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IPCC 4th Assessment Report

• Warming of the climate system is unequivocal

• The warmth of the last half century is unusual in at 
least the previous 1300 years

• Most of the observed increase in globally averaged 
temperatures since the mid-20th century is very 
likely due to the observed increase in anthropogenic 
greenhouse gas concentrations

• Warming would continue for centuries, even if 
greenhouse gas concentrations were to be stabilized



Climate Change 2007: The Physical Science Basis -
Summary for Policymakers, February 2, 2007

IPCC 4th Assessment Report

800+ contributing authors
450+ lead authors from 130+ countries
2500+ scientitic expert reviewers 
6 years of work
4 volumes



Canadian National Assessment – early fall, 2007

http://www.adaptation.nrcan.gc.ca/assess_e.php
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2006 Temperatures: Departures from Normal (1961-90)



Temperature and Precipitation, Saskatoon, 2040-69 versus 1961-90

Saskatoon 2050
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(van der Kamp et al.)

Closed-basin Prairie Lakes



-12

-10

-8

-6

-4

-2

0

2

4

6

8

10

12

1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010
Years

R
el

at
iv

e 
Le

ve
ls

 (m
)

Whitewater Lake
(MB)

Big Quill Lake (SK)

Manito Lake (SK)

Redberry Lake
(SK)

Upper Mann Lake
(AB)

Spring Lake (AB)

Little Fish Lake
(AB)

____________

Dry

Dry

Closed-basin lake level changes, 1918-2004 (van der Kamp et al.)



Alberta

Manitoba

Ontario

Montana

Saskatchewan

Idaho

British Columbia

Minnesota

North Dakota

Oregon

Washington

Wisconsin
South Dakota

Wyoming

Michigan

Saskatchewan River

Churchill River

Peace River

Red River

Lake Winnipeg

Athabasca River

Assiniboine River

Hayes River

Winnipeg River

Nelson River

Missouri River

Seal River

3

40

1
1

1

0

10

0

62

30

27

0

Boise

Helena

Regina

Calgary

Winnipeg

Edmonton

Bismarck

Saskatoon

Saint Paul
Minneapolis

Prairie Drainage Basins (source: PFRA)



There are advantages and 
disadvantages to a shorter winter



Glacier cover has decreased rapidly 
in recent years; it now approaches 
the least extent in the past 10,000 
years

A phase of increased stream flow
from global warming has past; 
basins have entered a potentially 
long-term trend of declining flows

Climate Change Impacts on Rocky Mountain glaciers

Declining supplies of glacier runoff have serious 
implications for the adaptive capacity of downstream 
surface water systems and for trans-boundary water 
allocation

Demuth and Pietroniro, 2001
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Peyto Glacier

M.N. Demuth



Shrinking Glaciers (Demuth and Pietroniro, 2001)
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Demuth and Pietroniro, 2001

Declining Mean and Minimum Streamflow



GCM %Precip +Temp
echa21 -3.8 2.8
echb21 -2.0 2.8
hada21 6.4 2.3
hadb21 0.2 2.1
ncara21 11.5 1.7
ncarb21 9.1 1.5

driest, warmest

moderately wet and warm

wettest and least warm

Description

Seasonal flows, SSRB, 2039-2070 (Pietroniro et al., 2006)
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Red Deer at Bindloss
-13%
(- 32% to 13%)

South Sask at
Diefenbaker
-8.5%
(- 22% to 8%)

Oldman at mouth
- 4%
(- 13% to 8%)

Bow River at mouth
-10%
(- 19% to 1%)

Annual flows, SSRB, 2039 – 2070 (Pietroniro et al., 2006)



There will be slightly to significantly 
less surface and soil water

One of the most certain 
projections is that extra water 
will be available in winter and 
spring and summers generally 
will be drier.



There will be greater variation from season to 
season and year to year

Both drought and unusually wet 
years could occur with greater 
frequency and severity 
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Tree-Ring Network



Most gauge records are too short to capture the 
decadal and longer-term variation in the regional 
climate and hydrology. Sustained departures from 
mean hydroclimate are observable only with proxy 
(surrogate) climatic and hydrometric data. Most 
drivers of climate variation have a periodicity that 
approaches or exceeds the length of instrumental 
records.

Proxy Streamflow Records for Water Planning In Western Canada
Dave Sauchyn, Jodi Axelson and Antoine Beriault 

The Technical Bureau Supplement
Water News, June, 2006

Why proxy hydroclimate data?



• a context for reference hydrology to evaluate baseline conditions and 
water allocations

• worst-case scenarios - what is possible in terms of the severity and 
duration of drought

• long-term probability of hydroclimate conditions exceeding specific 
thresholds

• a context for scenarios of  water supply under climate change
• a much broader perspective on the variability of water levels to assess 

the reliability of water supply systems under a wider range of flows than 
recorded by a gauge 

• the geographic extent of multi-year periods of low-and-high flows, 
including the synchroneity of droughts

Can provide water resource planners and engineers with

Why proxy hydroclimate data?  (Sauchyn et al. 2006)



At Edmonton House, a large fire burned “all around us” on 
April 27th (1796) and burned on both sides of the river.  On 
May 7th, light canoes arrived at from Buckingham House 
damaged from the shallow water.

Timber intended to be used at Edmonton House could not be 
sent to the post “for want of water” in the North Saskatchewan 
River.  On May 2nd, William Tomison wrote to James Swain 
that furs could not be moved as, “there being no water in the 

river.” (Johnson 1967: 33-39, 57)

Spring 1796, Edmonton House
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Annual Deviations from mean inflow to 
Nelson River (cfs)
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GAUGE PREDICTORS RE R2
ADJ RMSEV SEE 

BB003W KI_ARS, IL_ARS 0.33 0.526 57.48 49.54 

SKMANA PC_ARS 0.42 0.458 100.90 99.14 

AG001A KI_ARS 0.34 0.455 26.07 24.17 

SKMANA BG_ARS 0.36 0.404 105.36 103.95 

EB004A PC_ARS 0.35 0.404 140.34 137.08 

 

Tree-Ring Models of Streamflow, Churchill River Basin



Reconstructed Annual Mean Discharge
BB003: Churchill River near Patuanak

R2
adj  = .526
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SKMANA: Churchill River at Saskatchewan/Manitoba Border
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Streamflow Reconstructions, Churchill River Basin



AG001: Beaver River below Waterhen River
R2

adj  = .455
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SKMANA: Churchill River at Saskatchewan/Manitoba Border
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Wavelet power spectra



A “myth of abundance” and 
an explicit assumption that 
“the hydrological regime is 
stationary and will continue to 
be stationary in the future”. 



Most impacts are adverse because economies and 
activities are not adapted to change



The impacts of climate 
change will depend on how 
well we adapt and how 
much adapation is required



Policy Responses



Determinants of Vulnernability (Risks and Opportunities)



Adaptive Capacity

Determinant Explanation
Economic 
resources 

Greater economic resources increase adaptive capacity 
Lack of financial resources limits adaptation options 

Technology Lack of technology limits range of potential adaptation 
options 
Less technologically advanced regions are less likely to 
develop and/or implement technological adaptations  

Information and 
skills 

Lack of informed, skilled and trained personnel reduces 
adaptive capacity 
Greater access to information increases likelihood of timely 
and appropriate adaptation 

Infrastructure Greater variety of infrastructure can enhance adaptive 
capacity, since it provides more options 
Characteristics and location of infrastructure also affect 
adaptive capacity 

Institutions Well-developed social institutions help to reduce impacts of 
climate-related risks, and therefore increase adaptive 
capacity 

Equity Equitable distribution of resources increases adaptive 
capacity 
Both availability of, and access to, resources is important 

 



Adjustments in practices, processes, or 
structures of systems to projected or 
actual changes of climate (IPCC, 2001).

Adaptation



• Are we optimal?

• Natural systems – conservation of mass 
and energy

• Human systems – 15% used, 85% wasted

• Maybe we are outrageously imperfect?

• Maybe change pays?

C. Kirkland, Oct 21/02Does change cost?



Newbury
Hydraulics





• one-year trial, from August 2004 to July 2005, the ball-
bite drinker sections of the barn used 35 per cent less 
water that the standard drinker sections

• no detrimental effects on the animals or facility 
management

• decrease in water usage led to many secondary benefits

ball-bite drinker

standard drinker

JV Farms, High River, Alberta
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