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North Saskatchewan River at Edmonton
Mean Annual Year Flow (m3/s), 1912-2015



Stationarity

Despite preaching about the importance of long records, 
hydrologists are in fact more comfortable with short ones.”
Klemeš, 1989. The improbably probabilities of extreme floods 
and droughts.

“Stationarity— the idea that natural systems fluctuate within 
an unchanging envelope of variability — is a foundational 
concept that permeates training and practice in water-
resource engineering.” 
Milly, et al., 2008. Climate change: stationarity is dead: whither 
water management. Science.



On May 2nd [1796] William Tomison wrote to James 
Swain that furs could not be moved as, “there being 
no water in the river.” 



January 2018 was the 397th consecutive month with a 
global temperature above the 20th century average  
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www.ncdc.noaa.gov/sotc/global/201801





PAGES2k Consortium. 2017. A global multi-proxy database for 
temperature reconstructions of the Common Era, Nature Scientific Data



Minimum winter temperature (� C), Edmonton, 1880-2016
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David Sauchyn

Tmax: - 21� C

21 days @
< - 30� C

Winter 2016:
0 days @
<  - 30� C

January 7 to February 1, 1969







GCM: Global Climate Model

RCM: 
Regional 
Climate 
Model



SSRB: GCM grid cell and RCM grid



RCM Projections for the 2050s vs 1971-2000



How regionalization and parameterization 
of a hydrologic model affect the cascade of 
uncertainty of climate-impact projections

Ashraf Vaghefi, et al.
In Review
Climate Dynamics 
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The envelope of uncertainty(Wilby and Dessai, 2010)
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Projected climate changes, western Canadian winter 
1961-90 to 2040-69 



Projected Climate Changes, CGCM3, from 1961-90 to 2040-69 
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Sources of Uncertainty - Future Temperature

natural variability climate models GHG scenarios
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Sources of Uncertainty - Future Precipitation 

natural variability climate models GHG scenarios
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Barrow and Sauchyn, In review, IJC

Signal to Noise Ratio, Winter Precipitation, Western Canada

10 CMIP5 GCMs

2015                                           2050                                                2090









July 23-29, Aug 20 & 30







WinDendro: Semi-automated image analysis and measurement of tree rings
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North Saskatchewan River at Edmonton, 1912-2010



North Saskatchewan River at Edmonton, 1110-2010



Wavelet plots of periodic variability in mean seasonal flow, 
North Saskatchewan River 



decadal cycle

annual cycle

trend



North Saskatchewan River at Edmonton
Mean Annual Year Flow (m3/s), 1912-2015





El Niño remote impacts: Teleconnections

La Niña teleconnections have the opposite effect

Neelin, 2011. Climate Change and Climate Modeling



PDO Index, 1912-2010 
(Source: NOAA) 



Flood Frequency Curves

• PDO stratified Peak Flows

• Neg.: 1912-25, 1947-76, 2009-13

• Pos.: 1926-46, 1977-2008

• Log-Pearson III (LP3) Fit

• 90 % Confidence Intervals

05DC002

North Saskatchewan River at Saunders 

Gurrapu et al., 2016, JAWRA



Address Information Gaps:

“In order to expand The 
City’s understanding of 
historical drought conditions 
it is important to reevaluate 
historical drought using 
tree ring analysis 
historically conducted by the 
David Sauchyn (University of 
Saskatchewan [sic])” 



SW Saskatchewan September 2015



North Saskatchewan River at Edmonton, 1063-2006



Flagstaff County Agricultural Symposium
Sedgewick, Alberta, 28 July 2012

why do keep 
collecting 
more wood, 
don’t you 
have 
enough?

- Farmer X



Ensemble of 100 reconstructions of water-year flow (m3/s)
North Saskatchewan River, 1110-2010

ensemble mean
Sauchyn and Ilich, 
2017, WRR



March 2007:

Traditional planning would consider flow 
characteristics of the raw water streams as 
“knowns” in the system. [ … that is, a stationary 
climate and water regime]

EPCOR Utilities Ltd provides water supply and wastewater 
treatment to 85 communities in western Canada



Managing the Impact of Climate Change on Municipal 
Source Water Supply
L. Gyurek, S. Craik, & S. Neufeld, EPCOR Water Services Inc.

… a better understanding of natural hydroclimatic variability in 
surface waters, water utilities including EPCOR are revisiting 
this assumption of a static water supply. Specifically 
EPCOR supported collaborative research with the Prairie 
Adaptation Research Collaborative … a thousand year 
record of hydroclimatic variability … This work will allow 
EPCOR to better assess future risks to water supply and 
quality and develop risk mitigation strategies.  

Canadian Association on Water 
Quality Conference, 21 February 
2012,  Burlington ON



December 2014: Source Water Protection Plan

To address potential impacts of climate change on water 
supply, EPCOR partnered with Prairie Adaptation 
Research Collaborative (PARC) …

Understanding that water resources are not stationary,
water management must be adjusted to a hydrological cycle 
which is increasingly sensitive to the timing and frequency of 
rainfall events. PARC is continuing to work with EPCOR to 
refine predictions and probabilities of water flow on a monthly 
basis in order to inform planning. 



Neufeld (2016)



Sauchyn and Ilich, 2017, WRR

900 years of weekly flows, North Saskatchewan River
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Natural and Externally Forced Hydroclimatic Variability 
in the North Saskatchewan River Basin



Photo Credit: James Sauchyn


