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Background 

The IPCC SR on Oceans and the Cryosphere in a Changing Climate, SROCC1, C 1.4, noted that 
“financial, technological, institutional and other barriers exist for implementing responses to current 
and projected negative impacts of climate-related changes in the ocean and cryosphere, impeding 
resilience building and risk reduction measures (high confidence). […] Adaptive capacity continues to 
differ between as well as within communities and societies (high confidence). People with highest 
exposure and vulnerability to current and future hazards from ocean and cryosphere changes are 
often also those with lowest adaptive capacity, particularly in low-lying islands and coasts, Arctic and 
high mountain regions with development challenges (high confidence).”  

Mountain ranges are often under the jurisdiction of multiple states; they supply water to 
multiple river basins – making the operation of predictions and monitoring services, challenging to 
coordinate. The impacts and social costs of insufficient predictive capacity in mountains are 
transmitted downstream by rivers, through mountain hydrological systems that are incompletely 
understood.  Furthermore, in most countries, the responsibility for hydro-meteorological information 
and services for mountain regions rests with multiple agencies, ministries, and stakeholders.  

 
                                                           
1 IPCC, 2019: Summary for Policymakers. In: IPCC Special Report on the Ocean and Cryosphere in a Changing 
Climate [H.- O. Pörtner, D.C. Roberts, V. Masson-Delmotte, P. Zhai, M. Tignor, E. Poloczanska, K. Mintenbeck, M. 
Nicolai, A. Okem, J. Petzold, B. Rama, N. Weyer (eds.)]. In press. 
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Most of the currently available services are designed for lowlands, having insufficient spatial 
resolution for complex mountain terrains, and insufficient representation of the cryosphere. Existing 
procedures employed in observational data quality assurance, numerical weather prediction for climate 
scenarios and hydrological simulations, are not suited for application in mountain areas. Innovative 
prediction capabilities of the integrated water cycle are necessary for mountain regions. 

While decisions on adaptation to climate change are important, “extreme [hydro-
meteorological] events have been recognized as the more important driver of the need for adaptation 
in the short term, and early warning systems (EWSs) provide an important tool and can serve as the 
“last” mile in alerting communities to impending extreme events”.2 

 

The path forward: 

Mountain Specific Operational Services 

The benefits from effective linkages between hydrology and meteorology for mountain 
regions, need to be fully realized, by incorporating the cryosphere. Priority needs to be given building 
upon existing local and regional experiences and capacities, to enhance the sense of ownership. 

Fit-for-purpose hydro-meteorological and climate observations-based services in mountain 
regions need pragmatic approaches to critical elements which are missing or are under-developed, 
within the ‘value chain’ from monitoring to service functions for different users.  

Adequate services for mountain regions would include (1) access to early warning systems for 
mountain-specific threats (e.g., orographic and extreme precipitation events, flash floods, droughts, 
avalanches, foehn type winds/storms, glacier lake outburst floods - GLOFs, permafrost related, fires, 
air pollution, etc., at local, regional, transboundary scales); (2) climate change assessments specific to 
mountain regions, e.g. elevation dependent warming, glacier melt, permafrost processes, for all time 
scales, etc. (3) recognition of the recreation, scientific research, environmental education, religious, 
and cultural values of mountain cryosphere, and the potential value of cryosphere as a resource.  

A number of mechanisms are already functional within the WMO programmes, which have 
proven their ability to transform service capacities at national level. Among these are the Global 
Framework for Climate Services (GFCS) and the Climate Services and Information Systems (CSIS), 
the Multi-Hazard Early Warning Systems (MHEWS), the Global Platform for Prediction and Forecasting 
Services (GDPFS), which includes the Flash Flood Forecast System (FFGS) and the Global Hydrological 
Status and Outlook System (HydroSOS), etc.. Mountains specific functions could be incorporate in 
these frameworks, by adding to existing capacities and building on the already available experience, 
partnerships, and knowledge elements, as well as intra- and inter-operability of data platforms 
(observations, model outputs, research).  

National-level coordination across different governments, institutions, academia, economic 
actors, the private sector, and the public, along the information value chain, supported by strong 
policy mandates and funding, is essential to bring together the diversity of actors involved.   

As designed, GFCS provides practical mechanisms for institutions to coordinate the co-design, 
co-production, communication, delivery and use of climate services for decision-making in climate-
sensitive socioeconomic sectors, within the framework of the National Frameworks for Climate 
Services. In particular, the User Interface Platform (UIP) of GFCS provides a structured means for 
users, climate researchers and climate service providers to interact at the global, regional, and 
national levels to facilitate meeting the user needs for climate services, and is designed to promote 
effective decision-making in view of climate considerations. 

                                                           
2 Huggel, C., Rohrer, M., Calanca, P., Salzmann, N., Vergara, W., Quispe, N. and Ceballos, J. L., ( 2012), Early warning 
systems: The “last mile” of adaptation, Eos Trans. AGU, 93( 22), 209. 
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The leverage of  knowledge and influence of  stakeholders from affected economic sectors, is 
key to strengthening the mandates and capabilities of providers like the National Meteorological and 
Hydrological Services (NMHSs), for developing and disseminating relevant information on disaster risk 
management and adaptation. Linkages between on-going scientific research and operational needs in 
mountain environments need to be iteratively reinforced.  

 

Develop and sustain core competencies and expertise 

None of these goals are sustainable without addressing the growing deficit in adequate 
capacity and trained staff capable to provide weather, climate, hydrological and related environmental 
science and services, where the services are needed, while keeping the pace with the rapid advances 
in scientific innovation and technological developments.  

The incorporation of the service functions of the cryosphere requires the development of 
specific infrastructure and knowledge capacity, including to overcome the fragmentation of available 
information. Without a change in approach to capacity building, it is not realistic to talk about regional 
or global cooperation. 

Internationally funded projects must be developed with specific, non-negotiable requirements 
for the engagement, development, and sustainability of expert capacity at the local level, as a critical 
element of success. The national governance frameworks need to ensure the effective utilization of the 
capacity developed. 

 

Key topics recommended to be addressed by the panel members: 

● Recognize the economic, recreational, scientific research, environmental, education, and 
cultural values of mountain cryosphere, its potential as a resource, and the 
hydrometeorological and climate services required;  

● Highlight the critical science gaps for closing the gap on the provision of seamless Earth 
system hydro-meteorological and climate services, from nowcasting to decadal prediction 
systems for mountain regions, access to cryospheric monitoring and modeling capabilities. 

● Evaluate the necessary mountain specific hydro-meteorological climate services, from a 
service delivery perspective, e.g. identify specific services needed, the actors involved in their 
design and delivery, how they will be delivered, and the resources necessary to support their 
delivery;  

● Assess the practicalities of interagency collaboration, governance, regarding early warnings 
and climate information for mountain-specific threats;  

● Examine lessons learned on user engagement and an improved framework of engagement, 
and feedback mechanisms; 

● Discuss the role of funding agencies in closing the capacity gaps;  
● Recommend pilot projects on high mountain hydro-meteorological and climate services;  

 
 This segment will include presentations, panel discussions, discussions (plenary and group), and 
conclusions with recommendations. 
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The participants are invited to consider the following outcomes: 
• Emphasize mountains as a region with specific processes requiring specific mechanisms to 

provide weather, water, climate services, and the need to sustain specific and enhanced 
mountain observing infrastructure;  

• Highlight the scientific questions which need to be addressed to enable the development of 
services relevant to mountain region activities and communities. 

• Urge international coordination in the field of climate, weather, cryosphere and hydrological 
monitoring and creating climate services for mountainous regions; 

• Propose a framework for engagement with users (e.g. Climate Outlook Forums (COFs), User 
Consultation Interfaces, etc), 

• Propose specific activities as part of the pathway to closing the information and capacity gap: 
accelerate the development of programmes supporting national hydrological and 
meteorological services and other institutions in developing climate and hydrological products 
and services for decision-support in adaptation and water management, for climate-sensitive 
mountain regions and basins, e.g. the Global Cryosphere Watch (GCW), mountain focused 
Regional Climate Centres, Regional Specialized Meteorological Centres, WMO Global 
Hydrological Status and Outlook System (HydroSOS), etc. 

• identify contributions to international policy framework, e.g. development of reporting tools 
(cataloging mountain hazards, etc). 

 
 
9:00 – 10:20 - Organization of Session:  

- Chair: Session goals, context, introductions: 15 minutes; 
- Speech: Mathias Rotach: 10 minutes;  
- Panel member interventions: up to 5 minutes per intervention; 
- Interactive (panel and plenary discussions): 20 minutes; 
- Summarise the charge to the dedicated breakout session: 10 minutes. 
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