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OBSERVED TRENDS IN THE WINTER THERMAL CLIMATE OF THE CANADIAN PRAIRIE

PROVINCES, 1970-2005

Hastings, K.1, Blair, D.1, & Babb, J.2
1 Dept. of Geography, University of Winnipeg, 2 Dept. of Mathematics & Statistics, University of Winnipeg

Background Study Area

ResultsMethodology

Mean winter (December-January-February; DJF) maximum

(DJFMAX) and minimum (DJFMIN) temperatures were

calculated from raw daily values, and daily mean

temperatures were used to calculate heating degree days

below 0°C (DJFHDD-0), at 51 climate stations across the

prairie provinces.  Locations were chosen to produce a

relatively representative geographic distribution (high-

altitude Alberta stations were excluded), and stations were

required to have at least 30 years of winter data during the

36-year study period (1970-2005).  Station-winters with

more than 16 days of missing daily data were excluded;

98.0% of the 1,836 (i.e., 51 x 36) possible station-winters

had suitable data.   In station-winters with 16 or fewer

missing daily mean temperatures, DJFHDD-0 was pro-rated

to the number of days in the winter; this was required in only

6.7% of the station-winters.

Linear regression analysis was applied to each of the

DJFMAX, DJFMIN and DJFHDD-0 time series to determine

the slopes of the best-fit lines; these slopes are reported as

linear rates of change per decade.  The statistical

significance of the best-fit lines was assessed using a
significance level of ! = 0.05. Furthermore, for each station,

we calculated the correlation coefficient (r) between

DJFHDD-0 and the number of winter days with minimum

temperatures below -30°C (DJFMIN-30); for simplicity, the

number of days with minimum temperatures below -30°C

was pro-rated in station-winters with missing data.  Winters

are identified using the January-February year number; that

is, the winter identified as 2005 consists of December 2004,

January 2005 and February 2005.

References & Notes

Best-fit slope = -301.4 heating degree days per century

Significance = 0.027

1 A rborg

2 B eechy

3 B inscarth

4 Brandon CDA

5 Butte St. Pierre

6 Calgary International A

7 C amrose

8 Churchill A

9 Cold Lake A

10 Edmonton

11 Empress

12 Estevan A

13 Flin Flon

27 La Ronge A

28 Lethbridge A

29 Lynn Lake A

30 Medicine Hat

31 North Battleford A

32 Outlook PFRA

33 Peace River A

34 Pierson

35 Pilger

36 Pinawa WNRE

37 Plum Coulee

38 Prince Albert A

39 Red Deer A

14 Fort Chipewyan A

15 Fort McMurray

16 Fort Saskatchewan

17 Gilbert Plains

18 Gillam A

19 Grand Rapids Hydro

20 Grande Prairie

21 High Level A

22 High River

23 Hodgson 2

24 Indian Head CDA

25 Island Lake A

26 Kelliher

40 Regina A

41 Saskatoon A

42 Calmar

43 Sprague

44 Swift Current CDA

45 Thompson A

46 Waseca

47 Weyburn

48 Winfield

49 Winnipeg International A

50 Yellow Grass

51 Yorkton A
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Figure 2: Rate of Change of Mean Winter Maximum Temperature at Select Prairie Stations, 1970-2005

Figure 3: Rate of Change of Mean Winter Minimum Temperature at Select Prairie Stations, 1970-2005

Figure 4: Rate of Change of Mean Winter Degree Days Below 0°C at Select Prairie Stations, 1970-2005
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Rate of Change
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Not Significant

Rate of Change
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1.24 to 1.34
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Not Significant

Rate of Change
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Not Significant

Figure 8: Frequency Distribution of Correlation Between Heating                         Degree Days
Below 0°C and Days With Minimum < -30°C

Figure 5: Frequency Distribution of Rates of Change of Mean                          Winter Maximum

Temperature

Figure 6: Frequency Distribution of Rates of Change of Mean                           Winter Minimum

Temperature

Figure 7: Frequency Distribution of Rates of Change of Mean                           Winter Heating

Degree Days Below 0°C

Many of the 51 stations were found to have warmed

significantly (at ! = 0.05) over the 36-year study period.

Significant positive (warming) trends in DJFMAX and

DJFMIN were found at 31 (61%) and 22 (43%) of the

stations, respectively (Figures 2 & 3).  Significant negative

(warming) trends in DJFHDD-0 were found at 24 (47%) of

the stations (Figure 4).  Only one of the stations (High

River, Alberta) was found to have trends indicative of

cooling, but these trends were not statistically significant.

For all 51 stations, the DJFMAX rates of change ranged

from     -0.16 to 1.25, with a mean of 0.88°C per decade

(Figure 5); the DJFMIN rates of change ranged from   -

0.33 to 1.34, with a mean of 0.85°C per decade (Figure 6);

and the DJFHDD-0 rates of change ranged from -106.28

to 24.27, with a mean of -77.49 heating degree days per

decade (Figure 7).  Strong positive correlations were

found to exist between DJFHDD-0 and DJFMIN-30; these

ranged from r = 0.74 to            r = 0.96,  with a mean of r =

0.87 (Figure 8).

Discussion

The frequency of very cold winter days (with minimums

below -30°C) has declined (results not shown) and was

found to be highly correlated to the decreasing

accumulations of heating degree days. Given the

relatively short period of study, and the large amount of

inter-annual variation in the climate of the region, it was

not surprising to find that many of the observed trends

were not statistically significant.  Neither was it surprising

to find that the rates of change in the mean maximum and

minimum temperatures were found to be, on average,

much greater than comparable global rates of change for

the same period.  Indeed, on average, the stations

warmed at a rate about 4 times the global average. The

spatial pattern of warming across the region is rather

varied.  However, it does appear that the parkland region

warmed most significantly.  Interestingly, Churchill, MB,

was not found to have a significant warming trend, even

though it is often used as an example of a place

experiencing considerable climate change. However, one

must keep in mind that climate change is a long-term

process, not well represented by just a few decades of

data.  If we examine the winter temperature record for

Churchill over the 60-year period of 1946-2005 we do see

significant warming (Figure 9).
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Figure 1: Study Area

Best-fit slope = 2.9 °C per century

p = 0.048

Best-fit slope = 3.6 °C per century

p = 0.021

Figure 9: Churchill Mean Winter Maximum and Minimum Temperatures,

1946-2005

Winter across the prairie provinces has clearly warmed

over the last few decades.  Many of the 51 stations

studied had significant rates of warming during 1970-

2005, with increasing maximum and minimum

temperatures, and decreasing accumulations of heating

degree days.  Only one of the 51 stations had any trends

indicative of cooling; these trends were not statistically

significant.

There is a very convincing body of evidence showing that

the global climate is undergoing a period of warming that

is, to a large degree, a result of enhanced radiative forcing

produced by human activities1,2.  Indeed, the global

climate warmed by ~0.6°C during the 20th century, with

substantial variation in the rate of change throughout this

period.  The last three and a half decades have exhibited

an especially rapid rate of warming, at ~0.17°C/decade

and ~0.19°C/decade in January3.  Global Climate Models

clearly indicate that this rate of warming is indicative of the

global warming projected for the remainder of the 21st

century.  Of concern to a wide variety of stakeholders is

the expectation that the Canadian prairie provinces will

warm at a rate greater than the global average, especially

in the winter.  To compare recent climate change in the

prairies with that observed for the globe as a whole, we

here assess the observed rates of change in the winter

thermal climate at climate stations in the three prairie

provinces.

(1) Climate Change 2001. Third Assessment Report of the

Intergovernmental Panel on Climate Change IPCC (WG I

& II) (Cambridge Univ. Press, Cambridge, 2001); (2)

Barnett, T. et al.. Penetration of human-induced warming

into the world’s oceans. Science 309(5732), 284-287

(2004); (3) For 1970-2004, the global surface (land &

ocean) temperature increased at the rate of

0.173°C/decade; the January temperature (1970-2005)

increased at the rate of 0.189°C/decade; data available

from NOAA/NCDC at www.ncdc.noaa.gov.
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Winter Roads East of Lake Winnipeg
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Cumulative Temperature Chart

(Daily Temperatures taken at Berens River)
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Bad Season Due to Weather Issues

THIS IN TURN CAUSED THE ICE TO MOVE UPWARD CREATING CRACKS (UNSTABLE ICE)

This occurred in the Years of 2001/2002 ant 2002/2003

• Warm November

• High Water Levels

• Heavy Snowfall



What IfWhat If……

The Importance of Winter RoadsThe Importance of Winter Roads







Airships,

               How could they help…..



Potential Airship Operational Sites



What is Being Done to Improve theWhat is Being Done to Improve the

Situation ?Situation ?







What We Are Doing &What We Are Doing &

What Else Can Be DoneWhat Else Can Be Done

Build Build MeccanoMeccano or Acrow bridges instead of Ice bridges or Acrow bridges instead of Ice bridges



Stream CrossingStream Crossing







Proposed Cochrane River – Acrow Bridge Site

February 2001                    

Temp - Minus 30oC

Winter Road

Alignment



Proposed Acrow Bridge Site at Gods River



Cochrane River
Acrow Bridge



Hayes River Acrow Bridge



Gods River Acrow Bridge



Approvals, Permits & LicensesApprovals, Permits & Licenses

!!EnvironmentalEnvironmental

!!DFODFO

!!ConservationConservation

!!Navigable WatersNavigable Waters

!!TLETLE

!!BCRBCR

!!Local Land UseLocal Land Use



Environmental Approval Timeline
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Negative MeasuresNegative Measures

"" Approval ProcessApproval Process

"" Political HoldbacksPolitical Holdbacks

"" Delayed TimelinesDelayed Timelines

"" How do we over come the Negatives?How do we over come the Negatives?



Positive MeasuresPositive Measures

"" Improved Transportation Routes to RemoteImproved Transportation Routes to Remote

CommunitiesCommunities

"" Potential All Weather Based Land RoutesPotential All Weather Based Land Routes

"" BridgesBridges

"" AirshipsAirships









The EndThe End

Questions ?


