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Water has multiple dimensions
-Competing demands for water
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The threats of water extremes
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The threats to water quallty

Lake Winnipeg 2007
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An era of ‘global water’

2011 Thai floods shut down global chip production -
$45.7billion losses

Canada_

USA

Global trade in virtual
water- food products
Konar et al. (2011)

-

Argentin -

Heatwave in Russia

Russian heat wave 2010 T
linked to Arab Spring? %

Economist. 2012 ‘Food and the /e
Arab Spring’ o

Land Surface Temperature Anomaly ["C)
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Global water challenges

 unsustainable use of water —
declining groundwater levels, dry rivers

e increasing competition for water resources —
at local, regional and international scales

» degradation of water quality —
from over-abstraction and pollution

« loss of habitats and biodiversity

o increasing flood and drought risk

www.usask.ca/water
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And the future for water

 increased demand — population growth,
economic development, agriculture

« environmental change
« changing land and water management <«
« climate change

« increasing flood risk
e increasing pressures on water resources

« 6 billion in water-scarce areas by 20507
www.usask.ca/water




a ' X UNIVERSITY OF
' ) SASKATCHEWAN

Global Institute for
Water Security

Implications for water science?

These are Big Problems for science and society:
« Complex systems

- Unprecedented change

. Large scales

— Big Water Science: To deliver the new science
needed to sustain development and global ecosystems,

tackling/ understanding interactions and feedbacks
between climate-land-water-society

www.usask.ca/water
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Challenges for water science

1. The effects of the Anthropocene on the water
environment are pervasive and poorly understood.

2. Managing complex and dynamic human-water
systems requires new understanding of process
interactions and feedbacks across multiple scales.

3. Trans-disciplinary science is needed to capture the
effects of human activities on the water environment.

4. The social process of stakeholder engagement with
water science is at least as important as the
knowledge yielded by the science.

www.usask.ca/water
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Global Institute for Water Security

Founded 2011
65 Faculty, 21 academic units

National Hydrology Research Centre

Saskatoon, Saskatchewan WWW. usask.ca/water
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Water in the Canadian Prairies
Saskatchewan River Basin

Alberta Saskatchewan  Manitoba

www.usask.ca/water
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Some Challenges:
« The South Saskatchewan river has reached limits for
use in southern Alberta

 Climate change and land management are changing
the land and its water in complex ways, affecting river
flows and prairie hydrology

« Pollution is changing its water quality

- Water governance in the prairie provinces is complex
and fragmented

- Extreme events are damaging and expected to increase

www.usask.ca/water
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Prairie Drought of 1999-2004
Described as Canada’s most costly natural disaster

Agr-Food Canada Agroalimantaire Canada

Current Precipitation Compared to Historical Distribution
(Previously Precipitation Percentiles)
September 1, 2001 o August 31, 2002 (A.M.)

Percentile Classes
I R=cord Dry
I Exremely Low (0-10)
Very Low {10-20)
Low (20-40)
Mid-Range (40-60)
I High (50-20)
Very High (30-90)
I =:remely High (30-100)

I Record Wet

Extent of Agricultural Land

Preparad by FFRA (Prairie Fam Rehabilitation Administration) using data from the Timely Climate

Menitoring Metwork and the many federal and provincial agencies and voluntesrs that support it ‘ anada
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e S5.8 billion decline in
GDP 2001-2002

e $3.6 billion drop in
agricultural
production, 2001-2002

e 41,000 jobs lost
e BC, Alberta forest fires

e Saskatchewan dust
storms

www.usask.ca/water
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Calgary floods June 2013 SE Saskatchewan July 2014
4 deaths, 100,000 evacuated state of emergency in 40
$6 billion direct damages rural municipalities

Town of ‘High River’ AB

www.usask.ca/water



Phosphorous Concentration (1973-2009)
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Effects of agricultural management?
Smith Creek, SK




The Big Thaw

Vinter
‘emperature
ncrease
1950-2012)

6.5°C

q Regions Losing Cold

of winter
snow cover
(1972-2013)

“up to 15 moge §
110-10 less

1G-20
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,_ Permafrost Thaw @t'

Unprecedented Prairie Summer
Flooding

Extreme Wildfires
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Warming climate — glacier retreat, changing

snow accumulation/melt, rain/snow balance
— SaskRB Spatially-averaged Minimum Temperature Trends

Min Temperatu

7 6 5 -4 -3 -2

I I I I I I
1900 1920 1940 1960 1980 2000

Year
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Mountain Glaciers and Ice Fields

Widespread glacier retreat across
western Canada and globally

Predominantly negative net mass
balance—record ice loss in 2015 for
many glaciers

Many glaciers have exhibited an
acceleration of their retreat and
disintegration in the very recent
past

The ability of glaciers to augment
flows leaving the Rockies is low—
e.g. very lows flows last year despite
record negative mass balance

Water equivalent (m)

Peyto Glacier annual mass balance

2015:-2.6 m

'3 T T T T T

1960 1970 1980 1990 2000 2010

1902
Photo: Vaux Family (Whyte Mu
the Canadian Rockies)

2011
Photo: C. DeBeer
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Smith Creek, SK
(Dumanski et al., 2015)
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GIWS Saskatchewan River Basin Research Facility
— a GEWEX Regional Hydroclimate Project

Area 406,000
ALBERTA SASKATCHEWAN MANITOBA k 5
m
Drains from
continental
“Denis National 4 dIVIde In
(F;T;;?e?* e’ 5+ Wildlife Area " Alberta,
soil moisture site g
Marmot Creek = §~ Lake .Regina gsi,?agﬁgzsmwmnipeg through
Research BasinJ Research Bas /I’ Diefenbaker /Togacco crek Saskatchewan to
: i Manitoba and

Hudson’s Bay
www.usask.ca/water
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Rocky Mountain Research Basms
- Marmot Creek & Sibbald Wetland
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Boreal Forest
Research Sites
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Prairie Research Sites
St Denis Kenaston Smlth Cre k




3 UNIVERSITY OF
&y SASKATCHEWAN

Lake Diefenbaker/Swift Current Creek

Algal bloom - Sept 24 2011
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4km WRF simulations (Yanping Li, Roy Rasmussen)
CTRL vs OBSERVATION comparison
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SnhoDrone — Fortress Mountain

Fortress Mountain
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The Surface Water and Ocean Topography Mission

Ka-band Radar

Interferometer (KaRlIn)

operating at 35.75 GHz

(8.6 mm) with twin 50 km

swaths pointing 1-4.5° off

nadir.

= Scheduled for launch in
2021.

= Simultaneously
measures inundation
extent and water surface
elevation

= Total budget: ~$1.1B

Biancamaria, Lettenmaier, and Pavelsky, SoG, 2016

www.usask.ca/water
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Soil profile response, St Denis
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Chlorophyll a (ugL™)

Biogeochemistry of frozen lakes

Spring diatom bloom often Peak odour can occur
under ice. under ice.
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Learning from the past

North Saskatchewan River

Historical Records

Reconstruction using Best Model

Reconstructions using Different Models
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Boreal forest data

CGCM3

CGCM3
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Improved land surface schemes for weather,
climate and Iarge scale hydrological models
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New CLASS/MESH model of prairie runoff — Assiniboine river
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Large Scale Hydrological Modelling

Use of GRACE data to constrain

d I t M ESH GRACE satellite
m O e pa ra m e e rS I n (Photo credit: NASA)
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Parameter Uncertainties

PBIAS <5 &
NSE >0.5 &
INSE > 0.5

PBIAS <5 &
NSE > 0.5 &
INSE >0.5&
STNSE > 0.5

Normalized range

Normalized range
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Improved Representation of Water Management s
in Hydrological Models (vassin et al., 2019)
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Water is a human-natural system

Flow in the Saskatchewan river in

Saskatoon depends on:

- land and water use in Alberta
(up to 50% of natural flow) &%

- the operation of Lake Diefenbaker “isa
(trading off power generation, =
water supply, flood protection,
amenity and habitat) %

www.usask.ca/water
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South Saskatchewan annual hydrograph
pre- and post-dam construction

Discharge [m%/s]

1000 §
800 -

600 -

400 -

M Pre-dam (1912-1958)
Post-dam (1968-1984)
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Water resources vulnerability analysis
— South Saskatchewan River in Alberta

Probabillity
of system
failure under
changing
headwater
flows
(annual
peak,

Peak timing)

Change in annual volume (%)

Shift in peak (week)

Nazemi et al. 2013 WRR 49(1): 291-305  www.usask.ca/water
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Risk-profiles for economic net benefit

Probability

Hydropower production under the BAU policy
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WWW.uUsask.ca/water
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Socio-hydrology
- understanding social values and
perspectives

Group mind-mapping
exercise.

Stakeholder workshop,
Canmore, Alberta
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Community-based monitorin

Training trainers [ S ISR a2 50
for fish health ' '
monitoring,

Slave River Delta,
North West

Territories
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DownStream —a play by Kenneth T. Williams

= Forum theatre production,
Downstream, took audience
members through an exercise
in decision-making when
floods threaten.

= Four performances across
Western Canada - Calgary &
Medicine Hat, Alberta,
Saskatoon & Cumberland
House, Saskatchewan.

www.usask.ca/water




Changing Cold Regions Network

2013-2018

8 universities

4 federal agencies
43 co-investigators

- links to multiple
international
programs

and partners
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Changing Cold Regions
Network Study Domain

Water, Ecosystem, Cryosphere
and Climate Observatories

71 Western Cordillera
1: Columbia Icefield, AB
2: Marmot Creek Research Basin, AB
3: Wapta |cefield/Peyto Glacier, AB
4: Lake O'Hara, BC
5: Wolf Creek Research Basin, YT
&: Brintnell-Bologna lcefield, NWT
Boreal Forest
7: Boreal Ecosystem Research and
Monitoring Sites (BERMS), White Gull
Creek, SK
.. Prairie
8: St. Denis National Wildlife Area, SK
9: Kenaston/Brightwater Creek Mesonet
Site, SK
10: West Nose Creek, AB
. Sub-Arctic Lowlands
11: Trail Valley Creek, NWT
12: Havikpak Creek, NWT
13: Scotty Creek, NWT
14: Baker Creek, NWT

O

Ecoregions and Landcover

D Glaciers
D Tundra
7 Marine West

|:’ Taiga Coast Forest
Hudson Plains :l Great Plains

= Morth American
|____| Boreal Forest

_____ Northwestern
'”I Forested
Mountains

A Deserts
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Sopme Dana: The Horh American

Enveoementl Atlay 3 e Natona
S00km BRI e
Ermprcton: UTH one 11, NAD 1983
Creawd by Chiis DeBeer

www.usask.ca/water




Scenarios of change
e.g. Mixedwood Forest: Displacing Evergreen Forest
After Fire, Displaced by Cropland

2005 - %Change 2005 to 2085

www.ccrnetwork.ca | www.usask.ca/water
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¥ SOLUTIONS TO WATER THREATS
Z IN AN ERA OF GLOBAL CHANGE
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Saskatchewan River Basin — Changes in Streamflow
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Mackenzie Basin- Changes in streamflow
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Global Water Futures: Solutions to Water
Threats in an Era of Global Change

Canada First Research Excellence Fund Competition $1.5B CDN

s
L7

& ~ CANADA | APOGEE

: 3 - FIRST CANADA e Global Water Futures 2016-2023
RESEARCH FOMNDS
e = | BYReCHERCHE *  $78 M CDN grant

$143 M CDN initial program budget

S ol UNIVERSITY OF MCMaSter e
e WATERLGO  tneigg  LAURIER
@

SASKATCHEWAN @ Inspiring Lives.

University of Guelph University de Montreal
University of British Columbia University of Manitoba
University of Northern British Columbia University of Victoria
University of Calgary Brock University

University of Laval Canadian Rivers Institute (University
of New Brunswick & University of

McGill University
Prince Edward Island)

University of Quebec at Montreal

Yukon College
University of Alberta g




Global Water Futures at Mid-term

FUNDING PILLAR 1

$78 M CFREF DIAGNOSING &
51 13 M IN-KIND PREDICTING
CHANGE
$90 M LEVERAGED CASH
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PILLAR 3

DESIGNING
USER SOLUTIONS
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6 INDIGENOUS.
PROJECTS

UNIVERSITIES 12 USER-QUESTION

18 CANADIAN UNIVERSITIES LED PROJECTS
189 FACULTY

OUTCOMES

965 HQP

786 PUBLICATIONS

1852 PRESENTATIONS

150 THESES

3200 STORIES IN THE MEDIA

+ WATER PREDICTIONS ACROSS
CANADIAN RIVER BASINS UNDER
CLIMATE CHANGE

+ OPERATIONAL FLOOD FORECASTING
SYSTEM DEVELOPMENT

+ CO-CREATION OF FRESHWATER
RESEARCH WITH 76 INDIGENOUS
COMMUNITIES

+ 60 WATER OBSERVATORIES ACROSS
CANADA PROVIDING BIG DATA

+ WATER, SOCIETY, HEALTH, EQUITY,
DIVERSITY AND INCLUSION

+ INFORMING DEVELOPMENT OF THE
CANADA WATER AGENCY

+ ENVIRONMENTAL DNA ANALYSIS FOR
INVASIVE SPECIES

+ SOLUTIONS TO USER LED
QUESTIONS FROM ALMOST 500 USERS

« INTERNATIONAL SCIENCE
LEADERSHIP: WMO, UNESCO, UN,
FUTURE EARTH



GWF Observatories — ‘Big data’ for water




GWEF core water observation, prediction, and knowledge
mobilization strategy
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GWF Planetary Water Prediction Initiative
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Basins ""v~ ACTION DECADE -..J
Q‘t‘l‘ 20%-2028
] Sk
| _ w Ny GW#
International Network for Alpine Uy . Wator
Research Catchment Hydrology R G UNIVERSIDAD Security
(INARCH) Research Basins DE CHILE Alliance ARCTIC COUNCIL
[S== . 4’@&#’3‘32 = R R
@ ?5 '

Goqgan University of Agricultural
Sciences & Natural Resources
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Climate Adaptation & Mit g on
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| See https://gwf.usask.ca/projects-
@ facilities/global-programs.php



https://gwf.usask.ca/projects-facilities/global-programs.php
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These are times of unprecedented water ™"
challenges for society and for science

The way forward:

= New disciplinary science

= Trans-disciplinary science

= Science-society connection

= Large-scale research infrastructure

= National and international investment

www.usask.ca/water




Hydroflux India (2012-2016) (NERC-MOES)
Pls: Buytaert (IC), Mujumdar (1ISc)

* Aim: To investigate two-way

feedbacks between e cawe
irrigation activities and 1
CI i m ate Evapotranspiration
e State of the art model Landwse
ensemble to simulate
various fluxes f%ﬁ%?ﬁii;;s)
e We identified multiple J s
coupling mechanisms at (L o oo
various scales T

(Groundwater model) Policy options




CHANSE (2016-2018) (NERC-MOES)
Pls: Mijic (IC), Ghosh (lITB)

e Aim: To improve mapping and
guantification of interactions
and feedbacks between

human activities and the | J—
. . of thresholds
hydro-meteorological system oo ony MRS
. . requirements
of the Indo-Gangetic Plain ®,.., M aa
( |G P) Ir?tegration of for?casts for ~ avallability
uman
. . ° N systems _into \gli)ggtion
* In situ data collection and Explicit  hydrological
accounting  simulations
bottom-up model for divers
development demand

* Focus on water management



Land surface coupling experiments

We used the maps of land use/land cover change to construct various
scenarios of soil moisture using JULES, which were then used to force
regional climate models (Agarwal et al. 2019):

* Increased irrigational activity over the Gangetic Plains has the potential
to affect regional and remote climate

* Winter-time irrigation has a strong effect on large-scale circulation
pattern, intensifying the Indian summer monsoon

* Irrigation during Rabi and Kharif seasons was associated with a decrease
in monsoon precipitation over the Gangetic Plain in the annual irrigation
scenario, consistent with previous studies focussing on global impact of
irrigation (Tuinenburg et al. 2014; Cook et al. 2015)

* Negative trends in observed precipitation could be related to enhanced
irrigational activities over the Gangetic Plains in the recent decades

Agrawal, S., Chakraborty, A., Karmakar, N., Moulds, S., Mijic, A., Buytaert, W. (2019). Effects of
winter and summer-time irrigation over Gangetic Plain on the mean and intra-seasonal
variability of Indian summer monsoon. Clim Dyn 53, 3147-3166.
https://doi.org/10.1007/s00382-019-04691-7



Socio-hydrological modelling

jia:"

Semi-structured interviews were carried out to
inform a coupled human-environment model
linking farmer decision-making (wrt irrigation),
livelihood, and groundwater depletion

W~

ks \

irig | npk | ncome

from
— o e - —— — — cost cost crops

Subsidies

3

O’Keeffe, J., Buytaert, W., Mijic, A., Brozovic, N., & Sinha, R. (2016). The use of
semi-structured interviews for the characterisation of farmer irrigation
practices. Hydrology and Earth System Sciences 20, 1911-1924.

Investment



Prof N S Govind Rao 1907-1995

R
S




ANe N
F/1\S LI

FJ UNIVERSITY OF O US

7y SASKATCHEWAN

Global Institute for
Water Security

www.usask.ca/water




	Water security in a Changing World
	Water has multiple dimensions�-Competing demands for water
	The threats of water extremes
	The threats to water quality
	An era of ‘global water’�
	Global water challenges
	And the future for water
	Implications for water science?
	Challenges for water science
	Global Institute for Water Security
	 Saskatchewan River Basin
	Some Challenges:
	Prairie Drought of 1999-2004�Described as Canada’s most costly natural disaster
	Calgary floods June 2013             SE Saskatchewan July 2014
	Total Phosphorous Concentration (1973-2009)
	Effects of agricultural management? Smith Creek, SK
	The Big Thaw
	Warming climate – glacier retreat, changing snow accumulation/melt, rain/snow balance�       SaskRB Spatially-averaged Minimum Temperature Trends
	Mountain Glaciers and Ice Fields
	Changing Prairie Hydrology 
	GIWS Saskatchewan River Basin Research Facility �  – a GEWEX Regional Hydroclimate Project
	 Rocky Mountain Research Basins�- Marmot Creek & Sibbald Wetland
	Boreal Forest�Research Sites�BERMS/BOREAS
	Prairie Research Sites�St Denis        Kenaston       Smith Creek
	Lake Diefenbaker/Swift Current Creek
	High resolution atmospheric modelling�4km WRF simulations (Yanping Li, Roy Rasmussen)�CTRL vs OBSERVATION comparison
	SnoDrone – Fortress Mountain
	Slide Number 28
	Soil profile response, St Denis
	Slide Number 30
	Slide Number 31
	Diagnosis of Global Climate Models�Boreal forest data 
	Improved land surface schemes for weather, climate and large-scale hydrological models 
	Large Scale Hydrological Modelling
	Parameter Uncertainties
	Improved Representation of Water Management� in Hydrological Models (Yassin et al., 2019)
	Water is a human-natural system
	South Saskatchewan annual hydrograph:�pre- and post-dam construction
	Water resources vulnerability analysis� – South Saskatchewan River in Alberta
	Risk-profiles for economic net benefit
	Slide Number 41
	Socio-hydrology �- understanding social values and perspectives
	Community-based monitoring
	Downstream – a play by Kenneth T. Williams
	Changing Cold Regions Network�2013-2018
	2005                    %Change 2005 to 2085
	Saskatchewan River Basin – Changes in Streamflow
	Mackenzie Basin- Changes in streamflow
	Global Water Futures: Solutions to Water Threats in an Era of Global Change
	Global Water Futures at Mid-term
	GWF Observatories – ‘Big data’ for water
	GWF core water observation, prediction, and knowledge mobilization strategy
	Slide Number 53
	These are times of unprecedented water challenges for society and for science�
	Hydroflux India (2012-2016) (NERC-MoES)�PIs: Buytaert (IC), Mujumdar (IISc)
	CHANSE (2016-2018) (NERC-MoES)�PIs: Mijic (IC), Ghosh (IITB)
	Land surface coupling experiments
	Socio-hydrological modelling
	Prof N S Govind Rao 1907-1995
	Slide Number 60

