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1) Panel activities over the last year

As endorsed by GHP in 2014, the Canadian RHP has expanded in geographical scope from its previous
(SaskRB) focus on the Saskatchewan River Basin (406,000 km?) to include the 1.8 million km?
Mackenzie River Basin, and now takes the name of the Changing Cold Regions Network (CCRN).
CCRN covers the interior of western Canada, from the southern US border to the Arctic Ocean. The
overall aims of CCRN are to understand, diagnose, and predict changing land, ecosystems, water, and
climate, and their interactions and feedbacks over western Canada’s cold interior. This includes
developing improved land surface and hydrological models for cold regions. We use a network of 14
intensely instrumented Water, Ecosystem, Cryosphere, and Climate (WECC) observatories
(www.ccrnetwork.ca/science/WECC) to study detailed processes and connections in the Boreal Forest,
the Western Cordillera, the Prairies and the permafrost regions of the Sub-Arctic. We are working to
better understand the changing regional climate and its effects on large-scale Earth system change and
the region's major river basins: the Saskatchewan and Mackenzie. CCRN has a somewhat narrower
disciplinary focus than the SaskRB, which also includes water quality, water resources management
and socio-hydrology research.
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CCRN is organized around 5 inter-dependent Themes (www.ccrnetwork.ca/science/themes).
Theme A, Observed Earth System Change in Cold Regions — Inventory and Statistical Evaluation,
documents and evaluates observed change, including hydrological, ecological, cryospheric, and
atmospheric components, in the cold regions of interior northwestern Canada over a range of scales.
Theme B, Improved Understanding and Diagnosis of Local-Scale Change, improves our knowledge of
local-scale change by developing new and integrative knowledge of Earth system processes,
incorporating these processes into a suite of process-based integrative models, and using the models
to better understand Earth system change. Theme C, Upscaling for Improved Atmospheric Modelling
and River Basin-Scale Prediction, improves large-scale atmospheric and hydrological models for
weather, climate, and river basin-scale modelling and prediction of the changing Earth system and its
feedbacks. Theme D, Analysis and Prediction of Regional and Large-Scale Variability and Change,
focusses on the driving factors for the observed trends and variability in large-scale aspects of the Earth
system, their representation in current models, and the projections of regional-scale effects of Earth
system change on climate, ecology, land, and water resources. Theme E, Outreach and Engagement,
engages a community of partners and users, including local stakeholder groups, provincial and federal
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policy/decision makers, national and international research organizations, and other relevant groups,
and disseminates the improved knowledge and tools within this extended community.

Over the past year, important scientific progress has been made in each of Themes A-D. Work in
Theme A has addressed both the local/lbiome scale (at WECC sites) and the regional scale.
Assessments of change have been largely completed, including changes in climate, vegetation, snow
and glacier cover, permafrost, stream discharge, groundwater and pond levels, and surface water
extent. From this, conceptual models of the mechanisms and drivers of change have been, and
continue to be developed. These will be used towards quantitative diagnosis in Theme B. A key review
paper has been published in Hydrology and Earth System Sciences Discussions that describes the
recent Earth system changes observed in western Canadal. Further, tree-core data have been
collected from across the western Canadian Boreal and Taiga ecoregions to develop an extensive
dendro-chronological record, to support analysis of the connections between proxy record, ecosystem
response, and climate variability.

Theme B builds on a legacy of process observations and modelling at long-term WECC
observatories. During the 2014-15 hydrological year, we have been coordinating a Special Observation
and Analysis Period (SOAP) across these sites, which has included the deployment of enhanced and
new field instrumentation, and standardized collection of ecological, hydro-meteorological, and isotopic
data. This will provide an important legacy dataset and provide opportunities for model intercomparative
analysis across the domain. Targeted process studies have been carried out with an aim to better
understand coupled cryosphere-hydrosphere-biosphere interactions, compare and contrast processes
amongst observatories, and develop improved cold regions model algorithms and parameterizations.
A Theme B focus has been continued development of the Cold Regions Hydrological Model (CRHM)
platform, with implementation of numerous improvements and new algorithms, e.g. to simulate i) soil
freezing-thawing, ii) frost table impacts on soil moisture storage and hydraulic conductivity, iii) surface
runoff over organic terrain and through organic materials and snowpacks, iv) snow dynamics on glaciers
and glacier hydrology, v) snow redistribution by avalanche, vi) representation of networks of
depressional storage, vii) groundwater dynamics and surface interactions, and viii) snow—vegetation
interaction in discontinuous canopies.

Our work in Theme C has involved close collaboration with Environment Canada (EC) and the US
National Center for Atmospheric Research (NCAR). A key aim is to improve large-scale predictive
models to better account for changing cold region processes and atmospheric feedbacks. Applications
are addressed in Theme D. Progress has been made on the development and testing of the Canadian
LAnd Surface Scheme (CLASS), Modélisation Environmentale Communautaire (MEC) — Surface and
Hydrology (MESH), and Canadian Terrestrial Ecosystem Model (CTEM) models, including baseline
simulations and evaluation at most WECC sites and intercomparisons with the Joint UK Land
Environment Simulator (JULES), the Weather Research and Forecasting Model — Hydrologic
Processes (WRF-Hydro), the community Noah land surface model with multiparameterization options
(Noah-MP), and the Common Land Model (CLM) Parallel Flow (PARFLOW)). Improvements to CLASS
under development include cold region lakes and wetlands, snow/mountain hydrology, frozen soils and
infiltration, prairie hydrology, water management, coupled land-surface—groundwater, glacier dynamics,
and linkage between hydrology, climate, and vegetation. Our water management research links to the
GHP cross-cut and has included comparative analysis of alternative modelling schemes within MESH.
Our soil moisture monitoring networks have provided observation of soil freeze-thaw processes and
evaluation of soil moisture scaling properties at resolutions applicable to the NASA Soil Moisture —
Active Passive (SMAP) mission. Large scale modelling has addressed input uncertainty, the
representation of permafrost within land surface schemes and assimilation of NASA Gravity Recovery
and Climate Experiment (GRACE) and other remote sensing data. In collaboration with NCAR, we are
producing 4 km resolution WRF climate simulations for the entire CCRN domain (14 years historical
simulations, plus pseudo warming simulations of future climate), which provide comparative data for
Theme B, C and D modelling and large scale climate analysis.

Many of the deliverables in Theme D are slated for late in the project; however progress has been
made on large-scale studies of atmospheric circulation patterns, instabilities for generating convection,
large-scale forcing for drought, precipitation phase changes, winter precipitation extremes, surface
hydrologic changes, and runoff, with a number of journal submissions and draft manuscripts based on
these studies. Several extreme events that have unfolded during this network provide key focal points
for interdisciplinary investigation (spanning Themes B-E). We have completed a comprehensive
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investigation of the June 2013 extreme weather and flooding events that affected southwestern Alberta
and downstream areas, including a number of submissions to a special issue of Hydrological Processes
dealing with meteorological and hydrological aspects. Initial work has started on an interdisciplinary
examination of the 2014 forest fires in the Northwest Territories, involving contributions from university
and government organizations, and planning is underway on how to proceed with an examination of
the 2015 prairie drought and its manifestations in terms of regional hydrology, agriculture, water
management, and wildfire.

CCRN has held several important workshops over the past year to advance our science, plan future
activities, and promote collaboration among network members, government partners, international
collaborators, and other stakeholders. These have included: 1) Workshop on the 2014 Northwest
Territories Fires — Developing a Research Framework (12-13 January, 2015, Yellowknife NT); 2)
Theme A workshop, Conceptual Models of Change (22 January, 2015, Hamilton ON); 3) “Modelling
Change in Cold Regions” Workshop (28-30 September, 2015, Saskatoon SK); and 4) CCRN Third
Annual General Meeting (1-4 November, 2015, Saskatoon SK). Further details, including summary
reports and presentations are available on our webpage at www.ccrnetwork.ca/science/workshops.

Other SaskRB deliverables include for example a special journal issue (14 papers) on the water
quality of Lake Diefenbaker, detailed analysis of changing prairie flood hydrology and impacts of
agricultural drainage, the first nutrient model of the South Saskatchewan river, further analysis of water
resource vulnerability to economic development and climate change, and continued work with First
Nations on changing ecosystems in the Saskatchewan Delta. Appendix A lists SaskRB publications.

2) Planned panel activities for next year

In Theme A we will continue to work on conceptual models of the mechanisms and drivers of
change. To this end, we will hold a small workshop in March 2016 to synthesize results and prepare
output products for both outreach purposes and for taking further quantitatively in Theme B.

Theme B goals include a) a set of prioritized process improvements, b) model development at
selected sites, ¢) comparative model application and evaluation across sites. In the next year, we will
continue with application of CRHM at all WECC observatories for comparative analysis and
interrogation of observed change, supported by other detailed modelling activities (e.g., the USGS 3D
SUTRA (Saturated-Unsaturated TRAnsport) groundwater model to include freeze-thaw
thermodynamics). The plan is to apply CRHM to the WECC observatories to diagnose change, and
this work is well in hand. Results from different sites were presented at the September 2015 CCRN
modelling workshop, and will continue with setup and testing on all sites by winter 2015-16 with results
forthcoming by the following spring and summer. These activities will be supported by a CHRM training
workshop to be held in March 2016, and will lead to a more formal event in May 2016 (including MESH
runs as well). The plan will be to take to take conceptual models and diagnose them using CRHM and
MESH; this will be a last chance to review algorithm performance and needed changes before our
CCRN 4™ annual general meeting the following November. This will lead the direction for future
scenarios of change, which is the next step in our science plans.

In Theme C, a plan has been prepared for a systematic comparative analysis of different land
surface schemes, using common driving data and multi-criteria performance objectives, within a
framework that incorporates parameter uncertainty. This is underway for the BERMS WECC
observatory and will be extended to the other WECC sites over the next year. The CTEM model is
being evaluated at selected WECC sites and discussions are ongoing towards developing this as a
Canadian community model. The plan will be to include a special session at our next CCRN annual
general meeting (2—4 November, 2016, Guelph, ON) on the land surface scheme intercomparison
project, which will include exploring MESH, JULES, WRF-Hydro, and Noah-MP. Development and
testing of algorithms for CLASS will continue over the next year, and will be delivered for use in Theme
D by mid-2016. An important development since the inception report is the result of collaboration with
the US NCAR. NCAR was planning high resolution (4km) runs of the WRF model for most of North
America for both a 14 year historical sequence and a pseudo-warming future climate simulation. We
have research staff embedded within NCAR who have been able to extend the planned domain to
include the whole CCRN region. These simulations are currently partially complete, and will be carried
on during the next several months or more. The main planned activity related to data assimilation was
work with NASA in the development of soil moisture algorithms for the SMAP mission, and the validation
of SMAP products using WECC observatory data. This work is proceeding as planned, although SMAP
has recently experienced a failure of its active sensors, thus providing a limited window when both
active and passive systems were functional. Additional work is underway to evaluate the use of GRACE
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gravity satellite products, which provide coarse-scale estimates of total water storage changes. In
collaboration with NRCan, GRACE products have been assimilated within the MESH model of the
Saskatchewan basin, with promising results. The data provide a useful constraint on model
performance and have reduced the uncertainty in (and hence improved the identifiability of) MESH
model parameters. New work is underway to investigate the utility of other satellite products.

In Theme D, activities continue to focus on characterization of change in precipitation amount,
phase, and intensity, convection, droughts, and heavy precipitation over the last few decades. Recent
extreme events, including the 2011 Assiniboine River flood, the 2013 southern Alberta flood, the 2014
Northwest Territories fire season, and the 2015 western Canadian drought, provide a focal point for
interdisciplinary examination. Off-line MESH analyses of the sensitivity of land—atmosphere feedbacks
to cryospheric, hydrologic, and terrestrial ecosystem change will be carried out, and newly developed
MESH algorithms will be applied and tested to represent: a) water management controls, and b) land
management change.

3) Contributions to the GEWEX Science Questions

GSQ1: Observations and Predictions of Precipitation

e Individual research progress on atmospheric circulation patterns, instabilities for generating
convection, large-scale forcing for drought, precipitation phase changes, winter precipitation
extremes, surface hydrologic changes, and runoff, with a number of journal submissions and draft
manuscripts based on these studies

e A comprehensive investigation of the June 2013 extreme weather and flooding events that affected
southwestern Alberta and downstream areas, including a number of submissions to a special issue
of Hydrological Processes dealing with meteorological and hydrological aspects (see progress
updates by Kochtubajda, Li, Pomeroy, Stewart, Szeto, Thériault in appendix);

e Focal examination of extreme events (floods, fires, droughts) affecting the CCRN region from 2009—
11 with publications forthcoming

GS02: Global Water Resource Systems

e Completion of assessments and inventories of change at many WECC observatories and across
the CCRN domain.

e Analysis of large scale hydrological model performance for the Saskatchewan and Mackenzie
basins. Identification of key challenges — input uncertainty, permafrost, cold region lakes and
wetlands, mountain hydrology, prairie hydrology, anthropogenic water management. Work initiated
to address these.

e Progress with assimilation of remotely sensed data to constrain large scale hydrological models.

e Extension of previous work on vulnerability analysis of water resource systems in the SaskRB —
now includes risk-based hydro-economic analysis for Saskatchewan.

GS03: Changes in Extremes

e Regional-scale synthesis of Earth system change through analysis of federal and provincial hydro-
climatic datasets, remotely sensed data products, climate model reanalysis, and radar, rawinsonde,
and lightning detection observations, as well as an integrated literature review of past change over
the CCRN domain

e Individual research progress on atmospheric circulation patterns, instabilities for generating
convection, large-scale forcing for drought, precipitation phase changes, winter precipitation
extremes, surface hydrologic changes, and runoff, with a number of journal submissions and draft
manuscripts based on these studies

e A comprehensive investigation of the June 2013 extreme weather and flooding events that affected
southwestern Alberta and downstream areas, including a number of submissions to a special issue
of Hydrological Processes dealing with meteorological and hydrological aspects;

¢ Initial work towards an interdisciplinary examination of the 2014 forest fires in the Northwest
Territories, involving contributions from university and government organizations

GS04: Water and Energy Cycles and Processes




e Use of soil moisture monitoring networks for improving observation of soil freeze-thaw processes
and evaluation of soil moisture scaling properties at resolutions applicable to the NASA Soil
Moisture — Active Passive (SMAP) mission, upscaling of energy and water balance components
from point- to field-scales, and evaluation of wetlands and soil moisture using RADARSAT-2 in
prairie and taiga—tundra ecoregions

e An important development for the network is that Li, working with NCAR, is producing 4km WRF
climate simulations for the entire CCRN domain (14 years historical simulations, plus pseudo
warming simulations of future climate). This provides comparative data for Theme B, C and D
modelling and large scale climate analysis. Similarly, collaboration with Sushama’s CNRCWP
provides access to the regional climate model CanRCMS5, based on CLASS, which provides us with
a platform for coupled modelling and additional simulations for large scale analysis

4) Activities contributing to the WCRP Grand Challenges as identified by the JSC

Clouds, Circulation, and Climate Sensitivity

e Theme/ work package D1
0 Specific scientific contributions will involve the assessment of large and synoptic scale
atmospheric circulation patterns as they relate to observed temporal and spatial trends
and variability (including extremes) in hydro-climate over the study region
o In addition, studies will be undertaken to understand the mechanisms which link the
regional water and energy response to large-scale forcings. This includes the role of
the orographic barrier in amplifying the region’s climate sensitivity to upstream large-
scale forcings. Statistical techniques and diagnostic studies will be carried out to
examine the coupled mode of variability between low-frequency forcings such as sea
surface temperature anomalies, large-scale circulation patterns and warm-season
synoptic activities
e Theme/ work package D3
0 Changes in the large-scale atmospheric circulation will be assessed from CMIP5 and
other projections. Their subsequent effects on the continental synoptic activities and
associated heat and moisture transports which affect critically regional temperature
and precipitation responses will be assessed from the downscaled projections.

Melting Ice and Global Consequences

e Theme/ work package D4

o0 Projection results will be used to address regional scale effects on land and water
resources, using the large-scale models developed in Theme C. This includes the
change in river flows for the Saskatchewan, Peace-Athabasca and Mackenzie River
Basins, and effects of climate change for specific ecosystems.

o We will determine whether future changes cross ‘tipping points’ in Earth system
behaviour, leading to further extremes and dramatic system changes, such as
deglaciation, permafrost disappearance and terrestrial ecosystem transition.

o Outputs from this analysis will thus be used to identify global climatological controls on
broad regional water resource response, and hence to enable specific design,
operational or policy development problems under climate change to be addressed in
Theme E. To address this issue, specific analyses will be carried out utilizing future
conditions along with threshold guidance on conditions needed to trigger a fundamental
shift.

Understanding and Predicting Weather and Climate Extremes

e A comprehensive focal investigation of the June 2013 extreme weather and flooding events that
affected southwestern Alberta and downstream areas, including a number of submissions to a
special issue of Hydrological Processes dealing with meteorological and hydrological aspects

0 See progress updates by Kochtubajda, Li, Pomeroy, Stewart, Szeto, Thériault in
appendix

e Focal examination of extreme events (floods, fires, droughts) affecting the CCRN region from 2009—
11 with publications forthcoming



0 See progress updates by Hanesiak, Kochtubajda, Stewart, Szeto in appendix
e Initial work towards an interdisciplinary examination of the 2014 forest fires in the Northwest
Territories, involving contributions from university and government organizations
0 See progress updates by Baltzer, Bonsal, Johnstone, Kochtubajda, Quinton, Stewart,
Turetsky in appendix;
e Theme/ work package D1
0 Specific scientific contributions will involve the assessment of large and synoptic scale
atmospheric circulation patterns as they relate to observed temporal and spatial trends
and variability (including extremes) in hydro-climate over the study region
0 Another focus will be on precipitation. Studies include the occurrence of precipitation
extremes from droughts to heavy precipitation including variability and simultaneous
occurrence. The regional and larger scale factors leading to such events will be
determined. The factors leading to the changing occurrence of winter precipitation will
be examined. As well, changes in the occurrence of extreme precipitation rates will be
determined over some areas and linked with the large and regional scales forcing
factors
e Theme/ work package D3
o0 Key focal points will be on regional and local scale temperature changes and variations
of prolonged summer hot periods, and extension of above freezing conditions. In terms
of precipitation, the focus will be on the development of drought, heavy precipitation,
extreme precipitation rates, as well as the changing phase of precipitation
e Theme/ work package D4
0 We will determine whether future changes cross ‘tipping points’ in Earth system
behaviour, leading to further extremes and dramatic system changes, such as
deglaciation, permafrost disappearance and terrestrial ecosystem transition.

Regional Sea-Level Change and Coastal Impacts

e We are not directly addressing global sea level change, but our modelling in Theme D will indirectly
provide insights (e.g. through regional projections of ice volume change in western Canada, and
through future runoff simulations and projections for the Mackenzie and Saskatchewan Rivers)

Changes in Water Availability

e Use of soil moisture monitoring networks for improving observation of soil freeze-thaw processes
and evaluation of soil moisture scaling properties at resolutions applicable to the NASA Sail
Moisture — Active Passive (SMAP) mission, upscaling of energy and water balance components
from point- to field-scales, and evaluation of wetlands and soil moisture using RADARSAT-2 in
prairie and taiga—tundra ecoregions

e Progress has also been made on the quantification of effects of uncertainty in driving variables, and
new methods to accommodate this, and in the assimilation of other satellite products in the large
scale hydrological models, in particular GRACE (in collaboration with NRCan)

¢ Individual research progress on atmospheric circulation patterns, instabilities for generating
convection, large-scale forcing for drought, precipitation phase changes, winter precipitation
extremes, surface hydrologic changes, and runoff, with a number of journal submissions and draft
manuscripts based on these studies

¢ Regional-scale synthesis of Earth system change through analysis of federal and provincial hydro-
climatic datasets, remotely sensed data products, climate model reanalysis, and radar, rawinsonde,
and lightning detection observations, as well as an integrated literature review of past change over
the CCRN domain

e Various improvements to CLASS and issues under development, including lakes, wetlands, snow/
mountain hydrology, frozen soils and infiltration, prairie hydrology, water management, coupled
land-surface—groundwater, glacier dynamics, and linkage between hydrology, climate, and
vegetation

e Setup and evaluation of MESH over both the Mackenzie and Saskatchewan River basins, with
several key focal issues identified for future work, including input uncertainty, soil depth and
permafrost initialization/representation, wetlands, and water management—channel hydraulics
may be a major limiting factor for basin-scale modelling of the Mackenzie



e An important development for the network is that Li, working with NCAR, is producing 4km WRF
climate simulations for the entire CCRN domain (14 years historical simulations, plus pseudo
warming simulations of future climate). This provides comparative data for Theme B, C and D
modelling and large scale climate analysis. Similarly, collaboration with Sushama’'s CNRCWP
provides access to the regional climate model CanRCMS5, based on CLASS, which provides us with
a platform for coupled modelling and additional simulations for large scale analysis

e Theme/ work package D1

(0]

Studies will be undertaken to understand the mechanisms which link the regional water
and energy response to large-scale forcings. This includes the role of the orographic
barrier in amplifying the region’s climate sensitivity to upstream large-scale forcings.
Statistical techniques and diagnostic studies will be carried out to examine the coupled
mode of variability between low-frequency forcings such as SST anomalies, large-scale
circulation patterns and warm-season synoptic activities

Another focus will be on precipitation. Studies include the occurrence of precipitation
extremes from droughts to heavy precipitation including variability and simultaneous
occurrence. The regional and larger scale factors leading to such events will be
determined. The factors leading to the changing occurrence of winter precipitation will
be examined. As well, changes in the occurrence of extreme precipitation rates will be
determined over some areas and linked with the large and regional scales forcing
factors

e Theme/ work package D2

(0]

Research on future conditions over the domain has given some indication of future
states and interactions although with a great deal of uncertainty. In general, results
predict continued increase in temperature — more in the cold season and at higher
elevations. They also expect an overall increase in precipitation, but with considerable
spatial and temporal variability. Northern regions are projected to see more increases
in precipitation than southern regions of the study area, which has potentially huge
implications for water resources. In parallel, there is a projected increase to in the
frequency, intensity and duration of future droughts including more hot droughts.
Overall, future water cycle related variability remains a huge knowledge gap.

Given the determination and understanding of changing conditions over the region, it
is critical to assess how future conditions will evolve, in particular factors affecting water
resources and ecosystems. Validated models from Theme C will be a critical basis for
addressing this issue including our degree of uncertainty. Projections of future
conditions over the region will be developed by CCRN (4 km WRF pseudo-warming)
and others will be obtained (CanRCMS5 projections, with improved CLASS algorithms
and explicit representation of feedbacks).

e Theme/ work package D3

(0]

Changes in the large-scale atmospheric circulation will be assessed from CMIP5 and
other projections. Their subsequent effects on the continental synoptic activities and
associated heat and moisture transports which affect critically regional temperature
and precipitation responses will be assessed from the downscaled projections. The
initial focus will be on projections of temperature, precipitation, and their variation. Key
focal points will be on regional and local scale temperature changes and variations of
prolonged summer hot periods, and extension of above freezing conditions. In terms
of precipitation, the focus will be on the development of drought, heavy precipitation,
extreme precipitation rates, as well as the changing phase of precipitation.

e Theme/ work package D4

(0]

(0]

The projection results will be used to address regional scale effects on land and water
resources, using the large-scale models developed in Theme C. This includes the
change in river flows for the Saskatchewan, Peace-Athabasca and Mackenzie River
Basins, and effects of climate change for specific ecosystems.

We will determine whether future changes cross ‘tipping points’ in Earth system
behaviour, leading to further extremes and dramatic system changes, such as
deglaciation, permafrost disappearance and terrestrial ecosystem transition.

Outputs from this analysis will thus be used to identify global climatological controls on
broad regional water resource response, and hence to enable specific design,
operational or policy development problems under climate change to be addressed in
Theme E. To address this issue, specific analyses will be carried out utilizing future
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conditions along with threshold guidance on conditions needed to trigger a fundamental
shift.

Cooperation with other GHP and WCRP Projects, outside bodies, and links to applications

The International Network for Alpine Research Catchment Hydrology (INARCH) is a GEWEX
Hydroclimate Panel project that is an international spin-off from CCRN, led by Professor John
Pomeroy. INARCH recently held an inaugural workshop in Kananaskis, Alberta, Canada, at which
CCRN was represented by the PI, Professor Howard Wheater, and by several other network co-
Investigators. A report on the INARCH workshop has been provided to GEWEX. CCRN and
INARCH are closely linked and share many common research priorities and objectives. Wheater
and Nazemi are contributing to the GHP cross-cut on representation of anthropogenic water
management in large scale models.
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