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Background: 

 The High Mountain chapter of the IPCC SR on Oceans and the Cryosphere in a Changing Climate, 
SROCC2, provides several key conclusions on the state of mountain observations and available data, 
and of their impact, relevant to this session. Among them, the report states that “[…] mountain 
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observation networks […] are often insufficiently dense to capture fine-scale changes (Lawrimore et 
al., 2011) and the underlying larger scale patterns. […]. Existing mountain-specific model studies 
typically cover individual mountain ranges, and there is currently no initiative found, such as model 
inter-comparisons or coordinated model experiments, which specifically and comprehensively 
addresses high mountain meteorology and climate globally. This makes it difficult to provide a globally 
uniform assessment. 

These observational knowledge gaps currently impede efforts to quantify trends, and to calibrate and 
validate models that simulate the past and future evolution of the cryosphere and its impacts.  

[…]there is insufficient understanding of the effects of cryospheric change on some natural hazards 
such as glacier outburst floods and on infrastructure, for example for transportation. Increased wildfire 
risk with a shrinking cryosphere is an uncertainty both spatially and temporally and with consequent 
effects on mountain ecosystems, particularly with respect to soil carbon and potential biome shifts. 
[…] Furthermore, a key knowledge gap is the capacity to economically quantify cryosphere-specific 
impacts and potential risks.  

Observations of permafrost are scarce and unevenly distributed among and within mountain regions. 
Unlike glaciers and snow, permafrost is a subsurface phenomenon that cannot easily be observed 
remotely.” 

 

 The magnitude, quality, and sustainability of monitoring, and the limited knowledge about the 
impacts and service function of the high mountain cryosphere are critical components of uncertainties 
in the detection and attribution of key atmospheric drivers that influence climate-related changes in 
mountain regions, and one of the major sources of uncertainty in Earth-system modelling.  

Many mountain regions continue to be insufficiently monitored due to high costs, 
difficult access, extreme operating conditions, insufficient technical and operational  capacity, absence 
of, or weak institutional mandates. Meteorological stations are sparse at high elevations. Hydrometric 
stations are disproportionately located at low elevations and tend to measure larger mountain rivers, 
rather than headwater streams. In particular, the monitoring of snow, glaciers, permafrost, and of 
critical highland ecosystems is sparse, uncoordinated, fragmented, and, generally, operated within 
time-bound research projects. 

For many mountain regions, the data sources, where available, are fragmented across a 
multitude of institutions and projects. The absence of harmonized data policies significantly hamper 
the development of the generation of representative hydro-meteorological and climate information. As 
water is, equally, a commodity and a strategic resource, the access to cryosphere and water data is, 
often, restricted across sectoral and political boundaries. 

Progress has been made on space-based high mountain cryosphere observing 
capabilities. However, the existing observations for solid precipitation, water equivalent of snow 
cover (SWE), snow extent, snow melt, surging glaciers, Glacial Lake Outburst Floods (GLOF), 
permafrost, are not fulfilling the spatio-temporal resolution required by users (e.g. for hydrological 
applications for runoff modeling, water resource management, hydropower energy production, or 
avalanche monitoring). At the same time, the assimilation of cryosphere space observations, has 
remained limited. 

In the dynamic or rapidly evolving regions of the cryosphere (e.g. glaciers), specific tools are 
necessary to facilitate orthometric rectification of images, to fully understand altitude and 
temperature-dependent processes, and be of wide-scale benefit for the operational applications. 
Among those are global, freely available, increased resolution, standard Digital Elevation Models 
(DEM).  

Indigenous and local knowledge play a critical role in mountain knowledge systems, in 
particular for monitoring and adequately responding to natural hazards. This knowledge is 
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insufficiently aggregated and coordinated with other knowledge elements, and often lost due to 
societal changes (e.g. outmigration, changes in livelihood options, disintegration of communities). 

 

The path forward 

Overcoming gaps in the availability of data and products in support of Earth system modeling and 
prediction, requires the engagement of national and international actors, representing scientific, 
operational, funding, and political domains, to: 

• Commit to long-term, sustained, reliable, and complementary monitoring in mountain regions, 
with surface–based networks, remote sensing, space observations, and dedicated satellite 
retrieval algorithms.  

• Adopt data policies to facilitate the discovery of, the access to, and the use of existing and 
potential sources of data, from research and operational programmes, including across borders 
(e.g. at basin level), and in particular those funding from public sources.  

• Overcome the heterogeneous data landscapes in mountain regions through standardization, 
accessibility and interoperability of available data systems, and discoverability of available 
observations from multiple operators, through existing platforms. 

• Document consolidated requirements for monitoring the mountain cryosphere, including from 
space, to support strategies for extending the capabilities of space observations for mountain 
regions.  

• Engage space agencies through coordinated international efforts, beyond the traditional 
atmospheric, meteorological, and ice service domains, to stimulate development of new products 
and operational services, particularly for mountain cryosphere, with open access to satellite data 
products, e.g. through the Coordination Group for Meteorological Satellites (CGMS) and the 
Committee on Earth Observation Satellites (CEOS). 

• Enhance the access to data through basin level financing of observations and co-ownership of 
data upstream-downstream, recognizing the water and cryosphere data have monetary value.  

• Incorporate indigenous and local knowledge into all efforts, through joint initiatives in co-design 
and co-production of knowledge and citizen science observation networks alongside conventional 
and innovative methods.  

 

Key topics recommended to be addressed by the panel members: 

1. Foster innovation in services provided to users through cooperation between scientific and 
operational institutions, nationally and internationally, on observations, data exchange, data 
assimilation and predictions. 

2. Summary of  critical gaps and opportunities in mountain Earth system observations, in-situ and 
space, with a focus on cryosphere;  

3. Barriers and opportunities for the discovery and utilization of available and new sources of data 
from mountain Earth system observations from research and operational programmes, the 
indigenous and local knowledge, including across borders; 

4. Open access to data: standardization, interoperability, data policies, as prerequisites to enhancing 
the capability of integrated mountain prediction systems; 

5. The use of space observations and the innovation required in addressing the data gaps and 
supporting Earth system prediction for mountain regions. 
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6. Leverage investments and cooperation at national and regional level to ensure the availability of 
data and information in support of national, local, regional programmes. 

7. Develop/sustain scientific and technical capacity. 

This segment will include presentations, panel discussions, discussions (plenary and group), and 
conclusions with recommendations. 

 

The participants are invited to contribute to the following outcomes: 

• Commitments for coordinating and enhancing mountain observations of weather, climate, 
water, and cryosphere, including by leveraging current and future investments. 

• Commitments to develop and adopt open access data policies, standards, and interoperability, 
and discoverability of observations through internationally available mechanisms (e.g. WMO 
OSCAR, OSCAR Surface, etc) 

• Engagement of space agencies to enhance the space-based monitoring of mountain 
cryosphere, and meet the needs of relevant user-driven applications; 

• Urge the international community to work towards an integrated mountain prediction systems, 
by building on existing mechanisms and engagements, e.g. recommend Regional Specialized 
Meteorological Centres for high mountain forecasting as a new type of Global Data Processing 
and Forecasting System (GDPFS) Centres, and propose a pilot project.  

• Recommend an Integrated Mountain Prediction project, around key mountain ranges and 
headwaters, to address the front lines of climate, cryospheric and hydrological change, and 
natural hazard risk in mountain regions and downstream; 

• Foster innovation through cooperation at national and international level between scientific 
and operational entities, using investment mechanisms as leverage. 

 

Organization of Plenary Session:  

• Chair: Setting the stage: 10 min  
• Speeches:  

o Bertrand Calpini: 10 min  
o Tandong Yao: 10 min  

• Panel member interventions: 5 min each 
• Interactive panel discussions: breakout sessions: 20 min 
• Charge to dedicated breakout sessions: 10 min 

 


