
John Pomeroy
Centre for Hydrology

University of Saskatchewan, 
Saskatoon and Canmore, Canada

INARCH: 
International Network for Alpine Research 

Catchment Hydrology
2018 Meeting

3rd Annual INARCH Workshop, Zugspitze, Germany, 8 Feb 2018

www.usask.ca/inarch

http://www.usask.ca/inarch


Urgency
• IPCC (2014) WG II report – “In many regions, changing precipitation or 

melting snow and ice are altering hydrological systems, affecting water 
resources in terms of quantity and quality”

• Alpine catchments receive and produce a disproportionately large fraction of 
global precipitation and runoff.

• Snowfall does not equal snow/ice accumulation or melt potential
• Snow, ice, and phase change domination of alpine hydrology means that it is 

especially sensitive to temperature change.



Significance
Ongoing change in climate has already resulted in 
• shorter seasonal snowcover duration, 
• earlier spring hydrographs, 
• greater rainfall fraction of total precipitation, 
• glacier volume decline, 
• ground thaw and 
• woody vegetation increase in many alpine catchments. 
Some alpine catchments are contributing to higher frequency of 
floods and/or droughts or persistent downstream water shortages.



Alpine Regions are Data Scarce

Left Side: (Viviroli et al. 2011).  
Right Side: (Pomeroy, Sinclair, Marshall).



INARCH Objectives
To better 

- understand alpine cold regions hydrological processes, 
- improve their prediction, 
- diagnose their sensitivities to global change 

and 

To find consistent measurement strategies.



INARCH Questions
1. How do varying mountain measurement standards 

affect scientific findings around the world? 
2. What control does changing atmospheric dynamics 

have on the predictability, uncertainty and sensitivity of 
alpine catchment energy and water exchanges?

3. What improvements to alpine energy and water 
exchange predictability are possible through improved 
physics, downscaling, data collection and 
assimilation in models?

4. Do existing mountain model routines have a global 
validity?

5. How do transient changes in perennial snowpacks, 
glaciers, ground frost, soil stability, and vegetation 
impact alpine water and energy models?



INARCH Research Basins
Canada – Canadian Rockies, BC & Yukon; 
USA – Reynolds Creek, ID; Dry Creek, ID; 
Senator Beck, CO, Niwot Ridge, CO.
Chile - Upper Maipo & Upper Diguillín River 
Basins, Andes, 
Germany – Schneefernerhaus & Zugspitze; 
France – Arve Catchement, Col de Porte & Col 
du Lac Blanc;

Switzerland – Dischma & Weissfluhjoch;
Austria - OpAL Open Air Laboratory, Rofental
Spain – Izas, Pyrenees; 
China – Upper Heihe River, Tibetan Plateau, 
Nepal – Langtang Catchment, Himalayas
Sweden – Tarfala Research Catchment
Norway - Finse Alpine Research Centre



INARCH Linkages
• GEWEX GHP Projects

• Precipitation phase
• Mountain precipitation
• Changing Cold Regions Network
• Possible North America or South America??

• WMO Global Cryosphere Watch
• WMO-SPICE 
• TPE (Third Pole Environment)
• UNESCO-International Hydrological Programme efforts on climate change 
impacts on snow, glacier and water resources within the framework of IHP-VIII 
(2014-2021) ‘Water Security: Responses to Local Regional and Global 
Challenges’.
• International Commission for Snow and Ice Hydrology (IUGG)



1st INARCH Workshop in Alberta, Canada  Oct 2015

GEWEX’s INARCH is launched and has broad participation and support from 
scientists studying mountain regions around the world.



2nd INARCH Workshop

• Held at the Institut des Géosciences de l’Environnement (IGE) in 
Grenoble, France, 17–19, October, 2016



2nd INARCH Workshop

• Issues:
• Atmospheric downscaling for mountain snow and ice hydrology 

modeling;  
• Availability and suitability of observations from mountain 

observatories and discussion of the INARCH special issue; and 
• Sensitivity of the cryospheric and hydrological response of 

mountain catchments to various representations of a changing 
climate



2017 Report to GEWEX  
• Further information and links to presentations: 

http://www.usask.ca/inarch/wkshp2_report.php

http://www.usask.ca/inarch/wkshp2_report.php


INARCH session at 2018 GEWEX Open Science Conference
Canmore, AB, Canada 
7–10 May, 2018

Title: The Mountain Water Cycle 
Topic: Advances in remote sensing, big data techniques and process 
understanding that are often developed in instrumented alpine research catchments 
inform mountain water cycling predictions.  This session welcomes papers that 

-advance mountain water and energy cycle modelling techniques, 
-process understanding, 
-observations, 
-downscaling methods, and 
-predicting the impacts of a changing mountain cryosphere on water cycling.

Convenors: R. Rasmussen, J. Pomeroy, C. DeBeer, 



INARCH Special Issue

• Topic: Hydrometeorological data from mountain and alpine research 
catchments

• Contributions of openly available detailed meteorological and 
hydrological observational archives from long-term research catchments 
at high temporal in well-instrumented mountain regions around the world

• Submission possible until 6 April, 2018. 

• Special Issue open in Earth
Sytem Science Data (ESSD)

• Editors: John Pomeroy, and
Danny Marks 



INARCH and UNESCO

Knowledge Forum on Water Security and Climate Change: 
Innovative solutions for sustainable water resources management

18 – 20 October 2017
Room IX
UNESCO HQ, Paris, France

Session on “Water Security and Climate Change Impacts in Mountains”



INARCH has identified a global set of mountain hydrometeorological observatories 
that address an urgent need for enhanced observations, and will promote the 
development of, and data publication for these observatories.

INARCH notes the need to identify and reduce uncertainty in application of 
mountain atmospheric, cryospheric and hydrological models. This can be 
accomplished by 
1)  improving the capability and range of downscaling methods to drive models,
2) improving exchange processes with frozen surfaces, and  
3) integrating atmospheric, cryospheric and hydrological models to consider 
impacts of 

-dynamic climate
-transient vegetation and 
-hydrological and cryospheric storage at multiple scales.

INARCH will conduct diagnostic modelling experiments using our instrumented 
catchments from around the world, paying particular attention to the impact of loss 
of snow and ice on hydrological cycling in order to predict the water security 
impacts of global change in mountain regions.

INARCH Workshop Statement 2015



INARCH Workshop Statement 2016
• INARCH has identified a series of observatories around the 

world that provide enhanced mountain hydrometeorological 
and cryospheric observations with open availability of data, 
and will promote publication of these observations.

• INARCH will help quantify and improve the diagnostic and 
prognostic potential of models for predicting the water security 
impacts of global change in mountain regions.

• INARCH will promote hybrid downscaling with moderate (km) 
scale dynamical downscaling followed by fine (10s m) scale 
empirical and other downscaling to snowdrift resolving scales. 

• INARCH will calculate the sensitivity of mountain snow, ice and 
hydrology to climate change and resulting impacts, taking into 
account transient vegetation cover, and hydrological and 
cryospheric storage.



Next Steps from last meeting

• Complete Special Issue of Earth System Science Data.
• Mountain downscaling toolbox completion and posting to website
• LSS-H Model comparison and development – link to GLASS
• Multiscale climate change vulnerability analysis of alpine snow, ice and 
hydrological systems

•Comparative analysis of alpine snow and ice hydrological sensitivity 
to warming – “Mediterranean Climate” and “Continental Climate” 

•Link with Global Water Futures Program – international strategy



3rd INARCH Workshop
Zugspitze, Germany, 
8–9 February, 2018

Topics:
• Snow Hydrology
• Glacier Hydrology
• Alpine Measurements including Remote Sensing
• Climate Models and Downscaling for Mountains

• Each theme will be addressed by a keynote speaker and followed by 
a moderated discussion, and supplemented with topical poster 
sessions.

• Progress on 
Comparative analysis of alpine snow and ice hydrological sensitivity to warming 
– “Mediterranean Climate” and “Continental Climate” 



www.usask.ca/inarch

http://www.usask.ca/inarch
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