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The Observational Record - Global mean surface temperature 
anomalies relative to the 1951-1980 climatology  

Hansen et al. 2014 



Global mean surface temperature anomalies relative to the 
1951-1980 climatology  

Hansen et al. 2006 



•  1990 emission = 20 billion tons	



•  2013 emission = 32 billion tons	



•  Natural rate of increase = 0.0001 ppm/yr	



•  2000 rate of increase = 2.5ppm/yr	



•  2030 rate expectation = 5ppm/yr	



Our addiction to fossil fuels:	



Broecker, 2014 



•  2013 tied with 2009 and 2006 for the seventh 

warmest year since 1880.	



•  With the exception of 1998, the 10 warmest 

years in the 134-year record all have occurred 

since 2000, with 2010 and 2005 ranking as the 

warmest years on record	



Our warming planet:	



NASA GISS 



Sea Ice – dynamic over many scales 
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Industrialization of the Arctic 
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The  
Polar Vortex 



Warm ocean cold continent hypothesis 

• Decrease in gradient between the 
tropics and pole 

• Slows eastward progression of 
Robsby waves 

• Leads to persistence at mid latitudes 

•  Increase potential for extreme 
weather (droughts, floods, heatwaves, 
coldspells) 

Francis and Vavrus, 2012 

Effect on our climate? 



Global Surface T° 
Friday,  April 25, 2014 

7:32 am 
 



Our Cold Winter	



(Ogi et al. 2014)	





Climate:	


	


•  Change	



•  Varability	





Source: gov.mb.ca	



1. Rising Permafrost Temperatures	



2. Thinning Ice	



3. Forest Fires	



4. Ecological Changes	



5. Extreme Weather	



6. Less Soil Moisture	



7. Flooding	
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Manitoba effects: 



Source: IPCC, SPM05	



Increased Hydrological Cycle (now underway) 



Moderate increases in precipitation since 
the mid-1990s have doubled average 
runoff and caused more frequent flooding 
in the Red River valley. 

Hydrological forcing  
of a recent trophic surge  
in Lake Winnipeg 
 
G.K. McCullough, et. al. 2012. 
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voluntary emission reduction objectives. Manitoba 
Hydro’s GHG emissions are small. They represent only 
1% of the emissions within a province that represents 
only 3% of national emissions. Despite Manitoba Hydro’s 
low emissions starting point, the corporation has 
achieved substantial further reductions and exceeded  
its voluntary commitments. While national electricity 
sector emissions grew by 10 percent since 1990, Mani-
toba Hydro has achieved an average long-term emis-
sions reduction of 9 percent over the same time period  
(Figure 2).
 
FIGURE 2: MANITOBA HYDRO DIRECT GHG EMISSIONS 

Manitoba Hydro also estimates the GHG implications of 
its major projects using life cycle analysis. All forms of  
electrical generation, including renewable sources, have 
GHG implications when a facility’s design, construction,  
operation and decommission are all considered. Ac-
counting for all aspects of the project life cycle, Figure 3 
compares the levelized lifecycle GHG implications for the 
Wuskwatim and Keeyask generating stations to various 
other electricity resources. When taking into consid-
eration lifecycle GHG emissions, these new generating 
stations result in very low emissions per unit of energy, 
comparable to a wind farm and 99% less than the most 
efficient natural gas generation. 

FIGURE 3: COMPARISON OF LIFE CYCLE GHG EMISSIONS FROM  
ELECTRICITY GENERATION

Contribute to GHG Emission Reductions

Manitoba Hydro has very low electrical generation GHG 
emissions relative to other utilities. Despite this advanta-
geous starting position, Manitoba Hydro has continued to 
reduce reliance on fossil fuel generation and to pursue 
renewable electricity development along with the deliv-
ery of energy efficiency programs. 

Prior to the mid-1990s, Manitoba Hydro operated coal 
generating units located at Brandon and Selkirk. Subse-
quent decisions, enabled by increased renewable power 
production and efficiency programs, resulted in Mani-
toba Hydro retiring Brandon Units 1-4 and converting 
Selkirk Generating Station from coal to natural gas.  

In 1991, Manitoba Hydro established POWER SMART, 
the customer oriented brand for all of Manitoba Hydro’s 
Demand Side Management (DSM) programs, initia-
tives, and activities. Energy conservation initiatives are 
designed to reduce domestic customer energy require-
ments through energy-efficient measures that use 
less energy to obtain comparable or superior services. 
Manitoba Hydro’s Power Smart program has become a 
continental leader in energy efficiency programming and 
as documented in the 2010/11 Power Smart Annual 
Review has resulted in a total annual energy savings of 
1,832 GW.h of electricity and 57 million cubic meters 
pf natural gas. These energy savings contribute to 
reductions in global GHG emissions of approximately 
1,345 kilotonnes of CO2e per year. This is comparable 
to removing approximately 269,000 vehicles from the 
road for a full year. 

Manitoba Hydro also considers efficiency opportunities 
within our own operations. By enhancing the genera-
tion output of existing generating facilities and trans-
mission systems, Manitoba Hydro is able to maximize 
the production and availability of renewable electricity to 
displace fossil-fuel fired electric generation in neighbouring 
jurisdictions. In addition to activities done to date such 
as the refurbishment of a number of turbines and the 
rewinding of generators at Great Falls, Pine Falls, Seven 
Sisters and Grand Rapids generating stations, a num-
ber of supply side enhancement initiatives are currently 
underway including the Kelsey Rerunnering Project. 
Several potential projects on the Winnipeg River system 
are also being considered.

Hydropower has allowed Manitoba Hydro to operate 
one of the cleanest generation systems in the world. 
Manitoba Hydro currently has approximately 5,000 MW 
of hydroelectric generation with the majority of this 
capacity located in northern Manitoba. In the near-term, 

Manitoba Hydro Direct GHG 
Emissions Reduction 

Manitoba’s Infrastructure and Energy  
demands are influenced by 
 
•  Changes in temperature  
•  Precipitation patterns 
•  Rising sea levels 
•  Extreme weather events 
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the impact of climate change on Manitoba Hydro’s 
water resources. The scope includes impact studies on 
all of the basins which make up the Nelson-Churchill 
watershed. This area is vast at 1.4 million km2 covering 
a sizable portion of central North America and includes 
a range of different climate zones and geographic areas. 
Despite challenges, Manitoba Hydro has worked to 
create a robust strategy for conducting climate change 
impact studies.

2.3 CLIMATE CHANGE IMPACT  
STUDIES

A series of comprehensive studies have been initiated 
to increase the corporation’s knowledge of the impli-
cations of historical and future climate change on the 
water cycle and water availability in the Nelson-Churchill 
watershed. The main objective of these studies is to 
incorporate outcomes into long-term planning and op-
erations and consequently adapt infrastructure and busi-
ness practices as required. These studies are divided into: 

Analysis

The approach is to adapt existing models and to use  
the outputs from climate change modeling centers.  
Manitoba Hydro has been working with some of the 
world’s leading scientists (such as those involved in the  
Ouranos Consortium) in climatology and hydrology. As 
new models and tools become available, the ability to  
project changes in climatic variables at the regional level 
will evolve.

2.3.1 PAST AND PRESENT HISTORIC 
CLIMATE / HYDROLOGY ANALYSIS

The objective of these studies is to collect all relevant 
historical hydrology and climate data to characterize  
the hydrological and climatic (hydroclimatic) conditions 
in the Nelson-Churchill watershed. This information  
will provide the foundation for understanding future 
hydroclimatic variability and change. Temperature and  
precipitation play an important role in the hydrologic 
cycle and these two variables are of particular interest 
in historic trend analysis studies.

Figure 5 shows results from a historic trend analysis of 
mean annual temperature and average total annual  
precipitation over time periods, greater than 30 years in 
duration. In general, the historic temperature series  

at most locations show statistically significant trends 
ranging from +0.1°C/decade to +1°C/decade. Statistical-
ly significant changes to precipitation were also found in 
the historic record, however, the results are less conclu-
sive. Many stations indicated no significant trend (black 
crosses), several stations indicated positive significant 
trends (upward pointing red triangles) and two stations 
indicated decreasing significant trends (downward point-
ing blue triangles). Despite the variability in precipitation 
trend direction and magnitude, there seems to be evi-
dence that precipitation has been increasing across the 
south-eastern portion of the Nelson-Churchill water-
shed. It is important to note that trend analyses results 
can be sensitive to the record length and the use of 
different record periods can contribute to some of the 
variability. Trend analysis results, such as those presented 
in Figure 5, are intended to develop an understand-
ing on the direction and significance of historic climate 
change and not to project the change into the future. 

FIGURE 5: HISTORIC TRENDS FOR ANNUAL TEMPERATURE (TOP) AND 
ANNUAL PRECIPITATION (BOTTOM) FOR ENTIRE PERIOD OF RECORD.

Source: Manitoba Hydro Climate Change Report, 2012-13 



Possible Impacts of Climate Change on Agricultural Crops in Manitoba 

Source: Natural Resources Canada, Climate Change Impacts and Adaptation: A Canadian Perspective.  



Cost of Natural Disasters is already a key impact to our economies 



Cost of Natural Disasters is already a key impact to our economies 



Source: IPCC, SPM05	



Overwhelming evidence -  yet….. 



Climate change is here and 
we need to plan for it! 


