1.
2.

Canadian Geophysical Union-Hydrology Section (CGU-HS)

2023/2024 Report on Committees

Hydrology-Section COMMITIEES .........coiiiieiieiieie ettt nbe e nreas 2

2024 Individual Reports per COMMITIEE .......cccvovieieiie e 3
2.1  Permafrost-Hydrogeology Interactions — Report 2024 ...........ccoceveiineniiinineiiennenne. 3
2.2  Committee on River Ice Processes and the Environment (CRIPE) — Report 2024..5
2.3  Committee Northern Research Basins Committee — Report 2024...............ccccveneene. 7
2.4 Committee 0N I1SOTOPE THACEES ...cviiitiiiirieiiieie ettt 9
2.5  Hydroecology Committee — RePOIt 2024.........ccooveiiiiiiiiiieee e, 10
2.6 Canadian Young Hydrologic Society — Report 2024..........cccccceovvevveieiieieeie e, 13
2.7  Committee on Hydro-climatic Impacts and Adaptation — Report 2024.................. 18
Supplementary INFOrMAatioN ..........ccooiiiiiii e 20



1. Hydrology-Section Committees

Canadian Geophysical Union-Hydrology Section (CGU-HS) has seven active committees. The
committees are:

Committee on Permafrost-Hydrogeology Interactions
Chairs: Chris Spence (Environment and Climate Change Canada) and Peter Morse (Natural
Resources Canada)

Committee on River Ice Processes and the Environment (CRIPE)
Chair: Shawn Clark (University of Manitoba)

Northern Research Basins Committee
Chairs: Murray Richardson (Carleton University) and Laura Brown (University of Toronto)

Committee on Isotope Tracers )
Chairs: April James (Nipissing University), Janie Masse-Dufresne (ETS), Magali Nehemy (Trent
University), and Hongxiu Wang (University of Saskatchewan)

Hydroecology Committee
Chair: Daniel Peters (Environment Canada) and Wendy Monk (University of New Brunswick)

Canadian Young Hydrologic Society
Chairs: Larissa Gospodyn (University of Waterloo), and Selsey Stribling (McGill University)

Committee on Hydro-climatic Impacts and Adaptation
Chair: Rajesh Shrestha, Yonas Dibike and Daniel Peters (Environment and Climate Change
Canada)



2. 2024 Individual Reports per Committee

Each committee provided the documents below. Notice that the format of each report is
maintained according to committee choice.

2.1 Permafrost-Hydrogeology Interactions — Report 2024

The report was provided by Chris Spence (chris.spence@ec.gc.ca) on May 21, 2024.

1. Committee Description, Background and Objectives

Permafrost — Hydrogeology Interactions committee of the Canadian Geophysical Union -
Hydrology Section facilitates scientific advancement, interdisciplinary collaboration and
knowledge transfer with respect to the relations between permafrost and hydrogeology in
varying circumpolar landscapes, and the responses with climate change. These poorly
understood relations are critical knowledge gaps, as climate change impacts on permafrost are
likely to alter hydrologic cycles, groundwater flow networks, and surface water supplies in
Canada’s North. Communities, governments, regulators, industry, and academics are noting
process changes in northern Canada. Regulators need guidance on how to scope groundwater
and permafrost issues as they affect economic development, and Northern capacity is needed
to address issues facing Northern communities. The knowledge must come through extended
collaborations and engagement. The committee was established according to consensus at a
meeting of 27 government, academic, and industry researchers and practitioners held to address
these issues in Yellowknife, NT, 14 November 2016 (Morse, 2017).

Obijectives:

1. Establish a collaborative research and development network to improve knowledge transfer
and educational opportunities by facilitating scientific sessions and short courses in association
with the Canadian Geophysical Union annual meeting and other with other scientific societies.
2. Prepare a White Paper synthesizing pan-Canadian perspectives on the state of knowledge of
permafrost-hydrogeology interactions. Use this White Paper to develop a conceptual
framework to guide future Canadian research.

3. Collate this White Paper with case studies and process research to publish a special journal
issue on permafrost — hydrogeology interactions.

4. Report annually on progress to the Canadian Geophysical Union — Hydrology Section.

5. Follow-up on the conceptual framework and special issue by facilitating subsequent scientific
sessions in association with the Canadian Geophysical Union annual meeting and other with
other scientific societies.

2. Committee Membership. Please list using the following format School/Institution:
CRCs:#, Profs: #, PDFs: #, PhD: #, MSc #, HonBSc: #. e.g. Waterloo; CRC:1, Profs: 5,
PDFs: 2, MSc: 4, HonBSc: 2, RAs: 1

Geological Survey of Canada: Research Scientist: 1
Environment and Climate Change Canada: Research Scientist: 1
Queen’s University: Professor: 2

McGill University: Professor: 1

Yukon Territorial Government: Hydrogeologist: 1

University of Saskatchewan: Research Associate: 1


mailto:chris.spence@ec.gc.ca

3. Committee Activities
3a. Major areas of research

3ai.
3aii.
3aiii.

3aiv.

Permafrost control on hydrogeology;

Permafrost control on surface - subsurface linkages;

Implications of climate change on permafrost extent and subsequent impacts on water
resources;

Implications for northern communities

3e. Summary of areas of challenges and achievements (progress on issues and objectives)

3el.

3eii.
3eiii.
3eiv.

3ev.

Members are Named Partners in the NSERC Permafrost Partnership Network for
Canada (PermafrostNet) thaw was awarded 5-years of funding in 2019 and has a goal
of boosting Canada’s ability to adapt to permafrost thaw;

Members are involved in the secretariat of the Canadian Permafrost Association;
Members are involved in the secretariat of the Federal Permafrost Network.

Member are involved in discussions have begun with the Government of the
Northwest Territories and Indigenous governments in the NWT on how to proceed
with a broad based study on changing cold-season streamflow

A draft of the white paper synthesizing pan-Canadian perspectives on the state of
knowledge of permafrost-hydrogeology interactions has been started by Members

Major Publications. Please list by: Peer Reviewed Journals; Invited Commentaries;

Technical Reports. Indicate student authors with bolded font

Lapalme, C.M., Spence, C., Costa, D., Bonsal, B. and Falzi, Y., 2023. “Towards the
incorporation of hydrogeochemistry in permafrost modelling”, Arctic Science 9: 750-768.

Sniderhan, A., C. Spence, S.V. Kokelj and J. Baltzer, 2023. “The right place at the right
time: evidence for unexpected net permafrost aggradation driven by local hydrology and
climatic triggers”, Environmental Research Letters 18: 115001.

5. Scientific conferences/workshops/sessions hosted by members; attended by members (in
Canada, and abroad)

There is a dedicated permafrost hydrogeology session at the 2024 CGU annual general
meeting.

Members are involved in the preparation of the 12" International Conference on Permafrost
to be held in Whitehorse.



2.2 Committee on River Ice Processes and the Environment (CRIPE) — Report 2024

The report was provided by Shawn Clark (shawn.clark@umanitoba.ca) on June 11, 2024.

—C

E Committee on River Ice Processes and the Environment (CGU-HS)

CRIPE OBJECTIVES
The main objectives of CRIPE are:

- To identify specific high-priority river ice topics for research and development and

to undertake relevant research programs;

- To facilitate information dissemination and exchange of ideas on river ice among
practitioners, researchers, and resource managers at a national and international scale; and

- To encourage the incorporation of pertinent river ice lectures or courses in
undergraduate and graduate studies at Canadian Colleges and Universities.

CRIPE MEMBERSHIP

CRIPE currently has 24 Canadian members from various universities, hydro-electric facilities
and government organizations, as well as 4 international members and 11 affiliate members.

Members

International Members

Shawn Clark, (Chair) University of Manitoba

Martin Jasek , (Vice-Chair) BC Hydro

Joel Evans, BC Hydro

Benoit Turcotte, Yukon University

Robyn Andrishak, (Webmaster) NHC

Karen Dow, (Awards Coordinator) UManitoba
Brian Burrell, R.V. Anderson Associates Limited
Yves Gauthier, INRS-ETE, Quebec

Nadia Kovachis, (Treasurer) Gov. of Alberta
Karl-Erich Lindenschmidt, Univ. of Saskatchewan
Mark Loewen, University of Alberta

Joe Groeneveld, Hatch Energy

Yuntong She, University of Alberta

Jennifer Nafziger, (Secretary) U. Alberta
Jarrod Malenchak, Manitoba Hydro

Soheil Zare, Hatch

Colin Rennie, University of Ottawa

Dan Healy, Northwest Hydraulic Consultants
Tadros Ghobrial, Université Laval

Fuad Curi, KGS Group

Tadros Ghobrial, Université Laval

Vincent McFarlane, University of Alberta
Ahmad Shakibaeinia, ETS

Kevin Lees, Hatch

Knut Alfredsen, Norwegian Univ. of Science and
Tech.
Mikko Huokuna, Finnish Environment Institute

Edward Kempema, University of Wyoming
lan Knack, Clarkson University

Affiliate Members

Spyros Beltaos, Environment Canada
Rick Carson, KGS Group

Steven Daly, retired from ERDC/CRREL
Evan Friesenhan, Government of Alberta
Brian Morse, Université Laval

Terry Prowse, Environment Canada
Hung Tao Shen, Clarkson University
Lucas Wazney, KGS Group

Milan Bijeljanin, Manitoba Hydro
Michael Brayal, Government of Alberta
Stefan Emmer, Government of Alberta



RECENT ACTIVITIES

CRIPE held its 22nd Workshop on the Hydraulics of Ice Covered Rivers from July 9 — 12,
2023 in Canmore Alberta. Highlights include:

. 85 participants

. 41 papers

. 10 posters

. Short course on numerical modelling (HEC-RAS and River1D) w/ 39 Participants

The CRIPE Annual General Meeting was held on July 9 in Canmore just prior to the
conference. Both in-person and online options were available, and there was strong
participation from our committee. Key highlights from the meeting:

. Increased the number of student awards to: 1 paper award, 1 presentation award, 1
poster award, valued at $500, $250, and $250, respectively.

. Decided to encourage student participation at the 2024 IAHR International

Symposium on Ice by assisting with registration costs.

. Discussion on upcoming Special Issues related to river ice in CJCE and Water.
Added 4 Members and 4 Affiliate Members (included in list above).

Considering St. John NB, or St. John’s NFLD for the 2025 Workshop.
Decided to have a mid-year online meeting.

A mid-year CRIPE meeting was held online on December:

. Decided to host the 2025 CRIPE Workshop in St. John’s Newfoundland.
. Elected new Secretary and Treasurer (updated in membership list above)
. Plan to revisit ice jam modelling exercise with a comparative paper.

FUTURE ACTIVITIES

CRIPE will hold its annual meeting online on July 24, 2024.

Planning for the 2025 workshop will be the major focus of the next year.

A subgroup of CRIPE members will start a project on comparing river ice jam numerical
models, with a focus on ice jam flood extent modelling.

Help sponsor student attendance at the 2024 IAHR International Symposium on Ice.

FINANCES

CRIPE maintains a very healthy financial situation, allowing us to support student
participation in conferences. We will continue to explore new ways to use these finances to
meet our mandate.



2.3 Committee Northern Research Basins Committee — Report 2024

Report was provided by Murray Richardson (murrayrichardson@cunet.carleton.ca) on May 21,
2024.

Prepared by: M. Richardson (Chief Canadian Delegate) and L. Brown (Deputy Canadian Delegate)
May 21, 2024

Committee Description, Background and Objectives

In 1975, the International Hydrological Program (IHP) National Committees of Canada,
Denmark/Greenland, Finland, Norway, Sweden, the United States of America, and the Union of
Soviet Socialist Republics (USSR) established the IHP Working Group on Northern Research
Basins, now called the “NRB Working Group”. In 1992, Iceland joined the group and Russia took
over the responsibilities of the former USSR.

The overall objective of the NRB Working Group is to encourage research in hydrological basins
in cold regions where snow, ice and frozen ground have a dominant role in the hydrological cycle.
Over the years, the objectives of the NRB Working Group have evolved to include the following:

Gain a better understanding of hydrological processes, particularly those in which snow, ice, and
frozen ground have a major influence on the hydrological regime, and to determine the relative
importance of each component of the water balance.

Provide data for the development and testing of transposable models which may be applied to
regional, national, and international water and land resource programmes

Relate hydrological processes to the chemical and biological evolution of northern basins.

Assess and predict the effect of human activities on the hydrological regime in northern
environments.

Encourage the exchange of personnel (technicians, scientists, research officers, students, and others)
among participating countries.

Provide information for improving and standardising measurement techniques and network design
in northern regions.

Encourage exchange of information on a regular basis, and set up task forces to promote research
initiatives on topics of special interest to northern research basins.

Committee Membership:

The NRB is an organization with its roots as a UNESCO working group. Its membership
comprises the 8 circumpolar nations each of which are represented by a delegation of researchers
which meet every two years at a symposium hosted by one of the member nations. In addition to
the member nations, other nations (e.g. Japan, UK, Germany and others) have observer status.



Committee Activities (2023)

The NRB Symposium and Workshop is hosted by one of the 8 member countries every other

year. In 2019, the NRB meeting took place in Yellowknife, NWT in the week of August 18-23,
2019. The anticipated 2021 meeting was postponed due to the Covid-19 pandemic. A mini
symposium was held in 2022 to coincide with a Cryosphere 2022. The “real” 23" NRB took place
last year, in Sweden, during the week of August 20" - 25", 2023. This meeting was jointly hosted
by the Swedish Meteorological and Hydrological Institute (SMHI) and Sveriges
Lantbruksuniversitet (SLU).

Delegates from 7 of 8 member countries attended and presented at the 2023 NRB symposium.
Additional delegates attended from several “observer nations” Japan and Poland. Participation from
Russian scientists was problematic due to sanctions imposed by the Swedish government

against Russia. Hybrid meeting options were offered to accommodate, and an online presentation
was delivered by one Russian scientist. Three Canadian delegates were in attendance and
delivered presentations: Kathy Young (York University), Jason Leach (Canadian Forest Service)
and Murray Richardson (Carleton University). The theme for the 23" NRB was “Northern
Hydrology in Transition” and, not surprisingly, there was significant emphasis of talks on northern
cryospheric and hydrologic impacts of climate change. The meeting program has been attached
here as an Appendix.

Overall, the NRB 2023 Workshop and Symposium was a successful, well-organized and
informative meeting. It was a travelling event whereby participants visited several sites in Northern
Sweden, with formal presentation sessions taking place at two different venues outside of Ume3, in
the communities of Vindeln and Ammarnés. In between these sessions, the group participated in
various field trips. These included a thorough tour of the Krycklan research catchment and the
“Trollberget” wetland restoration site, led by Hjalmar Laudon (SLU), a visit to a hydroelectric
generating station, and learning about Sami culture through tours within and around Ammarnas.

During the workshop, Norway volunteered to host the 2025 NRB symposium. These meetings are
an excellent opportunity for international networking and sharing of scientific knowledge on cold
region hydrology. We would like to encourage more Canadian delegates to attend and to represent
some of the outstanding cold regions hydrology research we see every year at CGU.

NRB Canadian Chief and Deputy Delegate Roles

Laura Brown will move into the position of Chief Canadian Delegate and we are seeking a new
Deputy to fill her position. We will use this year’s CGU meeting in Ottawa to help fill this position.

Please see in the Supplementary Information (below) the NRB23 Program “Northern Hydrology in
Transition” in this document.


https://nrb23.se/

2.4 Committee on Isotope Tracers

The committee was previously “on hold” (2023-2024), and a new committee was formed during
the Canadian Geophysical Union annual meeting. The committee is co-chaired by April James
(Nipissing University), Janie Masse-Dufresne (ETS), Magali Nehemy (Trent University), and
Hongxiu Wang (University of Saskatchewan). The committee will work on re-establishing an
active network of researchers that use isotopes as tracers in hydrology across Canada and providing
a platform for discussions on the topic (e.g. through workshops and sessions).



2.5 Hydroecology Committee — Report 2024

The report was provided by Daniel Peters (daniel.peters@ec.gc.ca) on May 26, 2024.

Chairs:

Daniel Peters (Environment and Climate Change Canada, University of Victoria) and Wendy
Monk (Environment and Climate Change Canada, University of New Brunswick).

Background:

Established in May 2015 to support and facilitate information exchange, as well as work towards
bridging multidisciplinary research carried out by aquatic ecologists and hydrologists within
Canada and internationally.

Objective:

To promote and advance the understanding of linkages between hydrology and ecology in
wetland, lake and river systems across Canada.

Activities:

The Hydroecology committee continued to be active in the promotion and advancement of
understanding the linkages between aquatic ecology, water quality and hydrology.

Providing expertise to the development of an environmental flows framework for the Peace-
Athabasca Delta (Alberta) and the Wolastog/Saint John River (New Brunswick)

A Special Journal Issue entitled ”River temperature: Perspectives, Applications, and Future
Directions for Research in Canada” Guest Edited by Wendy Monk and Stephen Dugdale was
published in 2023. The special issue sought review and research papers exploring ecohydrological
interactions during drought in both aquatic and terrestrial ecosystems within the scope of
Ecohydrology. In particular, articles exploring ecosystem sensitivity, ecohydrological stressors,
aquatic-terrestrial linkages, and feedback processes between ecohydrological compartments
during drought conditions.
https://www.tandfonline.com/doi/full/10.1080/07011784.2023.2222697

To support discussion on the development of a National Freshwater Science Agenda,
Environment and Climate Change Canada released in March 2024 a report entitled “Synthesis of
Freshwater Science in Canada”. Relevant sections of this report include:

Peters DL, WA Monk. Management of Environmental Flows.

Spence C, B Bonsal, DL Peters, Y Dibike, R Shrestha, D Yang. Water Balance, Availability, and
Sustainability.

Bonsal B, DL Peters, Y Dibike, R Shrestha, C Spence, D Yang Climate Change Impacts — Hydro-
Climatic Extremes (floods and droughts).

10



https://www.canada.ca/en/environment-climate-change/services/water-overview/protecting-
freshwater/national-freshwater-science-agenda/synthesis-freshwater-science-
overview/synthesis.html

Select Recent Publications:

Beltaos S, DL Peters. 2023. Effects of regulation on open-water flows in the lower Peace River,
Canada, and implications for the recharge of Peace-Athabasca Delta basins. River Research and
Applications, 1-12, https://doi-org.ezproxy.library.uvic.ca/10.1002/rra.4220

Bush, A, Z Compson, NK Rideout, B Levenstein, M Kattilakoski, M Hajibabaei, WA Monk,
MTG Wright, and DJ Baird. 2023. Replicate DNA metabarcoding can discriminate seasonal and
spatial abundance shifts in river macroinvertebrate assemblages. Molecular Ecology Resources,
23, 1275-1287. https://doi.org/10.1111/1755-0998.13794

Bush A, CB Choung, WA Monk, M Nasr, and DJ Baird. 2023. The Challenge of Spatialising
Point-Source Water Quality Monitoring Data for Multi-Substance Risk Assessment in the
Canadian Oil Sands Region. http://dx.doi.org/10.2139/ssrn.4394258

Desrochers DM, DL Peters, G Siles, EC Charest, M Trudel, R Leconte. 2023. A Remote Sensing
View of the 2020 Extreme Lake-Expansion Flood Event into the Peace-Athabasca Delta
Floodplain — implications for the Future SWOT Mission. Remote Sensing, 15:1278.
https://doi.org/10.3390/rs15051278

Dibike Y, L de Rham, S Beltaos, DL Peters, B Bonsal. 2023. Assessment of Changes in Open
versus Ice-influenced Annual Maximum Water Levels in select Canadian Rivers, 22nd Workshop
on the Hydraulics of Ice-Covered Rivers, Canmoore, Alberta, Canada, July 9-12, 2023.
https://cripe.ca/publications/proceedings/workshop-22

Lento J, SM Laske, EA Luiker, JM Culp, L Jones, CE Zimmerman, WA Monk. 2023. River of
Arctic North America. Chapter 20 in Rivers of North America; edited by MD Delong, TD
Jardine, AC Benke, CE Cushing, 2nd Edition, Elsevier, eBook ISBN: 9780128188484

McKenzie M, A Brooks, M Callisto, AL Collins, JM Durkota, RG Death, JI Jones, MS Linares,
CD Matthaei, WA Monk, JF Murphy, A Wagenhoff, M Wilkes, PJ Wood, KL Mathers. 2023.
Freshwater invertebrate responses to fine sediment stress: A multi-continent perspective. Global
Change Biology, 30, e17084. https://doi.org/10.1111/gcb.17084

Millar W, WA Monk and M Gray. 2023. Effects of winter water quality conditions on Atlantic
Salmon embryo mortality and deformity rates in the Serpentine River (New Brunswick, Canada).
Canadian Water Resources Journal, 1-13. https://doi.org/10.1080/07011784.2023.2283706

Monk WA, MA Gray, KM Samways, and RA Curry. 2023. Atlantic Coast Rivers of Canada.
Chapter 21 in Rivers of North America; edited by MD Delong, TD Jardine, AC Benke, CE
Cushing, 2nd Edition, Elsevier, eBook ISBN: 9780128188484

Peters DL, Y Dibike, J Shudian, WA Monk, DJ Baird. 2023. Effects of Climate Change on
Navigability Indicators of the Lower Athabasca River. Water, 15, 1373.
https://doi.org/10.3390/w15071373
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Wang B, L Smith, C Gleason, E Kyzivat, J Fayne, M Harlan, T Langhorst, D Feng, E Eidam, S
Munoz, J Davis, T Pavelsky, DL Peters. 2023. Athabasca River avulsion underway in the Peace-
Athabasca Delta, Canada. Water Resources Research, 59, e2022WR034114.
https://doi.org/10.1029/2022WR034114

Wang, C, T Pavelsky, ED Kyzivat, FG-Tigreros, E Podest, F Yao, X Yang, S Zhang, C Song, T
Langhorst, W Dolan, M Kurek, ME Harlan, LC Smith, DE. Butman, RGM Spencer, CJ Gleason,
KP Wickland, RG Striegl, DL Peters. 2023. Quantification of wetland vegetation communities
features with airborne AVIRIS-NG, UAVSAR, and UAV LiDAR data in Peace-Athabasca Delta.
Remote Sensing of the Environment, DOI: 10.1016/j.rse.2023.113646

Wegscheider B, WA Monk, J Lento, K Haralampides, M Ndong, T Linnansaari, RA Curry. 2023.
Developing environmental flow targets for benthic macroinvertebrates in large rivers using
hydraulic habitat associations and taxa thresholds. Ecological Indicators, 146, 109821,
https://doi.org/10.1016/j.ecolind.2022.109821.
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2.6 Canadian Young Hydrologic Society — Report 2024

The report was provided by Larissa, Selsey and Rachel (canadianyhs@gmail.com) on May 27,

2024.

1. Committee Description, Background and Objectives

The Canadian Young Hydrologic Society (CYHS), founded in 2015, aims to
engage early career researchers by organizing workshops and activities to stimulate
meaningful interaction and exchange between research groups across Canada. It is the
Canadian branch of the wider Young Hydrologic Society (YHS), an international initiative
that facilitates the interaction of young hydrologists within the hydrological community.
These activities include pop-up sessions at large national conferences, seminars,

workshops, and social nights.

2023-2024 was the ninth year of the Canadian Young Hydrologic Society (CYHS)
being in operation. CYHS focused on three events: the annual X/Twitter symposium, the
hybrid Annual CGU Student Conference, and an in-person workshop at the national CGU

Conference.

CYHS started the year with 5 active committee members and recruited through the
year to get more spatially diverse representation across Canada. CYHS will close the year
comprised of 13 members, taking on the roles below:

Position

Name

Institution

Chair/Co-chair

Larissa Gospodyn, PhD Candidate
Selsey Stribling, PhD Candidate

University of Waterloo
McGill University

Treasurer

Amir Reshadi, PhD Candidate

University of Waterloo

Communications: Internal

Lanthika Dhanapala, Masters Student

Memorial University of Newfoundland

Communications: Social Media

Joseph Tuffner, Masters Student

University of Calgary

Communications: Outreach

Eole Valence, PhD Candidate

McGill University

Communications: Graphics

Amanda Harrison, Masters Student

McMaster University

CGU-HS Rep

Arsh Grewal (past), PhD Candidate
Rachel Lackey (incoming), PhD Candidate

McMaster University
McGill University

International YHS Rep

Samuel Poirier, Masters Student

Queen’s University

Members-at-large

Julia Cantelon, PhD Candidate
Festus Eebo, Masters Student
James Zunti, Masters Student

Dalhousie University
Nipissing University
University of Calgary

2. Committee Membership. Please list using the following format School/Institution:
CRCs:#, Profs: #, PDFs: #, PhD: #, MSc #, HonBSc: #. e.g. Waterloo;
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CYHS does not have an annual membership, but we noted registered conference attendees at the
CGU Student Conference, as this was the largest event hosted solely by CYHS.

Winter 2024

Dalhousie University: 2

McGill University: 1

McMaster University: 18

Memorial University of Newfoundland: 1 Nipissing University: 1

Queen’s University: 1 Simon Fraser University: 1 University of Calgary: 2 University of
Guelph: 1 University of Ottawa:1 University of Toronto: 7 University of Waterloo: 4
University of Windsor: 1 York University: 4

Non-academic affiliation: 1

TOTAL: 46

3. Committee Activities

3a. Major areas of research
[blank]

3b. Science-industry collaborations
[blank]

3c. Training and networking initiatives geared towards young and emerging scientists

CYHS organized three main activities in 2023-2024. They include a Twitter (X)
Symposium, the CGU Student Conference, and a CYHS workshop at the annual CGU meeting.
The CYHS held the annual Twitter Symposium between 6 November and 8 November 2023. The
symposium generated 15 posts (non-CYHS account posts). CYHS awarded two participants $50.00
as Daily Winners for making a post with the highest number of likes, comments and retweets plus
one Grand Prize of $100 for overall participation in the Symposium. The CYHS executive
committee was excluded from winning, but contributed to overall engagement.

The CYHS Twitter account is used as a platform to facilitate the distribution of information,
news, resources, and support relevant to early career hydrologists, but has seen a decline in
engagement since migration to the X platform. The account currently reaches 897 followers (an
increase of 48 followers from May 2023 - May 2024) and averages 988.7 tweet impressions per
tweet. The most engagement from our audience (retweets, likes, profile visits) over the last year
occurred from either recruitment or CGU Student Conference announcement posts, which received
many retweets.

3d. Regional, national and international advisory efforts
[blank]

3e. Summary of areas of challenges and achievements (progress on issues and objectives)
Challenge/Achievement 1: National communication and outreach
CYHS strives to reach the broad student and young professional community across Canada,
but is often limited to students with supervisors active in the CGU community. The main
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advertisement of CYHS events continues to be word-of-mouth, so reaching new audiences can be
challenging. Unsurprisingly, participation in the CYHS committee and participation in CYHS-
hosted events is concentrated in southern Ontario (especially within the Toronto-Hamilton-
Waterloo triangle- a region with 7 major universities within a 1.5 hour driving distance).

This year, a concerted effort to recruit spatially diverse members was very successful and
focusing on hybrid-style events (the CGU Student Conference) allowed students outside of
southern Ontario a chance to get involved. However, participation from students representing the
West Coast continues to be minimal. We hope to continue this momentum and increase national
participation in the upcoming year, but reaching these audiences continues to be challenge.

Communication through the CGU and CGU-hs mailserve list and Twitter/X have been the
limited method of communication for CYHS (aside from word-of-mouth). With the multitude of
changes to the Twitter/X platform in the past year, new challenges in reaching, engaging with, and
increasing the CYHS Twitter/X platform has proved difficult. As seen in the annual report, the
number of new followers over the past year is significantly fewer than the 2022-2023 year.
Additionally, with Twitter/X’s algorithm and other platform modifications, overall participant
engagement with the Annual Twitter Symposium was much lower than previous years. Due to these
difficulties, we are in the process of determining how we might modify our social media outreach
approach in the future to better engage with early career scientists, and may pivot our online
presence to better match current societal uses.

In an effort to reach other early career scientists, CYHS has established a LinkedIn profile
and will continue to network and advertise our early career opportunities through it. We hope this
may reach new and relevant audiences. Additionally, we are in early planning stages of potentially
creating an external CYHS mailing list and monthly newsletter to advertise upcoming events, job
openings, postings, and other valuable information for early hydrology career researchers. In 2021,
CYHS formulated a list of water-focused groups, labs and academic departments across Canada to
target when promoting events, which will be updated in the incoming year. However, since there
is no specific CYHS mailing list (as we do not have a membership), and since the HS mailserve
does not always target the same audience as us (students and young professionals), we believe that
creating a CYHS-specific mailing list will allow us to better engage with early career researchers
across Canada and provide a more open line of communication for networking.

Challenge/Achievement 2: Grow the reach of CYHS as an early career network

The spatial segregation of Canada causes huge disconnect between groups and resources
across the nation. National-scale networking opportunities are often limited to conferences, which
can be both intimidating and inaccessible for students (students may not have funding resources
available to attend the national conference). In the past, CYHS has collaborated with other water
groups (ex: Global Water Futures/GWF) when possible to increase networking potential. Until
2022, the CYHS engaged heavily with the GWF-YP organization. However, with GWF coming to
a close, there is limited engagement between these groups.

The CYHS is continuing its aim to establish itself as an active early-career network. CYHS
hosted the annual CGU Student Conference in 2024 for the second year in a row and will continue
in 2025, with the goal of helping to bridge some of this disconnect across the country. CYHS has
re-established roles within the committee, highlighting both an Outreach role and International
YHS Rep, allowing focus on collaboration with other young professional groups and events (ex:
UBC West Conference), but focus will not be limited to only those within Canada (ex: H3S).

4. Major Publications. Please list by: Peer Reviewed Journals; Invited Commentaries; Technical
Reports. Indicate student authors with bolded font.
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[Blank]

5. Scientific conferences/workshops/sessions hosted by members; attended by members (in
Canada, and abroad).

A list of presentations, workshops and events organized by or in partnership with the CYHS
IS provided:

Organized Workshops and Events:

2024:

1. CGU Student Conference hosted by CYHS (April 26)

- Awarded six prizes altogether for best and runner up poster, best and runner up oral
presentation, best short talk and best undergraduate presentation.

2. Words that Flow: A Writing Workshop for Early Career Success. Workshop at CGU 2024
Annual Meeting, Ottawa, Ontario. (May 29)

3. CYHS Twitter Symposium, Award for Most Liked and Retweets Twitter Post (3 ECR’s awarded)

2023:

1. CGU Student Conference hosted by CYHS (April 1)
a. Awarded eight prizes for best and runner up poster, oral presentation, and short talk. One
honorable mention award given. (9 ECR’s awarded).

2. Career Paths after Graduation. Panel Talk at CGU 2023 Annual Meeting, Banff, Alberta.

3. CY-Hike-S Social at CGU 2023, CGU 2023 Annual Meeting, Banff Alberta

4.CYHS Twitter Symposium, Award for Most Liked and Retweets Twitter Post (4 ECR’s

awarded).

2022:

1. CGU Student Conference , Grand prize (x1) (1 ECR’s awarded)

2. From failure to progress: lessons learned in hydrology, CGU virtual meeting

3. Hands on hydrology: Exploring methods and techniques, CGU virtual meeting

4. CYHS Twitter Symposium, Award for Most Liked and Retweeted Post (4 ECR’s awarded)

2021:
5. CGU Student Conference, Grand prize (x2), Honorable mentions (x6) (8§ ECR’s awarded)
6. CYHS Twitter Symposium, Award for Most Liked and Retweets Twitter Post (4 ECR’s awarded)

2020 (cancelled):

1. From failure to progress: lessons learned in hydrology, CGU meeting in Banff

2. Applied data management best practices for young hydrologists, CGU meeting in Banff
3. Python Hydrological Modeling Workshop, CGU meeting in Banff, on Thursday 7th May.

2019:
1. “Opportunities and Challenges in Canadian hydrology: a early-career perspective” workshop at
IUGG-CGU 2020. 32 participants.

o Invited speakers: Professor Nigel Roulet, Prof. Jan Adamwoski and Prof. April James.
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2. Joint WCRP-AGU workshop, Water Cycle in a 1.5° Warmer World: Interdisciplinary
Approaches, AGU Fall Meeting, Dec. 7, 2019. Co-organized by APECS, YESS and YHS/CYHS
3. McMaster Water Week, CYHS: McMaster Water Week Most Innovative Poster Award (1 ECR
Awarded)

4. CYHS Twitter Symposium, Award for Most Liked and Retweets Twitter Post (4 ECR’s awarded)

2018:
1.“Careers in hydrology: Options and insights” workshop and panel discussion, CGU, Niagara
Falls, On

o Invited Speakers: Simon Gautrey, Dr. Christa Kelleher, Dr. Joseph Shea & Dr. Chris
Spence (attendance: 45 ECRs). A social event was held in the evening after the workshop in Niagara
Falls where we had 100 attendees.
2. “Tips and tricks for publishing in hydrology” workshop.

o Invited Speakers: Dr. Laura Lautz & Dr. Mike Waddington (attendance: 47 ECRS)
3. Inaugural GWF Young Professionals workshop and social events (GWF Annual Science Meeting
in collaboration with GWF YP group)

o Invited Speaker: Dr. Jeff McDonnell ¢
4. Professional Development Workshop: The Art of Scientific Investigation’ (attendance:
~80 ECRY).

o Invited Speaker: Dr. John Pomeroy ‘Role of YPs Within Larger GWF Context’
(attendance: 90 ECRs)

5. Water Week Poster Session and award for “Most Innovative Research” awarded to Anjali
Narayanan (Undergraduate student)

6. Joint YESS-YHS Early Career Researcher (ECR) Workshop. "Towards Regional Information

to Improve Our Understanding on Weather, Water, and Climate Extreme Events” at the 2018
GEWEX Open Science Conference, 3-5 May, 2018.
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2.7 Committee on Hydro-climatic Impacts and Adaptation — Report 2024

Report was provided by Rajesh Shrestha (rajesh.shrestha@ec.gc.ca) on May 21, 2024.

Chairs:
Rajesh Shrestha, Yonas Dibike, Daniel Peters (Environment and Climate Change Canada,
University of Victoria).

Background:

Established in May 2016 to provide a platform for researchers engaged in hydro-climatic,
hydrologic and hydro-ecological impacts and adaptation, and promote the development of new
methods and tools to address the challenges.

Objective:

To advance the development of methods and tools for better understanding of the hydrologic and
aquatic ecosystem impacts of climate variability and change, and developing adaptation measures
to mitigate the potential impacts.

Committee Memberships:
Government Scientists: 3, Profs. 1, PDFs: 1, Grad student 1.

Committee Activities:

The Hydro-climatic Impacts and Adaptation committee is active in the advancement of
knowledge on the implications of climate variability/change on planning, allocation and operations
of water resources, and adaptation/mitigation measures that address the potential impacts.
Engagement of multidisciplinary scientists included organizing special sessions conferences,
special issues for journals, and giving invited webinar presentations.

Training/Supervisions:

Trained (3 Raj + 2 Yonas +2 Daniel) students interns from University of Victoria, Waterloo and
Sherbrooke.

Supervised 2 (Raj & Daniel) graduate student, University of Victoria.

Journal Publications

Beltaos S, DL Peters. 2023. Effects of regulation on open-water flows in the lower Peace River,
Canada, and implications for the recharge of Peace-Athabasca Delta basins. River Research and
Applications, 1-12, DOI: 10.1002/rra.4220

Desrochers DM, DL Peters, G Siles, EC Charest, M Trudel, R Leconte. 2023. A Remote Sensing
View of the 2020 Extreme Lake-Expansion Flood Event into the Peace-Athabasca Delta Floodplain
— implications for the Future SWOT Mission. Remote Sensing, 15:1278.
https://doi.org/10.3390/rs15051278

Devito KJ, A O'Sullivan, DL Peters, KJ Hokanson, N Kettridge, CA Mendoza. 2023. Runoff
threshold responses in continental Boreal catchments: Nexus of sub-humid climate, low relief,
surficial geology and land cover. Water Resources Research, 59, e2023WR034752.
https://doi.org/10.1029/2023WR034752

Dibike, Y., de Rham, L., Beltaos, S., Peters, D.L., Bonsal, B. 2023. Assessment of Changes in Open
versus Ice-influenced Annual Maximum Water Levels in select Canadian Rivers, proceedings of
the 22nd Workshop on the Hydraulics of Ice-Covered Rivers Canmore, Alberta.
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Dibike, Y., Marshall, R. and de Rham, L., 2024. Climatic sensitivity of seasonal ice-cover, water
temperature and biogeochemical cycling in Lake 239 of the Experimental Lakes Area (ELA),
Ontario, Canada. Ecological Modelling, 489, p.110621.

Liu, Y., N. Van Nieuwenhuizen, J. Elliott, R.R. Shrestha, R. Yerubandi, 2023. Runoff, sediment,
organic carbon, and nutrient loads from a Canadian prairie micro-watershed under climate
variability and land management practices, Environmental Monitoring and Assessment 195:1285,
doi.org/10.1007/s10661-023-11913-3.

Liu, Y., R.R. Shrestha, F. Fong, R. Yerubandi. 2024. A review on modeling nutrient dynamics and
loadings in forest-dominated watersheds under cold climate conditions, Modeling Earth Systems
and Environment, doi.org/10.1007/s40808-024-02010-6.

Peters DL, Y Dibike, J Shudian, WA Monk, DJ Baird. 2023. Effects of Climate Change on
Navigability  Indicators of the Lower Athabasca River. Water, 15, 1373.
https://doi.org/10.3390/w15071373

Shrestha, R.R., J. Pesklevits. B.R. Bonsal, R. Brannen, T. Guo., S. Hoffmann. Rising summer river
water temperature across Canada: spatial patterns and hydroclimatic controls, 2024. Environmental
Research Letters, 19(4): 044058, doi.org/10.1088/1748-9326/ad365f.

Wang B, L Smith, C Gleason, E Kyzivat, J Fayne, M Harlan, T Langhorst, D Feng, E Eidam, S
Munoz, J Davis, T Pavelsky, DL Peters. 2023. Athabasca River avulsion underway in the Peace-
Athabasca Delta, Canada. Water Resources Research, 59, 2022WR034114.
https://doi.org/10.1029/2022WR034114

Conference Presentations

Shrestha, R.R., J. Pesklevits, 2023. Modelling river water temperature dynamics across western
Canada, ISEM / The International Society of Ecological Modelling Global Conference 2023,
Toronto [Oral presentation].

Valipour, R., D. Depew, P. Fong, R.R. Shrestha, J. Zhao, Y.R. Rao. 2023. Year-round ecological
responses of two large lakes using process-based hydrodynamic and water quality models, IAGLR-
2023 / International Association of Great Lakes Research Annual Conference [Oral presentation].

Conference Session Organizations
Najafi, M.R., Shrestha R.R., Cannon A.C. 2023. Floods and Droughts in a Changing Climate:
characteristics, Mechanisms, Interactions, and Projections, AGU 2023 Fall meeting.

Awards received by members

Dibike, Y., Hartmann, J., de Rham, L., Beltaos, S., Peters, D., Bonsal, B. Received the R. Gerard
Medal for the best paper of the 2021 CRIPE Workshop in Saskatoon for their paper entitled
“Exploratory Data Analysis of the Canadian River Ice Database Variables and their Correlations
with Seasonal Temperature”.
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Supplementary Information
Additional information provided by specific committees.

Northern Research Basins Working Group

NRB23 Program “Northern Hydrology in Transition”
Sweden, August 20-25, 2023

To

join online:

https://my.meetu.se/meet/27073713,

guest PIN: 2025 (join from the
browser, ideally Chrome).

Note: speaker timeslots include
discussion time of at least ~2-3

minutes. Northern
Hydrology in \f\
Sunday, August 20, 2023 Transition
Timeslot  [Activity
(CEST)
~17:30 Bus leaves from Umea Central Station to Hotell Forsen/Vindelforsarnas Camping
(cabins) in Vindeln
18:30 Check-in at hotel/cabins
19:00 Icebreaker: welcome drinks, introduction round and dinner

Monday, August 21, 2023

Timeslot  |Activity

(CEST)

08:30 Bus leaves in front of hotel to Svartberget Research Station
Timeslot  [Speaker Title Organisation
(CEST)
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09:00-
09:15

David Gustafsson &
Hjalmar Laudon

\Welcome

SMHI, Sweden & SLU,
Sweden

Session Topic: General Northern Hydrology; Moderator: David Gustafsson

09:15- Kathy Lynn Young |Keynote talk: The history of{York University, Canada
09:45 NRB
09:45- Hjalmar Laudon Northern landscape in transition:[Swedish University of
10:00 detecting, understanding and|Agricultural Sciences,
predicting environmental change |Sweden
in snow-dominated landscapes
10:00- Cintia Bertacchi UvoWater-oriented living lab concept|Finnish Environment
10:15 to boost cooperation for healthy]Institute, Finland
waters and sustainable northern
hydrological research
10:15- Zuosinan Chen In-situ high-resolutionfUniversity ~ of  Oulu,
10:30 measurements of stable water|Finland
isotopes - pushing the boundaries
in  understanding  northern
(eco)hydrological
processes
COFFEE BREAK (30 min)
Session Topic: Biogeochemical-Cycling; Moderator: Hjalmar Laudon
11:00- Pertti Ala-aho Keynote talk: Ecohydrology atlUniversity of  Oulu,
11:30 the Pallas research catchment;|Finland
modeling water ages to explore
subarctic water-carbon
interactions
11:30- Ylva Sjoberg \Water balance and hydrologiclUniversity of
11:45 controls on water chemistry in thelCopenhagen, Denmark
Two-Boat Lake catchment, West
Greenland
11:45- Rebecca Serata Controls on Methane Emissions [University of California -
12:00 from High-Latitude Fens Berkeley, US
LUNCH BREAK (~60 min)
13:00- Poster Session +
15:00 COFFEE BREAK (from 14:30h)
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Posterl Hotaek Park Impacts of snow and permafrostJapan Agency for
on the changing Arctic RiverMarine-Earth Science and
discharge Technology, Japan
Poster2 Morgane Jouenne  Distributed model test for UmeNTNU, Norway
river system
Poster3 Linda Christoffersen Temporal variations of riverTechnical University of
water surface slopes fromDenmark, Denmark
ICESat-2
Poster4 Jude LubegaThe role of assimilating earthSMHI, Sweden
Musuuza observations and in situ data for
seasonal hydrological forecasting
Poster5 Andrea Popp Cryospheric impacts onSMHI, Sweden &
hydrologic and biogeochemicalUniversity  of  Oslo,
cycling in alpine, sub-arcticNorway
environments
Poster6 Tobias Jonas High-resolution monitoring of WSL Institute for Snow
snow water resources inand Avalanche Research
Switzerland SLF, Switzerland
Poster7 Kailyn Hanke Investigating the impacts ofDalhousie University,
liming on microbial communitiesCanada
in acidified rivers within Nova
Scotia
Poster8 Anna Wagner Snowpack trends in an AlaskanU.S. Army Engineer
northern basin Research and
Development Center, US
Poster9 Murray Richardson /A new framework for watershedCarleton University,
characterization and cumulativeCanada
effects assessment with
application to mining-impacted
subarctic watersheds of central
Yukon, Canada
Poster10 Bjorn Norell Development of an efficientVattenregleringsforetage
distributed snow measurementn AB, Sweden
system for hydropower planning
13:30- Hybrid NRB Delegate meeting (only for NRB delegates)
14:30
15:00- Excursion to Krycklan Catchment Study (KCS)
18:30
18:30 Outdoor dinner at lake (return to Vindeln at 20:45h with bus)

Tuesday, August 22, 2023
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Timeslot  [Activities

(CEST)

Before Check-out from hotel/cabins

09:00

09:00- Field trip to wetland restoration site “Trollberget” (10 km towards Umea; bus
12:00 leaves at 9:00 in front of the hotel); at 11:30h we will drive towards Ammarnéas

LUNCH BREAK at Mardseleforsen (~60 min)

13:30- Drive to Ammarnas with coffee break and stops at historic and natural sites, for
18:30 example Odlingsgrénsen, Vindelgransele and Sorsele

18:30- Check-in at Ammarndsgarden Fjéllhotel

19:15

19:30 Dinner at Ammarnésgarden Fjallhotel

Wednesday, August 23, 2023

Session Topic: Discharge Dynamics; Moderator: Cintia Uvo

Timeslot  [Speaker Title Organisation
(CEST)
08:30- Oddbjern Bruland |Safe Rivers - Identification of  [NTNU, Norway
08:45 critical points
08:45- Marzena Osuch Flow regime changes in the rivers|Polish Academy of
09:00 of SW Spitsbergen Sciences, Poland
09:00- David Gustafsson  [Role of snow for changes in[SMHI, Sweden
09:15 hydrological regimes in east

Siberian Arctic rivers
09:15- Jason Leach Predicting no-flow conditions in|Canadian Forest Service,
09:30 northern headwater catchments |Canada

influenced by snow

COFFEE BREAK (30 min)
Session Topic: Human-impacted systems; Moderator: Svetlana Stuefer

10:00- Christer Nilsson Keynote talk: Three decades offlUmea University, Sweden
10:30 river restoration in Sweden:

Lessons learned and future

challenges
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10:30-
10:45

Berit Arheimer

River-flow as affected by
wildfires, storms, urbanization,
regulation, and climate across
Sweden

SMHI, Sweden

SHORT BREAK (15 min)

Session Topic: Water Policy & Impact of Climate Change on Local Communities;

Moderator:
Svetlana Stuefer
11:00- Camilla Sandstrom [Keynote talk: Identifying Umea University, Sweden
11:30 challenges to govern water

through mainstreaming and

nexus thinking
11:30- Gunhild NinislHow new weather conditions and[Stockholm  University,
11:45 Rosqvist land use challenge reindeer Sweden

herding in northern Sweden
11:45- Murray Richardson |Will there be enough water?/Carleton University,
12:00 Progress towards a scientifically|Canada

defensible water balance for

Igaluit's secondary water supply

lake
LUNCH BREAK (~60 min)
13:00- Field trip: UNESCO biosphere reserve vindelalven juhttatahkka, exchange with
18:00 people from the S&mi community
19:00 DINNER

Thursday, August 24, 2023

Session Topic: Hydrological processes in permafrost and glacier impacted regions;

Remote Sensing Data:
High-Resolution DEMs and Soil
\Wetness Index Estimation

Moderator:

Ylva Sjoberg

Timeslot  [Speaker Title Organisation

(CEST)

08:30- Abhishek  BambylAssessing High ArcticlPolish ~ Academy  of
08:45 Alphonse Catchments Using UAV-based|Sciences, Poland
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08:45-
09:00

Nicole Hanselmann

Evaluation of temporal

and[Polish

Academia  of]

spatial variability of evaporation[Sciences, Poland

in Hornsund area (SW
Spitsbergen)

Session Topic: Hydrological processes in permafrost and glacier impacted regions: ponds and

lakes; Moderator: Ylva Sjéberg

09:00- Dorthe Petersen Ice-dammed lakes in Greenland |Asiag—Greenland
09:15 Survey, Greenland
09:15- Kathy Lynn Young [Thermal Regime of High Arctic{York University, Canada
09:30 Tundra Ponds, Polar Bear Pass,

Nunavut, Canada

Session Topic: Hydrological processes in permafrost and glacier impacted regions:

groundwater;
Moderator: Ylva Sjoberg

09:30- Liudmila Lebedeva[Talik groundwater and[Melnikov Permafrost
09:45 (online) streamflow generation at thellnstitute,  Russia &
small watershed in continuousiCentral Asian Regional
permafrost Glaciological Centre,
Almaty, Kazakhstan
09:45- Aude VincentlA hydrogeological conceptual—
10:00 (online) model of aquifers in catchments
headed by temperate glaciers

COFFEE BREAK (30 min) at Naturum: introduction to the UNESCO biosphere reserve
vindelalven juhttatahkka by Ann-Kristine Vinka

Session Topic: Precipitation and Snow(pack); Moderator: Oddbjgrn Bruland

10:30- Svetlana Stuefer Overview of NASA SnowEx|University of Alaska
10:45 campaign in Alaska, U.S. Fairbanks, US
10:45- Leena Leppéanen Investigating the Impacts of Rain[University of Lapland,
11:00 on Snow Events on Snowpack [Finland
Stratigraphy in Northern Finland
11:00- llaria Clemenzi Exploring the potential offSMHI, Sweden
11:15 different spatial snow
observations for hydrological
modelling in
mountainous catchments
11:15- Kazuyoshi Suzuki |Winter heavy precipitation eventlJapan Agency for
11:30 in December 2021 in interior Marine-Earth Science and
Alaska Technology, Japan

25



SHORT BREAK (10 min)

Session Topic: Ecohydrology; Moderator: Gunhild Ninis Rosqvist

11:40- Lora May Analyzing vegetation effects on|University of Alaska
11:55 snow depth variability in Alaska |Fairbanks, US
with airborne lidar
11:55- Benjamin Fischer  [The effect of forest management{Uppsala University,
12:10 interventions on hydrological[Sweden
connectivity in boreal headwater
catchments
12:10- Tobias Jonas Using hyper-resolution forestWSL Institute for Snow
12:25 snow models to study the impact jand Avalanche Research
of a changing environment SLF, Switzerland

LUNCH BREAK (=60 min)

Session Topic: Closing session; Moderator: David Gustafsson

13:30- \Workshop and discussion round (planning of task groups and future
14:30 activities)

14:30- NRB23 summary remarks (Oddbjgrn Bruland)

14:45

COFFEE BREAK (~20 min)

15:10- Different activity options (e.g., fishing, hiking, kayaking, potato field, visit tg
18:30 Naturum)
19:00 FAREWELL DINNER

Friday, August 25, 2023

Timeslot  [Activity

(CEST)

Before Check-out from hotel

08:00

08:00- Bus leaves to Juktan, planned arrival at Hydropower station at ~10:15
11:30 Hydropower excursion led by Bjorn Norell, Vattenregleringsforetagen AB
12:00- Lunchstop along Umeadlven river

12:30

15:00: Coffee break along the way

15:15

~16:30 Bus arrives at in Umea (Central Station and UME airport) (end of NRB23)
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NRB23 Abstracts
1 . Talks:

Northern landscape in transition; detecting, understanding and predicting environmental
change in snow dominated landscapes

Hjalmar Laudon?

& Swedish University of Agricultural Sciences, Sweden

In a time when increasingly rapid rates of climate change and ecosystem transformation are
occuring, our ability to understand and predict how, when, where, and why changes happen is
essential for adapting and mitigating human behaviors. To detect, understand and predict such
changes, long-term field research infrastructures have a fundamentally important role to play. To
disentangle how long-term trend in temperature, precipitaition and length of winter are
mechnistically connected with declines in groundwater levels, summer runoff rates, and stream
water biogeochemistry remains key challenges. Equaly important is to understand how declining
trends in tree growth, the accumulation of carbon, and the connection between water flux and
greenhouse gas balances are regulated. For northern boreal landscapes, the Krycklan Catchment
Study (KCS) has supported such research research efforts by enabling process based research since
the site was initiated in 1980. The research infrastructure has expanded over the years to encompass
a 6790 ha catchment, currently including 18 gauged streams, 1000 soil lysimeters, 150 groundwater
wells, 500 permanent forest inventory plots, and a 150 meter tall tower for measurements of
atmospheric gas concentrations and biosphere-atmosphere exchanges of carbon, water, and energy.
In addition, the KCS has also been the centre for numerous large scale experiments. This large
collection of equipment, experiments and data generation supports a range of multi-, trans-, and
interdisciplinary research opportunities. The combination of long-term monitoring, shorter-term
research projects, and large-scale experiments, including manipulations of climate and various
forest management practices, has contributed much to our understanding of boreal landscape
functioning, while also supporting the development of models and guidelines for research, policy,
and management.

Water-oriented living lab concept to boost co-operation for healthy waters and sustainable
northern hydrological research

Anna-Kaisa Ronkanen?, Cintia Bertacchi Uvo?P, Jari Silander®

2 Finnish Environment Institute, Marine and freshwater solutions, Finland

b Water Resources Engineering, Lund University, Sweden
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¢ Finnish Environment Institute, Quality of information, Finland

Water-Oriented Living Lab (WOLL) concept has its origins in the 1990s, and since then, the
opportunities it presents have been extensively studied and developed. WOLL represents a
contemporary approach to conducting research in the 2020s, integrating measurement and
observation technologies within research infrastructures, fostering collaborative research, and
involving stakeholders and end-users. The underlying premise is to directly test and apply research
findings and innovations in real-world environments, ensuring their functionality and practicality
in addressing watershed-specific needs. Long-term collaboration is a crucial element in these
environments. Thames Estuary (https://thamesestuary.org.uk/) is a well-known example of such an
initiative. The implementation of a Water-Oriented Living Lab approach can yield numerous
benefits for watershed research. These encompass organizational aspects, stakeholder engagement,
financial considerations, and transparency. Additionally, practical application is facilitated,
allowing research outcomes and innovations to be directly tested and applied in real-world settings.
This ensures the functionality and practicality of developed solutions in addressing watershed-
specific needs. The multidisciplinary collaboration inherent in a Living Lab environment enables
engineers, environmental scientists, biologists, sociologists, and local communities to collectively
devise solutions to complex water-related challenges. Living Lab environments serve as platforms
for interaction and knowledge exchange among diverse stakeholders, promoting the dissemination
of best practices, mutual learning, and the wider distribution of information within watershed
communities. These benefits underscore the potential of Water-Oriented Living Labs to create
effective and participatory approaches to water management. Within Europe, the identification of
WOLL environments has been undertaken as part of the Water4All project in 2023
(https://www.waterdall-partnership.eu/) with the objective of updating the current Water Europe’s
Atlas of the EU  Water-Oriented Living Labs  (https://watereurope.eu/wp-
content/uploads/2019/07/Atlas-of-the-EU-Water-Oriented-L iving-Labs.pdf

). WOLL and its maturity are defined by three aspects: Setup, Sustainability and Scalability.
Scalability describes Living Lab’s spatial coverage and potential to collaborate with other WOLLs
whereas sustainability determines its temporal context to long-term development process and
collaboration. In Finland, four WOLLs, mostly focused on research infrastructure have been
selected as candidates to be part of the new Atlas. Examples of the Finnish selected candidates are
the Finnish Marine Research Infrastructure-FINMARI, which is a distributed network of field
stations, research vessels, laboratory facilities, ferryboxes, fixed platforms and buoys, and has a
high level of maturity. The second example is Pallas Supersite focusing on observation and
modelling of ecosystem—atmosphere fluxes and northern hydrological processes with high level of
international and national research collaborations.

In-situ high-resolution measurements of stable water isotopes - pushing the boundaries in
understanding northern (eco)hydrological processes

Zuosinan Chen?; Pertti Ala-Aho?; Hannu Marttila?

& University of Oulu, Finland

High-latitude regions are warming more strongly than the global average, but also see increased
annual precipitation and changes in seasonal precipitation. The latter includes warming-induced
shifts from snowfall to rainfall, more frequent rain-on-snow events, and less summer rainfall. These
do not only directly change the amount and the timing of regional water inputs as snow and rain,
but also alter how water goes through and exits the water cycle through the ecosystems, e.g.,
snowpack formation, sublimation, snowmelt, soil water movement, root water absorption, and tree
water uptake. For tracing water movement and the water sources involved, the stable water isotope
technique is currently the best tool. Compared to the discrete, time-consuming, and destructive
water isotope sampling method, in-situ and high-resolution measurements are essential to better
understand (eco)hydrological processes and process-based biophysical mechanisms under
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changing snowfall and rainfall. Therefore, for the first time in northern environments, we are
applying innovative in-situ
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continuous measurements of stable water isotopes (non-destructive Water Isotope Probes and
Picarro L2140-i isotope analyzer) and water fluxes (bi-directional sap flow sensors, soil water
content, etc.) along the water movement pathway, i.e., in snow (snowfall - snowpack - snowmelt),
rain (rainfall - throughfall), soil (vertical and horizontal), roots, and stems. These measurements are
performed in typical boreal forests around the Arctic Circle (Julinia, Oulanka, and Pallas, Finland)
that have evolved under high precipitation seasonality.

Ecohydrology at the Pallas research catchment; modeling water ages to explore subarctic
water-carbon interactions

Pertti Ala-Aho?; . Welker, K.-R. Mustonen, D. Croghan, H. Bailey, E. Klein, V. Hyoky, J.-
P. Nousu, A. Lohila, M. Aurela, H. Marttila.

& University of Oulu, Finland

Northern headwaters are significant contributors to landscape carbon dynamics. However, detailed
understanding of carbon sources and export to streams remains incomplete due to the complex
dependence on catchment processes. Technological advancements in monitoring water isotopes
and quality offer new opportunities for analyzing the variability in water-C interactions and their
linkage with runoff sources. We used a combination of tracer-aided hydrological modeling and
high-resolution stream water quality data to explore relationships between different water-C
parameters. We used modeling, based on stable water isotope data, to estimate spatio-temporal
variability of runoff source areas, and provide a proxy for stream water age. We analyzed the
temporal coherence of water-C parameters and simulation outputs, and looked at individual events
dynamics water-C interactions under variable antecedent conditions and snow influence.

Our results showed that the simulated runoff generation source areas and water ages can be linked
with the in-stream DOC dynamics. Periods of young simulated water ages were associated with
high stream DOC concentrations. Higher simulated fraction of runoff originating from peatland led
to higher DOC in the stream. The contributing area appeared more important than event size in
explaining stream DOC concentration. Our approach combining modeling output and novel
datasets allowed us to examine how the runoff generation processes in the catchment integrate to
stream carbon response. Our research contributes to a more comprehensive understanding of
catchment-scale water-C dynamics in subarctic landscapes.

Water balance and hydrologic controls on water chemistry in the
Two-Boat Lake catchment, West Greenland

Ylva Sjoberg?, Christian Ellekilde Bonde?, Emma Lindborg®, Tobias Lindborg®, Mikkel Toft
Hornum?, Johan Rydberg®

2 Department of Geoscience and Natural Resource Management, University of Copenhagen,
Copenhagen, Denmark

b Danish Hydrologic Institute, Denmark

¢ Blackthorn Science AB, Stockholm, Sweden

d Department of Ecology and Environmental Science, Ume& University, Ume&, Sweden

Two-Boat Lake (67°N, 50°W) with its 2 km2 catchment is located near the Greenland Ice Sheet in
West Greenland. The catchment is dominated by the lake and there are no permanent streams
connecting the lake to the surrounding dwarf-shrub tundra landscape. Hydrological and
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biogeochemical studies have been carried out in the catchment since 2011, with several
hydrological variables monitored continuously for over ten years. The site thereby provides unique
data sets for studies of the hydrologic control on water and element fluxes in a landscape with
continuous permafrost. The ten-year monitoring series includes groundwater table, ground
temperature, on-site meteorology, water isotopes and water chemistry, which we combine with
numerical hydrological modeling to investigate the impact of near-surface water flow on element
transport. During the snowmelt season, water flow occurs primarily on top of the still frozen soil
through a network of intermittent overland flow channels. However, as the active layer thaws, the
water-soil interaction progressively increases, as indicated by changes by surface- and groundwater
isotopic compositions and chemistry. The results from the numerical hydrological modeling show
two things. First, that the water moving through shallow soils during the snowmelt season is young
(less than one year), whereas the water entering the lake in late summer is older (up to five years).
Second, even if the entire catchment area contributes to the runoff during the snowmelt season,
drier areas — which make up a substantial part of the catchment — do not contribute with water to
the lake during the summer period. This suggests that the active layer soils in dry areas are not
hydrologically connected to the lake, which has implications for the transport of, e.g., water soluble
elements supplied via atmospheric deposition.

Controls on Methane Emissions from High-Latitude Fens

Rebecca Serata®, Dino Bellugi?, Laurel Larsen?, Eeva-Stiina Tuittila®

& University of California - Berkeley, USA

b University of Eastern Finland, Finland

Boreal peatlands are rich carbon stores that participate in a global positive feedback with climate
change. Methane emissions from wetlands make up around 30% of the global methane budget. In
particular, sub-arctic and high-latitude fens have been experiencing faster warming due to climate
change, increasing the risk to their carbon stores. Despite significant research efforts, greater
understanding of the processes through which climate change alters methane emissions is needed.
In this study, we use state-of-the-art deep-learning and information-theory tools to infer pathways
of methane emissions over a range of timescales, drier and wetter years, and evaluate predictability.
We demonstrate our approach at two sedge dominated wet minerotrophic fens in the ICOS network;
Siikaneva in Finland and Abisko Palsa in Sweden. These two sites exhibit large differences in
characteristics across a gradient in average annual temperature, mean annual precipitation, and days
with snow cover. For both sites, we find that, once the dominant temperature signal is accounted
for, there is strong evidence of vegetation-mediated pathways for emission, both instantaneously,
via aerenchyma when stomata are open, and with a 10-12 hour lag, presumably due to respiration
of fresh exudates. The former pathway is more dominant at the more southerly Siikaneva site than
at Abisko Palsa. These pathways for emission are overwhelmed at Abisko Palsa, however, by a
possible permafrost melt event that needs to be further investigated. Associated spikes in methane
emissions were captured by a deep learning model and primarily related to soil temperature
changes.

Safe Rivers - Identification of critical points

Oddbjgrn Bruland?®? NTNU, Norway

Norsk naturskadepool damages related to weather cost NOK 27 billion over the past 10 years.
Floods pose a great socio-economic risk and is a great threat to life and health. Through proper
climate adaptation, it is possible to reduce these future risks. There is already a huge backlog in
maintenance of infrastructure in Norway and there are very limited national resources for securing
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watercourses. It is therefore imperative to prioritize measures with the greatest benefit/cost ratio.
Trygg Elv’s main goal
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is to develop methods and tools to identify areas in the watercourse where the effect of measures
will be greatest. Through the project, an operational model for interpreting flood warning will be
obtained at location where the municipality or infrastructure owner has found to be critical. Critical
locations, where the river overflows and what happens next. The project will identify topographic
factors that combined with different discharges create critical situations. In a GIS system, such
information will be used to identify potentially critical areas in a river which the municipalities
must have an extra focus on. Connected to local observations this can give information on situations
that are developing critically. One can thus have time to prevent the worst case scenarios. In this
project results from numerous Hec Ras simulations have been related to topographical parameters
extracted for the rivers using GIS and the relations have been analyzed using various statistical
machine learning methods.

Flow regime changes in the rivers of SW Spitsbergen

Marzena Osuch?®

& Institute of Geophysics, Polish Academia of Sciences, Poland

The study aims to reconstruct the flows and estimate changes in the four High Arctic rivers located
at SW Spitsbergen. For this purpose, different rainfall-runoff models were calibrated and validated
using the available flow observations. In the second step, these models were used to reconstruct
flow conditions from 1979-2020. Based on the obtained series, the changes in the hydrological
regime were identified, considering the diversity of the degree of catchment glaciation. Similar
trends of change were detected in all catchments. These include earlier snowmelt floods, large
increases in autumn flows, a prolongation of hydrological activity, and a decrease in flows in the
second half of June and at the beginning of August. As a result of the increase in autumn rainfall,
the flood regime in these catchments changed from unimodal (dominated by snowmelt) to bimodal,
with two flood periods in July and the second in September. We also tested the uncertainty of the
estimated changes taking into account different hydrological models and their parameters. The
study was carried out with the SONATA BIS project financed by the Polish National Science
Centre (grant no. 2020/38/E/ST10/00139).

Role of snow for changes in hydrological regimes in east Siberian Arctic rivers

David Gustafsson?, Jude Musuuza?, Katharina Klemeth?, Denica Bozhinova?, Andrea Popp?,
Liudmila Lebedeva®, Tetsuya Hiyama®

2 Hydrological Research Unit, Swedish Meteorological and Hydrological Institute, Sweden

b Melnikov Permafrost Institute, Yakutsk, Russian Federation

¢ Institute for Space-Earth Environmental Research, Nagoya University, Nagoya, Japan

The study investigates the role of snow for the climate change impacts in hydrological regimes
across main river basins in central and northwest Yakutia, Eastern Siberia using a hydrological
model constrained by in-situ and satellite-based snow and river discharge observations. The river
runoff observations in large and medium sized rivers show an increase over recent decades that can
be associated with increasing air temperature and precipitation, as well as changes in snow, glaciers,
and permafrost. We assessed the relation between changes in snow and streamflow using the
satellite-based ESA CCI snow data and the hydrological model HYPE. The streamflow trend
analysis showed a general pattern of increasing monthly mean and minimum stream flows from
October to April, but more frequent in larger river basins. This can be explained by the increasing
autumn
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precipitation, but the absence of change in annual maximum flow and streamflow in June also
suggests relation to changes in the snow. The snow data shows a pattern of decreasing maximum
snow water equivalent in the western part of the study area, and a corresponding decreasing trend
of number of days with snow cover and earlier final snow melt out date. These results are in line
with the trends in observed streamflow; a short snow cover period and increasing amount of autumn
and winter rainfall, as well as a lower maximum snow water equivalent could contribute both to
the increasing winter runoff, and the absence of increasing streamflow in early summer. This work
was conducted as part of the HYPE-ERAS project funded by FORMAS (project DNR: 2019-
02332), RFBR (project No. 20-55-71005), and JST (Grant No. JPMJBF2003) through the Belmont
Forum Collaborative Research Action: Resilience in the Rapidly Changing Arctic.

Predicting no-flow conditions in northern headwater catchments influenced by snow

Jason Leach?

& Canadian Forest Service, Canada

Much of our understanding on temporary headwater streams is from arid and sub-humid
environments. We know less about no-flow periods in humid headwater catchments that experience
seasonal snow cover. This study compares the ability of statistical and process-based models to
predict the occurrence of no-flows for headwater streams under shifting climatic conditions. We
used 40 years of streamflow data from 13 headwater catchments within the Turkey Lakes
Watershed located in Ontario, Canada, near the eastern shores of Lake Superior. These headwater
catchments differ substantially in their number of no-flow days (0 to 166 days per year) despite
being clustered in a small geographical area with wet climatic conditions (mean annual precipitation
of 1210 mm/year). We found that between-catchment variability in no-flow occurrences was
associated with differences in wetland cover and groundwater contribution. Inter-annual variability
in the number of no-flow days was primarily associated with summer and fall climate conditions.
Despite the large seasonal snowpacks that form in this region, snow conditions did not appear to
influence the timing or extent of no-flow periods. We found that a process-based model provided
better predictions of no-flow periods compared to predictions made using statistical models. The
advantage of using process-based models was particularly noticeable when making predictions
outside the climatic conditions used to calibrate the model (e.g., calibration during wet and cold
years and prediction during dry and hot years). This study provides insights on no-flow periods for
headwater streams in northern forested landscapes and how they may respond to changes in climate.

Three decades of river restoration in Sweden: Lessons learned and future challenges
Christer Nilsson?

2 Umead University, Sweden

Forestry radically changed rivers in northern and central Sweden from the mid 1800s to the late
1900s. To facilitate log floating rivers were channelized and straightened and lakes were dammed
for water storage. These impacts speeded up water flow, resulting in removal of smaller sediment
from the rapids. As a result, rivers became less suitable for aquatic biota. After timber floating was
terminated, many of the still free-flowing rivers were restored. Restoration included dam removal
and return of sediment to river bottoms, to reduce flow velocities and enable fish spawning. In my
presentation |
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will provide examples from the Vindel and Pite rivers and discuss the geomorphological,
hydrological and ecological outcomes of restoration.

River-flow as affected by wildfires, storms, urbanization, regulation, and climate across
Sweden

Berit Arheimer? and Goran Lindstrom?

2 Hydrological Research Unit, Swedish Meteorological and Hydrological Institute, Sweden

The global water crisis emphasises the importance of understanding ongoing changes in water
resources. River flow may change from e.g. shifts in land cover, constructions in the river channel,
and climatic change. Currently there is a lack of understanding of the relative importance of these
drivers, and thus, we analysed timeseries of gauged river flow from 1961 to 2018 for 34 disturbed
catchments from across Sweden. We explored: (1) land cover changes from wildfires, storms, and
urbanization;

(2) dam constructions with regulations for hydropower production; and (3) climate-change impact
in otherwise undisturbed catchments. To quantify how these disturbances have affected the river
flow we applied trend analysis and the differences in observations versus hydrological modelling
for annual and daily stream flow, seasonal flow regime, and flow duration curves. We found that
regulations have the largest impact, reducing spring floods with up to 100% and increasing winter
flow by several orders of magnitude, with substantial effects transmitted far downstream. Second
largest impact was found for climate, which changed the total river flow up to 20%, and
urbanisation, showing a 20% increase in high flows also at medium scales. Tree removal by
wildfires and storms has minor impacts at medium and large scales. Overall, the study highlights
the benefits of combining observed time series with numerical modelling to exclude the effect of
varying weather conditions, when quantifying the effects of various drivers on long-term
streamflow shifts.

Reference: Arheimer and Lindstrom, 2019: Water Resources Research 55(11),
https://doi.org/10.1029/2019WR024759

Identifying challenges to govern water through mainstreaming and nexus thinking

Camilla Sandstrém?

2 Umea University, Sweden

Mainstreaming and nexus thinking are being promoted as important alternatives to the traditional
sectoral approach to water governance. While mainstreaming builds on the idea that water issues
should be at the core of decision making in every sector, nexus thinking acknowledge that the water
sector is strongly interlinked to other sectors such as energy, agriculture, and forestry. Both
approaches stem from the identified need to change the dominant sectoral paradigm with the aim
of developing more well-informed, inclusive, and adaptive policies. While the mainstreaming
approach has been developed for the (systematic) incorporation of water issues into a specific sector
the nexus thinking promote cooperation of diverse actors in coordinating policies across traditional
sectors or policy domains. While key opportunities for implementation include developing
strategies and policies based on integrative, inclusive, participatory, and adaptive governance
principles to address policy incoherence, as well as the recognition of trade-offs and the creation of
synergies, both approaches face similar barriers for implementation. These include a lack of
political will, unfitting institutional
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frameworks, and policy mixes to respond effectively to identified challenges. This presentation will
discuss potential strategies to overcome these barriers.

How new weather conditions and land use challenge reindeer herding in northern Sweden

Gunhild Ninis Rosgvist?, Niila Inga, Pia Eriksson, Ward van Pelt, and David Gustafsson

& Stockholm University, Sweden

Reindeer herding is one of the primary livelihoods for indigenous peoples throughout the Arctic
where warming now leads to weather, snow and ice situations previously unencountered. To
understand how the new climate state forces societal adaptation, we have studied the impact of
recent and rapidly changing weather and snow conditions on reindeer response and herding
strategies. Results show that especially snow conditions strongly determine temporal and spatial
grazing opportunities and therefore reindeer response. Adaptation demands an increased reindeer
herding community flexibility in guiding their reindeer to suitable alternative grazing areas. Instead,
herders find their flexibility is becoming increasingly reduced due to industrial and societal
activities. The current rapid increase in demand for critical minerals, raw materials and renewable
energy to facilitate the ‘green transition’ in northern Fennoscandia requires access to even more
new land. Thus, there is a high-risk adaptation measures to climate change effects may be further
hampered.

Will there be enough water? Progress towards a scientifically defensible water balance for
Igaluit’s secondary water supply lake

Murray Richardson?®

& Carleton University, Canada

“Unnamed Lake” in Nunavut’s capital city of Iqaluit represents the community’s best hope for a
reliable freshwater supply that will meet the communities rapidly growing water demands. The lake
has already been used once as a source for emergency resupply to Iqaluit’s municipal surface water
reservoir, and is now being seriously considered for its potential as a longer-term supply. This is a
relatively large and deep lake for the area, thus drawing attention as a promising future water source
for the community, yet little is known about the renewable fraction of water that it offers. This issue
has been compounded by a virtually impossible-to-gauge lake outflow, a problem that can only be
solved through installation of a massive weir with major financial investment and significant delays
due to water licensing requirements. Fortunately, we have collected some preliminary information
on the major water balance terms of this lake, from spring to fall of 2022 . This presentation will
highlight results from terrestrial and open-water eddy covariance measurements, precipitation
inputs including end-of-winter snow water equivalent estimates available for recharge, and a best
estimate of outflow discharge derived by gauging multiple downstream locations. These
observations represent the first available hydrologic observations to help answer the questions: Will
there be enough water for Igaluit? And if so, how long will it last, given the Arctic city’s current
growth trajectory?
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Assessing High Arctic Catchments Using UAV-based Remote Sensing Data: High-Resolution
DEMs and Soil Wetness Index Estimation

Abhishek Bamby Alphonse?

2 Institute of Geophysics, Polish Academia of Sciences

This study explores the potential of Uncrewed Aerial Vehicles (UAVS) equipped with
photogrammetric, thermal, and multi-spectral cameras to acquire high-resolution images for two
High Arctic catchments, Fuglebekken and Ariebekken, in the vicinity of the Polish Polar Station,
Hornsund in SW Spitsbergen. The UAV surveys were conducted in July 2022, resulting in a finer
spatial resolution and higher product accuracy than those acquired by aerial and satellite-based
missions. The high-resolution DEMs from Zenmuse P1 provided detailed morphometric
characteristics and hydrological parameters, including the delineation of catchments and stream
channels and the identification of elevation changes and landscape evolution, such as moraine
breaches and coastal erosion. The study also investigated the usage of thermal and multi-spectral
data from Zenmuse H20T and MicaSense RedEdge MX to estimate the soil wetness index (SWI)
for the catchments, which was accurately calculated using the NDVI-LST triangle method and
correlated with in-situ measurements of soil moisture. The results demonstrate the potential of
UAV-based remote sensing data in identifying spatial variations in High Arctic catchments and
offer valuable insights into the dynamics and functioning of these High Arctic catchments. The
study was carried out with the SONATA BIS project financed by the Polish National Science
Centre (grant no. 2020/38/E/ST10/00139).

Evaluation of temporal and spatial variability of evaporation in
Hornsund area (SW Spitsbergen)

Nicole Hanselmann?

2 Institute of Geophysics, Polish Academia of Sciences

Evaporation is an important component of the hydrological cycle but remains understudied in High
Arctic Svalbard. In this study, we investigate land evaporation at SW Spitsbergen in High Arctic
catchments by evaluating in-situ pan evaporation measurements and calculated potential
evaporation. The study area is located in the vicinity of the Polish Polar Station Hornsund in
Svalbard. For a better understanding of evaporation in the study area, one pan evaporometer was
installed in the summer seasons of 2019-2022 at the meteorological site of the Polish Polar Station.
In 2022 additional four pan evaporometers were placed in Fuglebekken and Ariebekken catchments
to investigate the spatial variability. Analysis of recent in-situ measurements indicates higher
annual evaporation rates than the values from the literature of the early 2000s. The application of
multiple potential evaporation formulas revealed that the choice of the calculation method could
greatly influence the derived estimates. Calibration of such formulas to High Arctic conditions
helps to improve the estimates of potential evaporation applied in hydrological models. The study
was carried out with the SONATA BIS project financed by the Polish National Science Centre
(grant no. 2020/38/E/ST10/00139).
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Ice-dammed lakes in Greenland

Dorthe Petersen®

& Asiag—Greenland Survey, Greenland

Ice-dammed lakes, which show a cyclic behavior of slowly filling over months or years, interrupted
by sudden, quick, and full drainage of the lake in a Jokellhaup or glacial lake outburst flood (GLOF)
event, are not uncommon in Greenland along the margins of glaciers and the Greenland Ice Sheet
(GrlS). Many of these lakes are situated in very remote locations, where even the GLOF events
might go unnoticed by humans, although the events can have significant influence on the local
environment. However, the GLOF events are likely to become more important for the Greenlandic
society as industry, tourism etc. develops. For example, the possibilities to utilize the still
unharnessed larger hydro power potentials in Greenland have gained growing awareness and
interest in recent years. The catchment of each of Greenland’s larger hydro power potentials
includes a part of GrIS and more of them further include one or more ice-dammed lakes. Only few
of the Greenlandic ice-dammed lakes have so far been investigated in-situ. Here we present
information derived from downstream hydrometric stations, which document both stable behavior
as well as large changes, and we give examples of the possible consequences for hydro power
projects.

Thermal Regime of High Arctic Tundra Ponds, Polar Bear Pass, Nunavut, Canada

Kathy Lynn Young?

2 York University, Canada

This study evaluates the seasonal and inter-seasonal temperature regime of small tundra ponds
ubiquitous to an extensive low-gradient wetland in the Canadian High Arctic. Pond temperatures
can modify evaporation and ground thaw rates, losses of greenhouse gases and control the timing
and emergence of insects and larvae critical for migratory bird feeding habits. We focus our study
on thaw ponds with a range of hydrologic linkages and size across at Polar Bear Pass (PBP),
Bathurst Island, and whenever possible compare their thermal signals to other arctic ponds. Pond
temperatures and water levels were evaluated using Hobo temperature water level loggers,
Ecotones and verified by regular manual measurements. Other environmental data collected
included microclimate, frost table depths and water conductivity. Our results show that there is
much variability in pond thermal regimes over seasons, years and space. Cumulative relative pond
temperatures were similar across years, with ponds normally reaching 10-15°C for short to longer
periods except in 2013, a cold summer season when pond temperatures never exceeded > 5°C. Pond
frost tables and water conductivities respond to variable pond thermal patterns and substrate
conditions. This study contributes to the ongoing discussion of climate warming and its impact on
arctic landscapes
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Talik groundwater and streamflow generation at the small watershed in continuous
permafrost

Liudmila Lebedeva®P

& Central Asian Regional Glaciological Centre, Almaty, Kazakhstan

b Melnikov Permafrost Institute, Russia

Hydrological and hydrogeological processes in continuous permafrost environment are associated
with the existence of through and non-through talik aquifers. The aim of the study was to evaluate
the relationship between suprapermafrost subaerial talik aquifers and streamflow generation on the
example of a small watershed of the Shestakovka River in the continuous permafrost zone of
Central Yakutia, Russia. Talik aquifers up to 20 m thick occupy about 20% of the catchment and
are confined to gentle slopes composed of sandy deposits and covered with sparse bearberry pine
forests. The groundwater level in taliks has a pronounced seasonal variation with the highest values
during the period of maximum freezing from January to March and a decline during the warm
season. Water balance calculations show that about 70% of the annual runoff is formed by talik
groundwater. 80% of the watershed, covered with pine forests without taliks, larch-birch forests
and swamps, contribute only 32% of the river flow or 10 mm/year. On the springflood rise, the
streamflow is formed mainly by the swamps and larch-birch forests, where snowmelt water flows
down the roof of the frozen ground in the organic layer into the river. Hydrochemical and isotope
data suggest that taliks groundwater contribute to the river during the summer-autumn low water
period.

HYDROGEOLOGICAL CONCEPTUAL MODEL OF AQUIFERS IN CATCHMENTS
HEADED BY TEMPERATE GLACIERS

Aude Vincent, Clémence Daigre, Ophélie Fischer, Gudfinna Adalgeirsddttir, Sophie Violette,
Jane Hart, Snaevarr Gudmundsson, and Finnur Péalssont

Achieving understanding and quantification of unknown aquifer systems in glacial context is
crucial to forecast the evolution under climate change of water resources and of potential floods
and landslides hazards. We focus on four south-eastern outlet glaciers of the main Icelandic icecap,
Vatnajokull. New data are being acquired in the field to characterise groundwater dynamics. From
this we propose a hydrogeological conceptual model: two distinct aquifers and their hydraulic
conductivities are identified. A comprehensive water balance at the scale of the watershed has been
obtained. Recharge to the aquifers is up to 4 times higher under the glaciers than on the plain, and
we demonstrate the glacial melt recharge impact on the groundwater dynamic.

Overview of NASA SnowEx campaign in Alaska, U.S.

Svetlana Stuefer?

& University of Alaska Fairbanks, USA

Snow Experiment (SnowEx) was initiated by NASA’s Terrestrial Hydrology Program in 2017 to
“enable trade studies for a snow satellite mission design.” The focus of SnowEXx is on testing and
maturing technology for satellite remote sensing of global snow water equivalent (SWE). A suite
of airborne and ground-based validation measurements was collected in fall 2022 and spring 2023
in northern Alaska to quantify and compare the capabilities of radar and altimetry sensors to address
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SWE and snow depth measurement questions unique to taiga and tundra snowpacks. Three SnowEx
sites were selected in Interior Alaska, a boreal forest environment with discontinuous permafrost
and seasonal taiga snowpack. Two SnowEx sites were located on the North Slope of Alaska, a
region dominated by low-stature land cover, tundra snowpack, and continuous permafrost. In
March 2023, snow characteristics (microstructure, depth, density, SWE, hardness) were measured
at 169 study plots distributed across five SnowEXx sites. These ground-based snow measurements
were accompanied by two concurrent airborne missions (lidar and SWESARR) at all five sites. A
similar set of instruments was tested by the SnowEx team in mountain ranges and temperate forests
of the Western U.S. in 2017—2021. When taken together, the SnowEx field campaigns provide
snow datasets in support of testing and advancement of remote sensing, modeling, and
measurements techniques needed for the development of global SWE products. This presentation
focuses on the objectives of the boreal forest and tundra SnowEx campaign and presents an
overview of SnowEx March 2023 field activities in Alaska.

Investigating the Impacts of Rain on Snow Events on Snowpack Stratigraphy in Northern
Finland

Leena Leppénen?®, Sirpa Rasmus?, Henri Wallen?

& Arctic Centre, University of Lapland, Rovaniemi, Finland

b Arctic Space Centre, Finnish Meteorological Institute, Sodankyl&, Finland

Rain on snow events have been increasingly prevalent in northern regions as a result of climate
warming, leading to the formation of hard ice layers within the snowpack. This poses a significant
challenge for herbivores, including reindeer, that depend on accessing food beneath the snow cover.
In this study, we investigate the snowpack stratigraphy and weather parameters at the Arctic Space
Centre in Sodankyl& operated by the Finnish Meteorological Institute. Our aim is to gain a better
understanding of the changes occurring in the snowpack resulting from rain on snow events. To
differentiate between liquid and solid precipitation events, we utilize distrometer data, enabling us
to identify the specific contributions of liquid precipitation to the overall snowpack composition.
Snowpack stratigraphy is measured through weekly snow pit observations, providing detailed
information on the layering and properties of the snowpack. Additionally, we incorporate the use
of a physical snow model, SNOWPACK, to simulate the snow structure between weekly snow pit
observations. Furthermore, we analyze alterations in prevailing wind directions and precipitation
patterns within a reindeer herding district near the station. This investigation aims to provide
valuable insights into the factors influencing observed changes in the snowpack. Ultimately, the
findings from this research could have implications for reindeer herders in mitigating the adverse
effects of rain on snow events on reindeer foraging.

Exploring the potential of different spatial snow observations for hydrological modelling in
mountainous catchments

llaria Clemenz?®

& SMHI, Sweden

[TBA]
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Winter heavy precipitation event in December 2021 in interior Alaska

Kazuyoshi_Suzuki® , T. Dan, M. Zupanski, H. Hirashima, G. Iwahana, H. Park and H.
Kobayashi

& Japan Agency for Marine-Earth Science and Technology, Japan

A record-breaking precipitation event was observed in interior Alaska in December 2021. Daily
maximum precipitation of nearly 100 mm was recorded on December 26 in both Fairbanks and
Poker Flat, located farther north in the near Arctic Circle. In December, monthly precipitation
exceeded 200 mm at both locations, with Poker Flat recording the higher precipitation. In this study,
we clarified the contribution of rainfall and snowfall to precipitation events exceeding summer
precipitation in the Arctic in late December using a snow model, in-situ observation, and dataset
reanalysis. The effects of record-breaking precipitation events on the snowpack and soil layer and
the water and energy balance were analyzed. Meanwhile, we worked on developing an Arctic
region reanalysis system using Polar WRF-MLEF. We aimed to reproduce anomalous precipitation
from the reanalysis values using our reanalysis system. The mechanisms of extreme precipitation
were also discussed.

Analyzing vegetation effects on snow depth variability in Alaska with airborne lidar
Lora May?, Svetlana Stuefer? and Christopher Larsen?

& University of Alaska, Fairbanks, USA

Seasonal snowpack plays a critical role in hydrologic and ecologic processes. In boreal forest
regions snow depth was thought to be markedly different across land cover types. Identifying the
vegetation metrics responsible for possible snow depth and SWE spatial variability continues to be
a challenge. Airborne lidar has advanced our understanding of links between forest snow
distribution and vegetation impacts. This study analyzes high resolution (0.5 m) lidar data sets
acquired during NASA’s SnowEx field campaign in Alaska. Airborne lidar data was collected for
a boreal forest site during snow-off and peak snow-on accumulation in 2022 and 2023. Lidar snow
depth (98 + 15 cm) and canopy height maps, at 0.5 m resolution, were created from lidar data sets.
A total of 85.9 million lidar snow depth and canopy height values were available for this study. A
subset of 6.1 million of the total depths and heights was used to run the analysis. Extensive in situ
field snow depth and SWE measurements were collected concurrently with the peak snow-on lidar
survey. This presentation summarizes results on quantifying snow depth variability between land
cover types and different canopy heights within boreal forests using NASA SnowEx Alaska data.
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The effect of forest management interventions on hydrological connectivity in boreal
headwater catchments
Fischer, Benjamin?, Hjalmar Laudon®, Jan Seibert?¢, Kevin Bishop?

& Uppsala University, Sweden
b Swedish University of Agricultural Sciences, Sweden
¢ University of Zurich, Switzerland

Sweden has a long history of isotope hydrograph separation (IHS) studies in single forested
catchments showing that pre-event dominates stormflow. However, boreal headwater catchments
consist not only of forested but of a patchwork of different landscape elements such as peatlands,
restored wetlands, forests, and clear-cut areas. Therefore, how these catchments respond to rainfall
events is still being determined. Especially in terms of a changing climate, there are concerns that
these management interventions could alter the hydrological “connectivity” of these landscapes.
To investigate how specific forest management interventions influence how rainfall becomes
runoff, we collected rainfall and streamflow samples in catchments (2 clear-cut catchments, 2
restored wetland catchments, 2 forested and 2 peatlands). The water samples were analysed on
0180, 62H, pH, EC & DOC. An IHS was performed to investigate how much pre-event water
contributes to streamflow. The IHS results showed that catchments with clear-cuts and peatlands
had a slightly higher event water contribution than the forested catchments. Instead, the restored
wetlands had lower pre-event water contributions and were more similar to lakes in their isotopic
signature. Hence, these first results demonstrate IHS as a valuable tool to investigate the
hydrological “connectivity” of these landscapes allowing to understand better the flow path of water
and, therefore, the export of nutrients to downstream regions.

Using hyper-resolution forest snow models to study the impact of a changing environment
Tobias Jonas?, Giulia Mazzotti, Johanna Malle, Clare Webster

aWSL Institute for Snow and Avalanche Research SLF, Switzerland

Snow accumulation and melt processes under heterogeneous forest canopies are highly variable in
space and time. Recent advances in model development and the increasing availability of detailed
canopy structure datasets allow for accurate meter-resolution snow model simulations capable of
resolving tree-scale processes, shedding new light on the complex process interactions that govern
forest snow dynamics. Here, we demonstrate the capabilities of FSM2, our latest forest snow model
specifically designed for hyper-resolution simulations under variable canopy cover. A key
component of FSM2 is the use of the external radiation transfer model CanRad that enables
calculation of realistic subcanopy shortwave patterns bound by the surrounding 3-dimensional
canopy structure. These calculations are accurate enough to track shadows of individual trees, and
efficient enough to be used for regional simulations at meter-resolution. We present two sets of
model experiments: First, we applied FSM2 to a model domain encompassing steep forested slopes
within a sub-alpine valley near Davos, Switzerland. These simulations reveal how snow cover
evolution is jointly affected by canopy structure, terrain characteristics, and meteorological
conditions. Second, we manipulated the canopy datasets input into CanRad to represent future
forest structure, e.g., after logging, beetle infestation, or fire. This approach allowed us to
investigate the effect of selective logging scenarios on subcanopy microclimate under current and
future climate conditions. Results from these type of modelling
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experiments help to better understand how snowpacks and ecohydrological regimes may evolve in
response to both, forest disturbances and a warming climate.

2 . Posters:

Impacts of snow and permafrost on the changing Arctic River
DISCHARGE

Hotaek Park? and Tetsuya Hiyama®
2 JAMSTEC, Japan
b Nagoya University, Japan

In the recent years, snow on the Arctic terrestrial regions shows the increasing depth although the
snow extent is decreasing due to the warming climate. The increased snow depth likely affects
permafrost temperature by the increased snow insulation effect and river discharge by the melted
snow water. The warming permafrost can cause wetted soil moisture condition melting the ground
ice within the permafrost and subsequently hydrological processes represented by
evapotranspiration and river discharge. This study quantitatively evaluated the impacts of the snow-
derived permafrost degradation on the river discharge, based on water tracer experiments by a land
surface model. The analysis of the model simulated results indicated the evident contribution of
snow to the ground ice melting. The melted ice water evidently contributed to the increase of river
discharge flowing to the Arctic Ocean. The snow-melted water was significantly correlated to the
wetting soil moisture and larger peak discharge in the spring, portioning approximately 55% of the
annual amount. The hydrological processes during summer season were largely dependent on
rainfall amount. The autumnal rainfall has spent winter season on frozen status in permafrost soil
without evapotranspiration losses during the seasons, and then it used for the hydrology of the
warming season of the next year. This model provides a possibility to distinguish quantitative
changes of the Arctic snow and permafrost physics caused by climate change with water tracer
model.

Distributed model test for Ume river system

Morgane Jouenne?

2 NTNU, Norway

Ume river system has several power stations, intakes and reservoir. The hydrological forecasting is
important for optimizing the use of water through the cascades. So far the traditional approach
based on the HBV have been used. In this study a distributed model system will be tested to identify
possible benefits compared to existing forecasting system.
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Temporal variations of river water surface slopes from ICESat-2

Linda Christoffersen?, Karina Nielsen?, Peter Bauer-Gottwein?, and Louise Sgrensenn?

& Technical University of Denmark, Denmark

ICESat-2 is a laser altimetry satellite launched in 2018. It simultaneously measures the surface
elevation with six laser beams grouped in three pairs of two. This configuration allows
measurements at six positions across 6.6 km across-track. Utilizing this beam configuration enables
us to measure the local water surface slope from the water surface elevation along sections of the
river. These local river water surface slopes can improve the performance of hydrodynamic models.
We have developed software to processes ICESat-2 data and estimates the local water surface slope
where the satellite ground track crosses the SWOT River Database. The process is independent of
the intersection angle between the satellite track and the river centre line. The performance has been
demonstrated for the Amur River in Asia where 4 years of data resulted in 7306 water surface slope
estimates between 0.6 cm/km and 651.04 cm/km. Estimates were produced across 1693 river
reaches with a median standard error of 0.5 cm/km. On average, this produced 4 water surface slope
estimates per river reach, with the largest number of slope estimates of 22 for a reach. This enables
us to investigate the temporal variations of water surface slopes, detecting areas affected by
backwater effects due to slope breaks, cross-section changes, or tributary junctions. "

The role of assimilating earth observations and in situ data for seasonal hydrological
forecasting
Jude Musuuza?, Louise Crochemore, and llias Pechlivanidis

a SMHI, Sweden

Earth Observation (EO) data are a valuable complement to in situ measurements in hydrology
because they provide information in locations where direct measurements are unavailable or
prohibitively expensive to make. Recent advances have enabled the assimilation of different
datasets into hydrological models to better estimate states and fluxes, which leads to improved
hydrometeorological forecasts. The assimilated data exert additional controls on the quality of
forecasts; it is therefore important to apportion the contributions from the hydrometeorological
forcing and assimilated data. Model outputs are commonly used to benchmark forecast systems
during the assessment of their performance. We propose a diagnostic framework that uses
observation as benchmark to assess the sources of skill and infer the seasonal importance of
assimilated and forcing datasets. The framework is tested using two forcing datasets derived from
historical observations and a downscaled Global Circulation Model (GCM) to assimilate four EO
and two in situ observations to generate the initial states for generating the forecasts. In addition,
we use the Swedish snowmelt-dominated Umedlven catchment and the HYPE model over the
period 2001-2015. The results show that all assimilations improve the forecast skill but the
improvement depends on the season and assimilated data. The lead times during which data
assimilation influences forecast skill also differ between datasets and seasons and the assimilated
datasets generally exert more control on the streamflow forecasting skill than meteorological
forcing data.
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Cryospheric impacts on hydrologic and biogeochemical cycling in alpine, sub-arctic
environments

Andrea L. Popp? Nicolas Valiente, Kristoffer Aalstad, Sigrid Trier Kjer, Yeliz A. Yilmaz,
Norbert Pirk, Alexander Eiler, Peter Dorsch, Dag O. Hessen, Lena M. Tallaksen, and Laurel
G. Larsen

a SMHI, Sweden

Headwater catchments considerably influence global carbon and nitrogen cycles through GHG
transport, storage, and emissions. However, the dynamics of GHGs in these systems, especially in
cold regions undergoing rapid transformation, remain elusive. To better understand the
hydrological and biogeochemical changes in cold regions, we obtained field- and satellite-derived
data from two sub-arctic catchments (one glaciated, one non-glaciated) in the north-western part of
the Hardangervidda mountain plateau (South Central Norway). During the summers of 2020 and
2021, we analysed various water sources including streams, lakes, groundwater, snow and ice for
environmental tracers and GHGs (i.e., CO2, CH4 and N20). Integrating the the environmental
tracers with a Bayesian mixing model allowed us to assess the source water contributions to surface
waters. To estimate snow cover anomalies between 2020 and 2021 compared to a five-year mean,
we retrieved fractional snow cover durations (FSCDs) from 2016 to 2021 by applying a spectral
unmixing algorithm to merged Sentinel-2 and Landsat 8 imagery. The observed GHG saturations
varied significantly across water sources, with groundwater being the most supersaturated. Our
results suggest that snow cover, glacial meltwater, and subsurface water routing mainly control
GHGs at our study site, shedding light on the interplay between hydrology, the cryosphere and
GHG dynamics in high-latitude aquatic systems.

High-resolution monitoring of snow water resources in Switzerland

Tobias Jonas?, Jan Magnusson, Louis Queno, Bertrand Cluzet, Giulia Mazzotti, Rebecca
Mott

a WSL Institute for Snow and Avalanche Research SLF, Switzerland

National services have developed diverse approaches to tackle the challenges of snow water
resources monitoring. Switzerland is a comparably small country and can rely on a dense network
of snow monitoring stations. Today, an increasing number of flood events are associated with
complex weather situations such as rain-on-snow. These circumstances require physically-based
snow models, which require a wide scope of meteorological forcings, while data assimilation
techniques compatible with these models are not straightforward. Here we present our latest multi-
model framework set up to monitor snow water resources across Switzerland a 250m spatial
resolution. Forcing data is derived from the numerical weather prediction model COSMO-1E run
by MeteoSwiss at 1km resolution. Process-specific instances of the physically-based multi-layer
snowpack model FSM represent subunits of grid cells with different landcover properties such as,
e.g., open terrain, forests, and glaciers. Data from 450 snow monitoring sites are assimilated to
sequentially update the model simulations over the course of the winter season. We demonstrate
that these approaches effectively improve simulated snow states and melt fluxes relative to
reference open loop simulations. A separate model chain is available to provide daily snow water
equivalent grids at 1km spatial resolution for the past six decades. This snow-climatological
reference dataset enables characterization of the current winter relative to the long term mean for
any given day of the year. Datasets from the Swiss Operational Monitoring System are available
for snow model intercomparison and development purposes.
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Investigating the impacts of liming on microbial communities in acidified rivers within Nova
Scotia

Kailyn Hanke? Maggie Hosmer, Morgan Langille, Shannon Sterling, John Rohde
2 Dalhousie University, Canada

Delays in recovery from soil acidification is harming terrestrial and aquatic ecosystems in Nova
Scotia. Liming is currently the only strategy that can reverse the effects of acidification in river
ecosystems. Liming describes a process where “lime dosers” deposit crushed limestone directly
into rivers to raise the pH of the water. Lime dosers have been installed on some of Nova Scotia’s
most acidified rivers, including the Killag River, and have resulted in rebounding of Salmon
populations. The effects of liming on microbial communities is unknown. We used 16s rRNA gene
sequencing to study the impacts of liming on bacterial communities in the Killag River. Our results
suggest that the bacterial community structure is overall robust; however, certain bacteria are
differentially abundant in limed and unlimed water. Bacterial community profiling is an
inexpensive and robust method to monitor for unintended consequences that may arise from liming.

Snowpack trends in an Alaskan northern basin

Anna M. Wagner?, Zoe Courville®, and Nawa Raj Pradhan®

2 Cold Regions Research and Engineering Laboratory, Alaska, USA
b Cold Regions Research and Engineering Laboratory, New Hampshire, USA
¢ Coastal Hydraulics Laboratory, Mississippi, USA

Snow accumulation and ablation characteristics are changing, and although snow cover extent is
generally decreasing globally, changes in local and regional snowmelt timing can result in faster
snowmelt rates and lead to flooding. Flooding may be intensified even in areas where winter
precipitation is projected to decline, which can lead to infrastructure damage including roads,
buildings, and industrial facilities where the flood protection design is limited to historical
conditions and forcing. Numerical flood simulation and prediction using a large-scale hydrological
model can be improved by implementing snow extent estimated from a finer scale snow model. To
assist with these predictions, we have developed a spatially explicit snow climatology that employs
a historical climate record for Chena River watershed in Alaska. We used a spatially distributed
snow model, SnowModel, to develop a 40-year historical record. Our presentation includes an
overview of the variability of snowpack, and the trends in snowpack duration including the onset
of snow arrival in the fall, and snowmelt in the spring. Predictions of soil temperature sensitivities
to climate conditions will also be presented.
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A new framework for watershed characterization and cumulative effects assessment with
application to mining-impacted subarctic watersheds of central Yukon, Canada

Murray Richardson? and John Foster

& Carleton University, Canada

A new spatial-analytic framework for continuous quantification and representation of watershed
characteristics including land-use/landcover (LULC) proportions, geomorphic metrics and climate
variables, is presented. The conventional approach for summarizing watershed characteristics
along stream reaches or upstream of monitoring stations involves a discrete, vector-based approach
whereby watershed boundaries are delineated from digital terrain information, and characterized
according to the underlying landcover types or other variables of interest within the drainage area.
The landscape accumulation model approach is a simple, continuous (raster-based) technique in
which watershed characteristics are propagated downslope through a digital elevation model for
summarization at any point along a stream network or its adjacent hillslopes. The outputs can be
visualized or queried in a GIS environment at multiple scales, and used as input into hydrologic
and water quality models. Using Placer gold mining-impacted watersheds of central Yukon as a
case study, we demonstrate an efficient way to quantify, visualize and summarize the extent of
anthropogenic disturbances throughout the

~52,000 square kilometre Stewart River watershed. Surface disturbances from Placer mining may
seem individually minor, but accumulate to become collectively significant, impacting a
disproportionately large percentage of the drainage network in road accessible portions of the
Stewart River watershed. Using outputs from this analysis, recent progress towards watershed
cumulative effects assessment in support of land-use planning by the central Yukon First Nation
of Na-Cho Nyak Dun will also be discussed.

Development of an efficient distributed snow measurement system for hydropower planning
Bjorn Norell? and David Gustafsson®

2 Vattenregleringsforetagen AB, Sweden

b SMHI, Sweden

[TBA]



