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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.
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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: Switzerland — Dischma & Weissfluhjoch;
USA — Reynolds Creek, ID: D’W Creek |D-  Austria - OpAL Open Air Laboratory, Rofental

Senator Beck, CO, Niwot Ridge, CO. Spain - Izas, Pyrenees; |
Chile - Upper Maipo & Upper Diguillin River China — Upper Heihe River, Tibetan Plateau,

Basins. Andes Nepal — Langtang Catchment, Himalayas

Germany — Schneefernerhaus & Zugspitze; ~ Sweden — Tarfala Research Catchment
France — Arve Catchement, Col de Porte & Col Norway - Finse Alpine Research Centre

du Lac Blanc;
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Data Requirements

Surface based data requirements for this project will

primarily be met by:

1. openly-available detailed meteorological and
hydrological observational archives from long-term
research catchments at high temporal resolution (at least
5 years of continuous data with hourly sampling intervals
for meteorological data, daily precipitation and
streamflow, and regular snow and/or glacier mass
balance surveys) in selected heavily instrumented alpine
regions

2. atmospheric model reanalyses

3. downscaled climate model as well as regional climate
model outputs



Data Requirements

The ideal is for sites to be Integrated Alpine Observing and
Predicting Systems (IAOPS). A provisional classification
scheme for IAOPS is:

CLASS A: sites receiving technology transfer and developing towards
CLASS Bto E

CLASS B: Single measurement points with highly accurate driving
data and snow or glacier data

CLASS C: gauged catchments that contain Class B sites and detailed
vegetation coverage, soils, topography, snowcovered area, glacier
mass balance or permafrost information

CLASS D: domains for which high resolution gridded meteorological
data is available that includes CLASS C sites

CLASS E: the same as CLASS D but gridded meteorological data is
also available as climate change scenarios.



. GEWEX GHP Projects ~ LINkages

 Precipitation phase

* Mountain precipitation

» Changing Cold Regions Network

* Possible North American Network??

 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)




Workshops held

« The 2"4INARCH Workshop was held at the Institut des
Géosciences de 'Environnement (IGE) in Grenoble, France, 17-19,
October, 2016




Workshops held

 The 2"9INARCH Workshop was held at the Institut des

Géosciences de 'Environnement (IGE) in Grenoble, France,
17-19, October, 2016

* |ssues:
« 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

INARCH




Workshops held

The 2" INARCH Workshop was held at the Institut des
Géosciences de 'Environnement (IGE) in Grenoble, France,
« 17-19, October, 2016

Further information and links to presentations:

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

GOUEX

2" INARCH Workshop

17-19 October 2016
Grenoble, France

John Pomeroy', Vincent Vionnet* and INARCH
Colleagues

ICentre for Hydrolagy and Glabal Institute for Water Se-
curity, Umversug askatchewan, Canada; *Snow Re-
search Center, CNRM, Météo France/CNRS, Saint Martin
d'Héres, France

The Intemnational Network for Alpine Research Carchment

improve their prediction., diagnose their sensitivitics to global
change and find consistent measurement strategies. INARCH
is formulated around addresing five core questions: (1) Haw

arying mountain measurcment standards affect scicnific
fndings stound the world? () What contral docs changing
atmospheric dynamics have on the predictability, uncertain-
ty and sensicivity of alpine catchment cncrgy and water ex-
changes? (3) What improvements to alpine cnergy and water
exchangs predicubiliy e possible through improved phys
ics, downscaling, data collection and assimilation in modcls?
(4) Do existing mountain model routines have global validity?
(5) How do transient changes in perennial snowpacks, gla-
ciers, ground frost, sail stability and vegeration impact alpine
water and encrgy modcls?

INARCH has a neswork of well-instrumented mountain re-
search basins that INARCH members maintain. All of these
rescarch basins have hydrometeorological, cryospheric and
hydrological observations at multiple scales over multiple
years and some have snow, glacier, hydrologica

and atmospheric models run at various scales.
Observations are embedded near the headwa-
ters of larger river basins that supply water for
vast downstream populations. The following
figure shows 2 map of INARCH mountain re-
search basins. Mount Lebanon has been pro-
posed as 2 new research basin

INARCH: International Network  Geman - Schmeclsmeriaus & Zuepiz
for Alpine Research Catchment
Hydrology

Ganada - Canadian Rockies, BC & Yukon,
USA - Reynelds Creek, ID: Ory Creek, I0;
‘Senator Beck, CO. Niwoi Ridge, CO.

the International Commission for Snow and Iee Hydrology
(IAHS-TUGG). INARCH also contributes to the Mountain
Research Initiative led from Bem, Switzerland.

Over the last two years, INARCH has contributed to sev-
eral conferences and workshops, such as the 2015 American
Geophysical Union Fall Meeting, where INARCH organizers
chaired an oral and poster session on Improved Understanding
and Prediction of Mountain Hydrology through Alpine Re-
search Catchments, INARCH also participated in the WCRP
International Conference on Regional Climate, CORDEX
2016, with a presentation by Richard Essery (UK) on obsee-
vations and downsealing for alpine hydrological modeling
and through several other INARCH parcicipants, including
Ethan Guttman (USA), Kabir Rasouli {Canada) and Deborals
Verfaillie (France). John Pomeroy gave a general presentation
on INARCH ar the 6* Third Pole Environment Workshop
Shea, Maxime Litt (Nepal) and Walter Immerzecl
(The Netherlands) gave talks o poster presentations

An INARCH special issue in Journal of Earth System Science
Data is now open for submissions unil 30 Scptember 2017
on the topic of “hydrometeorologica dta rom mountin and
openlyavail-

and Josep

able, detiled and hy
archives from long-term rescarch carchments at high tempo-
ral, well-instrumented mountain regions around the world are
being prepared and at least 16 submissions are expected from
the INARCH  Project by the special issue co-editors, John

Pomeroy (Canada) and Danny Marks (USA).
The 2+ INARCH Workshap was held at the Institur des

Géosciences de IEnvironnement (IGE) in Grenoble, France,
and provided an opportunity for scientists to explote and
discuss specifie issues in mountain snow and ice hydrology

e Catcherment. Col 4o oo & Col

hevs & Weisslubjoch
OpAL Open Ar Laboralary, Rofertal
tz23, Pyrenaes;

China ~ Ugper Haiha River, Tostan Plalvau,

Upper Maipo & Uppor Diguilin River  Napal - Langlang Gatchmont, Himalayas.

INARCH has linkages to GHP Basins. Andes.

Susden - Tarfals Research Catchment

projects on precipitation phases and mountain
precipitation, as well as to the Changing Cold
Regions Network (CCRN), a Regional Hy-
droclimate Project. INARCH is seeking stron-
ger connections with the Global Cryosphere
Warch and the World Metcorological Organi-
zation Solid Precipitation Intercomparison Ex-
periment (WMO-SPICE) and the Third Pole
Environment (TPE) initiative. INARCH con-
tributes to the UNESCO-International Hy-
drological Programme (IHP) efforts to gauge
climare change impacs on smow glacicrs and

esources within the framework of the

water r
IHP-VII (zm-\—uuu and has linkages with
12

Current INARCH mountain research basins.

February 2017

highlighted in the first INARCH workshop held in October
2015. Sixty scientists from the USA, Canada, Chile, China
France, UK, Switscrland, Austria, Germany, Ty, Lebanon
and Norway am m the warkshop. The Local Organizing
Commirtee of Vincent Vienner [Méréo France, Centre Na-
tioral de Recherchen Medoralogiques Centre o Exudes de 1

Seige (CNRM-C| Labella Zin (IGE), Jean-Emmanucl
Sicare (IGE) and Delphinc Six (IGE) amanged the workshop
and 2 field tour to the nearby Mount Blanc area.

The warkshop focused on the following topics: (i) armo-
spheric downscaling for mountain snow and ice hydrology
availability and suitabiliey of observations

ﬁanddu(uumn of the INARCH

drological response of mouncain catchments w various rep-
rescnations of a changing climate.

The warkshop ficldrrip visited rescarch sites in the Aiguille
du Midi (3842 m), near Chamonix. Christian Vincent (IGE)
descrbed the sieniic acvites of the CiyObe Clim Obser-
g System, Thomas Condom (IGE) autined the cxperimes
ol rain gauge neework and relared sientific aceivides and
Florence Naaim Bouver (IRSTEA) presented the Taconnaz
avalanche parh and associared protection. The group visited the
Le Tour hydromerric station and leaened about snow measure-
ment techniques and hydrological issucs in the Alps (Vineent
Vionner, Samuel Morin and Isabella Zin). At the confluence of
the Arve and Arveyron d Argentiére, they were shown flood de-
fenses, saw the sediment transpar ssation 2t Ponc des Favrands
and heard about water quality issucs.

The 2 INARCH workshop had 42 oral and poster presenta-
tians covering high mountain environments from North an
merica, Africa, Europe and Asia. The topics covered
downscaling meteorological models for mountain snow and
ice hydrology, modeling the eryospheric and hydrological re-
sponse of mountain carchments under present and furure cli-
mate and mountain abservatories and links berween INARCH
and other research programs. Discussions an downscaling, ob-
servatories and furure dirccrions arc summarized next

GEWeX

Downscaling Discussion
The discussion focused on developing a toolbax or ser of
guidelincs for downscaling. It was agreed that the product
should be end user specific {e.g., operaional forccasts, 1-3
month water supply forccasts and climate predicrions) and
the role of statistical versus dynamical methods for various
end uses was discussed, including whar tools are suitable for
cach wse case. Reaceurring downscaling topics discussed in-
clude the following

+ Seatistical downscaling of larger-scale regional dl
models (RCM) may be unsuitble for driving physically
based snow madels where co-occurrence of wind, humid-
iry. temperature and radiation fickds with precipication
mnmnmmt snow regimes, precipitation phase, blawing
snow an

+ Atmospheric madel failure. INARCH recognizes the need
for carcfully applied bias corrections, bur promoes the im-
proved physical represcntasion of atmospheric models in
mountain environments. INARCH will interact with the
armospheric modeling communiry to make its members
aware of performance issucs in mountain cnvironments.
INARCH will promote the assimilasion of mouncain ob-
servations in atmespheric models and the use of mountin

2 scxs in assessing model performance through multi-
abjective analysis.

* Physical models are never perfect. INARCH can quan-
tfy the impac of resolurion increase on predicted surface
variables (ic.. the diurnal temperature and precipitation
cycke). The project will promote dynamical dawnscaling of

tmospheric m¢ ur will assist in developing empiri-
cal, saristical or simpler dynamical downscaling ar scales
less than several kilomerers.

+ Ask questions that Global Climate Model (GCM) and
RCM tools can answer. (Just because we wanc it docsnit
mean we can have it.) What is the appropriate scale for
evaluarion of models given our catchment scales?

Participants at the 2= INARCH Warkshop.

February 2017



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

GSQ1: Observations and Predictions of
Precipitation

Automatic weather stations and drifting
snow measurement inter-comparison at Col
du Lac Blanc, French Alps.

(Credit: Florence Naaim Bouvet.)




Number of Events

GSQ1: Observations and Predictions of

Precipitation
7 Annual
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Credit: Ethan Gutmann
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GSQ3: Changes in Extremes

Late lying snowpatch — energy & mass fluxes
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Alberta floods of June 2013 — mountain energy

and water budgets — rain-on-snow
Pomeroy et al., 2016 Hydrol. Proc.
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Upper Marmot Creek — energy and mass
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GSQ4: Water and energy cycles

« Mediterranean mountain water and energy fluxes to snow
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Lopez Moreno et al., Environ. Res. Letters, 2017




WCRP Grand Challenges:

Melting Ice and Global Conseguences

w
o

Average sensitivity of average SWE (%) and
snhow duration (days) to 1°C warming

Lopez Moreno et al., Environ. Res. Letters, 2017
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WCRP Grand Challenges:
Melting Ice and Global Consequences
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Visualisation of the glacier evolution model: Ice thickness 2000-2050 (Otztal Alps/Austria), initialized with ice thickness 1997 (Austrian glacier
cataster), temperature change (for Austria) 0.048 °C/year. (Credit: Florian Hanzer, Kristian Forster, Thomas Marke, and Ulrich Strasser.)



WCRP Grand Challenges:
Climate extremes and water availability

Contribution montagnarde de I'hydro du Rhone a Beaucaire

Rhone a Beaucaire
montagne

2000

Discharge (m3/s)
1000 1500

500

2 4 6 8 10 12

manth

Credit : Isabelle Gouttevin



=
G
©
O
5
O
=
-
©
I
O
Y
<C
<




INARCH Special Issue

Specia| Issue open in Earth B Asorts) 2012, OG Alriiion 2.0 Licasse iData

Sytem Science Data (ESSD)

An 18-yr long (1993-2011) snow and meteorological

Editors: Dr. John Pomeroy, and dataset from a mid-altitude mountain site (Col de Porte,
Dr. Danny Marks (USA) France, 1325m alt.) for d;»{jggl:nd evaluating snowpack

S. Morin', Y. Lejeune’, B. Lezafire!, J-AL Panel®, D. Poucet', P. David"', and M. Sudul™'

IMétio France - CNRS, CNEM-GAME, URA1357, CEN, Grenoble, France
"deceased

Correspondence to: 5. Monn (zamuel monin gmeteo. fr. col de_portejameteo f)

Received: 16 January 2012 - Published in Earth Syst 5ci. Data Discuss.: § February 2012
Revised: 31 May 2012 - Accepted: 9 June 2012 - Published: 6 July 2012

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. Six submissions and more in
prep.!



INARCH and UNESCO

== INARCH

United Nations * International
Educational, Scientificand |, Hydrological
Cultural Organization , Programme

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

18 — 20 October 2017
Room X
UNESCO HQ, Paris, France

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



39 INARCH Workshop &\
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Environmental Research Station
Schneefernerhaus on 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.
« Audience: 50 scientists from USA, Canada, Chile,
China, France, UK, Switzerland, Austria, Germany, m
INARéH

Italy, Norway




INARCH session at 2018 GEWEX Open
Science Conference

GO

GOUT

Canmore, AB, Canada
7-10 May, 2018 8TH GEWEX SCIENCE CONFERENCE:

EXTREMES AND WATER ON THE EDGE

Title: The Mountain Water Cycle (Session 14)

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, M. Bernhardt,
D. Marks



Next Steps

* Special Issue of Earth System Science Data. IN-A - —H
* Mountain downscaling toolbox further development

* LSS-H Model comparison and development — link to GLASS
 Comparative analysis of alpine snow and ice hydrological sensitivity to
warming — “Mediterranean Climate” and “Continental Climate” snow
sensitivity comparison in progress

* Trans-lIberian Snow Hydrology Transect — extend to Morocco

* Multiscale climate change vulnerability analysis of alpine snow, ice and
hydrological systems

* Link with Canadian-funded GWF (Global Water Future) Program
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