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EXECUTIVE SUMMARY 

The objectives of this report are to quantify the historic climate that has played a roll in 
shaping Lake Winnipeg’s current water regime and to project future climate and runoff 
scenarios that may potentially alter the watershed’s water balance into the future. Historic 
climate is quantified in terms of temperature, precipitation and wind normals and trends 
in climate parameters, extreme climate indices and streamflow are also assessed. Future 
projections of climate and runoff scenarios from Global and Regional Climate models are 
produced to aid in the assessment of potential impacts of climate change on the water 
regime of Lake Winnipeg. 

Five long term Environment Canada meteorological stations (Grand Rapids Hydro, 
Norway House Airport, Dauphin Airport, Arborg, and Berens River Climate Station) 
were selected to characterize climate normals within the Local Lake Winnipeg basin. 
These stations indicate that average annual temperature ranges from -0.7°C to 2.5°C and 
average annual precipitation ranges from 470mm to 532mm in the region. Average 
annual wind speed ranges from 11.5km/hr to 15.2km/h. Significant upward trends were 
detected for annual mean temperature at Arborg and Dauphin stations. No significant 
trends were detected in mean annual precipitation at any of the stations analysed. A 
downward trend in annual mean wind speed was detected at Dauphin.  

Increasing trends in historic extreme temperature events was detected, however there was 
a weaker signal for extreme precipitation and wind events. Historic streamflow trend 
analysis indicates streamflow at the Lake Winnipeg Watershed outlet has increased, 
likely a result of upward trends from the Winnipeg River, Red River and Local Lake 
Winnipeg basins, offsetting a slight downward trend in the Saskatchewan River basin. 

Annual climate change scenarios developed from the average of 147 Global Climate 
Models (GCM) simulations project mean temperature and precipitation to generally 
increase with time for the Local Lake Winnipeg basin. The GCM ensemble’s average 
projects annual mean temperatures to increase by: +2.5°C for the 2050s and +3.6°C for 
the 2080s and annual precipitation to increase by: +6.5% for the 2050s and +8.9% for the 
2080s. Average surface wind speed is projected to slightly decrease: -0.3% for the 2050s 
and -0.5% for the 2080s. Future projections of extreme events indicate warmer and fewer 
cold extremes, warmer and more frequent hot extremes, and potential for heavier 
precipitation events. While there is some disagreement among models, the average of 147 
GCM simulations shows that the projected increase in precipitation will offset the 
increase in evaporation rates resulting in increased average annual runoff for all basins 
within the Lake Winnipeg Watershed.  
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1.0 INTRODUCTION 

Lake Winnipeg’s water regime is largely influenced by climatic conditions surrounding 
Lake Winnipeg and all of the surrounding basins that contribute to streamflow into the 
lake. The collective of basins that flow into Lake Winnipeg is called the Lake Winnipeg 
Watershed, which is ultimately a part of the Churchill-Nelson Watershed (Figure 1). The 
Lake Winnipeg Watershed extends over 1 million square kilometres within Canada and 
the United States, covering several climatic regions and a diverse topography. This 
watershed is divided into five smaller drainage basins: the Winnipeg River, Red River, 
Assiniboine River, Saskatchewan River, and the Local Lake Winnipeg basins (Figure 1). 
Due to Lake Winnipeg’s vast watershed, weather conditions can result in moisture-
limiting conditions in one part of the watershed while other regions are experiencing 
excess moisture.  

The scientific consensus is that greenhouse gas induced climate change is occurring on a 
global and regional scale and that it may continue out into the future. To assess potential 
changes to Lake Winnipeg as a result of climate change this report presents the historic 
climate conditions that have played a role in shaping Lake Winnipeg’s current water 
regime and projects future climate and runoff scenarios that may potentially alter Lake 
Winnipeg watershed’s water balance into the future.  

This report is separated into two main sections, Current Climate Conditions and Future 
Climate Change Scenarios. The current climate is quantified in terms of historic normals 
and trends in climate parameters, extreme climate indices and streamflow. The future 
climate is quantified using climate and runoff scenarios produced by Global and Regional 
Climate Models.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1 – Churchill-Nelson River Watershed 
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2.0 CURRENT CLIMATE CONDITIONS 

Analysis of recent historic climate provides a snapshot of the current climate. This 
section characterizes the current climate in the Local Lake Winnipeg basin. Local Lake 
Winnipeg is defined as the drainage basin that is downstream of the Saskatchewan, 
Assiniboine, Red and Winnipeg River basins, upstream from Lake Winnipeg’s outlet into 
the Nelson River and includes the remaining local drainage area that surrounds Lake 
Winnipegosis, Lake Manitoba and Lake Winnipeg (Figure 2). 

2.1 STUDY AREA 

Five meteorological stations from the Environment Canada database within the Local 
Lake Winnipeg basin boundaries and along the shores of Lake Winnipeg were selected as 
indicator stations to capture the regional climate of Lake Winnipeg: Norway House 
Airport (A) and Grand Rapids Hydro to the north, Berens River Climate Station (CS) to 
the east, Dauphin A. to the west, and Arborg to the south (Figure 2 and Table 1). 
Environment Canada stations were selected for analysis based on record length, data 
quality and geographical coverage of the Local Lake Winnipeg basin. These stations 
were used to calculate the climate normal and perform the trend analysis, however not all 
climate parameters were available for all stations (Table 1).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2 - Local Lake Winnipeg Watershed Historic Climate Study Area  
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Table 1 - Meteorological stations 

Temperature Precipitation Wind

Norway House A 506B047 53.95 -97.85 223.7   

Grand Rapids Hydro 5031111 53.16 -99.28 222.5   NA

Berens River CS 5030203 52.36 -97.02 221.9   

Dauphin A 5040680 51.10 -100.05 304.5   

Arborg 5030080 50.93 -97.08 224.0   NA

Elevation
(m)

Climate Parameters*Environment 
Canada ID

Latitude 
(Degrees)

Longitude 
(Degrees)

Station Name

* NA – not available 

2.2 ENVIRONMENTAL INFLUENCES 

 
The Local Lake Winnipeg basin spans over three ecozones: Boreal Shield; Boreal Plain; 
and Prairies (Figure 3) (A National Ecological Framework for Canada. 1999). The Boreal 
Shield ecozone in the eastern part of the watershed has a strong continental climate and is 
characterized by long, cold winters and short, cool summers (Smith, 1998). The western 
and southern portions of the project area belong to the Boreal Plain ecozone and the 
Prairies ecozone, respectively.  The Boreal Plain ecozone is characterized by cold winters 
and moderately warm summers while the Prairies ecozones climate is described as 
subhumid to semiarid and has short, warm summers and long, cold winters, low levels of 
precipitation and high evaporation (Smith, 1998). Winds are frequent and often strong in 
the Prairies ecozone, and precipitation in summer time is often in the form of localized, 
heavy storms (Smith, 1998). 
 
While oceans are key to climate on a global scale, freshwater lakes can significantly 
affect local and regional climate (Schertzer, 1997). Lakes facilitate large energy and 
water exchanges at its air-water interface; responding to atmospheric forcing and feeding-
back to affect the overlying air. Just as precipitation provides the source of water to rivers 
and streams, evaporation from these water bodies acts as the critical return path in the 
water cycle.  Almost 75% of precipitation that falls in Canada is returned to the 
atmosphere through evaporation (Phillips, 1990). This recycling of moisture to the 
atmosphere provides balance to the system, and the amount of water lost through 
evaporation is of concern for management of water resources.   
 
The presence of large lakes such as Lake Winnipeg, Lake Manitoba and Lake 
Winnipegosis has an influence on Local Lake Winnipeg’s regional climate. Phenomenon 
such as land and lake breezes, lake-effect snow events and evaporative cooling have a 
direct influence on weather conditions experienced on and off-shore. Compared to most 
land surfaces, lakes experience very little diurnal fluctuation in surface temperature. Due 
to differences in the thermal properties of land surfaces and water, shoreline breezes 
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reverse their direction between night (land breeze) and day (lake breeze) (Oke, 1987). 
The daytime lake breeze favors the formation of cumulous clouds. Similarly, in the fall 
when lake temperatures are warmer than air temperature, the cool air moving over the 
warmer lake surface favors the formation of snow (Oke, 1987). These events are called 
lake-effect snow events. In addition, the abundance of evaporation from water surfaces 
cools the surface air temperature. This phenomenon is known as evaporative cooling 
(Oke, 1987). As a result, shoreline locations tend to have cooler average air temperatures 
compared to inland locations. 

 
Figure 3 - Local Lake Winnipeg Ecozones (Source: A National Ecological Framework for Canada. 

1999) 

2.3 METHODOLOGY 

2.3.1 DATA SOURCES 

 
CLIMATE 

The 1981-2010 Climate normals used in this study were derived by Environment Canada 
and can be found online at: http://climate.weather.gc.ca/climate_normals/index_e.html 
(accessed June, 2014). Due to the limited availability of quality controlled data, not all 
stations or variables consider the same time frame for the calculation of normals (Table 
2). Currently, Environment Canada’s quality checked database only extends up until 
2007 for most stations, despite the current normal’s period end date of 2010. As a result, 
the normals at most climate stations only consider data up until 2007. Data used in the 
calculation of normals may be subject to further quality assurance checks by 
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Environment Canada. This may result in minor changes to some values presented in this 
document. 

Homogenized and adjusted datasets were used for climate and extreme event trend 
analysis where available. This dataset is provided by Environment Canada and is referred 
to as the Adjusted and Homogenized Canadian Climate Data (AHCCD) (Vincent, et. al, 
2012, Mekis et al., 2011). Homogenized temperature and adjusted precipitation data for 
the meteorological stations were used to account for changes in instrumentation, station 
relocations and changes to observing practices during this period. Homogenized and 
adjusted data was not available for all climate variables at all stations (Mekis, 2011; 
Vincent, 2012 and Wan, 2009). 

Table 2 – Climate Stations 

Station Name 
Environment 
Canada ID 

Dataset Properties 

Parameter 
Trend Time 

Frame 
Normals Time 

Frame 
Normals 
Code* 

Norway 
House A 

506B047  
Temperature 1897-2012 1981-2005 C 
Precipitation 1896-2007 1981-2005 C 
Wind 1973-2005 1981-2005 C 

Grand 
Rapids 
Hydro 

5031111 
Temperature 1960-2012 1981-2007 A 
Precipitation 1962-2012 1981-2007 A 
Wind - - - 

Berens River 
CS 

5030203 
Temperature 1905-2005 1985-2007 D 
Precipitation 1905-2012 1985-2007 D 
Wind 1985-2013 1985-2010 C 

Dauphin A 5040680 
Temperature 1903-2010 1981-2007 C 
Precipitation 1911-2007 1981-2003 D 
Wind 1953-2012 1981-2010 A 

Arborg 5030080 
Temperature 1961-2012 1981-2007 A 
Precipitation 1951-2012 1981-2007 A 
Wind - - - 

*A = World Meteorological Organization "3 and 5 rule" (i.e. no more than 3 consecutive and no more than 
5 total missing for either temperature or precipitation), B = At least 25 years of data, C = At least 20 years 
of data, D = At least 15 year of data 

 
LAKE EVAPORATION 

Despite its importance in the water balance, lake evaporation continues to be a 
hydrological process with much uncertainty. Evaporative fluxes are invisible and can 
vary in counterintuitive ways depending on lake physiography and climatic conditions.  
Perhaps most challenging is that evaporation is extremely difficult to measure accurately, 
and there are very few locations with long-term year round measurements.  
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There is no simple instrumentation that can be used to measure evaporation, and instead 
indirect methods, such as evaporative pans, are typically used in many situations when 
rough estimates are required. However, these methods are not suitable for measuring 
evaporation from large and deep lakes, so more complex and costly techniques to 
calculate evaporation must be employed. Even for the Great Lakes, an area with 
extensive research and large scale experiments, the first effort to directly measure year-
round lake evaporation in a continuous fashion did not occur until 2008 (Lenters et al, 
2013). 

 
STREAMFLOW 

Water Survey of Canada (WSC) hydrometric records were selected for trend analysis of 
annual average streamflow based on record length, data availability, proximity to basin 
outlets, diversions, and influence from regulation (Table 3). Streamflow records were 
analyzed for the entire period of record available.  

Table 3 – Hydrometric Stations 

Description 
Outlet 

Stations 
Diversion 
Stations Time Frame 

Saskatchewan River at The Pas 05KJ001 1913-2011 

Assiniboine River at Headingley 05MJ001 05LL019 1913-2009 

Red River at Emerson 05OC001 1912-2009 

Winnipeg River at Slave Falls 05PF063 05QB006 1907-2011 

Local Lake Winnipeg  

West Channel at Jenpeg 05UB009 1972-2007 

East Channel at Sea River Falls 05UB008 1972-2007 

2.3.2 CLIMATE NORMALS ANALYSIS 

Climate normals published by Environment Canada are used to describe the climatic 
characteristics of the Local Lake Winnipeg basin. Climate normals are arithmetic 
calculations based on weather observations at a given location over a specified time 
period. The World Meteorological Organization (WMO) describes normals as averages 
of climatological data computed for periods of 30 consecutive years. The WMO 
considers thirty years as a sufficient amount of time to eliminate year-to-year variations 
(i.e. natural climate variability) and has set the current thirty year period to 1981-2010. 
The use of this normal period is also required to be consistent with the methodology used 
in the creation of future climate scenarios described in Section 3.0.  

Climate normals representing averages (temperature and wind) are calculated by applying 
the ‘3 and 5’ rule which states that if more than 3 consecutive daily values are missing or 
more than 5 daily values in total in a given month are missing, the monthly mean should 
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not be computed and the year-month mean should be considered missing (Environment 
Canada, 2014). For normals representing totals (precipitation), individual months must be 
100% complete (Environment Canada, 2014).  

Due to missing data, not all climate stations have complete records for the 1981-2010 
time period. To distinguish the quality of a stations climate record, Environment Canada 
has assessed each climate station with a quality code ranging from A to D (Table 2). 
Table 2 in Section 2.3.1 presents the time frame utilized in the calculation of normals for 
each climate variable. 

In the context of normals, Environment Canada reports the occurrence of extreme 
temperature, precipitation and wind events. It is important to note the limitations of 
reporting on recorded extreme events. Environment Canada’s database is periodically 
updated to include the latest measurements. However, analyses must be performed on a 
finite amount of data which is limited by the date of extraction. As such, the extreme 
values presented in this report are subject to change with time and should be checked to 
ensure the values used are the most current. In addition, the extreme events reported by 
Environment Canada are not restricted to the 1981-2010 normal period but rather based 
on the entire period of record. 

2.3.3 CLIMATE AND STREAMFLOW TREND ANALYSIS 

For historic climate trends, analysis was performed on homogenized mean temperature 
and adjusted total precipitation data. Trends in daily average wind speed for Norway 
House was conducted by aggregating raw hourly wind data provided from Environment 
Canada because no daily homogenized wind record is available. Wind trend analysis for 
Dauphin was conducted using a partially homogenised record (adjusted for anemometer 
height) (Wan, H., 2009). Streamflow analysis was conducted on annual average flows. In 
addition, a trend analysis was conducted for all the extreme indices discussed in section 
2.3.4. Trend analysis was conducted using a computer program implementing the Mann-
Kendall test for trend against randomness with an iterative pre-whitening and trend 
magnitude estimation algorithm to compensate for autocorrelation effects, outliers, and 
non-normality of the data. This algorithm was implemented by Wang (2001) and Zhang 
(2000). 

A statistical significance level of 5% was used throughout, corresponding to a standard 
normal two-sided Z-statistic of 1.96. Positive Z-statistics correspond to positive 
correlations, and negative Z-statistics correspond to negative correlations. Significant 
trends are bolded when presented in tables. Patterns in the trends of lower significance 
are not discussed. Trend magnitude is obtained by calculating the median of all linear 
slopes between two data points (Sen, 1968).  
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Climate trend magnitudes are reported on a per-decade basis: °C/decade, 
(mm/year)/decade, (km/h)/decade. Seasonal trends reflect year-to-year variation between 
the same seasons in successive years. Seasons are traditionally referred to as Winter 
(December, January and February), Spring (March, April and May), Summer (June, July 
and August), and Autumn (September, October and November). Streamflow trends were 
computed annually. 

The trend analysis conducted for this report considers the entire available record period 
from Environment Canada’s second generation homogenized temperature record 
(Vincent, 2012) and second generation adjusted precipitation for Canada dataset (Mekis, 
2011). Date ranges used in this trend analyses are identified in Table 2 but were not 
always consistent for seasonal and annual records due to missing records for individual 
months. The date range represents the longest record available from the seasonal analysis. 
Note that trend analysis results are particularly sensitive to the time period in 
consideration and years with missing data.  Due to nonlinearity in the climate system and 
recent observed changes, extrapolation of trend analysis into the future is not 
recommended.  

Both Berens River CS and Norway House A were excluded from this historical 
temperature and precipitation trend analysis. AHCCD records at these stations had a 
significant amount of missing data (greater than 50%), in several cases amounting to a 
decade or more of consecutive missing data. Only Norway House and Dauphin had 
sufficient wind data for trend analysis. 

 
2.3.4 EXTREME EVENTS 

A suite of extreme indices were used in order to identify and quantify the occurrence of 
extreme events (Table 4). Twelve temperature and ten precipitation based indices were 
selected from the Expert Team on Climate Change Detection and Indices (ETCCDI) 
publication (Klein Tank et al., 2009). These indices are based primarily on thresholds that 
have been defined as extreme climatic events in all climates, while some thresholds are 
percentile-based. Four additional indices were included in this report to account for 
extreme wind events; maximum daily mean wind speed (WDx), maximum hourly mean 
wind speed (WHx), count days with wind gusts that are greater than 70km/h (Wgx70) 
and count days with wind gusts that are greater than 90km/h (Wgx90) (Cheng et al., 
2014). 

Prior to analysis, the dataset was also screened for missing data in order to ensure that 
annual and monthly extreme indices were not being calculated on time series that contain 
considerable amounts of missing data. Incomplete time series were identified based on 
the description found in Donat et al. (2013), which was chosen because of its specific 
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design for a climate extreme index dataset. This method required that any month with 
three or greater missing daily observations was assigned a missing value, and that any 
year with one month with a missing value or 15 or more missing daily observations was 
assigned a missing value. After this screening process, each weather station was 
revaluated based on completeness of record. Due to the large percentage of missing data 
at Norway House and Berens River, these stations were not used in the temperature and 
precipitation trend analysis, however Norway House did have sufficient wind data and 
therefore was included in the wind extreme analysis. 

Extreme indices are analyzed and reported on annual time frames. For the indices that 
utilize percentiles for extreme thresholds, the percentiles are calculated at a specific 
location for the entire period of record for which the indices are being calculated. As a 
result the percentile-based thresholds are unique to each location. Trends in historic 
extreme indices have been determined following the methodology in Section 2.3.3. 
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Table 4 – Extreme Event Indices 

Identifier Parameter Variable Description 

TNn Temperature 
Annual min. value of 
daily min. temperature   

TNx Temperature 
Annual max. value of 
daily min. temperature   

TXn Temperature 
Annual min. value of 
daily max. temperature   

TXx Temperature 
Annual max. value of 
daily max. temperature   

DTR Temperature 
Diurnal temperature 
range 

Annual mean difference between maximum and minimum 
temperature 

GSL Temperature Growing season length 

Annual count between first span of at least 6 days with daily mean 
temperature TG>5oC and first span after July 1st of 6 days with 
TG<5oC. 

FD Temperature Number of frost days Annual count of days when TN (daily minimum temperature) < 0oC. 

ID Temperature Number of icing days Annual count of days when TX (daily maximum temperature) < 0oC. 

SU Temperature 
Number of summer 
days 

Annual count of days when TX (daily maximum temperature) > 
25oC. 

TR Temperature 
Number of tropical 
nights Annual count of days when TN (daily minimum temperature) > 20oC. 

WSDI Temperature 
Warm spell duration 
index 

Annual count of days in a span of at least six days where TX > 90th 
percentile 

CSDI Temperature 
Cold spell duration 
index 

Annual count of days in a span of at least six days where TN > 10th 
percentile 

PRCPTOT Precipitation 

Annual total 
precipitation in wet 
days Total precipitation in wet days (> 1 mm) 

SDII Precipitation 
Simple precipitation 
intensity index Mean precipitation amount on a wet day 

R10mm Precipitation 
Heavy precipitation 
days Annual count of days when precip.≥ 10mm 

R20mm Precipitation 
Very heavy 
precipitation days Annual count of days when precip.≥ 20mm 

R95pTOT Precipitation 
Precipitation due to 
very wet days Annual total precip. when daily precip. > 95p 

R99pTOT Precipitation 
Precipitation due to 
extremely wet days Annual total precip. when daily precip > 99p 

Rx1day Precipitation 
Max. one-day 
precipitation Annual maximum 1-day precipitation 

Rx5day Precipitation 
Max. five-day 
precipitation Annual maximum consecutive 5-day precipitation 

CDD Precipitation Consecutive dry days Maximum number of consecutive days with daily precip < 1mm 

CWD Precipitation Consecutive wet days Maximum number of consecutive days when daily precip. ≥ 1mm 

WDx Wind 
Max. daily mean wind 
speed Annual  maximum daily mean wind speed 

WHx Wind 
Max.  hourly mean 
wind speed Annual maximum  hourly mean wind speed 

Wgx70 Wind 
70km/hr wind gust 
days  Annual count of days when maximum wind gust speed ≥ 70 km/hr. 

Wgx90 Wind 
90 km/hr wind gust 
days Annual count of days when maximum wind gust speed ≥ 90 km/hr. 

 



Lake Winnipeg Watershed Hydroclimatic Study 

11 
 

2.4 RESULTS 

2.4.1 CLIMATE NORMALS 

 

TEMPERATURE NORMALS (1981-2010) AND EXTREMES 

The average annual temperature in the Local Lake Winnipeg basin ranges from -0.7°C at 
Norway House to 2.5°C at Dauphin. Figure 4 and Table 5 show the temperature climate 
normals for the four meteorological stations used in this analysis. Table 5 also shows the 
extreme maximum and minimum temperature recorded for each month. Bolded values in 
each row represent the extreme temperatures recorded across the entire year. 

 

Figure 4 - Mean temperature normals (1981-2010) 
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Table 5 - Temperature Normals (1981-2010) 

*Bolded values in each row represent the annual extreme temperatures recorded. 

PRECIPITATION NORMALS (1981-2010) AND EXTREMES 

Total Precipitation accumulation varies throughout the basin. The average total annual 
precipitation ranges from 470mm at Berens River to 532mm at Norway House. 
Precipitation normals are presented in Figure 5 and Table 6 and are the sum of rainfall 
and snowfall in snow water equivalents. Table 6 also includes extreme daily events of 
precipitation and bolded values represent the extreme daily precipitation on record for 
each station.  

Station Parameter (°C) Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Yr. 
N

or
w

ay
 H

ou
se

 A
 

Daily  
Average -21.5 -17.6 -10.3 -0.2 7.9 14.1 17.6 16.5 9.7 2.0 -8.8 -18.2 -0.7 

Extreme Maximum 7.7 9.0 14.0 25.9 33.0 33.8 34.7 32.2 31.1 22.9 12.8 5.4   

Extreme Minimum -49.4 -45.6 -41.5 -32.7 -12.0 -2.0 1.8 -1.4 -7.0 -22.8 -35.9 -45.0   

G
ra

n
d

 R
ap

id
s 

 H
yd

ro
 

Daily  
Average -18.2 -15.0 -8.3 1.1 8.3 14.9 18.8 17.8 11.3 3.8 -6.5 -14.9 1.1 

Extreme Maximum 7.5 9.0 17.0 28.0 32.5 36.5 37.5 35.0 31.7 25.0 17.5 7.8   

Extreme Minimum -43.0 -41.1 -38.5 -26.1 -13.3 -3.5 2.0 -1.0 -9.0 -16.0 -32.5 -39.4   

B
er

en
s 

R
iv

er
 C

S 

Daily  
Average -18.9 -16.2 -9.2 1.1 8.6 14.9 17.7 16.5 10.6 3.2 -6.5 -15.0 0.6 

Extreme Maximum 7.1 9.4 14.4 24.7 31.7 37.3 35.2 35.6 29.8 22.4 11.9 6.0   

Extreme Minimum -42.7 -42.8 -40.1 -30.0 -11.0 -2.7 0.5 0.1 -6.9 -18.1 -36.8 -40.5   

D
au

p
h

in
 A

 Daily  
Average -15.4 -12.6 -6.1 3.6 10.5 15.7 18.7 17.7 11.7 4.4 -5.3 -13.1 2.5 

Extreme Maximum 9.6 13.9 24.2 35.2 39.2 37.3 36.0 39.0 37.8 31.1 22.2 12.3   

Extreme Minimum -43.3 -44.4 -39.0 -27.8 -12.2 -3.9 0.6 -0.6 -9.7 -20.9 -34.5 -39.4   

A
rb

or
g 

Daily  
Average -18.3 -14.9 -7.5 3.0 10.0 15.8 18.6 17.5 11.5 3.9 -6.0 -14.8 1.6 

Extreme Maximum 7.5 7.8 16.7 30.0 37.0 37.0 36.5 36.1 36.5 28.5 20.6 9.5   

Extreme Minimum -45.6 -48.3 -42.2 -29.5 -14.0 -5.0 1.1 -2.0 -7.8 -21.0 -40.0 -41.1   
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Figure 5 - Total precipitation normals (1981-2010) 

 
Table 6 - Precipitation Normals (1981-2010) 

 Station 
Parameter 

(mm) Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Yr. 

N
or

w
ay

 H
ou

se
 

A
 Precipitation 21 23 24 25 50 70 80 75 61 47 29 27 532 

Extr. Daily 
Precipitation 25 15 21 21 44 51 59 68 59 32 30 20   

G
ra

n
d

 R
ap

id
s 

H
yd

ro
 

Precipitation 18 13 22 26 52 77 71 66 59 38 26 22 491 

Extr. Daily 
Precipitation 12 13 41 23 71 70 87 80 49 41 21 19   

B
er

en
s 

R
iv

er
 

C
S Precipitation 18 12 24 23 46 60 52 72 63 47 31 20 470 

Extr. Daily 
Precipitation 13 10 28 18 47 56 41 70 43 72 20 14   

D
au

p
h

in
 A

 

Precipitation 14 11 24 30 55 82 73 61 58 35 21 19 482 

Extr. Daily 
Precipitation 18 22 52 43 62 100 91 75 83 51 32 23   

A
rb

or
g Precipitation 17 12 25 26 55 81 70 69 53 44 27 20 499 

Extr. Daily 
Precipitation 31 27 39 34 43 60 63 107 66 42 31 24   

*Bolded values in each row represent the annual extreme daily precipitation recorded 
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WIND NORMALS (1981-2010) AND EXTREMES 

The average annual wind speed ranges from 11.5km/h at Norway House to 15.2km/h at 
Dauphin. Table 7 shows monthly average wind speed, monthly maximum gust speed, the 
most frequent wind direction and extreme values (bolded) observed for the period of 
1981-2010. The maximum gust speed represents an extreme condition and is the 
instantaneous peak wind observed from the wind speed gauge. Figure 6 illustrates the 
monthly average wind speeds. 

 

Figure 6 - Average wind speed normals for the Dauphin A station (1981-2010) 
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Table 7 - Wind Normals (1981-2010) 

Sta. Parameter Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Yr. 
N

or
w

ay
 H

ou
se

 A
 Average 

Wind Speed 
(km/h) 10.0 10.6 11.6 13.0 13.1 12.5 11.4 11.0 12.1 12.2 10.9 9.9 11.5 

Most 
Frequent 
Direction NW NW S S NE SW SW SW NW NW NW NW NW 

Maximum 
Gust Speed 

(km/h) 76.0 76.0 80.0 93.0 78.0 78.0 93.0 83.0 93.0 80.0 83.0 81.0   

B
er

en
s 

R
iv

er
 C

S
 Average 

Wind Speed 
(km/h) 11.6 11.5 12.2 13.0 13.0 12.3 12.2 12.0 12.6 13.1 12.4 11.8 12.3 

Most 
Frequent 
Direction NW NW NW NW NW NW W NW N N S NW NW 

Maximum 
Gust Speed 

(km/h) 93.0 74.0 81.0 74.0 78.0 85.0 80.0 83.0 85.0 87.0 83.0 81.0   

D
au

p
h

in
 A

 

Average 
Wind Speed 

(km/h) 15.8 15.4 14.7 15.8 16.6 14.9 13.0 13.6 15.4 15.9 15.6 15.8 15.2 

Most 
Frequent 
Direction W W W W W W W W W W W W W 

Maximum 
Gust Speed 

(km/h) 98.0 98.0 100.0 113.0 103.0 103.0 122.0 97.0 104.0 107.0 104.0 85.0   

*Bolded values in each row represent the annual extreme wind speed recorded. 
 
LAKE EVAPORATION 

Because of the complexities in measurement, there have been no long-term studies of 
evaporation from Lake Winnipeg to date. Several estimates of annual evaporation from 
Lake Winnipeg have been published over the years, but these have been estimated 
indirectly on a regional basis, and have not been validated through direct measurement 
(Phillips, 1990; Morton, 1983). 

Based on pan evaporation measurement at select meteorological sites, Phillips (1990) 
summarized average annual lake evaporation (mm/yr) across Canada. Lake evaporation 
within the Lake Winnipeg watershed is estimated to range from 400-1000 mm/yr, with 
estimates over Lake Winnipeg itself at 400-500 mm/yr. 

Based upon the complimentary relationship between areal and potential evaporation, 
Morton (1983) developed a model to estimate lake evaporation based upon weather 
observation data. Using five years (1966-1969) of monthly air temperature, dew point 
temperature, and sunshine duration data collected at all available weather stations in 
Canada east of the Pacific Divide, a contour map of lake evaporation for Canada was 
generated. Based on this method, average lake evaporation in the Lake Winnipeg 
watershed ranges from 500-750mm/yr, with estimates in the vicinity of Lake Winnipeg 
being in the range of 550-650mm/yr. Morton noted that these contours likely were less 
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representative of large, deep lakes with appreciable heat storage, which could influence 
both the seasonal and annual evaporative amounts. 

2.4.2 CLIMATE TRENDS 

 
TEMPERATURE TRENDS 

Mean temperature trends are summarized in Table 8. Trends are reported in degree 
Celsius per decade (ºC/dec.).  

Annually: Significant upward trends were detected for mean temperature at Arborg 
(0.49 

oC/dec.) and Dauphin (0.18 
oC/dec.).  

Seasonally: Significant upward trends for winter were detected for mean temperature 
at Grand Rapids (0.90oC/dec.), Dauphin (0.25oC/dec.), and Arborg 
(0.87oC/dec.). Significant upward trends were also detected for spring at 
Dauphin (0.25oC/dec.) and Arborg (0.69oC/dec.), and for summer at 
Arborg (0.34oC/dec.) and Dauphin (0.13oC/dec.). No significant trends 
were detected for autumn. 

Table 8 - Summary of mean temperature trends 

Station 
Maximum 

Period 

Annual Winter Spring Summer Autumn 

oC/dec. Zstat oC/ dec. Zstat oC/ dec. Zstat oC/ dec. Zstat oC/ dec. Zstat 

Grand 
Rapids Hydro 

1961-2012 0.23 1.19 0.90 2.76 0.33 1.35 0.16 1.48 0.14 0.78 

Dauphin A 1903-2010 0.18 3.65 0.25 1.98 0.25 3.10 0.13 3.02 0.07 0.94 

Arborg 1960-2012 0.49 2.38 0.87 3.08 0.69 2.44 0.34 2.39 0.41 1.54 

* Bold values indicate statistically significant trends 

PRECIPITATION TRENDS 

 
Precipitation trends for all three stations can be found in Table 9. Trends are reported in 
millimeters per year per decade ((mm/yr)/dec).  

Annually: No significant trends in annual total precipitation were detected. 

Seasonally: Significant upward trends were detected for summer at Dauphin (6.5 
(mm/yr)/dec.), and for spring at Dauphin (5.4 (mm/yr)/dec.). A significant 
downward trend was detected for winter at Arborg (-4.8 (mm/yr)/dec.). No 
significant autumn trends were detected. 
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Table 9 - Summary of total precipitation trends 

Station 
Maximum 

Period 

Annual Winter Spring Summer Autumn 

(mm/yr) 
/dec. 

Zstat 
(mm/yr) 

/dec. 
Zstat 

(mm/yr) 
/dec. 

Zstat 
(mm/yr) 

/dec. 
Zstat 

(mm/yr) 
/dec. 

Zstat 

Grand 
Rapids 
Hydro 

1962-2012 22.61 0.85 1.29 0.63 5.74 1.14 9.74 1.53 -0.87 -0.15 

Dauphin A 1911-2007 14.81 1.52 0.27 0.17 5.39 2.29 6.45 2.23 1.95 0.75 

Arborg 1951-2012 2.21 0.13 -4.84 -2.64 1.20 0.33 5.31 0.94 2.76 0.66 

* Bold values indicate statistically significant trends 

 

WIND TRENDS 

Mean wind speed trends for Dauphin and Norway House can be found in Table 10. 
Trends are reported in kilometers per hour per decade ((km/h)/dec.).  

Annually: An annual downward trend in mean wind speed was detected at Dauphin 
(-0.47 (km/h)/dec.). 

Seasonally: Significant downward trends in mean wind speed were observed for all 
seasons at Dauphin; winter (-0.27(km/h)/dec.), spring (-0.49(km/h)/dec.), 
summer (-0.45(km/h)/dec.), autumn (-0.55(km/h)/dec.); with autumn 
experiencing the largest trend magnitude. Significant downward trends 
were detected at Norway House in winter (-0.74(km/h)/dec.) and summer 
(-0.91(km/h)/dec.). 

 
Table 10 - Summary of mean wind speed trends 

Station 
Maximum 

Period 

Annual Winter Spring Summer Autumn 

(km/h) 
/dec. 

Zstat 
(km/h) 
/dec. 

Zstat 
(km/h) 
/dec. 

Zstat 
(km/h) 
/dec. 

Zstat 
(km/h) 
/dec. 

Zstat 

Dauphin A 1953-2012 -0.47 -4.77 -0.27 -2.11 -0.49 -3.82 -0.45 -2.86 -0.55 -4.96 

Norway 
House 

1973-2005 -1.33 -1.88 -0.74 -2.03 -0.73 -1.76 -0.91 -2.09 -1.28 -1.59 

* Bold values indicate statistically significant trends 
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CLIMATE TREND SUMMARY  

While not all stations indicate significant trends at all seasonal and annual time-scales, 
generally there is agreement on the direction of the trend. In summary, historic records 
indicate an increasing trend in mean temperature and total precipitation and a decreasing 
trend in mean wind speed within the Local Lake Winnipeg basin. Due to nonlinearity in 
the climate system and recent observed changes, extrapolation of trend analysis into the 
future is not recommended. 

2.4.3 TRENDS IN EXTREME EVENTS 

A trend analysis of extreme event indicators was conducted at Arborg, Grand Rapids 
Hydro, and Dauphin A climate stations in order to determine whether there is an 
increasing or decreasing trend in extreme events within Local Lake Winnipeg Watershed 
(Table 11).  

Generally, there is a lack of agreement between the three sites on significant trends in 
extreme events, and the majority of extreme indices do not show significant trends at any 
of the three stations. Of those station records that display significant trends, the majority 
of these are related to extreme temperatures. For example, both Grand Rapids and 
Dauphin have observed increasing diurnal temperature range over their period of record. 
Grand Rapids, the northern most stations, is also the only station to have observed 
significant precipitation trends, and these trends have been in the direction of higher 
intensity of rainfall (i.e. increase in the mean precipitation amount on a wet day) and a 
greater frequency of extreme rainfall (i.e. increase in the number of days when 
precipitation >20mm). While not consistent across both Norway House and Dauphin, a 
decreasing trend in maximum daily (WDx) and hourly mean (WHx) wind speed is 
observed. No significant trends in the annual occurance of days with wind gusts greater 
that 70km/h (Wgx70) or 90 km/h (Wgx90) were detected. 
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Table 11 - Historical direction of annual trends in extreme indices 
Extreme 

Index

Observed 

Trend

TNn

TNx

TXn

TXx

DTR

GSL

FD

ID

SU

TR

WSDI

CSDI

PRCPTOT

SDII

R10mm

R20mm

R95pTOT

R99pTOT

Rx1day

Rx5day

CWD

CDD

WHx

WDx

Wgx70

Wgx90

Legend

Arborg         

Grand Rapids 

Hydro        

Dauphin A      

Temperature and 

Precipitation Extremes 

WHx and WDx Only

Norway House 

A              

Dauphin A      

                         

A missing symbol indicates 

no significant trend at 

statistical significance level 

of 5%

 

2.5 TRENDS IN STREAMFLOW 

Streamflow trends are useful in representing the area aggregated climate signals within a 
watershed. However, trend analysis can be challenging due to large natural variability 
and regulatory effects. Variations in streamflow over the period of record can cause step-
like changes which can occur with or without a trend in the mean.  

Streamflow trends for the Lake Winnipeg watershed exhibit spatial variation and are 
sensitive to the time period examined. Significant increasing trends in streamflow were 
detected for the Winnipeg River, the Red River (upstream of the  Assiniboine River 
confluence) and within the Local Lake Winnipeg basin. Increasing streamflow trends in 
the Red River Basin were also reported by studies conducted by McCullough et al. 
(2012) and Ehsanzadeh et al. (2011). The Assiniboine River indicated an increasing 
trend, however it is not statistically significant. The Saskatchewan River was the only 
basin to indicate a downward trend in streamflow, however this trend was also not 
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statistically significant. Streamflow in the entire Lake Winnipeg Watershed has 
increased, likely a result of increases in the Winnipeg River, Red River and Local Lake 
Winnipeg basins, offsetting the Saskatchewan River Basin decreases. 

2.6 TRENDS IN LAKE EVAPORATION 

Because of the limited availability of data, very few studies exist that examine long-term 
trends in historic lake evaporation. The ones that do exist generally rely on indirect 
calculation methods, such as the ones described in Section 2.4.1.  

As a means of understanding the sensitivities of water availability to changing climate 
conditions, Burn and Hesch (2007) conducted trend analyses for 48 sites on the Canadian 
Prairies using the Meyer Formula for three analysis periods (30, 40, and 50 years). 
Trends were analyzed using the Mann-Kendall statistical test. 

Results in the study region revealed mainly decreasing trends in June, July, October, and 
warm season evaporation for all analysis periods. August displayed a number of mainly 
decreasing trends, but only for the 30 and 40 year periods. September exhibited 
statistically significant increasing trends in the 30 year period, but decreasing trends in 
the 50 year period. April exhibited a significant increasing trend in the 50 year period.  In 
general, increasing trends were situated in the more northern regions of the prairies and 
decreasing trends in the more southern regions. The study also concluded that changes in 
wind speed was the primary factor influencing decreasing trends, and changes in vapour 
pressure deficit was the primary factor influencing increasing trends in the region. 
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3.0   FUTURE CLIMATE CHANGE SCENARIOS 

3.1 CLIMATE MODELS 

The Intergovernmental Panel on Climate Change (IPCC) leads research, compiles 
information and provides guidance for use in climate change studies. The IPCC also 
brings together international modeling agencies that have developed Global Climate 
Models (GCMs). GCMs are numerical models through which changes in atmospheric 
composition (such as greenhouse-gas concentrations) can be translated into physically 
consistent effects on climate and are currently the most advanced tools available for 
projecting future climate. They are based on the equations of motion and physics of 
transport and exchange of heat, momentum and water. GCMs depict the climate using a 
three dimensional grid over the Earth. They typically have a horizontal grid resolution of 
0.55° to 3.75° latitude and longitude and 18 to 95 vertical levels.  

In order to project future climate, atmospheric concentration pathways are used to 
prescribe the levels of various substances (greenhouse gases and aerosols) in the 
atmosphere. To do so, a number of assumptions have to be made about how societies will 
evolve and must represent different demographic, social, economic, regulatory, 
technological, and environmental developments. Atmospheric concentration pathways 
are then used in GCMs to simulate the evolution of climate over time in response to 
changes in atmospheric concentrations. Four Representative Concentration Pathways 
(RCPs) have been developed by the research community, independent of the IPCC, for 
use in future climate modeling; RCP2.6, RCP4.5, RCP6.0 and RCP8.5. An overview of 
the four RCPs and their development can be found in van Vuuren (2011). 

Finer resolution models, called Regional Climate Models (RCMs) are also available. An 
RCM’s grid resolution is typically 50km by 50km or less allowing the model to account 
for important local forcing factors which GCMs are unable to resolve. However, the 
quantity of models, number of members and emissions scenarios available may not be the 
same as for the GCMs. 

When studying future climate change impacts it is important to recognize the uncertainties 

that surround the climate models used in the studies. They are not designed to capture the full 

range of variability that may be found into the future and instead provide a picture of what 

the future may look like based on a variety of assumptions on how the climate system will 

respond to a range of projected greenhouse gas scenarios. 



Lake Winnipeg Watershed Hydroclimatic Study 

22 
 

3.2 METHODOLOGY 

3.2.1 FUTURE HORIZONS 

Two future horizons were identified: 2040-2069 and 2070-2099. These periods are 
commonly referred to as the 2050s and 2080s, respectively and are presented in 
comparison to the baseline period of 1981-2010. 

3.2.2 STUDY AREAS 

GCM resolutions can vary from model to model and while some GCMs use unique 
resolutions, others share the same resolution but have different origins and are therefore 
shifted spatially. GCMs use nodes (points) to represent areas (grids). The area 
represented by a node is a function of the model resolution.  

Projections of climate parameters for Local Lake Winnipeg basin are provided for local 
context of Lake Winnipeg’s regional climate. As future water regime projections are a 
function of the area-aggregated climate signal, upstream of the lake, analysis of the 
GCM’s water balance (precipitation, evaporation and runoff) were considered for each 
contributing sub-basin individually (Winnipeg River, Red River, Assiniboine River, 
Saskatchewan River and Local Lake Winnipeg) and Lake Winnipeg Watershed as a 
whole (Figure 7). This approach provides greater spatial resolution to better understand 
how climate change can affect Lake Winnipeg.  
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Figure 7 - Lake Winnipeg Watershed and Sub-basins 

GCM grids that overlapped the Lake Winnipeg watershed and sub-basins were used in 
developing future climate change scenarios. Temperature, precipitation and runoff data 
from individual nodes were weighted to reflect the percent coverage of the watershed. 
This method is particularly important when GCM grids overlap multiple basins. 
Weighting GCM data by percent basin coverage avoids over-weighting the GCM grids 
that overlap several basins. The methodology to weight individual GCM grids is 
presented in Equation 1. An example of a GCM’s (with a resolution of 3.8° by 3.8°) 
weighted grid percentages for the entire Lake Winnipeg watershed and an example of an 
individual basin (Local Lake Winnipeg basin) are provided in Figure 8 and Figure 9. 

	 ∑ ∗ 	 	

	 	
   Eq.1 

 
Where P is the parameter (temperature for example), i represents a particular grid and n is the total 

number of grids that overlap the basin 
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Figure 8 - Example GCM (CGCM3.1 T47) area for Lake Winnipeg watershed. Percentages represent 

the proportion of the watershed that is covered by each grid cell. 

 
Figure 9 - Example GCM (CGCM3.1 T47) area for Local Lake Winnipeg basin. Percentages 

represent the proportion of the watershed that is covered by each grid cell. 
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3.2.3 DATA SOURCES 

A primary ensemble of 147 simulations from the Coupled Model Intercomparison Project 
Phrase 5 (CMIP5) that was supplied by Ouranos was used in this report. These 
simulations originate from 18 GCMs that were presented in the IPCC’s Fifth Assessment 
Report (AR5) and include simulations driven by all four RCP scenarios (IPCC, 2013). 
The 147 simulations were selected such that each simulation had monthly output for 
mean temperature, precipitation, evaporation, runoff and surface wind speed for the 
required future time periods. Daily minimum temperature, maximum temperature and 
precipitation GCM data were also used but were not available for the same simulations, 
and therefore a subset of 69 simulations (from 15 GCMs) was used. While simulation 
availability is expected to grow, as modeling agencies make their output available, this 
report uses available GCM data as of May 2014. Not every GCM has output from all four 
RCPs. Several GCM and RCP combinations include multiple runs (members) where the 
same GCM and RCP is used, but the initial conditions of the simulation is slightly 
changed such that natural climate variability can be explored. Each simulation is 
considered equally plausible and details of the GCMs used in this study can be found in 
Table 12. 

A bias correction method (as described in Section 3.2.6) of temperature and precipitation 
also uses observed data from Environment Canada climate stations. In order to improve 
the quality of future climate scenarios, missing observations in the station’s record are 
replaced with Natural Resources Canada (NRCan) data. NRCan data is spatially 
interpolated using the Australian National University ANUSPLINE method (Hutchinson, 
2009) at a 10km by 10km grid. Daily NRCan data is based on observed data, and as 
expected, the data at the grid point nearest to the weather stations correlates well with 
observations. 

Output from the Canadian Regional Climate Model 4.2.3 (CRCM) (de Elía and Côté , 
2010; Music and Caya, 2007; Caya and Laprise, 1999) was used to analyze trends in 
future climate extremes. CRCM4.2.3 data was generated and supplied by Ouranos 
(http://www.ouranos.ca/) where the model was run over the North-American domain with 
a 45 km horizontally spaced grid. CRCM simulations “aet”, “aev”, and “agx” were 
chosen for an analysis of the time series of extreme indices as these runs offer the longest 
continuous period of simulation (1961-2100).  Details on the CRCM runs can be found in 
Table 13. CRCM simulations were driven by atmospheric fields taken from older CMIP3 
GCMs and the previous vintage of emission scenarios (Nakicenovic, 2000). Currently, 
three CRCM simulations are available for the time periods assessed in this study. These 
simulations are driven by two different GCMs (see Table 13) and the A2 emission 
scenario (Nakicenovic, 2000), which is most comparable to RCP8.5. 
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Daily outputs of minimum temperature, maximum temperature, daily precipitation and 
maximum daily and hourly average wind speed from these three CRCM simulations were 
used for calculation of extreme indices on an annual scale. The three simulation runs are 
reported separately in order to determine the variability of extremes between runs of the 
CRCM. 

Table 12 - Global Climate Model Simulation Information 
Institution 
Abbreviation 

Model Institution Full Name RCPs 
Monthly 
Data 

Daily 
Data

BCC  BCC-CSM1.1  
BCC-CSM1.1(m) 

Beijing Climate Center, China Meteorological Administration 
2.6, 4.5, 6.0, 8.5 
2.6, 4.5, 6.0, 8.5 

Y 
Y 

Y 
Y 

CCCma CanESM2  Canadian Centre for Climate Modelling and Analysis 2.6, 4.5, 8.5 
Y Y 

CMCC  
CMCC-CESM 
CMCC-CM  
CMCC-CMS 

Centro Euro-Mediterraneo per I Cambiamenti Climatici  
8.5 
4.5, 8.5 
4.5, 8.5 

- 
Y 
- 

Y 
Y 
Y 

GCESS BNU-ESM 
College of Global Change and Earth System Science, Beijing Normal 
University  

2.6, 4.5, 8.5 Y Y 

CSIRO CSIRO-Mk3.6.0 
Queensland Climate Change Centre of Excellence and 
Commonwealth Scientific and Industrial Reseach Organization 

2.6, 4.5, 6.0, 8.5 Y - 

GISS GISS-E2-H 
GISS-E2-R 

NASA Goddard Institute for Space Studies USA 
4.5 
2.6, 4.5, 6.0, 8.5 

Y 
Y 

- 
- 

INM INM-CM4 Russian Institute for Numerical Mathematics 4.5, 8.5 
Y Y 

IPSL 
IPSL-CM5A-LR 
IPSL-CM5A-MR 
IPSL-CM5B-LR 

Institut Pierre Simon Laplace 
2.6, 4.5, 6.0, 8.5 
2.6, 4.5, 6.0, 8.5 
4.5,8.5 

Y 
Y 
Y 

- 
- 
- 

MIROC MIROC5 
Atmosphere and Ocean Research Institute (The University of Tokyo), 
National Institute for Environmental Studies, and Japan Agency for 
Marine-Earth Science and Technology 

2.6, 4.5, 6.0, 8.5 Y Y 

MIROC 
MIROC-ESM  
MIROC-ESM-
CHEM  

Japan Agency for Marine-Earth Science and Technology, Atmosphere 
and Ocean Research Institute (The University of Tokyo), and National 
Institute for Environmental Studies 

2.6, 4.5, 6.0, 8.5 
2.6, 4.5, 6.0, 8.5 

Y 
Y 

Y 
Y 

MPI-M MPI-ESM-LR  
MPI-ESM-MR  

Max Planck Institute for Meteorology (MPI-M)  
4.5, 8.5 
4.5, 8.5 

Y 
Y 

Y 
Y 

MRI MRI-CGCM3  Meteorological Research Institute  2.6, 4.5, 6.0, 8.5 
Y Y 

NCC NorESM1-M  Norwegian Climate Centre  2.6, 4.5, 6.0, 8.5 
- Y 

 
Table 13 - Canadian Regional Climate Model 4.2.3  Information 

Driving GCM (Run #) Emission Scenario Simulation ID Simulation Years 

CGCM3.1 T47 (4) A2 aet 1961-2100 

CGCM3.1 T47 (5) A2 aev 1961-2100 

ECHAM5 (1) A2 agx 1961-2100 

 

3.2.4 DELTA ANALYSIS 

Quantifying projections of climate change requires that systematic biases, present in 
GCMs, be accounted for. In this report, the delta method is used to develop future 
projections of mean climate from GCM data. The delta method assumes that GCM bias is 
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consistent in the baseline and future time periods and calculates the differences between 
the two time periods. The difference in the mean climate is referred to as an adjustment 
factor or climate signal.  

Adjustment factors are obtained by comparing 30-year period averaged model results for 
the future climate periods to the corresponding averages for the baseline climate period 
(1981-2010) (Eq. 2 and 3). Adjustment factors were calculated on a monthly and annual 
basis. Seasonal adjustment factors were calculated by averaging monthly adjustment 
factors. The adjustment factors are presented as either a difference or a percent change. 
For example, adjustment factors for temperature (T) are reported as differences (Eq. 2), 
while adjustment factors for precipitation (P) are reported as percent changes (Eq. 3).  

The delta method is used to develop monthly and annual adjustment factors for 
temperature, precipitation and wind speed as well as annual adjustment factors for the 
water balance (runoff and evaporation) variables.  

30

),(

30

),(
2010

1981

2069

2040
(m)


  y

GCM
y

GCM ymTmeanymTmean

Tmean                Eq. 2 

∆ 	
∑

/	
∑

1 ∗ 100													Eq.	3	

Where y is the year. 2020s future period shown as an example 
 

Scatter plots with distribution ellipses are used to present precipitation and mean 
temperature delta-derived adjustment factors. Seasonal and annual scatter plots are 
presented for each future horizon (Appendix B). The scatter plots illustrate the correlation 
between two variables and each point on the graph represents the adjustment factors 
projected by one GCM simulation. To analyze the range of future climate projections, 
distribution ellipses were superimposed on the plots, illustrating where the specified 
percentage of projections (50%, 75% and 95%) fall, assuming a bivariate normal 
distribution.  In other words, the percentage of adjustment factors falling inside each 
ellipse should closely agree with the specified percentage level. Distribution ellipses do 
not represent the probability of occurrence, as the projections are equally probable.  

The geometry of these ellipses reflects the degree of correlation between the variables 
under consideration.  The ellipse collapses diagonally as the correlation between the two 
variables approaches +1 (positive covariance) or −1 (negative covariance). Figure 10 
illustrates examples of ellipses showing positive covariance, negative covariance and no 
correlation. 
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Figure 10 - Example of a (a) positive correlation (b) negative correlation (c) no correlation 
 

 
3.2.6 QUANTILE MAPPING 

Quantile mapping (Mpelasoka, 2009; Watanabe, 2012; Chen, 2013; Wilke, 2013) of 
empirical cumulative distribution functions (CDF) is also used to account for bias in 
GCM data and assess climate change projections beyond the mean. Quantile mapping is a 
rank-based statistical method which enables assessment of climate change impacts on the 
mean climate as well as the tail ends (upper and lower quantiles; extremes) of the 
climatic CDFs. 

The fundamental process underlying quantile mapping is similar to the delta method, 
except the baseline and future CDFs are compared to develop adjustment factors for 
multiple quantiles, instead of just the mean. As quantile mapping relies on adequate detail 
within the CDF, it is better suited to daily data rather than monthly data. Due to 
availability of daily GCM data and daily observed data, only minimum, temperature, 
maximum temperature and precipitation are assessed.  

As in Mpelasoka (2009), the daily scaling quantile mapping method is applied in two 
steps: Step 1 calculates adjustment factors for 50 bins by comparing distribution 
functions of GCM future climate and GCM baseline climate. Step 2 applies these 
adjustment factors to the baseline observed climate to develop daily time series of future 
climate scenarios. This method accounts for changes in extreme events followed by an 

a) b) 

c) 
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additional adjustment to preserve the GCM’s climate change signal in the monthly mean 
climate (the delta). In rare instances, a further adjustment is required to maintain physical 
consistency in the future diurnal temperature range (difference between daily minimum 
and maximum temperatures). As quantile mapping of individual variables can result in 
future days where minimum temperature is greater than maximum temperature, these 
days are adjusted to preserve the observed diurnal temperature range normal for a given 
month plus the mean GCM signal in future diurnal temperature range for the same 
month. Adjustment factors are calculated as absolute values for minimum temperature, 
maximum temperature and as percent changes for precipitation. 

Step 1 Examples: Calculate Scaling Factors (Δm,b) for maximum temperature and 
precipitation bins (b) for a specific month (m) 

∆	 , 	 	 ,
	 	 ,

	  

∆	 , 	
	 ,

	 	 ,
	 	

	 ,
	 	 	100 

Step 2 Examples: Apply Scaling Factors to Observed record to develop future climate 
projections for maximum temperature and precipitation. 

	 	 	 , 		∆	 ,  

	 	 	 , ∗ 		
∆	 ,

100
 

To summarize the results, future climate scenarios are used to recalculate annual 
adjustment factors annually and the adjustment factors are aggregated into three bins. The 
first bin (1st to 33rd percentile) represents changes to low temperature and small 
precipitation events. The second bin (33rd to 66th percentile) represents changes to median 
temperature and precipitation events. The final bin (66 to 99th percentile) represents 
changes to high temperature and larger precipitation events. The 0th and 100th percentile 
adjustment factors are omitted from the calculation to avoid large spikes in the tail ends 
of the empirical distribution functions.  

As adjustment factors are aggregated annually, seasonal components are combined and 
should be interpreted with caution. For example, adjustment factors for the first bin for 
temperature variables generally represent winter months while adjustment factors for the 
third bin for precipitation generally represent summer months where larger precipitation 
events are more common.  
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3.2.5 PROJECTION OF TRENDS IN EXTREME INDICES 

While most global and regional climate models are reasonably skilled at reproducing 
average climatic conditions, they are less adept in simulating extreme events. This is 
because GCMs operate on much larger spatial and temporal resolutions than is required 
to simulate extreme events; which are often localized events that occur on a sub-daily 
timescale. As a result, many small scale processes that are key drivers in the development 
of extreme events are not simulated by these global scale climate models. Of particular 
importance for extreme events are the processes that involve feedback mechanisms. 
Mechanisms such as land-atmosphere interactions, ocean-atmosphere interactions, 
stratospheric processes, and blocking dynamics, are often poorly understood or 
represented in climate models (IPCC SREX, 2012).  

Due to the finer resolution of the CRCM, this model was selected for the analysis of 
future extreme events. One CRCM grid point nearest to each location of interest was 
chosen to represent future trends in extreme temperature, precipitation and wind indices 
at that respective location. This methodology was selected as it is recommended to 
analyze extremes on a grid-by-grid basis as averaging of grids may reduce the magnitude 
of events or result in the canceling out of opposite signals (Gauvin St-Denis, B., 2013). 
Trend directions for each location are reported separately, as a qualitative measure of the 
spatial changes in extremes over the Local Lake Winnipeg basin. 

Due to the large uncertainty in regional projections of extreme events, this study 
references the IPCC’s assessment on extreme events (Managing The Risks of Extreme 
Events and Disasters to Advance Climate Change Adaptation (IPCC SREX, 2012)) as 
further support of the projections made from the CRCM. The IPCC’s assessment is 
conducted on a global and continental scale and therefore not necessarily a direct 
representation of the Lake Winnipeg Watershed, however the higher confidence of the 
IPCC in these larger scale projections justifies their consideration for this project. 

The SREX report discusses extreme events, outlines the issues associated with extreme 
event analysis and provides a summary of the findings. The results are characterized by 
phenomenon type, expected changes, region affected, time period examined and 
confidence in the expected change. Conclusions relevant to this project are reported in 
Section 3.3.6. 
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3.3 RESULTS 

This section contains results and discussion of projected annual deltas (for temperature 
precipitation, wind and the water balance) and projected seasonal deltas (for temperature 
precipitation and wind). Scatter plots depict the range and correlation of temperature and 
precipitation projections and their respective emissions scenarios (Appendix B). The 
scatter plots demonstrate that even though there is a large range of projections, the 
extreme projections are often represented by a single model’s projection rather than 
multiple models yielding extreme projections. 

 
3.3.1 TEMPERATURE PROJECTIONS 

With respect to the 1981-2010 modeled baseline, the GCM ensemble average for the 
Local Lake Winnipeg basin projects the annual mean temperature to increase with time: 
+2.5°C for the 2050s and +3.6°C for the 2080s. Seasonally, winter is projected to 
experience the largest increase +3.1°C (2050s) and +4.6°C (2080s) in mean temperature 
while spring is projected to experience the smallest increase +2.1°C (2050s) and +3.0°C 
(2080s). 

The entire range of temperature projections from the GCM ensemble are shown in Table 
14 and illustrated in annual and seasonal scatter plots in Appendix B. The distribution of 
the GCM ensemble indicates a strong positive signal with a small sample of models that 
project little or no change. Although the range of projections in Table 14 indicates 
relatively large variability in projections, the minimum and maximum projections 
represent the extreme ends of the distribution (including some slightly negative values), 
nonetheless the consensus of the ensemble average is positive. 

Table 14 - Mean and range of projected changes to mean temperature (°C) 

Basin Horizon

Min Mean Max Min Mean Max Min Mean Max Min Mean Max Min Mean Max

2050s 0.3 2.5 5.4 -0.8 3.1 8.7 -0.1 2.1 8.0 0.4 2.4 5.5 -0.1 2.8 8.7

2080s 0.5 3.6 8.8 -1.4 4.6 12.1 -0.5 3.0 11.0 0.2 3.4 8.2 -0.2 3.4 8.4

Autumn
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l L
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e 

W
in
n
ip
eg

Annual Winter Spring Summer
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3.3.2 PRECIPITATION PROJECTIONS 

With respect to the 1981-2010 modeled baseline, the GCM ensemble average for Local 
Lake Winnipeg basin projects the mean annual precipitation to increase with time: +6.5% 
for the 2050s and +8.9% for the 2080s (Table 15). Seasonally, winter and spring are 
projected to experience the largest increase in mean precipitation. Winter is projected to 
increase by +11.0% (2050s) and +15.4% (2080s) and spring is projected to increase by 
+10.9% (2050s) and +15.1% (2080s) while summer is projected to experience the 
smallest increase +1.4% (2050s) and +1.9% (2080s). 

The entire range of precipitation projections from the GCM ensemble are shown in Table 
15 and illustrated in annual and seasonal scatter plots in Appendix B. On an annual basis, 
the GCM models generally indicate increasing precipitation for all time periods. As 
illustrated in the annual scatter plots, the distribution of the GCM ensemble indicates a 
positive signal with a sample of models that project decreasing or no change. On a 
seasonal basis, the distribution of winter and spring deltas generally project increasing 
precipitation. While the ensemble average projects increasing summer and autumn 
precipitation, the magnitude of increase is lower due to a larger portion of the simulations 
projecting decreases. The range of projections in Table 15 indicates relatively large 
variability in projections, as the minimum and maximum projections represent the 
extreme ends of the distribution; nonetheless the general consensus of the ensemble 
average is positive.  

Table 15 - Mean and range of projected changes to precipitation (%) 

Basin Horizon

Min Mean Max Min Mean Max Min Mean Max Min Mean Max Min Mean Max

2050s -5.5 6.5 19.5 -23.2 11.0 50.2 -20.0 10.9 59.5 -24.4 1.4 36.5 -20.7 7.2 47.9

2080s -5.0 8.9 24.1 -19.1 15.4 67.6 -21.0 15.1 75.9 -36.2 1.9 37.1 -23.3 9.1 65.1
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Annual Winter Spring Summer Autumn

 
 
3.3.3 COVARIANCE: TEMPERATURE AND PRECIPITATION 

The distribution ellipse’s shape and orientation indicate the degree of covariance between 
seasonal and annual precipitation and temperature projections (Appendix B). 

On an annual basis, there is weak correlation between temperature and precipitation for 
the 2050s, however correlation is stronger and slightly positive for the 2080s.A positive 
correlation for winter and a negative correlation for summer is projected for both time 
horizons. Temperature and precipitation are not strongly correlated for spring and autumn 
of the 2050s however a slight positive correlation exists for the 2080s. 
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3.3.5 PROJECTED WIND SPEED 

With respect to the 1981-2010 modeled baseline, the GCM ensemble average for Local 
Lake Winnipeg basin projects the average annual wind speed to slightly decrease with 
time: -0.3% for the 2050s and -0.5% for the 2080s (Table 16). Seasonally, the average 
wind speed is projected to decrease in spring, summer and autumn. The largest decrease 
is projected in summer; -1.9% (2050s) and -2.6% (2080s). Winter, however, is projected 
to experience an increase in average wind speed of 1.0% for the 2050s and 1.2% for the 
2080s. While these results provide an insight of possible future wind conditions, the 
IPCC assigns a lower confidence in the projections of surface wind speeds (SREX IPCC, 
2012), as a result, caution should be used in the application of these projections. 

 
Table 16 - Mean and range of projected changes to average wind speed (%) 

Basin Horizon

Min Mean Max Min Mean Max Min Mean Max Min Mean Max Min Mean Max

2050s -6.9 -0.3 5.2 -13.9 1.0 19.9 -21.1 -0.5 13.0 -11.6 -1.9 6.4 -8.4 -0.2 9.5

2080s -7.9 -0.5 4.8 -10.6 1.2 17.1 -31.1 -0.6 14.4 -14.6 -2.6 5.9 -11.6 -0.5 15.3
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Annual Winter Spring Summer Autumn

 
3.3.6 PROJECTED TRENDS IN EXTREME INDICES 

Trends in extreme indices were projected for the period of 2013-2099 using three CRCM 
simulations. Table 17 displays the projected direction of trends during the future period 
for CRCM grid points near each of the five primary climate stations used in this analysis. 
Trends are only considered noteworthy if they are statistically significant and if there is a 
consensus on the direction of the trend (at least two of the three CRCM simulations 
agree). Greater confidence is given to the trends that have all three runs of the CRCM in 
agreement. 
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Table 17 - Projected trends in annual extreme indices from CRCM 

Extreme 

Index

Future             

(2013‐2099)    

CRCM Trend

TNn

TNx

TXn

TXx

DTR

GSL

FD

ID

SU

TR

WSDI

CSDI

PRCPTOT

SDII

R10mm

R20mm

R95pTOT

R99pTOT

Rx1day

Rx5day

CWD

CDD

WDx

                               

A missing symbol indicates no 

significant trend at statistical 

significance level of 5%

Legend

Arborg               

Berens River CS  

Grand Rapids Hydro 

Norway House A     

Dauphin A

3/3 CRCM simulations 

agree on direction 

and significance of 

trend

2/3 CRCM simulations 

agree on direction 

and significance of 

trend

 
 

There is strong agreement among all the CRCM simulations and among all locations for 
projected trends in temperature extremes. Projections indicate increased frequency and 
severity of heat extremes, reduced frost days and severity of cold extremes, and reduced 
time available for ice-on conditions (i.e. longer growing season length and fewer frost 
days). In comparison to temperature, few significant trends exist regarding extreme 
precipitation indices. However, there is reasonable agreement among the majority of the 
CRCM simulations and locations that the total precipitation on wet days will increase. No 
trends in extreme wind events were detected. 

These projections are generally consistent with current projections for North America 
published by the IPCC which indicate warmer and fewer cold days and nights, warmer 
and more frequent hot days and nights, increased frequency of warm spells/heat waves 
and increased frequency or proportion of total rainfall from heavy precipitation events 
IPCC SREX, 2012 and IPCC, 2013). Future projections of multi-year hydrological 
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droughts and extreme floods cannot be analyzed through temperature and precipitation 
change alone. The hydrology of large watersheds is complex to simulate. As a result, due 
to insufficient agreement among future projections of extreme hydrological events, the 
IPCC assigns a low confidence in their projections (IPCC SREX, 2012). 

3.3.7 QUANTILE MAPPING 

Changes to the distribution functions can be generalized by comparing ensemble average 
changes for three bins; a low percentile bin (percentiles 1-33, i.e. cold extremes), a 
median percentile bin (percentiles 33-66, i.e. median temperatures) and a high percentile 
bin (percentiles 66-99, i.e. warm extremes). Using Arborg as an example, a comparison 
of distribution functions from the quantile mapping analysis indicates a non-uniform 
distribution in the change in minimum and maximum temperature projections (Figure 11 
to 12). In general, the lower quantiles of minimum temperature (and to a lesser extent for 
maximum temperature) are increasing greater than the higher quantiles. While the 
ensemble average delta indicates warmer average temperatures, this suggests that the cold 
extremes are projected to be warmer and therefore less extreme in comparison to historic 
climate. 

 
Figure 11 – Minimum Temperature CDF at Arborg: Historic (blue) and Future Scenarios (red), 2050 
(left) and 2080 (right) 

 
Figure 12 – Maximum Temperature CDF at Arborg: Historic (blue) and Future Scenarios (red), 
2050 (left) and 2080 (right) 
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Projected changes to the distribution functions for daily precipitation (on days with 
precipitation) generally show smaller relative increases for the low bin and similar 
relative increases for the median and high precipitation bins (Figure 13). However, these 
relative changes correspond to different absolute changes depending on the bin. 

 

 
Figure 13 – Total Precipitation CDF at Arborg: Historic (blue) and Future Scenarios (red), 2050 
(left) and 2080 (right) 
 
3.3.8 WATER BALANCE 

To get a better sense of how the future climate will affect the water regime, it is necessary 
to consider the GCM’s water balance. Considering only precipitation does not take into 
account any losses due to evaporation and because temperatures are projected to increase, 
losses due to evaporation could be substantial.  

Annual surface runoff output from the GCMs can be used to determine the potential 
change in the water availability for the Lake Winnipeg Watershed. In this context, runoff 
and streamflow are not synonymous. GCMs do not have a river routing scheme to 
simulate the hydraulic properties of the basins. As a result, projected runoff and historic 
streamflow records are not directly comparable.  

Water balance components are presented as millimeters of water, however, due to 
potential bias from the GCMs, these absolute values should be interpreted with caution. 
The intent of this analysis is to illustrate the spatial variability in water balance changes 
and how precipitation changes are partitioned into the other water balance terms. 

For this analysis, a simplified annual water balance is considered:  

 Runoff = Precipitation – Evaporation – Residual 
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In a simplified water balance, the sum of runoff and evaporation should equal total 
precipitation. Some GCMs may account for additional water balance terms that are not 
considered and therefore a lumped residual is included to close the water balance. 

EVAPORATION 

The ensemble average of GCMs project an increase in evaporation rates for all basins 
within the Lake Winnipeg Watershed for both time horizons. Evaporation rates are 
generally moderated by moisture availability and temperature where moisture availability 
is often the limiting factor. As both precipitation and temperature are projected to 
increase, evaporation rates will be greater for areas with greater precipitation. As 
presented in Figure 14 and 15, the basin with the greatest precipitation increases 
(Winnipeg River) also experiences the greatest increases in evaporation. 

RUNOFF 

The ensemble average of GCMs is projecting increased runoff for all basins within the 
Lake Winnipeg Watershed for both the 2050s and 2080s (Figure 14 and 15). The greatest 
increase is projected to occur within the Winnipeg River basin while only moderate 
increases are projected from the Saskatchewan and Assiniboine River basins. Given the 
basin-wide increases in projected runoff, these results suggest inflows into the Local 
Lake Winnipeg basin, as well as local inflows, will increase into the future. 
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Figure 14 – Change in the Lake Winnipeg Watershed’s Annual Water Balance (2050s) 
 

 
Figure 15 - Change in the Lake Winnipeg Watershed’s Annual Water Balance (2080s)  
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4.0 CONCLUSION 

The objectives of this report were to quantify the historic climate that has played a role in 
shaping Lake Winnipeg’s current water regime and to project future climate and runoff 
scenarios that may potentially alter the watershed’s water balance into the future. Historic 
climate is quantified in terms of temperature, precipitation and wind normals and trends 
in climate parameters, extreme climate indices and streamflow are also assessed. Future 
projections of climate and runoff scenarios from Global and Regional Climate models are 
produced to aid in the assessment of potential impacts of climate change on the water 
regime of Lake Winnipeg. 

Five long term meteorological stations (Grand Rapids Hydro, Norway House A, Dauphin 
A, Arborg, and Berens River CS) were selected to characterize climate normals within 
the Local Lake Winnipeg basin. These stations indicate that annual temperature range 
from -0.7°C to 2.5°C and annual average precipitation ranges from 470mm to 532mm in 
the region. Annual average wind speed ranges from 11.5km/hr to 15.2km/h. Significant 
upward trends were detected for annual mean temperature at Arborg and Dauphin 
stations while no significant trends were detected in mean annual precipitation. A 
downward trend in annual mean wind speed was detected at Dauphin.  

While not all stations indicate significant trends at all seasonal and annual time-scales, 
generally, historic records indicate an increasing trend in mean temperature and total 
precipitation and a decreasing trend in mean wind speed within the Local Lake Winnipeg 
basin. Increasing trends in historic extreme temperature events was detected, the signal 
for extreme precipitation and wind events was less evident. Historic streamflow trend 
analysis indicates streamflow in the Lake Winnipeg Watershed has increased, likely a 
result of upward trends from the Winnipeg River, Red River and Local Lake Winnipeg 
basins, offsetting a slight downward trend in the Saskatchewan River basin. 

Annual climate change scenarios developed from the CMIP5 GCM ensemble show that 
mean temperature and precipitation will generally increase with time for the Local Lake 
Winnipeg basin. The GCM ensemble average projects annual mean temperatures to 
increase by: +2.5°C for the 2050s and +3.6°C for the 2080s and annual precipitation to 
increase by: +6.5% for the 2050s and +8.9% for the 2080s. Average surface wind speed 
is projected to slightly decrease: -0.3% for the 2050s and -0.5% for the 2080s. Future 
projections of extreme events indicate warmer and fewer cold extremes, warmer and 
more frequent heat extremes, and heavier precipitation events. While there is some 
disagreement among models, the average of 147 GCM simulations shows that the 
projected increase in precipitation will offset the increase in evaporation rates resulting in 
increased average annual runoff for all basins within the Lake Winnipeg Watershed. 
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5.0 GLOSSARY 

Autocorrelation The correlation of a variable with itself over successive 
time intervals (also termed: serial correlation) 

Baseline A standard to which things are measured or compared. 

Climate change Refers to a change in the state of the climate that can be 
identified (e.g., by using statistical tests) by changes in the 
mean and/or the variability of its properties, and that 
persists for an extended period, typically decades or longer. 
Climate change may be due to natural internal processes or 
external forcings, or to persistent anthropogenic changes in 
the composition of the atmosphere or in land use. 

Correlation A statistical relation between two or more variables such 
that systematic changes in the value of one variable are 
accompanied by systematic changes in the other.  

Covariance A measure of the strength of the correlation between two or 
more sets of random variates. 

Extremes Extreme values, in the context of climate normals, refer to 
the absolute greatest value on record for a certain parameter 
and time frame (daily, monthly, seasonal and/or annual). In 
the case of temperature, there is an extreme value for both 
the maximum and minimum temperatures observed in the 
record period. Extremes are also used to define events in 
other contexts such as the occurrence of rare events. 

Greenhouse gas Greenhouse gases are gaseous constituents of the 
atmosphere, both natural and anthropogenic, that absorb 
and emit radiation at specific wavelengths within the 
spectrum of thermal infrared radiation emitted by the 
Earth’s surface, the atmosphere itself, and by clouds. This 
property causes the greenhouse effect. Water vapour (H2O), 
carbon dioxide (CO2), nitrous oxide (N2O), methane (CH4) 
and ozone (O3) are the primary greenhouse gases in the 
Earth’s atmosphere. Moreover, there are a number of 
entirely human-made greenhouse gases in the atmosphere, 
such as the halocarbons and other chlorine and bromine 
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containing substances, dealt with under the Montreal 
Protocol.  

Homogenized data Data that is free of variations due to non-climatic factors. 

Mann-Kendall test A nonparametric test for randomness against trend. 

Maximum Gust Speed The speed of motion of air in km/h, usually observed at 10 
meters above the ground. It represents the maximum 
instantaneous speed. 

Mean temperatures Mean near-surface air temperature for a specified time 
period (daily, monthly, seasonal and/or annual). Air 
temperature is generally measured or modeled at 1 to 2 
meters above ground. 

Member The results from a climate model simulation that uses 
certain initial conditions is referred to as one member 
experiment. Global climate models are often run multiple 
times with varying initial conditions and the results from 
these models are then recognized as different member 
experiments.  

Negative covariance Indicates that higher than average values of one variable 
tend to be paired with lower than average values of the 
other variable. 

Normals The average or mean of a climatic parameter over a specific 
time period. A period of 30 years is commonly used. 

Positive covariance Indicates that higher than average values of one variable 
tend to be paired with higher than average values of the 
other variable. 

Precipitation Refers to total precipitation, or the sum of all the different 
precipitation types (i.e. rain, snow, ice pellets, drizzle, etc.). 

Projection A potential future evolution of a quantity or set of 
quantities, often computed with the aid of a model. 
Projections are distinguished from predictions to emphasize 
that projections involve assumptions concerning, for 
example, future socio-economic and technological 
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developments that may or may not be realized, and are 
therefore subject to substantial uncertainty. 

Runoff In the context of a Global Climate Model’s output, runoff is 
the portion of surface water from precipitation that remains 
after loses due to evapotranspiration which returns to 
bodies of water through surface runoff and sub-surface 
flow. 

Scenario A plausible and often simplified description of how the 
future may develop, based on a coherent and internally 
consistent set of assumptions about driving forces and key 
relationships. Scenarios may be derived from projections, 
but are often based on additional information from other 
sources, sometimes combined with a narrative storyline. 

Snow Water Equivalent The equivalent amount of water available from 
precipitation falling as snow. Usually reported in 
millimeters (mm). 

Statistical significance A fixed probability of wrongly rejecting the null hypothesis 
of a statistical hypothesis test if it is in fact true. 

Streamflow Water flow within a river channel, expressed as volume per 
unit time, e.g. in m3/s. A synonym for river discharge. 

Wind speed The speed of motion of air, usually observed at 10m above 
the ground. It represents the average speed during the two-
minute period ending at the time of observation. 

Wind direction The direction from which the wind is blowing with respect 
to north (360 degrees on the compass). For example, an 
easterly wind is blowing from the east, not toward the east. 
It represents the average direction during the two minute 
period ending at the time of observation and is expressed as 
one of the 16 points of the compass (N, NE, WNW, etc.). 

Z-statistic value A quantity calculated from a sample of data, whose value is 
used to decide whether or not a null hypothesis should be 
rejected in a particular hypothesis test. 

  



Lake Winnipeg Watershed Hydroclimatic Study 

44 
 

6.0 REFERENCES 
 
A National Ecological Framework for Canada: Attribute Data. Marshall, I.B., Schut, 

P.H., and Ballard, M., 1999. Agriculture and Agri-Food Canada, Research 
Branch, Centre for Land and Biological Resources Research, and Environment 
Canada, State of the Environment Directorate, Ecozone Analysis Branch, 
Ottawa/Hull. 

Burn, D. H., & Hesch, N. M., 2007. Trends in evaporation for the Canadian Prairies. 
Journal of Hydrology, 336(1): 61-73. 

Caya, D., and R. Laprise, 1999. A Semi-Implicit Semi-Lagrangian Regional Climate 
Model: The Canadian RCM, Monthly Weather Review, 127(3): 341-362.  

 
Chen, J., F.P. Brisette, D. Chaumont, and M. Braun, 2013. Finding appropriate bias 

correction methods in downscaling precipitation for hydrologic impact studies 
over North America. Water Resources Research, 49(7): 4187-4205. 

 
de Elía, R., and H. Côté, 2010. Climate and climate change sensitivity to model 

configuration in the Canadian RCM over North America. Meteorologische 
Zeitschrift, 19(4): 325-339. 

 
Donat, M. G., et al., 2013. Updated analyses of temperature and precipitation extreme 

indices since the beginning of the twentieth century: The HadEX2 dataset, 
Journal of Geophysical Research: Atmospheres, 118(5): 2098-2118. 

 
Environment Canada, 2014. Calculation of the 1981 to 2010 Climate Normals for 

Canada. 
http://climate.weather.gc.ca/climate_normals/normals_documentation_e.html?d
ocID=1981. Accessed June 24th, 2014. 

 
Frigon, A., B. Music, and M. Slivitzky, 2010. Sensitivity of runoff and projected 

changes in runoff over Quebec to the update interval of lateral boundary 
conditions in the Canadian RCM. Meteorologische Zeitschrift, 19(3): 225-236. 

 
Gauvin St-Denis, B., 2013. Personal communication via email to M. Gervais (Manitoba 

Hydro) on July 26, 2013. 
 
Hutchinson, M.F., D.W. McKenney, K. Lawrence, J.H Pedlar, R.F. Hopkinson, E. 

Milewska, and P. Papadopol, 2009. Development and Testing of Canada-Wide 
Interpolated Spatial Models of Daily Minimum-Maximum Temperature and 
Precipitation for 1961-2003. Journal of Applied Meteorology and Climatology, 
48(4): 725-741. 

 



Lake Winnipeg Watershed Hydroclimatic Study 

45 
 

IPCC, 2013. Climate Change 2013: The Physical Science Basis. Working Group I 
contribution to the IPCC 5th Assessment Report. June 7, 2013. 

 
IPCC SREX, 2012. Managing the Risks of Extreme Events and Disasters to Advance 

Climate Change Adaptation. A Special Report of Working Groups I and II of the 
Intergovernmental Panel on Climate Change [Field, C.B., V. Barros, T.F. Stocker, 
D. Qin, D.J. Dokken, K.L. Ebi, M.D. Mastrandrea, K.J. Mach, G.-K. Plattner, 
S.K. Allen, M. Tignor, and P.M. Midgley (eds.)]. Cambridge University Press, 
Cambridge, UK, and New York, NY, USA, 582 pp. 

 
Klein Tank, A. M.G., Zwiers, F. W. and Zhang, X, 2009. Guidelines on Analysis of 

extremes in a changing climate in support of informed decisions for adaptation. 
Climate Data and Monitoring WCDMP-No. 72, WMO-TD No. 1500, 56 pp. 

 
Lenters, J. D., J. B. Anderton, P. Blanken, C. Spence, and A. E. Suyker, 2013. Assessing 

the Impacts of Climate Variability and Change on Great Lakes Evaporation. In: 
2011 Project Reports. [D. Brown, D. Bidwell, and L. Briley,( eds.)] Available 
from the Great Lakes Integrated Sciences and Assessments (GLISA) Center: 
http://glisaclimate.org/media/GLISA_Lake_Evaporation.pdf 

 
Mekis, É., and L.A. Vincent, 2011. An overview of the second generation adjusted 

daily precipitation dataset for trend analysis in Canada. Canadian 
Meteorological and Oceanographic Society: Atmosphere-Ocean, 49(2): 163-
177. 

Morton, F.I., 1983. Operational Estimates of Lake Evaporation. Journal of Hydrology, 
66(1-4): 77-100. 

Mpelasoka, F., and F. H. S. Chiew, 2009. Influence of Rainfall Scenario Construction 
Methods on Runoff Projections. Journal Hydrometeorology, 10(5): 1168-1183. 

 
Music B. and D. Caya, 2007. Evaluation of the Hydrological Cycle over the Mississippi 

River Basin as simulated by the Canadian Regional Climate Model (CRCM). 
Journal Hydrometeorology, 8(5): 969-988. DOI: 10.1175/JHM627.1. 

 
Nakicenovic, N. et al., 2000. Special Report on Emissions Scenarios: A Special Report 

of Working Group III of the Intergovernmental Panel on Climate Change, 
Cambridge University Press, Cambridge, U.K., 599pp. 

 
Oke, T.R., 1987. Boundary Layer Climates. 2nd edition. Routledge, New York, N.Y., 

435pp. 
 
Phillips, D.W., 1990. The Climates of Canada. Ottawa: Minister of Supply and Services 

Canada, 176pp. 
 



Lake Winnipeg Watershed Hydroclimatic Study 

46 
 

Raupach, M.R. and J. G. Canadell, 2010. Carbon and the Anthropocene. Current Opinion 
in Environmental Sustainability, 2: 210-218. 

 
Sen, P. K., 1968. Estimates of the Regression Coefficient Based on Kendall's Tau. 

Journal of the American Statistical Association, 63(324): 1379-1389. 
 
Schertzer, W.M., 1997. Freshwater Lakes. In The Surface Climates of Canada [Bailey, 

W.G., Oke, T.R., and W.R. Rouse (eds)]. McGill-Queens University Press, 
Montreal. 369pp.  

 
Smith, R.E., H. Veldhuis, G.F. Mills, R.G. Eilers, W.R. Fraser,  and G.W. Lelyk, 1998. 

Terrestrial Ecozones, Ecoregions and Ecodistricts an Ecological Stratification of 
Manitoba's Landscapes, Technical Bulletin 98-9E. Land Resources Unit, 
Brandon Research Centre, Research Branch, Agriculture and Agri-Food 
Canada, Winnipeg, Manitoba. 

 
van Vuuren et al., 2011. The Representative Concentration Pathways: An Overview. 

Climatic Change, 109 (1-2): 5-31. 
 
Vincent, L.A., X.L. Wang, E.J. Milewska, H. Wan, F. Yang and V. Swail, 2012. A 

Second Generation of Homogenized Canadian Monthly Surface Air Temperature 
for Climate Trend Analysis. Journal of Geophysical Research, 117(18): 1-13. 

 
Wan, H., X.L. Wang, V.R. Swail, 2009. Homogenization and Trend Analysis of 

Canadian near-surface Wind Speeds. Journal of Climate, 23(5): 1209-1225. 
 
Wan, H., 2009. Personal communication via email to N. Nytepchuk (Manitoba Hydro) on 

December 1, 2009. 
 
Wang. X.L., and V.R. Swail, 2001.  Changes of Extreme Wave Heights in Northern 

Hemisphere Oceans and Related Atmospheric Circulation Regimes. Journal of 
Climate, 14(10): 2204-2221. 

 
Watanabe, S., S. Kanae, S. Seto, P. J.-F. Yeh, Y. Hirabayashi and T. Oki, 2012. 

Intercomparison of bias-correction methods for monthly temperature and 
precipitation simulated by multiple climate models. Journal of Geophysical 
Research: Atmospheres, 117(23): 1-13. 

 
Wilke, R. A. I., T. Mendlik, and A. Gobiet, 2013. Multi-variable error correction of 

regional climate models. Climatic Change, 120(4): 871-887. 
 
Zhang, X., L.A. Vincent, W.D. Hogg, and A. Niitsoo, 2000. Temperature and 

Precipitation Trends in Canada during the 20th Century. Atmosphere-Ocean, 
38(3): 395-429. 

 
  



Lake Winnipeg Watershed Hydroclimatic Study 

47 
 

APPENDIX A – ABBREVIATIONS 
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AR5........................... IPCC’s Fifth Assessment Report 

Avg .............................Average 

CDF............................Cumulative Distribution Function 

CMIP5....................... Coupled Model Intercomparison Project Phrase 5 

CRCM....................... Canadian Regional Climate Model 

ºC  ...............................Degrees Celsius 

ºC/dec .........................Degrees Celsius per Decade 

Extr. ............................Extreme 

GCM ..........................Global Climate Model  

GHG ...........................Greenhouse gas 

IPCC ...........................Intergovernmental Panel on Climate Change 

km/h ...........................Kilometers per Hour 

km/h/dec. ....................Kilometers per Hour per Decade 

m ................................meters 

Max. ...........................Maximum 

Min. ............................Minimum 

mm .............................Millimeters 

mm/yr/dec. .................Millimeters per year, per decade 

NA ..............................Not available 

NRCan...................... Natural Resources Canada 

Precip .........................Precipitation 

RCP 

Sta. .............................Station 

SW..............................South West 

W ................................West 

WMO .........................World Meteorological Organization 

Zstat............................Z-statistic 
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APPENDIX B –GCM SCATTER PLOTS 
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