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Executive Summary 

Climate affects many aspects of communities including tourism, forestry, energy and 

infrastructure. Communities have the capacity to adapt to climate change by considering climate in 

official community plans and sustainability plans. In order to consider climate in planning, the local 

climate must be well documented including recent conditions, past changes, and projected changes in 

future climate. 

This analytical summary was developed in order to assist the Columbia Basin Adaptation 

Initiative, a pilot adaptation project focused on Kimberley and Elkford. The summary provides historical 

climate trends and future climate projections only. It is not a full assessment of future impacts and has not 

been informed by local feedback as to the factors important to climate change adaptation. The summary 

consists almost entirely of figures and tables, with limited notes to guide interpretation. The interpretation 

of what the climate information presented here means to community adaptation is outside of the scope of 

this document.  

 Past climate consists of components at three scales which are superimposed: year-to-year 

variability, decadal oscillations, and long term trends. In the South-East Kootenays, year to year 

variability is heavily influenced by year-to-year conditions in the tropical Pacific Ocean. For example, an 

El Nino winter can be up to 6°C warmer than an average year, and conversely La Nina years are colder 

than normal (ENSO variability). The Pacific Decadal Oscillation (PDO) adds an additional influence of 

1°C to 2°C warmer or colder than usual on ~20 year cycles.  

 Historical temperatures have been increasing. In particular, the rate of increase in night-time low 

temperatures in the area is 0.1°C to 0.3°C per decade. This trend is not as steep as those in the nearby 

West Kootenays. Also, the rate of temperature increase over the last century has been accelerating in most 

of the Province, but has been quite constant in this area. Future temperatures are projected to increase 

more rapidly than this past trend. Annual average temperature is projected to be 1.9°C to 3.0°C warmer 

by the 2050s for the Canadian Columbia Basin as a whole, with local changes similar to this regional 

average. 

 Precipitation is more complex than temperature in terms of ENSO and PDO variability, future 

projections, as well as regional and seasonal differences. For example, both ENSO and PDO can 

influence precipitation by up to 20% but the effect varies depending on the season and can differ 

considerably over distances such as from Kimberly to Elkford. Future precipitation is projected to 

increase by 1% to 13% in winter and to decrease by -4% to -10% in summer for the Canadian Columbia 

Basin as a whole, with local differences as large as 15% over distances as small as Kimberley to Elkford. 

 Analysis of historical streamflow trends provides evidence that the peak flow at several locations 

shifted to earlier in the spring: from May/June to April/May during the period 1950-1995. Future 

streamflow projections ARE YET TO BE ADDED.   

Additional future impacts projections include reduced snowpack and increased growing degree 

days across the Basin. Finally, impacts of climate change on tree species suitability indicates improved 

growing conditions for Douglas fir and reduced suitability for spruce. 
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Summary of Results 

Kimberley  
Variable Historical 

climatology 

(1961-1990)* 

Historical 

climatology 

(1980-2002) 

Past trend Future projection 

(2050s)  ̂

Temperature ï 

annual mean 

5.0°C 

 

 

5.4°C +1.0°C to +3.0°C 

per century 

7.6°C to 8.6°C 

(+2°C to +3°C 

warming) 

Precipitation ï 

annual total 

463 mm 450 mm +20% to +40% per 

century 

+3% to +10% 

increase 

Precipitation ï 

winter 

   +1% to +13% 

increase 

Precipitation ï 

summer 

   -4% to -10% 

decrease 

Snow n/a 251 cm (snowfall) n/a -15% to 0%
#
 

(snowpack) 

Streamflow To be added To be added Shift of peak from 

May/June to 

April/May (1950-

1995) 

(From CIG) 

* Based on Cranbrook 1961-1990 and difference between Cranbrook and Kimberley 1980-2002 climatologies 

^Ranges based on 25
th
 and 75

th
 percentiles of projections from 30 GCM results unless otherwise noted 

#
 Range for surrounding area based on single regional climate model projection 

 

Elkford  
Variable Historical 

climatology 

(1961-1990)* 

Historical 

climatology 

(1980-2002) 

Past trend Future projection 

(2050s) ^ 

Temperature ï 

annual mean 

4.1°C 4.5°C +1.0°C to +3.0°C 

per century 

 (+2°C to +3°C 

warming) 

Precipitation ï 

annual total 

582 mm 596 mm +10% to +20% per 

century 

+3% to +10% 

increase 

Precipitation ï 

winter 

   +1% to +13% 

increase 

Precipitation ï 

summer 

   -4% to -10% 

decrease 

Snow n/a 251 cm (snowfall) n/a -15% to 0%
#
 

(snowpack) 

Streamflow To be added To be added Shift of peak from 

May/June to 

April/May (1950-

1995) 

 (From CIG) 

* Based on Cranbrook 1961-1990 and difference between Cranbrook and Elkford 1980-2002 climatologies 

^Ranges based on 25
th
 and 75

th
 percentiles of projections from 30 GCM results unless otherwise noted 

#
 Range for surrounding area based on single regional climate model projection 
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Introduction 

Communities are generally adapted to some of the past variability in climate, but these future 

changes will result in climates during this century unlike those experienced for thousands of years
i
. Most 

importantly, an assessment is needed of how communities are vulnerable to some of the possible 

secondary impacts of these changes in temperature and precipitation, in order to prioritize further 

analysis. For example, what future projections of impacts are needed in order to understand possible 

effects of climate change on water supply, storm water management, landslide risk, and flood risk? How 

can these variables and changes to extreme events be expressed in terms that can be used for community 

planning? 

The objective of this analytical summary is to provide historical changes in hydro-climatology 

and projections for the future for the Canadian Columbia River Basin, with a focus on the areas 

surrounding Kimberley and Elkford. This information provides a foundation in order to inform adaptation 

planning. Maps and tables provided in this summary can be used in workshops and meetings to 

communicate climate impacts on climate and water to engineers, planners, and community members. 

Only a brief summary of results is provided; further interpretation of what the analysis means can be 

derived in the context of community adaptation.  

Further details regarding methodology, caveats, and interpretation may be found in a 

comprehensive overview of historical and future climate conducted by the Pacific Climate Impacts 

Consortium report in 2007 with the support of BC Hydro and BC Ministry of Environment
i
. Much of the 

maps and analysis presented here is a presentation of those results focused on the Canadian Columbia 

Basin. Some additional analysis has been completed on local stations. 

The report consists of two main sections. In the first, historical climate, the baseline climatology 

over the region as depicted by the Parameter-elevation Regressions on Independent Slopes Model 

(PRISM) dataset is presented in addition to the baseline climatology as calculated from an observational 

station in each region. Trends are also presented using the CANGRID dataset and for each of three 

stations from the Adjusted Historical Canadian Climate Dataset (AHCCD). Seasonal and monthly ENSO 

and PDO climate variability are shown, also based on the CANGRID dataset. Analysis of streamflow 

trends was completed for several sites using data from the Water Survey of Canada. 

In the second section of the report, future projections for the 2041-2070 (2050s) period are shown 

for temperature, precipitation and snow water equivalent from the Canadian Regional Climate Model 

(CRCM).  Lastly, Global Climate Model (GCM) projections from 30 models, driven by two emission 

scenarios over the region are summarized in boxplots. 

 

  

                                                 
i
 Rodenhuis, D.R., Bennett, K.E., Werner, A.T., Murdock, T.Q., Bronaugh, D. 2007. Hydro-climatology and future climate 

impacts in British Columbia. Pacific Climate Impacts Consortium, University of Victoria, Victoria BC, 132 pp. 
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Summary of related IPCC findings 

 

IPCC's Technical Summary for Working Group II from the Fourth Assessment Report
ii
 (section 

TS.4.5) states that mountain ecosystems and water resources at mid-latitudes will be especially impacted 

by climate change. In particular, the following bullets cited directly from Sections TS.4.2, TS.4.4, Box 

TS.6 for North America, TS.5.2, and TS.5.3 are particularly relevant for the Columbia Basin adaptation 

initiative: 

Å Continued investment in adaptation in response to historical experience rather than projected 

future conditions is likely to increase vulnerability of many sectors to climate change [14.5]. 

Infrastructure development, with its long lead times and investments, would benefit from 

incorporating climate-change information. *** D [14.5.3, F14.3] 

Å Projected warming in the western mountains by the mid-21st century is very likely to cause large 

decreases in snowpack, earlier snow melt, more winter rain events, increased peak winter flows 

and flooding, and reduced summer flows. *** D [14.4.1]  

Å Reduced water supplies coupled with increases in demand are likely to exacerbate competition 

for over-allocated water resources. *** D [14.2.1, B14.2] 

Å Climate change in the first several decades of the 21st century is likely to increase forest 

production, but with high sensitivity to drought, storms, insects and other disturbances. ** D 

[14.4.2, 14.4.4] 

Å Moderate climate change in the early decades of the century is projected to increase aggregate 

yields of rain-fed agriculture by 5 to 20%, but with important variability among regions. Major 

challenges are projected for crops that are near the warmest of their suitable range or which 

depend on highly utilized water resources. ** D [14.4] 

Å By the second half of the 21st century, the greatest impacts on forests are likely to be through 

changing disturbances from pests, diseases and fire. Warmer summer temperatures are projected 

to extend the annual window of high fire risk by 10 to 30%, and increase area burned by 74 to 

118% in Canada by 2100. ** * D [14.4.4, B14.1] 

Å Impacts are very likely to increase due to increased frequencies and intensities of extreme 

weather events (see Table TS.5 in IPCC AR4 WG II Technical Summary). 

Å Adaptation measures are seldom undertaken in response to climate change alone.  

Å Sustainable development can reduce vulnerability to climate change. 

 

Notes: 

*** ï very high confidence 

 ** ï high confidence 

D ï further development of Third Assessment report finding 

[#]  ï section number of Working Group II Assessment for further details 

[F#] ï figure in Working Group II Assessment 

[B#] ï box in Working Group II Assessment 

  

                                                 
ii
 Parry, M.L., O.F. Canziani, J.P. Palutikof and Co-authors 2007: Technical Summary. Climate Change 2007: Impacts, 

Adaptation and Vulnerability. Contribution of Working Group II to the Fourth Assessment Report of the Intergovernmental Panel 

on Climate Change, M.L. Parry, O.F. Canziani, J.P. Palutikof, P.J. van der Linden and C.E. Hanson, Eds., Cambridge University 

Press, Cambridge, UK, 23-78. 
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Motivation 

 

This section is under consideration. The first figure is referred to throughout the report. The 

following figures will either be elaborated on or dropped. The point would be to explain the importance of 

considering historical trends and year-to-year (ENSO) as well as decadal (PDO) climate cycles ï all three 

of which are shown for the Basin in Section I. 
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I. HISTORICAL CLIMATE 

1. Regional Climatology 

Annual mean temperature and precipitation (1961-1990) climatology is provided with data from the 

Parameter-elevation Regressions on Independent Slopes Model (PRISM). PRISM interpolates station-

based measurements of monthly and annual temperature and precipitation to regularly spaced grid cells 

(Daly et al., 1994). Orographic effects are modelled by employing a digital elevation model (DEM) and 

regression techniques (Daly et al., 1994). Stations are weighted to account for local spatial variation in the 

climate resulting from elevation, orientation of terrain (and whether the terrain is interrupting flow), 

proximity to the coast, moisture availability, a two-layer atmosphere (to handle inversions), and 

topography (valley, midslope, ridge) (Daly, 2006). Complex climatic extremes, such as rain shadows, 

coastal effects, and temperature inversions, were modelled with the assistance of expert knowledge
iii
. 

Station data used to create PRISM in BC and the Yukon was provided by Environment Canada and the 

global historic climatology network (GHCN) (Simpson et al., 2005). 

                                                 
iii
 http://www.prism.oregonstate.edu/ 
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Figure 1-1-Baseline map of a) annual mean temperature and b) annual total precipitation for Columbia Basin (1961-1990) 

 
Interpretation of Figure 1-1: 

¶ See section 1 of http://pacificclimate.org/docs/publications/PCIC.ClimateOverview.pdf 

¶ These maps depict station data interpolated to high resolution based mainly on corrections to high 

resolution aspect and elevation. 

¶ They are useful for showing the high importance of complex topography to temperature and 

precipitation climatology, but should not be used in place of station data where it exists. 

¶ The 0°C isotherm on the temperature map indicates areas with annual average temperature less 

than 0°C. 

¶ These maps represent the 1961-1990 normals (depicted in blue in Figure X in the Introduction) 

 

 

Summary of results: 

¶ Annual average (1961-1990) air temperature ranged from 0°C to 8°C in the southern part of the 

Columbia Basin, from 2°C to 6°C in the areas surrounding Kimberley, and 0°C to 4°C near 

Elkford.  

¶ In the central and North part of the basin (in high elevation areas), the temperature ranged from 

0°C to -6°C. 

¶ Annual precipitation on the windward side of the Rocky Mountains ranged from 1000 mm/yr to 

over 2500 mm/yr. 

¶ Less precipitation occurred from Golden down through Kimberley and Cranbrook; from 250 

mm/yr to 1000 mm/yr.  

¶ Areas near Kimberley have precipitation from 500 mm/yr to 1000 mm/yr, and near Elkford from 

750 mm/yr to 1250 mm/yr. 

 

a) b)) 

http://pacificclimate.org/docs/publications/PCIC.ClimateOverview.pdf
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2. Climatology of Kimberley and Elkford  

Climate Data 

 

Figure 2-1- Reference Map 

 

Metadata 

Station Number Station Name Latitude Longitude Time period 

1152102 Cranbrook A 49.61 -115.783  1909-2007 

1157630 Sparwood 49.75 -114.88 1980-2002 

 

Station Climatology 

The tables below show the averages from 1961 to 1990 for the respective stations and variables. There are 

monthly, seasonal and annual averages. These data were obtained from the Adjusted Historical Climate 

Database for Canada (AHCCD):  http://www.cccma.bc.ec.gc.ca/hccd/data/access_data.shtml 

 
Cranbrook A 

1152102 

    

Jan 

    

Feb 

    

Mar  

    

Apr  

    

May 

    

Jun 

    

Jul 

    

Aug 

    

Sep 

    

Oct 

    

Nov 

    

Dec 

Maximum Temperature (
o
C) 

Mean -3.6 1.6 6.5 12.3 17.3 21.6 25.7 25.2 19.2 11.6 2.4 -3.1 

Std Dev 3.4 2.2 2.2 1.9 1.7 2.1 2.0 2.6 3.3 1.8 2.3 2.9 

Mean Temperature (
o
C) 

Mean -7.9 -3.5 1.1 6.1 10.8 15.0 18.2 17.6 12.0 5.7 -1.5 -7.0 

Std Dev 3.8 2.4 2.1 1.5 1.3 1.6 1.5 1.8 2.3 1.2 2.4 3.2 

Minimum Temperature  (
o
C) 

Mean -12.3 -8.5 -4.3 -0.1 4.3 8.3 10.7 10.0 4.9 -0.2 -5.4 -10.8 

Std Dev 4.3 2.8 2.1 1.1 1.1 1.3 1.2 1.2 1.4 1.1 2.5 3.6 

http://www.cccma.bc.ec.gc.ca/hccd/data/access_data.shtml
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Precipitation (mm) 

Mean 43 24 22 30 47 56 33 36 33 21 41 48 

Std Dev 23 13 12 16 26 32 19 22 25 13 23 29 

Coeff of Var 0.5 0.5 0.6 0.5 0.5 0.6 0.6 0.6 0.7 0.6 0.6 0.6 

Rain (mm) 

Mean 6 5 9 24 46 56 33 36 32 19 19 9 

Std Dev 7 7 7 16 26 32 19 22 23 12 14 8 

Coeff of Var 1.3 1.3 0.8 0.7 0.6 0.6 0.6 0.6 0.7 0.7 0.7 0.9 

Snow (cm) 

Mean 37 19 13 6 1 0 0 0 1 3 21 39 

Std Dev 22 13 10 5 1 0 0 0 4 4 15 28 

Coeff of Var 0.6 0.7 0.8 0.8 1.5 5.4 NA NA 3.1 1.4 0.7 0.7 

 

For the 1961 to 1990 period, temperatures were lowest in December and February. Minimum 

temperatures were below zero, on average, from October to April. Average maximum temperatures were 

greatest in July and August. The highest precipitation amount was received in June, with high amount 

also occurring from November to January (inclusive). However, the majority of the precipitation fell as 

snow during November to January. 

 
Cranbrook 1152102  Annual Winter   Spring  Summer Autumn 

Maximum Temperature(
o
C) Mean 11.4 -1.6 12.0 24.2 11.0 

Std Dev 0.8 1.7 1.3 1.3 1.9 

Mean Temperature (
o
C) Mean 5.6 -6.1 6.0 16.9 5.4 

Std Dev 0.6 2.0 1.1 0.9 1.5 

Minimum Temperature  (
o
C) Mean -0.3 -10.5 -0.1 9.7 -0.2 

Std Dev 0.6 2.3 1.0 0.7 1.2 

Precipitation (mm)  Mean 436 117 98 125 96 

Std Dev 69 48 27 42 31 

Coeff of Var 0.2 0.4 0.3 0.3 0.3 

Rain (mm) Mean 296 20 78 125 71 

Std Dev 56 15 29 42 24 

Coeff of Var 0.2 0.8 0.4 0.3 0.3 

Snow (cm) Mean 140 96 20 0 26 

Std Dev 47 44 11 0 15 

Coeff of Var 0.3 0.5 0.5 5.4 0.6 

 

Seasonally, minimum temperatures were below zero for all seasons except summer. Maximum 

temperatures were below zero in winter. Spring and autumn had similar minimum, maximum and mean 

temperatures on average. The greatest amount of precipitation was received in summer as rain. Roughly 

80% of the precipitation fell as snow during the winter. Some snow was also received in spring and 

autumn although inputs from rain were roughly 3 to 4 times as much those received via snow. 

Cranbrook, Sparwood and Marysville Comparison 

The Sparwood climate station only had data from 1980-2002, therefore the 1961-1990 baseline 

climatology could not be calculated. Due to the relatively short time period, trends could not be reliably 

analyzed. To infer how Sparwood may have been affected by climate change in the past from the results 

of the trend analysis at Cranbrook, data from Sparwood and Cranbrook (which has a longer data record) 

have been plotted together over the years they overlap, 1980 to 2002. Data from the Marysvilleôs climate 

station was also included in this comparison to test the relationship between the other stations and this 

station, which is right in Kimberley. This difference can then be used in conjunction with the 1961-1990 

baseline at Cranbrook to estimate 1961-1990 climatologies for Sparwood and Marysville. 
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Figure 2-2- Monthly Mean Temperature comparison bar graph for Cranbrook, Sparwood, and Marysville. 

 

Cranbrook temperatures were consistently higher than Sparwood. The differences between stations were 

larger in the summer months, than the winter. Marysville showed similar temperatures and ranges to 

Cranbrook throughout the year.  

Mean temperatures had a difference of 1.6°C for Cranbrook and Sparwood, on average during the 1980-

2002 period. Night-time low (minimum) temperatures differed by 1.8°C and day-time high (maximum) 

temperatures by 1.5°C (see Figures 2-3 and 2-4 below). 
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Figure 2-3 Monthly Minimum Temperature comparison bar graph for Cranbrook, Sparwood, and Marysville. 
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Figure 2-4 Monthly Maximum Temperature comparison bar graph for Cranbrook, Sparwood, and Marysville. 
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Figure 2-5 Monthly Precipitation comparison bar graph for Cranbrook, Sparwood, and Marysville. 

 
In general, precipitation is higher at Sparwood than Cranbrook, for most months. Marysville has les 

precipitation than Cranbrook especially in September and October. The mean difference in precipitation 

was 15 mm/month over the 1980 to 2002 period for Cranbrook and Sparwood.  

 

Figure 2-6 shows that rainfall was more variable; Cranbrook had greater rainfall than Sparwood in some 

months. However, annually Sparwood had more rainfall with a mean difference of 8 mm/month over the 

1980 to 2002 period. Marysville had slightly less rainfall than Cranbrook. 

 

Snowfall is compared in Figure 2-7. Sparwood had more snowfall than Cranbrook; the mean difference 

was 18 cm/month. Marysville had more snowfall than Cranbrook.  

 

Annual comparisons are provided in Figures 2-11 through 2-13.  
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Figure 2-6 Monthly  Rain comparison bar graph for Cranbrook, Sparwood, and Marysville. 
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Figure 2-7 Monthly Mean Temperature comparison bar graph for Cranbrook, Sparwood, and Marysville. 
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Figure 2-8-Annual Mean Temperature 1980-2002. 
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Figure 2-9-Annual Minimum Temperature 1980-2002. 
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Figure 2-10- Annual Maximum Temperature 1980-2002. 
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Figure 2-11- Annual total precipitation for Cranbrook , Sparwood and Marysville during 1980-2002. 
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Figure 2-12 ïAnnual total rain for Cranbrook, Sparwood, and Marysville during 1980-2002. 
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Figure 2-13 Annual total snow for  Cranbrook, Sparwood and Marysville during 1980-2002. 

NOTE: this is cm not mm as the legend indicates 
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3. Trends 

3.1. Regional Trends 

All of the maps in this section show seasonal and annual trends in mean, minimum and maximum 

temperatures and precipitation based on the CANGRID, gridded dataset (~50 km resolution). Trends are 

computed based on the 1900 to 2004 period, calculated as changes in °C (temperatures) and % of 1961-

1990 baseline (precipitation) per century. Black solid circles represent significantly significant results 

(95% confidence level). Trends were analyzed using an iterative approach to pre-whitening and testing 

for trend (Zhang, 2001). The magnitude of the trend was computed with the Theil-Sen method and 

significance was assessed with the Mann-Kendall test. 

 

Interpretation of maps in this section: 

¶ See section 2 of http://pacificclimate.org/docs/publications/PCIC.ClimateOverview.pdf 

¶ These maps depict station data interpolated to 50 km gridded resolution. At such resolution, given 

the low density of stations, considerable spatial smoothing can occur. 

¶ The maps are useful for showing the regional differences in past trends, but should not be taken to 

represent the trends at all points within the grid boxes. In particular, the gridded trends should not 

be used in place of station data where it exists. 

¶ Trends are represented by the red line in Figure X in the Introduction. 

 

http://pacificclimate.org/docs/publications/PCIC.ClimateOverview.pdf
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Figure 3-1- 1900-2004 Annual Temperature and Precipitation trends for Canadian Columbia Basin a) minimum 

temperature, b) mean temperature, c) maximum temperature and d) precipitation. 

 

Summary of results: 

Trends for the region are 1.0°C to 2.0°C per century for mean annual temperatures. Warming took place 

more quickly in the southwest area of the Basin, and more rapidly for night-time lows (minimum) than 

day-time highs (maximum). Annual precipitation increased over the region, from 0% and 40% per 

century. Some of the largest increases were near Kimberley. 

a) b) c) d) 
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Figure 3-2-1900-2004 Seasonal Mean Temperature trends for Canadian Columbia Basin a) winter, b) spring, c) summer 

and d) fall  

 

Summary of results: 

Trends range from 1.5°C to 2.5°C per century for most of the region in winter, more in the western 

portion of the Basin. Spring and summer warming was greatest in the south. During fall, less warming 

occurred than other seasons, and in many locations warming trends were not significant. 

a) b) 

c) d) 
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Figure 3-3- 1900-2004 Seasonal Minimum Temperature trends for Canadian Columbia Basin a) winter , b) spring , c) 

summer and d) fall  

 

Summary of results:  

The greatest night-time low (minimum) temperature increases took place in winter with significant trends 

of 2.5°C to 3.0°C per century for most of the region. As for mean temperature, more night-time low 

warming took place in the western portion of the Basin in winter, in the south in summer, and warming 

trends were smaller in fall than other seasons. 

a) b) 

c) d) 


