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Abstract 
 

Global warming is causing irreversible glacier retreat. This phenomenon will have major 

consequences for the environment and human systems, particularly in terms of water availability, 

increased natural hazards, slope and valley stability, hydroelectric power generation, tourism, 

culture, and local lifestyles. Only a drastic and rapid reduction in greenhouse gas emissions could 

slow this phenomenon, but this reduction is slow in coming. Countries are experimenting with 

different approaches to mitigate ice melt, including integrated management of glacial and 

periglacial ecosystems and the local application of technologies. These technologies raise 

scientific questions about their effectiveness in a warming climate, and policy questions, 

particularly about their governance and cost. Proactive and sustainable adaptation to glacier retreat 

therefore remains the only realistic and effective approach to minimize the risks associated with 

glacier melt. Reports provided by countries under the United Nations Framework Convention on 

Climate Change (UNFCCC) and the Paris Agreement (PA) provide interesting insights into the 

mitigation and adaptation policies and measures they are implementing or planning, highlighting 

the limitations imposed by the availability of capacity and finance, as well as by the limits of 

adaptation. The disaster that occurred on May 28, 2025 in the Swiss Alpine village of Blatten, 

which was buried under a landslide of ice and rock, and its handling offer useful lessons for 

adaptation to a glacier disaster. The laudable idea of the United Nations General Assembly to 

declare 2025 the International Year of Glaciers’ Preservation must primarily serve the goal of 

adaptation, rather than the apparent illusion that glacier melt can be prevented in the face of global 

warming. This article focuses on the policy aspects of mitigating and adapting to glacier melt. 
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Glaciers are an important part of the Earth’s climate and hydrological system, as well as the 

culture and economy of human societies.1 They are found on every continent and cover an area of 

approximately 700,000 km² (excluding Greenland and Antarctica).2 Glaciers influence the 

ecosystem around them;3 they carve out valleys, fjords, and cirques, leaving their mark on 

landscapes such as Yosemite Valley and the European Alps.4 In the Himalaya, the Andes, the Alps, 

and many other places, they constitute a valuable cultural heritage and provide services to 

downstream populations such as meltwater for drinking water supply, agricultural irrigation, and 

hydroelectric generation. This water contributes to the conservation of mountain river ecosystems 

and riverine habitats that feed aquatic food chains and fisheries downstream to the oceans.5 

Glaciers lend themselves to cultural traditions and tourism in magnificent sites and landscapes.6  
The Intergovernmental Panel on Climate Change (IPCC) defines a glacier as “A perennial 

mass of ice, and possibly firn and snow, originating on the land surface by accumulation and 

compaction of snow and showing evidence of past or present flow. A glacier typically gains mass 

by accumulation of snow and loses mass by ablation. Land ice masses of continental size (>50,000 

km2) are referred to as ice sheets.”7 This definition seems to require further nuance8 at a time when 

“human influence is very likely the main driver of the global retreat of glaciers since the 1990s 

and the decrease in Arctic sea ice area between 1979–1988 and 2010–2019.”9  

As for the data on this retreat, the GlaMBIE team estimated, on a selected set of nineteen 

glacier regions around the world, that “since 2000, glaciers [in all regions] have lost between 2% 

and 39% of their ice regionally and about 5% globally. [...] with an increase of 36 ± 10% from the 

first (2000–2011) to the second (2012–2023) half of the period.”10 GlaMBIE also estimates that 

this melting contributed to a sea level rise of eighteen mm between 2000 and 2023. These 

conclusions are, overall, comparable to those of AR6,11 although with some regional differences 

due to the different observation methods used. 

The potential consequences of mass loss from glaciers are manifold, ranging from increased 

risks of natural hazards such as slope instability, landslides, and glacial lake outburst floods 

(GLOFs), to impaired water supplies for downstream ecosystems and populations and a 

contribution to sea level rise with implications for coastal flooding worldwide.12 The World 

Meteorological Organization’s (WMO) State of the Climate 2024 report estimates that glacial melt 

poses risks to at least nine of the seventeen Sustainable Development Goals.13 

The United Nations General Assembly was concerned about these risks and adopted 

resolution A/RES/77/158 in December 2022, declaring 2025 the International Year for Glacier 

Conservation, and March 21 of each year World Glacier Day, starting in 2025. These decisions 

aim to raise global awareness of the crucial role of glaciers in the Earth’s climate system and 

hydrological cycle, and their importance for the environment and society.14 The disaster that 

occurred on May 28, 2025, in the Swiss Alpine village of Blatten highlighted the natural risks 

associated with melting glaciers,15 as well as the policy issues, particularly for adaptation, that 

arise in such a situation. 

Climate models project that glacier retreat will continue for decades, even under the lowest 

emissions scenarios.16 To slow or halt this retreat, a drastic and rapid reduction in greenhouse gas 

emissions from human activities is necessary.17 In addition to reducing greenhouse gas emissions, 

countries are taking measures to mitigate and to adapt to glacier melt. In this article, we will define 

glacier melt mitigation as any human intervention, including at the local level, aimed at reducing 

or halting melting; and adaptation as “[in human systems,] the process of adjustment to actual or 

expected climate and its effects, in order to moderate harm or exploit beneficial opportunities.”18 

Local measures to protect glaciers will be considered here as mitigation. It should be noted that 
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mitigation and adaptation measures can be synergistic, and that it is sometimes difficult to clearly 

separate mitigation and adaptation. Countries report on their policies and measures related to 

glaciers in the various reports they submit to the UNFCCC, inter alia National Communications, 

Nationally Determined Contributions, and Adaptation Communications, which we will use as a 

source of information in this article.19 

In general, countries’ legislation addresses glaciers according to the services they provide and 

the functions they perform. Thus, because they provide water-related services, glaciers are 

included in water laws; because they must be protected as ecosystems or landscape elements, they 

are included in laws protecting the natural environment; because they generate hazards, they are 

included in laws preventing natural risks; and so on for their cultural, landscape, and tourism 

functions.20 With the exception of Argentina21 and Tajikistan,22 which have adopted laws on 

glaciers, the countries do not have laws on glaciers specifically. This is the reason for the proposal 

to consider glaciers as sui generis legal entities in order to adopt legislation regulating all their 

aspects and functions, and not just one of them, for example solely as a “water resource.”23 This 

is the approach taken by Argentina with its national law on glaciers—defined as public goods—

which aims to protect glaciers and the periglacial environment. The objectives of the law are the 

preservation of glaciers as strategic water reserves, the preservation of biodiversity, the protection 

of glaciers as a source of scientific information, and their promotion as a tourist attraction. The 

law restricts all activities that may affect the natural state of glaciers, including the emission of 

pollutants, the construction of architectural works or infrastructure, the exploration and 

exploitation of mines and fossil fuels, and the installation of industries.24 The same applies to 

Tajikistan, which has a similar law.25  

The political status of glaciers is reinforced by their inclusion among the fifty Essential 

Climate Variables26 defined by the Global Climate Observing System (GCOS). The IPCC 

periodically assesses the policy relevance of the information gathered through monitoring and 

scientific research conducted in countries with glaciers and at the international level.27  

All countries face the political challenge of financing mitigation and adaptation measures, 

particularly with regard to glacier melt. The resources needed to meet this demand are unevenly 

distributed globally.28 For developing countries, this question arises in light of Article 4 of the 

UNFCCC and Articles 3 and 7 of the PA,29 and raises a debate about the role that the public and 

private sectors should play.30 

The remainder of this article considers examples of national policies for mitigation and 

adaptation to glacier melt, with reference to international cooperation under the UNFCCC and the 

PA’s Global Goal on Adaptation (GGA), draws policy lessons from the Blatten disaster, and 

discusses the policy relevance of the efforts of glacier science networks and funding. The article 

concludes with recommendations for action in the face of glacier retreat. 

 

Glacier Melting, Mitigation, and Adaptation 
 

The relevant policy framework and national measures relating to mitigation and adaptation to 

glacier melt are presented in the reports that countries provide to the UNFCCC and the PA, and 

focus mainly on water availability in glacier catchment areas, natural hazards associated with 

glacier melt, and consequences for populations and their environment. However, these reports do 

not necessarily provide a complete and detailed picture of national and subnational efforts by 

countries in all sectors affected by glacier melt. Nor are they exhaustive in terms of relevant 

legislation and approaches to mobilizing the necessary technological and financial resources, 
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including through international cooperation. A synthesis of the measures implemented or planned 

by all countries is not yet available and the Adaptation Committee of the UNFCCC will publish a 

first report on this subject soon,31 where, it is hoped, the specific measures on glaciers will be 

presented. It should be noted that measures are all the more relevant and effective when they are 

based on scientific evidence and supported by the participation, priorities, and preferences of 

stakeholders, particularly local communities, who contribute useful traditional and local 

knowledge and for whom the aesthetic, cultural, and even spiritual dimensions of glaciers are 

important.32 

In the case of glaciers, some approaches combine mitigation and adaptation. This is the case 

in the Peruvian Framework Climate Law,33 which provides for ecosystem management for glacier 

mitigation and adaptation. In this article we will classify integrated ecosystem management as 

mitigation, while Argentina indicates “integrated management of glaciers and mountain basins” 

for adaptation, and specifies that “ecological restoration actions in glacial areas have been 

launched since 2020, integrating adaptive management techniques.”34 

 

Mitigation 
 

The IPCC special report on the ocean and cryosphere in a changing climate (SROCC) concludes 

that “Reducing GHG [greenhouse gas] emissions is the main action to limit global warming to 

acceptable levels and reduce the occurrence of extreme events and abrupt changes.”35 Therefore, 

reducing emissions is the most effective mitigation measure against glacier melt. This being 

established, other policies and measures can contribute to reducing glacier degradation and retreat, 

and they will be considered in this article as mitigation measures for glacier melt. 

Argentina and Tajikistan are the only countries with a law on glaciers. The Argentine law36 

aims to protect glaciers and their periglacial zone and prohibits, “in glaciers,” the emission of 

pollutants, constructions, infrastructure or industries, exploration, and mining, which could affect 

the natural state of glaciers, destroy them, move them or interfere with their advance or with their 

functions as strategic water reserves for human consumption, agriculture, and recharge of river 

basins; protectors of biodiversity; sources of scientific information; and tourist attraction.37 The 

Tajik law38 is similar to the Argentine law and specifies what is “glacier protection - a set of 

requirements and measures to prevent and eliminate the negative impact of economic activity on 

glaciers.” It establishes a fund for the protection of glaciers, funded in particular by international 

financing. 

In the absence of such legislation, other countries consider glaciers to be areas that must be 

protected39 and thus hope to mitigate their melting through integrated ecosystem and watershed 

management,40 reducing the impact of water resource exploitation and mining in glacial and 

periglacial areas, and regulating tourism and related infrastructure such as ski lifts.41 A few other 

examples are useful to illustrate this approach with legal instruments at the national and 

subnational levels. This is the case in Switzerland, which does not have a specific national law on 

glaciers, but protects them through two levels of jurisdiction, national and subnational (the 

cantons). The Swiss Civil Code defines glaciers as “ownerless and public objects” and therefore 

subject to cantonal legislation.42 However, national laws protect glaciers: First of all, the Federal 

Law on the Protection of Nature and Landscape (LPN), with its Article 6, which stipulates that 

sixty-two percent of the 1,000 km² occupied by Swiss glaciers are classified as sites of national 

importance and must be preserved intact; and by its Article 3, which also applies to glaciers as 

sites “characteristic of the landscape.”43 Then, the National Law on Ski Lifts, which expressly aims 
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to preserve high mountains and glaciers.44 In addition, there are the laws of the cantons, which are 

governed by the LPN, and require permits for activities in glacial and periglacial zones. Another 

example of glacier protection is provided by the Chilean mining policy,45 one of whose objectives 

is the protection of glaciers. In 2024, France adopted a “Strategy for risks of glacial and periglacial 

origin.”46 Pakistan also announced glacier protection objectives in its Updated National Climate 

Change Policy (2021):47 “Protect the HKH [Hindu Kush Himalaya] glaciers, considered the 

world’s water tower, by declaring them as ‘protected areas’ through agreements among countries 

sharing the Himalayan region,” and “Promote and encourage the use of glacier grafting techniques 

in high altitude areas,” an ancient technique which consists of transporting ice to high altitude to 

create a new small glacier that serves as a water reservoir.48 In Austria, in the state of Carinthia, 

the Kärntner Naturschutzgesetz 2002 - K-NSG 200249 provides in its Article 7 for the protection 

of glaciers: “In the area of glaciers and their watersheds, any lasting damage to the landscape is 

prohibited.” However, its Article 10 allows “Exceptions to the prohibition referred to in Article 7 

[…] if the public interest of the measure must be considered superior, from the point of view of 

the common good, to the public interest of preserving glaciers and their watersheds from disruptive 

interventions.” As can be seen, the law reflects the confrontation of divergent interests and 

establishes priorities. 

Technologies constitute other mitigation measures, some of which have been tested in situ, 

while others are still at the conceptual stage.50 They consist, for example, of adding artificial snow 

to the surface of glaciers using “snow cannons,” modifying the albedo of the glacier surface by 

covering it with textiles or scattering glass microspheres that increase the reflection of incident 

solar radiation, stimulating precipitation on glaciers, modifying the solar radiation incident on the 

glacier, and pumping and adding meltwater from the base of the glacier to its surface in order to 

thicken the area where the glacier melts.51 An assessment of these approaches shows that they are 

difficult to implement on a large scale due to their cost and technical challenges, and that they do 

not solve the problem of glacier melt on a global scale.52 They raise scientific questions about the 

effects of their use, both locally and on a larger scale; as well as political questions about the 

authorization process; the involvement of local populations; and their cost and who should bear it, 

local actors, the national budget, or the private sector. Science is not yet able to provide answers 

to many of these questions, and it is unclear how countries could address the issue of liability in 

the event of negative effects related to the use of these technologies, as they do not have specific 

laws on this subject. However, with regard to snow cannons, several countries have put in place 

relevant regulations at the national or subnational level, particularly in the area of water resource 

management.53 For the covering of glacier surfaces to protect them from melting, several countries 

require that promoters of such initiatives, such as operators of glacier-related tourist sites, obtain 

authorization from the competent authorities.54 

Another measure to mitigate glacier melt is to reduce anthropogenic emissions of particles 

such as black carbon, which settle on the surface of glaciers, absorb light, and contribute to their 

melting.55 Most countries have adopted laws aimed at reducing these emissions.56 

Also worth mentioning is the proposal to monetize the services provided by glaciers, which 

should lead to a rationalization of the usufruct derived from glaciers, and thus to their protection.57 

In practice, as is the case in other environmental areas,58 a glacier protection tax would be levied 

on tourism, hydroelectric, mining, and irrigation services provided by glaciers and reinvested in 

glacier protection.59 This tax would require political consensus and legislation defining the 

conditions for its collection and the use of the revenue.60  
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Adaptation 
 

Adaptation to climate change is provided for in Articles 3 and 4 of the UNFCCC. The PA 

introduced a Global Goal on Adaptation in its Article 7. Adaptation is imperative given that the 

inertia of the climate system will induce glacier melting even with a drastic and rapid reduction in 

global greenhouse gas emissions.61 This melting will have predominantly negative effects because 

even positive effects, such as increased availability of glacier meltwater to power hydroelectricity 

production, will be limited in time until the glacier melts.62 Adaptation must therefore minimize 

the risks and damage resulting from glacier melting, without neglecting to take advantage of 

potential benefits on various time scales. In their communications to the UNFCCC and the PA,63 

countries indicate that the negative consequences to which they are exposed concern, in particular, 

the availability and quality of water released by melting glaciers, which could be affected by 

contaminants, such as mercury; the instability of high mountain slopes; the decline in agricultural 

yields; the degradation of the aesthetic and cultural aspects of high mountains; and tourism and 

recreation. In the absence of a specific law for glaciers, countries indicate adaptation measures 

mainly in relevant laws, notably in sectors such as water, natural hazards, and the resilience of 

populations and ecosystems. It should be noted that developing countries have started by taking 

adaptation measures before implementing climate change mitigation measures, in accordance with 

the provisions of Article 4 of the UNFCCC. For example, Bolivia started with adaptation in 2010 

while mitigation was planned for the period 2021–2030.64 

Regarding policies and measures—already implemented or planned—related to water 

management, their importance is evident, as it is estimated that almost two billion people 

worldwide depend on water from glaciers.65 In the Andes, the Andean Community, which 

establishes a framework for regional cooperation, adopted in 2021 the Andean Strategy for 

Integrated Water Resources Management,66 integrated management allowing a systemic process 

for the development, assignment, and monitoring of water uses, according to social, economic, 

and environmental objectives that seek sustainable development.67 In Asia, the Asian Development 

Bank (ADB) is carrying out projects specifically targeting glacier melting and its impact on water 

supplies in countries68 such as the one in Tajikistan, Managing Glacier Loss and Water Security 

(M-GLOW), one of whose objectives is to strengthen the capacities of decision-makers for 

evidence-based decision-making for climate adaptation and water resource management. Another 

example is that of Switzerland, in the Alps region, with the 2020–2025 Action Plan for Adaptation 

to Climate Change,69 which devotes numerous measures to water management and hydrology. 

Before developing this Plan, preliminary work was conducted to scientifically assess the 

challenges, risks, and opportunities associated with climate change in Switzerland across all 

environmental and societal domains, particularly in the areas of water and hydrology. Based on 

this, a degree of urgency was defined for each challenge, risk, and opportunity, and measures were 

recommended. 

Another major theme reported by countries trying to adapt to melting glaciers is the 

management of natural hazards, which affect populations and infrastructure. Nepal and Pakistan, 

among other countries, are announcing measures such as early warning and evacuation systems in 

case of danger, as well as drainage structures to reduce the risks associated with glacial lake 

outburst floods (GLOFs), measures that are repeated in all countries with glaciers.70 Slope 

weakening in high mountains and increased landslides are additional risks associated with melting 

glaciers, as illustrated by the disaster that struck the Swiss village of Blatten. In this case, disaster 

management and minimization of human losses were ensured through national and subnational 
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legislation that provides measures to anticipate natural hazards.71 At the international level, the 

Sendai Framework under the aegis of the United Nations Disaster Risk Reduction (UNDRR), 

which aims to reduce disaster risks, is relevant.72  

Finally, countries are seeking to strengthen the resilience of populations to glacier melt 

through various means, such as information provision, e.g., Argentina,73 Peru,74 and Switzerland,75 

and infrastructure development that takes into account natural hazards, including support for 

climate risk insurance schemes, e.g., Switzerland76 and Nepal.77 Other measures promote the 

resilience of periglacial ecosystems and glacial basins, e.g., Peru,78 Argentina,79 and Tajikistan.80 

Finally, there are some positive consequences of glacier melt, which also require adaptation 

measures. The first, in the short term, is greater availability of meltwater, which can create lakes. 

These lakes, once developed, can be used for tourism and recreation, as well as reservoirs for 

retaining and storing water for various purposes such as the production of hydroelectricity and 

irrigation. Melting glaciers could also benefit plant species living on the margins of glaciers, which 

will have more surface area available as the ice recedes.81  

 

Lessons from Blatten 
 

The village of Blatten, located in the Lötschental Alpine Valley in the canton of Valais, 

Switzerland, was 90 percent buried on May 28, 2025, under debris from the collapse of the Birch 

Glacier and Kleines Nesthorn.82 Blatten is located in the Jungfrau-Aletsch-Bietschhorn region, 

which was declared a UNESCO World Heritage Site in 2001. This region attracts many tourists 

for its ski slopes and cultural heritage such as the Tschägättä carnival. Only one human casualty 

was reported, as the population was evacuated as early as May 19. Immediately after the collapse, 

the Lonza River, which flows through the valley, was dammed by the debris and formed a lake, 

submerging the village’s unburied structures. Blatten’s three hotels were destroyed, and agriculture 

lost its meadows, pastures, and forage areas. A few weeks after the disaster, the Blatten example 

provides an opportunity to examine relevant policy areas for adaptation to glacier melt, such as 

preparedness, disaster management, and proposed aftermath solutions. 

Blatten benefited from natural hazard monitoring and the evacuation of its population on May 

19, before the disaster, based on the 2023 law of the canton of Valais on natural hazards and 

watercourse management.83 A critical point is that in the canton of Valais, unlike the majority of 

cantons in Switzerland, property insurance is not mandatory and is left to the private insurance 

sector, which, in the event of a disaster, can be costly for owners who have not insured their 

buildings.84 At the national level, there are legislative gaps in Switzerland regarding natural 

disasters, as noted by the country’s top magistrate, the president of the National Council, one of 

the two chambers of the national parliament, who declared herself in favor of adopting a national 

law for natural disasters, including financial aspects.85 

The management of the situation after the disaster was carried out as provided for in the 2013 

cantonal law on the protection of the population and the management of special and extraordinary 

situations,86 which established a crisis management headquarters in the municipalities to 

collaborate closely with the cantonal authorities. In the case of Blatten, it included military 

specialists in natural disasters, as well as private sector experts and geologists.87 The disaster area 

and the surrounding slopes, which are still unstable, remain on alert, closed to the public, and 

secured. The risks posed by the lake, formed by the river being blocked by debris, have been 

controlled so that they do not pose a danger downstream. Authorities have built emergency access 
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roads to the Blatten hamlets spared by the disaster, which will have temporary electricity, 

sanitation, and water networks by 2026. 

The residents of Blatten benefited from the solidarity of neighboring villages, which relocated 

them, provided them with basic necessities, and offered schools to their children. The national 

community also mobilized to provide emergency financial resources: millions of Swiss francs 

were pledged by the canton of Valais, the Swiss Confederation, and the Swiss population, in the 

first days and more were collected in the following weeks.88 Solidarity with those affected by 

natural disasters is a well-established tradition in Switzerland.89 The loss of livelihoods of Blatten 

residents in the tourism, agriculture, and service sectors exposes them to indebtedness, particularly 

to banks regarding mortgages on buildings. In this regard, the banks took measures to delay the 

payment of these mortgages. Charitable organizations such as the Red Cross and Caritas also 

mobilized to support the residents.90 

Other consequences of the disaster concern the village’s unique culture and heritage—the 

carnival characters, festivals, and landscape. These are threatened if the residents disperse to other 

villages and lose Blatten’s identity. As for the ecosystems of the disaster area and the debris, with 

a lake formed by the Lonza River, a modified flow and sedimentation regime, and new coastal 

habitats, they will likely require several decades to revegetate.91  

A few weeks after the disaster, the prospect of repairing the damage and rebuilding the site of 

the buried village is proving challenging. Pending a decision from the authorities regarding a 

hypothetical reconstruction of the buildings on a site to be determined, insurers have estimated the 

insured damage at CHF 260 million (USD 320 million) for the buildings and CHF 60 million (USD 

75 million) for loss of economic activity.92 Roads and other shared infrastructure such as drinking 

water services are the responsibility of the community, i.e., will be paid for through taxes. 

The disappearance of the village and its hypothetical reconstruction raises the question of the 

limits of adaptation, which is not only a technical debate but also a question of societal values.93 

The Blatten disaster has sparked a debate in Switzerland between those who believe it is too risky, 

and therefore too costly, to maintain human settlements and economic activities in vulnerable high 

mountain areas exposed to melting glaciers, and those who believe that after the disaster, it is 

necessary to rebuild.94 Nothing illustrates the attitude of the latter better—in accordance with 

priority four of the Sendai Framework “building back better” after the disaster—than the song “Le 

Vieux Chalet” by Abbé Bovet: the chalet is destroyed because “The snow and the rocks / United 

to tear it down.” but “High up there on the mountain, there is a new chalet. / Because John, with a 

valiant heart, / rebuilt it more beautiful than before.”95 However, contrary to this heroic attitude, a 

survey conducted after the disaster revealed that when asked, “Do you think it is fair for the 

authorities to force people to leave their homes, even if there is only a risk of an event occurring 

in the medium term?”, more than half of the Swiss population answered “yes.”96  

In conclusion, the Blatten disaster demonstrated the relevance of UNDRR recommendations 

on crisis preparedness and management.97 It also raised the question of the limits of adaptation. 

 

Scientific Support 
 

International cooperation strengthens national efforts in glacier observation—for example, Glacier 

Monitoring in Switzerland (GLAMOS)—and research. This is the case with the World Glacier 

Monitoring Service, the Global Terrestrial Network for Glaciers, and the Global Climate 

Observing System. Glacier research is part of the World Climate Research Programme. The 

relevant knowledge available on glaciers is then periodically assessed by the IPCC, which 
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complements it with the assessment of information provided by countries.98 The work of these 

organizations provides a valuable basis for making informed scientific decisions regarding 

glaciers. 

Furthermore, the Global Framework for Climate Services (GFCS), under the auspices of the 

WMO, promotes relevant climate services in areas related to glaciers such as agriculture, disaster 

risk reduction, energy, environmental protection, tourism, and water resources (although the GFCS 

does not devote a specific section to them). This information serves as a basis for informed 

decision-making. The GFCS also encourages the establishment of national centers for climate 

services, which have emerged in many countries.  

The Blatten disaster highlighted policy-relevant scientific issues, such as the monitoring of 

natural hazards at the local level, including cascading hazards; the need to clarify who should carry 

out this monitoring—local or national authorities, or the private sector—and whether it should be 

done continuously or sporadically and with what resources; the role of information, 

communication, and experts in political decision-making and the participation of affected 

populations; the adequacy of legislation to support the population against natural hazards, 

including financial aspects; and finally, the limits of adaptation. 

Financial and technological constraints in countries limit their ability to monitor glaciers for 

disaster prevention purposes. This situation can lead to ad hoc monitoring solutions. In the case of 

Blatten, private companies under contract with the canton of Valais contributed to glacier 

monitoring.99 

 

Funding Issues 
 

The SROCC states that “People with the highest exposure and vulnerability are often those with 

the lowest capacity to respond.”100 In their communications to the UNFCCC and the PA, countries 

with glaciers indicate the approaches adopted to finance policies and measures in various sectors 

related to glaciers. However, the implementation of these policies and measures is hampered by a 

lack of human, financial, and technological resources. These resources, including the role of public 

and private insurance, also vary from country to country.101 In addition to their own financial 

capacities, both public and private, developing countries rely on international cooperation and the 

New Quantified Collective Goal (NQCG) adopted in 2024,102 based on Article 4 of the UNFCCC 

and Article 7 of the PA,103 which is generating debates about the role of the private sector in 

financing adaptation.104 International development finance institutions such as the Green Climate 

Fund and the Global Environment Facility are useful in supporting both mitigation (e.g., integrated 

management of glacial and periglacial ecosystems) and adaptation (e.g., water, agriculture, 

infrastructure, and hydropower projects). Developed countries, on the other hand, combine 

national and subnational financial resources with private resources, for example those from sectors 

that benefit from glacier services such as tourism and hydroelectric production.105  

 

Next Steps 
 

The most effective recommendation for protecting glaciers is to reduce greenhouse gas emissions. 

At the same time, and aware that global warming will inevitably lead to the melting and 

disappearance of many glaciers in the short and medium term, countries with glaciers should reach 

a political consensus around a national framework law on glaciers including elements that have 

been discussed in this article. If they do not adopt such a framework law, they should at least 
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declare glaciers as protected areas and promote the integrated management of glacial, periglacial, 

and watershed ecosystems. The issue of limits to adaptation should be considered.  

International policy cooperation on glaciers should intensify, building on the momentum 

generated by the United Nations Year of Glaciers’ Preservation in 2025 and, among others, the 

High-Level International Conference on Glaciers’ Preservation held in Dushanbe in May 2025, 

which encouraged the “launch of a Global Glacier Agenda” to “raise the status of glaciers and the 

cryosphere.”106 Under the UNFCCC, the PA, the Convention on Biological Diversity, and other 

relevant bodies, the role of glaciers should be recognized, given their importance to the climate 

system, river basins, and biodiversity. The international policy processes should emphasize 

adaptation and promote mitigation primarily through reducing greenhouse gas emissions, 

declaring glaciers and their basins protected areas, and regulating technologies such as solar 

radiation modification. Transboundary cooperation should be encouraged where glaciers feed river 

basins spread across several countries. Furthermore, with regard to climate services, the GFCS 

should expand its information on glaciers. 

The scientific support needed for glacier policy is not limited to monitoring and geophysical 

research on the inexorable loss of glacier mass. For research on adaptation—which has become 

inevitable—to be policy relevant, it must take into account the diverse perceptions and interests of 

populations and economic actors107 on “1) socioeconomic impacts; 2) hydropower; 3) agriculture, 

irrigation, and food security; and 4) cultural impacts.”108 This does not mean abandoning glacier 

monitoring and research efforts at the national and international levels. On the contrary, these 

efforts as well as international collaboration must be continued and intensified. A first step toward 

making scientific research policy relevant is to engage with policymakers and communities 

affected by glacier melt to define the objectives of glacier observation and scientific research. 

These partners formulate policy-relevant questions that the scientific community can address, 

including socioeconomic and cultural issues. A second step is the assessment of this knowledge in 

the Seventh Assessment Report of the IPCC and in the Second Global Report of the 

Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services, both 

currently in preparation. The final step is to share with decision-makers and affected populations 

the options for successful and transformative adaptation, taking into account the diversity of 

interests and visions regarding glaciers and their melting. It should be noted that the sharing of 

knowledge and observational data is not self-evident, and specific policies should promote it. To 

this end, hopes are placed in the United Nations Decade of Action on Cryospheric Sciences (2025–

2034). 

International consensus on financial support for developing countries regarding glaciers 

should be reached under the UNFCCC and the PA, and echoed by international funds and 

institutions responsible for climate finance. In developing countries, this funding is required both 

for observation and research, as well as for implementing measures. The role of private finance 

needs to be clarified. Further consideration should also be given to the idea of taxing the services 

provided by glaciers and reinvesting the revenue in glacier protection. 

A new avenue not explored in this article is one that could be opened up by the recent advisory 

opinion of the International Court of Justice on the “Obligations of States in respect of Climate 

Change,”109 which could be relevant to the protection of glaciers. 
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Conclusion 
 

From a physical perspective, preserving a piece of ice can be achieved by protecting it from 

mechanical destruction or maintaining it at a low temperature. Conversely, glaciers are exposed to 

mechanical damage caused by tourism, infrastructure, and mining activities, as well as rising 

atmospheric temperatures. This suggests that glaciers are inevitably doomed to retreat and melt. 

Snow cannons or covering certain glacier areas with textiles can only slow this trend locally. All 

that remains is to adapt to the melting of glaciers. At the national level and from a political 

perspective, only a law on glaciers can ensure the necessary coherence and the means for effective 

action, harmonizing the diverse visions of the relationship between humans and nature, the safety 

of populations and ecosystems, and economic interests. Argentina and Tajikistan are currently the 

only two countries, out of twenty-four countries with glaciers, to have adopted a law on glaciers. 

Other glacier-covered nations should do the same. In the meantime, efforts to mitigate and adapt 

to glacier melt must continue. For mitigation, integrated ecosystem-based management approaches 

to glaciers, periglacial areas, and their watersheds are useful. As for the proposed technologies, 

they have limited potential, are costly, and raise numerous questions, particularly in terms of the 

environment and governance. The very principle of the use of these technologies is questionable 

in the context of global warming, which inexorably leads to glacier melt. For adaptation, countries 

are continuing their efforts, individually and collectively, particularly within the framework of the 

PA’s global adaptation goal, including financing measures in developing countries. The urgency 

of climate action must be understood by all and foster the necessary political agreements, both at 

the national level and within the PA, by setting priorities, promoting international collaboration, 

and making sufficient resources available. The Blatten disaster highlighted the need to prepare to 

minimize the effects of the disaster, manage the crisis, and support the affected populations. Each 

glacier is unique, as are the dangers it poses. Responses to these risks must involve local 

populations in the decision-making process. 
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