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Permafrost distribution

(HI-WISE, 2023)

• In the northern hemisphere, there is about 21 million km2 of 

permafrost.

• ~1.5 million km2 (7%) of the total permafrost area – lie within the 

Hindu Kush Himalayan (HKH) region. 

• Estimates of permafrost area for the HKH vary (1.19 – 2.25) million

km2
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Permafrost-related activities

• Permafrost Monitoring & Capacity Building

• ​Regional Conferences & Workshops

• Regional & Global Assessments

• Basin Scale Permafrost-related Risks Assessment

• Permafrost issue brief



Permafrost monitoring & 

capacity building Permafrost monitoring sites are 

established in Langtang, Mustang and 

Humla in Nepal.

Workshops and seminars are organized 

for capacity building.





Permafrost monitoring in Langtang
Almost 10 years of measurements  using iButtons, TidbiT sensors, UTL loggers, Geoprecision sensors, and a 

micro-weather station with soil moisture, soil temperature, air temperature and solar radiation sensors
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Permafrost monitoring – Ground surface temperature
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Permafrost monitoring – Micro weather station 

Micro-weather 

station



Permafrost monitoring – Micro weather station 

HOBO USB Micro Station 

Data Logger



Permafrost monitoring – Micro weather station 
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Langtang Valley, 

Central 

Himalayas

• Mapping permafrost hazards

• Permafrost hazard susceptibility maps



Langtang Valley, 

Central 

Himalayas

• Permafrost probability distribution maps

• Mapping rock glaciers

• Permafrost mapping using a combination of field-

based measurements, remote sensing (MODIS land 

surface temperature data set) and machine learning 

algorithms 



Permafrost monitoring in Humla
Two years of measurements  using TidbiT sensors and micro-weather stations with soil moisture, soil 

temperature, air temperature and solar radiation sensors

TidbiT 

sensor in 

Halji

Micro-weather 

station at 

Tungling



Humla, Western 

Himalayas

• Micro-weather stations, ground surface temperature 

and soil moisture measurements (2021)

• Permafrost maps



Humla, Western 

Himalayas

Permafrost related hazards 

• Thaw slumps

• Destabilizing side walls (Limi Lapcha Road)

• Uneven ground surfaces 

• Debris flow activities 

• Active layer detachment slides



Humla, Western 

Himalayas

• Impacts of changing permafrost on livelihoods and 

ecosystem services 



Interacting with the local 

community



Micro-weather 

station in 

Humla



Slope destabilization

Limi Lapcha Road



Losses of livestock



Sediment load



Mustang, Western 

Himalayas

• Micro-weather stations, ground surface temperature 

and soil moisture measurements (2021)

• Permafrost maps

• Field-based evidence of permafrost degradation

Patterned grounds
Frost cracking

Slope failures
Superficial

Permafrost 

degradation



Regional trainings

Regional Training On Analysing Permafrost In The 

Hindu Kush Himalaya Using Open Access Tools



Regional trainings



Regional 

conferences & 

workshops

• Cryosphere Forum 2021 in September 2021



Regional 

conferences & 

workshops

• Workshop on Developing a strategy to monitor permafrost 

changes in the Hindu Kush Himalaya in June 2022



Regional & 

global 

assessments

• Water, ice, society, and ecosystems in the Hindu Kush Himalaya - An 

Outlook

• Comprehensive review paper about climate change impacts and 

adaptation to permafrost change in High Mountain Asia



Regional & 

global 

assessments

• Socioecological dynamics of diverse global permafrost-agroecosystem 

under environmental change 

• Research capability mapping



Hazards, vulnerabilities and risks posed by future effects 

of climate change on permafrost in Narayani River Basin 



Study Area
• Narayani River Basin (25.49 – 29.28 º N and 85.02 – 85.83 º E) lies in the Central Himalayan region of Nepal

• Total area of Narayani River Basin: 37,440 km2

• Elevation ranges from around 90 meters above sea level ( m asl) to 8150 m asl.



Permafrost & hydropower
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Permafrost & hydropower









Narayani 

River Basin - 

permafrost 

related risks

• Permafrost probability distribution map (1970 – 2000) 





Narayani 

River Basin - 

permafrost 

related risks

• Permafrost extent (1970 – 2000)
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River Basin - 

permafrost 

related risks

• Permafrost extent (1970 – 2000)



Narayani 

River Basin - 

permafrost 

related risks

• Permafrost extent maps for 1970 – 2000 and 2021 – 2040 



Narayani 

River Basin - 

permafrost 

related risks

• Glacial lakes on marginal permafrost





Narayani 

River Basin - 

permafrost 

related risks

• Permafrost slope disturbances



Narayani 

River Basin - 

permafrost 

related risks

• Permafrost slope disturbance susceptibility map





Permafrost issue brief and regional 

permafrost synthesis 



Permafrost issue brief

Proposed title

Climate Change and Permafrost in the Hindu Kush Himalaya (HKH):

Concerns, Risks, and Resilience



Section 1

• What is permafrost?

• How can permafrost be detected and monitored?

• How large is permafrost area in the HKH?

• How well is permafrost investigated in the HKH?

Permafrost in the HKH: 

distribution and characteristics



Map of HKH

Figure 1: Map of HKH with 

distributed probability of 

occurrence of permafrost 

(Obu et al., 2019). 



Section 2

• Why is permafrost important ? 

• What is happening to permafrost in the HKH?

• What happens when permafrost thaws and degrades?

Permafrost changes in the HKH: 

consequences and challenges 



What happens when 

permafrost thaws 

and degrades?

Figure 2: Examples of potential permafrost 

hazards and associated impacts on landforms in 

different elevation ranges in the HKH . 



Impacts of changes in permafrost



Impacts of changes in permafrost



Impacts of changes in permafrost



Impacts of changes in permafrost



Section 3

• Permafrost in global climate assessments

• Permafrost monitoring networks

• Permafrost projects

• Adaptation practices 

Permafrost in a changing climate: global 

impact, monitoring, and adaptation strategies 



Section 4

• What are the potentials and challenges?

• SDG 13 and strategic framework   for adapting 

to permafrost-related hazards in the HKH 

• Recommendations 

Building resilience to permafrost-

related hazards in the HKH



What are the potentials and challenges?

Figure 3: Climate 

change, changes in 

permafrost, resulting 

impacts, and proposed 

measures for building 

resilience in the HKH.  

(Source: Adapted from 

(Huggel et al., 2019)). 
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What are the potentials and challenges?



SDG 13 and strategic 

framework   for 

adapting to 

permafrost-related 

hazards in the HKH 

Figure 4: Strategic framework and initiatives, 

compliant with SDG 13 and its targets, to adapt 

to impacts of permafrost degradation due to 

climate change in the HKH.



SDG 13 and strategic 

framework   for 

adapting to 

permafrost-related 

hazards in the HKH 



Recommendations

1. Promote permafrost knowledge in the HKH and inform and educate general public through 

easily accessible and understandable literature published in regional languages.

2. Develop a permafrost-resilient infrastructure strategy and implement it during the design 

and construction of infrastructure in high-mountain environments  .

3. Include permafrost in national as well as regional policy dialogues and climate policies in 

the HKH, such as policy related to road construction, hydropower development, tourism, 

and other relevant sectors.

4. Integrate permafrost and permafrost-related hazards in national as well as regional climate 

change adaptation as well as disaster risk reduction policies, guideline and programmes.

5. Strengthen capacity of governments and academic institutions at the national and 
regional level to monitor permafrost in the HKH.



Recommendations

6. Promote collaboration between relevant governmental and non-governmental 

organizations to develop a regional permafrost monitoring network to monitor permafrost in 

the HKH.

7. Build transboundary/regional cooperation in permafrost research, monitoring, and policy 

development in the HKH

8. Develop Permafrost Climate Services in the region to support adaptation decisions in relation 

to infrastructure developments in permafrost environments.

9. Identify and map community vulnerability to permafrost hazards in the HKH.

10. Highlight mountain permafrost issues and challenges in the HKH in regional and international 

climate discourses.



Regional permafrost synthesis

Proposed title

Rock glaciers in the Hindu Kush Himalaya: a regional synthesis



Outline of the regional synthesis

1. Introduction

- Objective and Scope of the synthesis

- Definition, characteristics and importance of rock glaciers

- Formation, evolution and types of rock glaciers

2. Regional Overview

- Geographic Setting and distribution of rock glaciers

3. Methodologies

- Monitoring Techniques and data Sources

4. Key Findings

- Geological and Geomorphological Insights

- Climatic and Environmental Implications

- Hydrological Role



Outline of the regional synthesis

5. Case Studies

- Detailed Examples of selected rock glaciers

6. Challenges and Limitations

- Data Gaps

- Methodological Limitations

7. Future Research Directions

- Research Priorities

- Technological Advances

8. Conclusion

- Summary of Findings

9. References



Planned activities for 2024 and beyond

• Regular field-based monitoring activities and capacity building workshops before the 

fieldworks

• Regional capacity building workshop on permafrost in September 2024

• Regional synthesis of permafrost in the HKH

• Scientific article based on data from ground temperature sensors and permafrost 

mapping using remote sensing methods and modeling



Thank you
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