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Background

● Need for high-elevation hydroclimatic data in the Himalayas

● Bridge local observations with advanced hydrological modelling

● Extreme topographic gradients

● Sparse high-elevation meteorological stations and vulnerabilities to 
cryospheric change (glacial retreat, snow cover shifts, extreme precipitation)

● Standard networks don’t capture high-altitude processes

● Need for innovative observation strategies

● Not many glacio-hydrologists (female hydrologists?)
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Item 1 Item 2

Meteorological Stations Distributions and Quality Challenges

x large gaps exceed 3 years
x High missing ratio (>50%) 
O Good quality stations
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HiM-DATA (High-Altitude Monasteries for Data Acquisition, 

Tracking and Awareness) 

● Strategic locations near snow and glacier zones 

● Year-round presence in remote high-altitude regions (?)

● Security and protection from theft and vandalism

● On-site support by the monks in the maintenance of the 

stations

● Strong community trust, enabling knowledge dissemination 

● Educational function, allowing monks and students to act as 

climate ambassadors

● Knowledge hub and dissemination place
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• Remote high-elevation monasteries serve as ideal, inhabited sites year-round for continuous data 

collection, community engagement, and environmental tracking. 

• Community-led data collection and research

• Local stewardship (local government, monastery, school)

• Monasteries bridge indigenous knowledge with scientific instrumentation and processes



High-altitude Monasteries for 
Data Acquisition, Tracking & Awareness

- a community-based initiative
- pairs scientific research with monastic 

communities to improve climate observation

High-altitude Monasteries for 
Data Acquisition, Tracking & Awareness
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Workshop glimpses:

Signing of MOU

Monks engaged in a roundtable group 
discussion and presentation.
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Gap Analysis:
Lack of long-term high-altitude 
monitoring (3000+) remains a critical 
challenge 

• Phase 1: Implementation of Pilot 
Station (Humla) (2026-27)

• Phase 2: Planning, consultation and 
installation of additional Stations 
(Dolpo, Manang) (2026-27)

• Phase 3: Planning, consultation and 
installation of additional stations 
(Dolkha)

• Phase 4: Planning, consultation in 
further regional gaps (i.e., eastern 
Nepal) (2027-2028)
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Pre-Pilot Station in Manang, Nepal
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Mr. Jamie Smith at the Monastery
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CRHM in The Small Earth Nepal (SEN)
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Research
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Langtang River Basin
Averaged streamflow from 2012 to 2018

Decrease in runoff by 32%
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Black Carbon (BC) Induced Changes in Langshisha

Basin average ice condition with and without the impact of 

BC. Loss of ice was 0.29 m per year

SWE Firn

BC decreases 100 mm of annual average SWE due to 

enhanced melting.

Average firn formation decreases by 0.16 m/year.

Ice

Prasanna Dhakal, 2024
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Runoff

Monthly averaged streamflow from 2012 to 2018.



Potentially Dangerous 

Glacial Lakes

Lake Area 1992 (km2 

± unc)

Area 2024 (km2 

± unc)

% Change

Thulagi 0.75 ± 0.009 0.97 ± 0.013 ≈ 29.3%

Lumding 

Tsho

0.70 ± 0.007 1.53 ± 0.013 ≈118.6%

Hongu 2 0.46 ± 0.05 1.09 ± 0.094 ≈137%

Lower 

Barun

0.77 ± 0.053 2.76 ± 0.13 ≈258%Multi-temporal lake boundaries (1992, 2000, 2010, 2024) overlaid on 

2024 Sentinnel-2 imagery for (a) Thulagi, (b) Lumding Tsho, (c) Hongu 

2, and (d) Lower Barun



Thulagi Glacier (Prabhat Rai)



Spatial Mapping of Wet 
Snow (Bandana Koirala)

• 2.01 km² of wet snow detected during 
the August 2017 event

• Represents ~5.3% of pre-event snow 
cover (38.1 km²)

• Analysis scaled to the entire sub-basin 
(~354 km²)

• Comparison with CRHM runoff peaks 

Cyan: Wet snow detected from Sentinel-1 backscatter anomaly 

Magenta: Rain-on-snow overlap zone
Source: Sentinel-1 SAR, processed in GEE
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Snow Covered Area (SCA) and Snowline Elevation at Langtang 

and Dudhkoshi Basin

Parameters

Langtang 

Basin

Dudhkoshi 

Basin

Snowline 

Elevation +2.24 m/year +9.57 m/year 

Snow Cover 

Area −3.7 km²/year −1.84 km²/year 

Decadal snow cover maps for Langtang basin using 

Landsat imagery for (a) 1988 -1996, (b) 1997 - 

2005, (c) 2006 - 2015, & (d) 2016 - 2024.

(a) (b)

(c) (d)

Snow cover maps using MODIS imagery 

for Dudhkoshi basin
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2014–2024

140.8 km²

2001–2010

208.9 km²263.8 km²

1991–2001

Everest Region

0.78

Nash–Sutcliffe Efficiency (NSE)
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a.  Elevation Band 4000 - 4500 m

MonsoonPre-monsoon

WinterPost-monsoon

Pre-monsoon -0.0014/yr 0.514

Monsoon -0.00015/yr p<0.001*

Post-monsoon -0.0073/yr p=0.007*

Winter ~0/yr (-ve) 0.478
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b.  Elevation Band 4500 - 5000 m

Pre-monsoon

Post-monsoon

Monsoon

Winter

Pre-monsoon ~0/yr 0.9

Monsoon -0.0010/yr p=0.008*

Post-monsoon -0.0014/yr 0.1

Winter ~0/yr (-ve) p=0.002*
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c.  Elevation Band 5,000 - 5,500 m

Pre-monsoon -0.0005/yr n.s.

Monsoon -0.0048/yr p<0.001*

Post-monsoon -0.0011/yr p=0.004*

Winter ~0/yr (-ve) p<0.001*

Pre-monsoon

Post-monsoon

Monsoon

Winter
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d.  Elevation Band 5,500–6,000 m

Pre-monsoon ~0/yr n.s.

Monsoon -0.0031/yr p<0.001*

Post-monsoon ~0/yr (-ve) p<0.001*

Winter ~0/yr (-ve) p<0.001*

Pre-monsoon

Post-monsoon

Monsoon

Winter
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e.  Elevation Band ≥ 6,000 m

Pre-monsoon ≈ 0 n/a

Monsoon ≈ 0 n/a

Post-monsoon ≈ 0 n/a

Winter ≈ 0 n/a

Pre-monsoon

Post-monsoon

Monsoon

Winter
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Precipitation Shifts and 

Impacts

Reshu Karki/SEN
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Multi-country Annual 
Precipitation Trend 
(Spatial Analysis)



Primary Data Collection

● Conducted from 1-6 September  at 

Varagung Muktichetra Rural Municipality, 

Mustang, Nepal

● Conducted 15 KII, 5 FGD, several 

questionnaires, and a stakeholder 

consultation workshop 

● The Key informants were school's 

principal, co-chairperson, mukhiya (village 

leader), tourist guide, businessperson, 

ward chairperson, farmers, and ward 

representatives.

Interaction with local people

KII with principal
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Fall School 2025 
on 'Advanced Climate Data Analytics and Strategies'

● From 14-18 October (5 days)
● Participants: Early Career Researchers (ECRs) 

from Bangladesh, Bhutan, India, Nepal, and 
Pakistan

● Theory, hands-on, expert guidance, Climate 
Trivia

● Peer-learning approach

Participants of Fall school

Remarks by Director 
Toshiyuki Yamasaki, APN 34







Data Interactive Platform and Monsoon Atlas

● A dummy demo of the 
data interactive platform 
and monsoon Atas was 
presented 

● Discussions on the 
requirements of the 
selection of parameters, 
strategies

● https://suvekshya0.wixsite
.com/climate-data-
hub/home
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Item 1 Item 2

Temperature Trends Above 3000 m 

Tmax
● Significant warming: 

0.025 °C/year
● Warming in 91% of 

area

Tmin

● Increasing tendency 
but weaker 
significance

● Warming in 63% of 
area

Is warming altering snow-rain partitioning in high mountain regions? 38



Item 1 Item 2

Distribution of Warming Trends Across Elevation Zones 

● Analysis based on 120 stations (1990–2025)
● Regional (overall) warming trend: 0.020 °C/year
● 56.7% of stations showed significant warming
● Warming magnitude increased with elevation
● High mountains (>2500 m) showed strongest warming trends (0.51oC/decade)
● Significant EDW relationship observed (p = 0.009)
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2020 2021 20222020

2023 2024 2025

2026



2021

2022

2020

2023

2024
2025

2026

NO NAME LAKE

Year Area (sq km)

2020 0.16
2021 0.23
2022 0.30
2023 0.36
2024 0.38
2025 0.43
2026 0.46



Impacts of ENSO on Nepal’s Hydroclimatic 
Variability, Agriculture and Hydropower
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El Niño Impacts on Seasonal Climatology of Nepal (1980 - 2025)

43Climatological Base Period: 1991 - 2020
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Monsoon Precipitation Anomaly (%) -1980 to 2025

Base period: 
1991 - 2020
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Winter Precipitation Anomaly (%)-1980 to 2025

Base period: 
1991 - 2020
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Monsoon Precipitation Anomalies in Crop Area of Nepal (1980-2025)

● Onset: Noticeable rainfall deficit in croplands (most critical in Eastern Terai during super El Niño).

● Termination: Full precipitation recovery across agricultural areas.

● Key Contrast: Acute drought stress shifts to sufficient crop water availability.

Onset Years Termination Years
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Winter Precipitation Anomalies in Hydropower Watersheds of Nepal (1980-2025)
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Winter (Peak) Winter (Decay)

Total 162 Hydropower projects (>1 Mw capacity)
● Winter (Peak) season shows good precipitation in most of the watersheds

- Over 137 watersheds and 134 hydropower projects benefit
● Winter (Decay) season shows deficit in the precipitation over the hydropower 

watersheds
- 39 hydropower projects are in <10% deficit area



Summary
● There are significant changes in snow ice cover area in the high 

mountains.

● Need for understanding of the interaction between glacier, snow 

cover area and meteorological parameters, and the hydrological 

response to these changes. 

● These changes could be diagnosed with physically based 

models, and it is possible to use such models in the mountains. 

● Precipitation is important for people’s lives directly and to 

biodiversity and water-induced disasters. 

● Effect of El Nino is difficult to predict, summer monsoon is 

affected the most. 

● Rice is the most impacted by El Nino. Hydropower sector is less 

affected.

● There is a need to link science with society and policy, and 

collaboration and networking are the keys. 48

● Sparse observational network above 

3000 m elevation

● Complex topography strongly alters 

temperature and precipitation 

gradients

● Snowfall processes and rain–snow 

partitioning

● High uncertainty in hydrological 

modelling due to data scarcity

● DATA - still a major gap and data sharing is critical



ICE 2 Water

ICE 2 Water
The Glacial Lake Gallery
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