols — where to go, which routes to use, who is responsible for those who cannot
move independently

e Trust: communities that have been warned before and nothing happened will not
respond to the next warning. Communities that have not been warned at all will not know
what the alarm means

The C-DAC pilot project in Sikkim is a genuine advance. But it also illustrates that the social
architecture of early warning is as demanding as the technical architecture — and far less often
funded.

3.4 The Persistence of Coordination Failure: A Cross-Source Finding

One of the most striking findings that emerges from reading all twelve sources together is the
persistence of the same coordination failures across time and geography. Consider:

The Recurring Problem Identified in 2006 (Yokohama Still Present in 2017 (Wellington



Data fragmentation across Data abundant but underutilised Same finding — data governance

national agencies due to insufficient collaboration remains a priority unmet need

Permafrost monitoring gaps  Observatories sparse; Pamir and  Virtually no permafrost monitoring
Alai have no permafrost across Central Asia (Barandun
monitoring 2020)

High-altitude data scarcity Most stations in valleys; highest Meteorological stations sparse at
zones unmonitored high elevations (Part | sources)

Social science research Not discussed — social science 0.02% of Central Asia conference

absent framing barely present presentations on climate

(Sabyrbekov 2023)

This table is not a criticism of the scientists involved — it reflects structural under-investment,
political barriers to data sharing, and the genuine difficulty of monitoring vast, remote, high-
altitude terrain. But for social scientists, the persistence of the same gaps across seventeen
years is itself a finding: the problem is not knowledge but governance.

3.5 What Youth Engagement Actually Means

Both the nexus brief and the Wellington CIliC meeting discuss youth engagement — the nexus
brief through the 'From the Glaciers to the Aral Sea' expedition and the Central Asia Youth for
Water Network; the CliC meeting through APECS (Association of Polar Early Career Scientists).
These initiatives are valuable. But social science students should interrogate what youth
engagement means in practice:

« Is it tokenistic — bringing young people to events as symbolic participants — or
substantive, where young people shape research agendas and policy proposals?

* Which young people? Youth networks in international science tend to skew toward
English-speaking, university-educated participants from countries with strong
international connections. The young farmers and herders most exposed to cryosphere
change in Kyrgyzstan or Tajikistan are rarely in these networks

« Capacity for what? Building local scientific capacity through training programmes is
valuable, but brain drain — trained scientists leaving for better-resourced institutions in
other countries — can negate the investment

These are not reasons to dismiss youth engagement. They are reasons to design it carefully
and evaluate it honestly.




SECTION 4: SCIENTIFIC GLOSSARY FOR SOCIAL SCIENCE
STUDENTS

This glossary covers new terms from Sources 9 through 12. Together with the glossaries in
Parts | and Il, students now have a comprehensive reference covering over 65 scientific
concepts in cryosphere science.

Scientific Term What It Means in Plain Why It Matters for Social Science
Language

Permafrost carbon The self-reinforcing loop where  This feedback makes climate stabilisation

feedback warming thaws permafrost, progressively harder the longer action is
which releases CO2 and delayed. It creates an intergenerational
methane, which warms the burden that future generations cannot
climate further, which thaws escape even if they achieve zero human
more permafrost emissions

Methane (CH4) A greenhouse gas released by = Methane's high short-term potency means
thawing permafrost under wet permafrost thaw in wet Arctic landscapes
conditions. Approximately 80 is especially dangerous. It shortens the
times more potent than CO2 as  effective timeline for avoiding dangerous
a short-term warming agent, tipping points

though it breaks down faster in
the atmosphere

Negative emissions  Technologies or approaches At 2°C+ warming, permafrost emissions
(carbon dioxide that actively remove CO2 from will be so large that negative emissions will
removal) the atmosphere, such as direct  be required just to offset them — before
air capture, bioenergy with any human industrial emissions are
carbon capture, or enhanced addressed. This places an enormous and
weathering potentially unachievable burden on future
technology
Carbon budget The total amount of CO2 that Permafrost emissions reduce the
can be emitted globally while remaining carbon budget available for
still having a reasonable human activities. Understanding this helps

chance of staying below a given explain why the 2030 emissions reduction
temperature target (e.g., 1.5°C)  target is so critical — delay shrinks the

budget faster

Tropical glaciers Glaciers located in tropical Tropical glaciers are already functionally
regions (Andes, East Africa, lost. Their disappearance is destroying
Papua New Guinea). Despite water sources and cultural identity for
their tropical location, high Andean and East African communities.
altitude keeps them frozen — They are the canary in the climate coal
but they are the most mine
vulnerable to warming

Glacier regrowth The recovery of a glacier after The asymmetry between loss and recovery
temperatures stabilise or cool. means crossing certain thresholds is
Possible in theory, but much irreversible on human timescales. Policy
harder than initial formation that treats overshoot as temporary and

because ice dynamics require reversible underestimates this asymmetry
sustained cold conditions to
rebuild



Snowline

Piping (in moraine
dams)

Moraine dam

Ablation area

Geographic
Information System
(GIS)

Seismic zone

Nexus (water-
energy-food-
climate)

IWRM (Integrated
Water Resources
Management)

The elevation above which
precipitation falls as snow
rather than rain. Rises by
approximately 150 metres for
every degree of warming

The gradual internal erosion of
a moraine dam as water
seeping through it washes out
fine-grained material,
weakening the structure from
within until it fails suddenly

A natural dam formed by glacial
debris (rock, soil, ice) deposited
at the edge of a retreating
glacier, which can trap
meltwater to form a glacial lake

The lower zone of a glacier
where melting exceeds snowfall
accumulation. The larger the
ablation area relative to the
accumulation zone, the greater
the net mass loss

A digital system for capturing,
storing, analysing, and
displaying spatial data. Allows
scientists to overlay different
datasets (lake boundaries,
glacier extent, elevation, roads)
on a shared map

An area classified by
earthquake risk based on
historical seismicity. India's
Seismic Zone IV (which
includes Sikkim) indicates high
earthquake probability

The concept that water, energy,
food, and climate systems are
so interconnected that they
cannot be effectively managed
in isolation — decisions in one
domain inevitably affect the
others

A planning process that
promotes coordinated
development and management
of water, land, and related
resources to maximise social
and economic welfare without

A rising snowline means less snow
accumulation on glaciers, earlier
snowmelt, and reduced summer water
availability. It is a directly observable
indicator of cryosphere stress that
communities can witness without scientific
instruments

Piping is invisible from the surface. A dam
that looks stable can be failing internally.
This makes risk assessment difficult and
underscores why continuous monitoring —
not just visual inspection — is essential

Moraine dams are inherently unstable —
loose, unconsolidated, and often
containing buried ice that melts over time.
Their failure is the most common trigger for
catastrophic GLOFs

A glacier in contact with a lake at its
ablation zone is more dangerous because
it can calve ice directly into the water,
generating displacement waves. Lake
proximity to the ablation area is a key
GLOF risk indicator

GIS is the primary tool for GLOF risk
mapping. Its outputs directly inform
disaster risk planning, infrastructure
routing, and evacuation design.
Understanding what GIS can and cannot
show is important for reading risk
assessments critically

Seismic activity compounds GLOF risk by
potentially destabilising moraine dams or
triggering ice avalanches into lakes.
Disaster risk frameworks that treat GLOFs
as isolated events miss this compound
hazard dimension

The nexus framework challenges siloed
ministerial governance and demands
integrated planning. In Central Asia, it
frames the upstream-downstream conflict
as a shared problem requiring joint
solutions rather than bilateral zero-sum
bargaining

IWRM is the international governance
standard for river basin management. Its
implementation in Central Asia is
incomplete and contested. Understanding
its principles helps students evaluate the
gap between stated policy goals and



Interstate
Commission for
Water Coordination
(ICwC)

International Fund
for Saving the Aral
Sea (IFAS)

Brain drain

North Atlantic
Oscillation (NAO)

GLIMS (Global Land
Ice Measurements
from Space)

Thermokarst

CEOP (Coordinated
Energy and water
cycle Observations

compromising ecosystem
sustainability

The regional body created in
1992 by the five Central Asian
states to manage water
allocation in the Amu Darya and
Syr Darya basins after the
Soviet Union dissolved

A regional organisation,
established in 1993, that
coordinates environmental and
water management efforts
related to the Aral Sea basin
among the five Central Asian
states

The emigration of trained
scientists and professionals
from lower-resource to higher-
resource countries or
institutions, leaving behind a
gap in local capacity

A large-scale pattern of
atmospheric pressure variation
over the North Atlantic that
influences temperature and
precipitation across Europe and
parts of Asia

An international scientific
project using satellite data to
monitor the world's glaciers,
producing a global glacier
inventory

A type of terrain formed when
ice-rich permafrost thaws,
causing the ground surface to
collapse, creating irregular pits,
mounds, and lakes

An international programme
that established 'super sites'
with intensive, coordinated

actual practice

The ICWC is the primary multilateral
institution for Central Asian water
governance. Its struggles — including
Kyrgyzstan's 2016 suspension of
participation in IFAS — illustrate the
difficulty of sustaining regional cooperation
without the coercive enforcement
mechanisms that the Soviet system
provided

IFAS is both a symbol of what regional
cooperation can achieve and a
demonstration of its limits. Its governance
has been contested, its mandate
repeatedly renegotiated, and its
effectiveness constrained by political
tensions between member states

International capacity-building
programmes in Central Asian cryosphere
science risk creating brain drain if they
train scientists who then leave for better-
funded positions abroad. Sustainable
knowledge production requires institutional
environments that retain talent

The NAO is one of the large-scale climate
drivers that makes predicting cryospheric
change in high-latitude Asia difficult. Its
interaction with monsoon systems creates
the ‘highly diverse climatic forcing’ that the
2006 Yokohama symposium identified as a
unique challenge for the Asian cryosphere

GLIMS represents an attempt to solve the
data fragmentation problem through
satellite standardisation. The symposium
noted that the Himalayan database within
GLIMS needed completion — a gap that
reflects both technical challenges and the
political difficulty of data-sharing among
South Asian states

Thermokarst landscapes are a dramatic
visual indicator of permafrost degradation.
They can destabilise infrastructure, alter
drainage patterns, and create new water
bodies that become carbon-emitting
methane sources — all in a relatively short
period

The Yokohama symposium noted that
CEORP super site data was underutilised.
This illustrates a broader pattern: data



Project) climate and hydrological collection and data use are not the same
observations at key locations thing. Institutional investment in data
globally management and synthesis is as important

as investment in observation




SECTION 5: KEY CITATIONS AND SOURCE SUMMARY

Source 9: Mountain Glaciers and Permafrost — ICCI Climate Science
Summary

Type: Policy-oriented climate science summary (covers both mountain glaciers/snow and
permafrost)

Primary contribution: The clearest threshold-structured analysis of what different levels of
warming mean for mountain glaciers globally and for permafrost carbon. Introduces the
intergenerational debt framing for permafrost emissions. Connects cultural loss (glaciers as
spiritual beings) to the scientific analysis of glacier retreat.

What it opens for social scientists: The permafrost carbon feedback is the most important new
concept. The 150-200 year persistence of emissions after thaw creates a genuinely novel
ethical problem for intergenerational justice theory. The cultural dimension of glacier loss —
spiritual beings, not just resources — opens debates about environmental rights, indigenous
ontologies, and the adequacy of economic valuation frameworks for understanding what is lost.

Source 10: Where Water Meets Ice — SDC Nexus Brief Nr. 8, October 2019

Type: Policy nexus brief from the Swiss Development Cooperation

Primary contribution: The most comprehensive integrated treatment of the Central Asian
climate-cryosphere-water nexus. Documents the Soviet legacy, the post-independence
fragmentation, the current state of regional institutions, and the full range of adaptation
initiatives underway.

What it opens for social scientists: The nexus brief is the bridge between physical science and
governance. It shows how the abstract findings of glacier science translate into concrete
conflicts over water timing, energy generation, and agricultural livelihoods. The upstream-
downstream conflict is the most important structural feature for political science students; the
nexus framework itself is a productive lens for comparative analysis with other transboundary
river systems.

Source 11: Impacts of Climate Change: GLOFs in Sikkim — Kumar and
Murugesh Prabhu

Type: Peer-reviewed satellite-based monitoring study

Primary contribution: A 45-year record of glacial lake growth in North and West Sikkim, including
identification of the most dangerous lakes, evidence of past GLOFs, and the design of an early
warning system.



What it opens for social scientists: The most place-based and empirically grounded source in
the series. The Tikip Chhu lake — a new landscape feature not on older maps — is a powerful
teaching case for the ontological instability of cryosphere landscapes. The early warning system
design raises all the classic questions about the gap between technical solutions and social
implementation. The oral history evidence from Sebu Chhu models how community knowledge
can complement satellite data.

Source 12: 1st Asia CliC Symposium — State and Fate of Asian
Cryosphere, Yokohama 2006

Type: Scientific symposium report / institutional document

Primary contribution: A multi-country snapshot of Asian cryosphere science as of 2006,
documenting both the richness of national data programmes and the failure of collaboration to
use that data effectively.

What it opens for social scientists: Read alongside Source 7 (the 2017 Wellington CIiC
meeting), this document reveals the long-term persistence of coordination failures in
international cryosphere science governance. The national reports from Mongolia, Pakistan, and
Nepal provide concrete baselines for understanding the state of scientific capacity across the
region. The symposium's emphasis on data sharing as the primary unmet need anticipates
every subsequent source's lament about data gaps — and demonstrates that the problem is
political and institutional, not simply technical.

Synthesis: What Twelve Sources Tell Us Together

Across all twelve sources and three sets of teaching notes, a consistent analytical structure has
emerged. The physical science is clear about direction: glaciers are retreating, permafrost is
thawing, snowlines are rising, glacial lakes are forming and growing, peak water is approaching,
and the consequences will be severe and largely irreversible on human timescales.

The social science questions that this physical change opens are equally clear, and equally
unresolved:

* Who bears the costs of a crisis they did not cause?
* Whose knowledge of glaciers and rivers counts in governance decisions?

* How do we build institutions capable of coordinating across borders, sectors, and
timescales that no existing governance structure was designed to handle?

* What obligations do current generations have to future ones, when the harms being
created are irreversible and the victims have no voice?

* How do we communicate irreducible uncertainty in ways that motivate action rather than
paralysis?



These are not questions that cryosphere science can answer. They are questions that social
scientists — working in dialogue with scientists, policymakers, and communities — must help to

frame, analyse, and ultimately contribute to resolving. That is the task this course asks you to
begin.

IS470N — Environmental Security and Climate Change in Asia
Teaching Notes Part Ill compiled March 2026. For classroom use only.
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