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EXECUTIVE SUMMARY 

As part of its climate change adaptation strategy, BC Hydro is working to understand how 
climate change has affected the water supply and what we can expect in the future. BC 
Hydro conducted studies to investigate historical trends of climate change on reservoir 
inflows and collaborated with the Pacific Climate Impacts Consortium to analyze historical 
trends in temperature and precipitation and snowpack. Through the partnership with the 
Pacific Climate Impacts Consortium, BC Hydro studied future trends of climate change in 
BC Hydro managed regions, including the Peace region. The results of the collaboration 
with the Pacific Climate Impacts Consortium are summarized in four reports that can be 
found on the Pacific Climate Impacts Consortium website. The objectives of this report are 
to (1) summarize the results of the analysis of historical trends in climate and reservoir 
inflows and (2) to summarize future projections of climate and streamflow in the Peace 
region.  

This document uses the Intergovernmental Panel on Climate Change definition of climate 
change, which states that climate change is “a change in the state of the climate that can 
be identified (e.g., 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. It refers to 
any change in climate over time, whether due to natural variability or as a result of human 
activity.” Projections of future climate change impacts on hydrology were analyzed under 
various scenarios of how our future could look. The studies that were commissioned by BC 
Hydro included a comprehensive analysis of uncertainties in predictions for the 2050s and 
2080s time periods (2041-2070 and 2071-2098, respectively) that considered uncertainties 
in general circulation modeling, hydrologic modeling, and uncertainties in possible 
greenhouse gas emission trajectories. Despite uncertainty in the magnitude of projected 
changes, there is a general consensus of the direction of climate change within the 
scientific community (Parry, Canziani et al. 2007). 

The Peace River study area encompasses the drainage area upstream of the Water Survey 
of Canada hydrometric station at Taylor. The proposed Site C dam would be located 
approximately 20 km upstream from Taylor, upstream of the confluence of the Peace River 
with the Pine River. Historical and future trends in temperature, precipitation, and 
streamflow are presented in this report for the entire study area and for sub-basins of the 
study area as follows: 

For temperature, precipitation, and snowpack: 

o Study area: the total drainage area of the Peace River upstream of the Water 
Survey of Canada hydrometric station at Taylor. The study area is comprised of 
the Williston basin and the Taylor local basin, defined as follows: 

o Williston basin: the drainage area of Williston reservoir. 
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o Taylor local basin: the local drainage area between the W.A.C. Bennett 
Dam and the Water Survey of Canada hydrometric station at Taylor; this 
includes the local drainage area of the Site C reservoir. 

For streamflow: 

o Williston basin: inflows to the Williston reservoir  

o Site C local basin: the local inflows between the W.A.C. Bennett Dam and the 
Water Survey of Canada hydrometric station upstream of the Pine River 
confluence, near the proposed location of the Site C dam. 

The following is a summary of the observed and projected changes in climate and 
hydrology. 

Observed changes in climate and hydrology 

Temperature 

 Over the last century, the mean annual temperature increased by about 1.2 °C in  
the Williston basin and by about 1.3 °C in the Taylor local basin. 

 Changes in minimum temperatures in the Williston basin and the Taylor local basin 
were higher than changes in maximum temperatures. 

 Winter showed the highest temperature increase in both basins amongst all 
seasons, while the lowest temperature increase occurred in the fall. 

Precipitation 

 Annual precipitation in the 1900 to 2004 period increased by 28.1% in the Williston 
basin and by 23.9% in the Taylor local basin.  

 Most of the precipitation increase occurred during the winter months. 
 
Snow 

 According to Chapman (2007), the no notable changes were experienced in the 
study area in April 1st snow water equivalent in the past 50 years.  

Streamflow 

 Annual inflows to the Williston reservoir show a modest increasing trend but the 
trend is not robust (signal to noise ratio < 0.10). 

 Highest increases to Williston reservoir inflows occurred in June. 
 

Projected changes in climate and hydrology 

The goal of working with climate change scenarios is not to predict the future, but to better 
understand uncertainties in order to reach decisions that are robust under a wide range of 
possible futures. 

Projections below are presented based on a range of greenhouse gas emission scenarios 
(A1B, A2, B1) which are derived from different assumptions about how the future could 
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unfold in terms of demographic, social, economic, technological, and environmental factors. 
More detail is provided in Section 1.3.1. of this report.  

Uncertainty in specific outcomes in this report are expressed by following the framework of 
the Intergovernmental Panel on Climate Change which states that “where uncertainty in 
specific outcomes is assessed using expert judgment and statistical analysis of a body of 
evidence (e.g. observations or model results), the following likelihood ranges are used to 
express the assessed probability of occurrence: likely: probability of occurrence >66%, very 
likely: probability of occurrence >90%” (other probabilities stated by the Intergovernmental 
Panel on Climate Change are not used in this report).  

Temperature 

 Projected warming in the 21st century shows a continuation of patterns similar to 
those of recent decades. 

 Future temperature increases will very likely be larger than those observed during 
the 20th century. 

 The expected warming will very likely fall outside the range of historical variability. 
 Temperature projections in the study area show little spatial variation in temperature 

increases, i.e., the warming in the Taylor local basin is projected to be of similar 
magnitude to warming in the Williston basin. 

 For both the Williston basin and the Taylor local basin, the median projected 
temperature change for the 2050s ranges from 1.9°C under the B1 emission 
scenario to 2.5°C under the A1B emission scenario. 

 For the Taylor local basin, the median projected temperature change for the 2080s 
ranges from 2.5°C under the B1 emission scenario to 4.0°C under the A2 emission 
scenario. Projections for Williston basin are similar. 

 Warming in both basins and for all emission scenarios is projected to be greatest in 
winter. 

Precipitation 

 Precipitation projections for the Williston basin and the Taylor local basin suggest 
likely increases in winter, spring, and fall under all emission scenarios. 

 The projected increase in precipitation is not expected to fall outside the range of 
historical variability. 

 For both the Williston basin and the Taylor local basin, the median projected 
precipitation changes for the 2050s range from increases of 11% under the A2 
emission scenario to 14% under the A1B emission scenario. 

 For both the Williston basin the Taylor local basin, the median precipitation changes 
for the 2080s range from increases of 14% under the B1 emission scenario to 19% 
under the A1B emission scenario. 

 Projected increases for spring and fall are higher than winter and summer. 

Snow 

 Higher elevated areas of the Williston basin will very likely remain snow dominated 
with only minor changes to peak snow water equivalent. 
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 Areas further downstream, including the Taylor local basin, will very likely transition 
to a largely rainfall dominated regime in the next 50 years. In these areas, a 
reduction of 30 to 50% in peak snow water equivalent is projected.  

Streamflow 

 Annual inflows from the Williston basin and Site C local basin will likely increase 
through the 21st century. 

 Projected annual flows from the Site C local basin show smaller increases than the 
Williston basin, in particular during the second half of the 21st century. 

 Williston basin and Site C local basin are projected to see a decline in late summer 
flows by the 2050s. 

 Late winter flows are projected to increase by the 2050s with the smallest increase 
projected for the Site C local basin. 

 By the 2080s, all global climate model/ greenhouse gas emission scenario 
combinations project lower inflows from the Site C local basin during June, July, and 
August. 

 For the Williston basin, most scenario combinations project lower inflows in June 
and all scenario combinations project lower inflows in July and August. 

 There is evidence for an earlier freshet onset in the Site C local basin and a shift in 
the peak flow from June to May by the 2050s and strong evidence for these 
changes to occur by the 2080s. 

 Though most scenarios indicate that June will remain the month of peak flows in the 
Williston basin in the 2050s and 2080s, a few scenarios show a tendency towards 
an earlier freshet onset by the 2050s. 
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ABBREVIATIONS AND ACRONYMS 

A1 ........................................ Greenhouse gas emission scenario (see Section 1.3.1) 

A1B ...................................... Greenhouse gas emission scenario (see Section 1.3.1) 

A2 ........................................ Greenhouse gas emission scenario (see Section 1.3.1) 

B1 ........................................ Greenhouse gas emission scenario (see Section 1.3.1) 

B2 ........................................ Greenhouse gas emission scenario (see Section 1.3.1) 
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GLOSSARY 1 

Anomalies Estimated differences between future and baseline periods of temperature, 
precipitation and streamflow projections. 

 

Downscaling 

 

Downscaling is a method that transfers the results of global climate models to 
a scale appropriate for the representation of local phenomena so that 
meaningful analyses of the hydrological impacts of climate change (for 
example) may be conducted.  

 

Hyetograph 

 

A graph of rainfall over time. 

 

Nival hydrological regime 

 

Hydrology (streamflow) dominated by rain. 

 

Pluvial hydrological regime 

 

Hydrology (streamflow) dominated by snow. 

 

Reanalysis data 

 

Meteorological data derived from weather modeling of past conditions using 
historic observations to guide the model. 

 

Snow water equivalent 

 

A measure of the amount of water contained in a snowpack. 

 

Ensemble 

 

A group of parallel model simulations used for climate projections. Variation 
of the results across the ensemble members gives an estimate of uncertainty. 

2 
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1 INTRODUCTION 
As part of its climate change adaptation strategy, BC Hydro is working to understand how 
climate change has affected the water supply and what we can expect in the future. BC 
Hydro conducted studies to investigate historical impact of climate change on reservoir 
inflows and collaborated with the Pacific Climate Impacts Consortium to analyze historical 
and future trends in temperature, precipitation, and snowpack and to study future impact of 
climate change on streamflow in BC Hydro managed regions, including the Peace region. 
The results of the collaboration with the Pacific Climate Impacts Consortium are 
summarized in four reports:  

 Bias-Corrected Spatial Disaggregation Downscaled Transient Climate Projections 
for eight select global climate models over British Columbia, Canada (April 2011) 

 Hydrologic Impacts of Climate Change in the Peace, Campbell and Columbia 
Watersheds, British Columbia, Canada (April 2011) 

 Climate Diagnostics of Future Water Resources in B.C. Watersheds (April 2011) 
 Climate Change Impacts on Hydro-climatic Regimes in the Peace and Columbia 

Watersheds, British Columbia, Canada (April 2011) 
 
These reports can be found on the Pacific Climate Impacts Consortium website 
(http://pacificclimate.org/).   

The objectives of this report are to (1) summarize the results of the analysis of historical 
trends in climate and streamflow and (2) to summarize future projections of climate and 
streamflow in the Peace region.  

“Climate change impact assessment” is a term commonly used in climate science to refer to 
the analyses of responses of natural and managed systems to climate change. The term 
“impact” is used in this report to describe the local influence, whether positive or negative, 
of climate change on hydrology. 

Uncertainty in specific outcomes in this report is expressed by following the framework of 
the Intergovernmental Panel on Climate Change which states that “where uncertainty in 
specific outcomes is assessed using expert judgment and statistical analysis of a body of 
evidence (e.g. observations or model results), the following likelihood ranges are used to 
express the assessed probability of occurrence: likely: probability of occurrence >66%, very 
likely: probability of occurrence >90%” (other probabilities stated by the Intergovernmental 
Panel on Climate Change are not used in this report).  

In this report, the term ‘significant’ is used exclusively to refer to significance derived from 
statistical testing. The significance level was set at 95%, i.e., there is only a 5% chance that 
a detected trend is actually zero or of opposite sign based on random chance.  
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Results of observed and future changes in temperature, precipitation, and streamflow are 
presented on an annual basis and for each season. The seasons have been defined as 
follows: 

Winter: December, January, February 

Spring: March, April, May 

Summer: June, July, August 

Fall: September, October, November 

1.1 Climate Change 
Climate change is natural in both the short and long term (Figure 1). Short-term events, like 
the El Niño/La Niña-Southern Oscillation in the Pacific Ocean result in shifts between warm 
and cool periods every 5 to 10 years. In the long term, ice ages occur every 100,000 years 
or so due to changes in the Earth’s orbit around the sun. But the recent global warming 
trend associated with rising atmospheric concentrations of greenhouse gases has been 
very likely unprecedented in more than 10,000 years (Parry, Canziani et al. 2007).  

Since about AD 1860, temperature records from surface weather stations show an increase 
of about 1°C over the Northern Hemisphere. Although precipitation records are less 
reliable, climatologists agree that precipitation over North America has increased by about 
10% during the 20th century. 

1.2 Climate and Hydrology 
Precipitation can fall as rain or snow. It can return to the atmosphere through evaporation, 
replenish groundwater aquifers, or run off into streams, rivers, and oceans. Higher 
temperatures increase evaporation, which in turn alters both precipitation and runoff. In 
humid regions, more precipitation would likely lead to more runoff. In dryer regions, extra 
precipitation tends to evaporate, causing only small changes in runoff. While the impacts of 
a changing climate may reduce water supplies in some regions, it could also increase 
supplies elsewhere. 

1.3 Standard Approach for Future Climate Change Projections 
and Associated Hydrologic Impacts 

This section provides a general overview of the methodology for making future climate 
change projections. The specific methodology used to derive the future climate and 
streamflow projection for this report is described in Section 2.  
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Climate change impact assessments are largely based on scenarios – stories about how 
the future could look. They do not attempt to predict the future, but aim to better understand 
the uncertainties involved in making decisions that accommodate a range of possible 
outcomes. They also help researchers and managers anticipate the consequences of those 
decisions. Hydrological assessments of climate change impacts, including the studies that 
produced the projections in this document, rely on numerical modelling tools that generate 
greenhouse gas emission scenarios, global climate models that resolve large-scale global 
patterns, statistical techniques that add regional detail to the coarse global climate model 
simulations, and hydrological models that convert climate scenarios into watershed 
discharge scenarios.  Figure 2 illustrates the standard approach to evaluating climate 
change and associated hydrologic impacts. 

1.3.1 Future Greeenhouse Gas Emission Scenarios 

Projections of future greenhouse gas emissions are based on various assumptions and 
trends about demographic, social, economic, technological and environmental factors. The 
Intergovernmental Panel on Climate Change (Nakicenovic et al., 2000) has grouped these 
factors into four scenario families, A1 and A2, B1 and B2, which cover the range of future 
development conditions. Scenario family A denotes more economic focus, while B denotes 
a greater focus on the environment. Suffix 1 refers to a homogeneous, globalized world 
while suffix 2 refers to a heterogeneous, regionalized world. The most optimistic scenario, 
B1, with emissions-reducing technologies spreading throughout a world with low population 
growth, projects a doubling of pre-industrial carbon dioxide levels to about 520 ppm by 
2100. At the other end of the spectrum, the business as usual scenario with an emphasis 
on fossil fuels projects a tripling of carbon dioxide to roughly 950 ppm by 2100.  

Future projections in this report are based on three emission scenarios: A1B, A2, and B1. 
The A1B scenario, often seen as the most realistic scenario, belongs to the A1 family of 
scenarios with a balanced use of different energy sources, where balanced is defined as 
not relying too heavily on one particular energy source. The A2 storyline and scenario 
family describes a heterogeneous world with regional economic development and 
fragmented technological change. The emissions trajectories for A2 and A1B are such that 
the projected climate response to A1B is generally larger compared to A2 by the mid-21st 
century, but reversed for the end of the 21st century. The B2 storyline and scenario family 
describes a population growth lower than A2 and less rapid technological change than A1 
(includes A1B).  

The emission scenarios cover wide and overlapping emission ranges. The range of 
greenhouse gas emissions in the scenarios widens over time to capture the long-term 
uncertainties in socioeconomic development. Some emission scenarios show trend 
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reversals, i.e., initial emissions increases followed by decrease. Trend reversals are a result 
of slowly growing or declining population and productivity improvements. The B1 emission 
scenario shows the fastest emission decrease, starting in the 2050s. The A1B scenario also 
shows decreasing emissions starting in the 2050s but at a slower rate than the B1 scenario. 
The A2 emission scenario shows a steady increase in emissions throughout the 21st 
century.   

At the time the scenarios were developed by the Intergovernmental Panel on Climate 
Change, all scenarios were considered equally likely with no assigned probability of 
occurrence. This report follows this rationale and treats all scenarios as equally likely. For 
more information on scenarios see Nakicenovic et al. (2000). 

1.3.2 Global Climate Models 

Global climate models represent physical processes in the atmosphere and oceans and on 
land. They reproduce historical climate at global scales, but are less successful in 
representing the climate at regional and local scales. The typical resolution for global 
climate models is a square 200 kilometers on a side, which means that anything that occurs 
on a smaller scale, such as the influence of mountain ranges and coastlines on cloud 
formation, is not well represented by the model. Statistical techniques bridge the gap 
between global climate and regional impacts at resolutions finer than 200 km2, but at the 
price of higher levels of uncertainty. Figure 2 shows an example of the modelling chain for 
the case of hydrological impacts evaluation of climate change. Statistical downscaling may 
not be necessary for climate change assessments in fields other than hydrology. 

1.3.3 Downscaling 

The intent of downscaling is to transfer the results of global climate models to a scale 
appropriate for the representation of local phenomena such as the effect of mountain 
ranges on precipitation and temperature, and to better resolve key features of regional 
climate such as the El Niño Southern Oscillation cycle. There are two broad categories of 
downscaling methods: statistical downscaling and dynamical downscaling (Buerger et al., 
2012). Statistical downscaling uses models that are based on relationships between large-
scale atmospheric variables and local-scale variables. In dynamic downscaling, finer scale 
regional climate models are nested within coarse global climate models over the region of 
interest. The Pacific Climate Impacts Consortium used a statistical downscaling method 
that is based on the common Bias-Correction Spatial Disaggregation technique (Wood et 
al., 2004). Climate projections presented in this report are based on downscaled global 
climate model output.  
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1.3.4 Hydrological Modelling 

The catchment response to climate change is simulated using watershed simulation models 
or, in the case of regional climate modeling, land surface schemes. Modeling groups 
typically select their models based on the uniqueness of their goals, familiarity with the 
model, model input requirements, the model’s reputation and other practical considerations.  

2 APPROACH AND METHODS 

2.1 Trend Detection 
Before going into detail about historic trends in climate, snow, and reservoir inflows, it is 
important to understand how sensitive trends are in respect to the time period from which 
they are calculated. Detecting a trend is fairly simple from a statistical perspective, but it 
can be challenging to assign causes to an identified trend. Trends can reflect climate 
variability like Pacific Decadal Oscillation or El Niño Southern Oscillation cycles or climate 
change. Lengths of records, start date, end date, etc., all affect the magnitude and often 
also the direction of a trend. Historical trends are usually calculated from linear regression 
models. Figure 3Error! Reference source not found. shows the influence of start date 
and length of trend on historical temperature trends for the Canadian portion of the 
Columbia River basin (calculated from five climate stations). Within the 20th century, the 
largest temperature changes occurred at the end of the century while the lowest 
temperature changes occurred around mid-century.  

2.2 Observed Trends in Climate and Hydrology 
The Pacific Climate Impact Consortium (Rodenhuis et al. 2007) analyzed temperature and 
precipitation trends across B.C. and created a B.C. wide reanalysis dataset. For the 
assessment of historical changes in climate, observed temperature and precipitation station 
data were transformed into high-resolution (4 km) gridded temperature and precipitation 
data sets using the (Parameter-elevation Regressions on Independent Slopes Model) 
methodology. This methodology accounts for topographic effects and hence is better suited 
to calculate trends across B.C. than point station data, which are predominantly derived 
from climate stations located in the valley bottoms. Long term trends (>50 years) in April 1st 
snowpack were analyzed using a comprehensive snowpack data set across B.C.  

A detailed analysis of historical trends in BC Hydro reservoir inflow was conducted 
internally by the BC Hydro Hydrology and Technical Services group (Fleming 2010). Inflows 
into BC Hydro’s reservoirs were directly analyzed by combining a relatively simple linear 
technique with direct estimation of signal-to-noise ratios. The analysis was applied to 
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monthly and annual mean inflow data over a common period of record for all basins. The 
result identifies changes in both seasonal runoff patterns and annual net water supply.  

Observed trends in precipitation, temperature, and reservoir inflows, i.e., rates of change, 
were derived by linear trend fitting.  

2.3 Future Trends in Climate and Hydrology 
Precipitation and temperature projections of future climate using the global climate model 
simulations from the Intergovernmental Panel on Climate Change Fourth Assessment 
Report were analyzed by Rodenhuis et al. (2007).  

Pacific Climate Impacts Consortium quantified the hydrological impacts of climate change in 
selected watersheds that reflect BC Hydro’s power generation assets. The resulting data 
set (Schnorbus et al., 2011) covers the Peace, Campbell, and Columbia River basins. As 
part of the hydrological impact assessment, Pacific Climate Impacts Consortium screened 
global climate models based on a number of performance metrics that included 
performance over the globe, the Northern Hemisphere, North America and western North 
America, and statistically downscaled global climate model projections to a 1/16° grid that 
covers all of B.C. (Werner, 2011). 

2.3.1 Global Climate Model Selection 

Data from 25 global climate models, supplied by 17 modelling centers, is available from the 
Coupled Model Inter-comparison Project Phase 3 database. Though the Intergovernmental 
Panel on Climate Change recommends the use of all available global climate model 
projections, which totals approximately 140 scenarios, for climate impact assessments, 
most studies use only a subset because of computational limitations.  

Studies have shown that, when compared over multiple variables, ensemble model 
predictions, i.e., a group of parallel model simulations, compare better with observations 
than any single model alone because in ensemble predictions model biases cancel each 
other out, at least to some degree (Knutti et al., 2010). Variation of the results across the 
ensemble members gives an estimate of uncertainty. Incorporating information from 
different models contributes to the increase in skill as each model has different strengths in 
representing different facets of the climate (Pierce et al., 2009). However, bias cannot be 
completely removed, even when all models are included. Bias in model predictions is 
removed when using ensembles of five to ten randomly selected global climate models. 
There is incrementally less benefit in using ensembles of more than ten global climate 
models. Pacific Climate Impacts Consortium therefore decided to select 5 to 10 global 
climate models based on seven decision factors (Table 1). Models were screened 
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according to their performance on both the global and regional scales. Although the 
hydrological model requires only temperature and precipitation as input, global climate 
model performance was tested for several variables because historical representation of a 
set of variables was taken as an indicator of how well the model is able to represent the 
climate as a whole. Eight global climate models met the decision criteria and were chosen 
for downscaling to provide input for a hydrological model. 

Table 1.  Global Climate Model Selection. Source: Pacific Climate Impacts Consortium 

Explanation of decision factors

1 2 3 4 5 6 7 1) Monthly Global Climate Model data for 20th and 21st century were fully
1 BCCR-BCM2.0 X X X X      accessible for the model.
2 CGCM3.1(T47)* X X X X X X X
3 CGCM3.1(T63) X X X X X 2) Model’s relative error for 1980-1999 annual cycle climatology calculated 
4 CSIRO-Mk3.0* X X X X X X     in Gleckler et al. (2008) was not greater than 0.5 for any considered 
5 CNRM-CM3 X X X X     climate variable over the full global domain. In other words, 
6 ECHO-G X X X X     models with relative errors larger than 50% from the ‘typical’
7 GFDL-CM2.0 X X X X X X     error were excluded from the ensemble.
8 GFDL-CM2.1* X X X X X X X       
9 GISS-AOM X X 3) Model was in the top 10 according over the
10 GISS-EH X      Northern Hemisphere in Gleckler et al. (2008).
11 GISS-ER X X X X
12 FGOALS-g1.0 X 4) When ranked according to Radic’s (in Moore et al.,
13 INM-CM3.0 X X X      2010) set of statistical metrics the model was not in the 
14 IPSL-CM4 X X      bottom place for any climate variable and spatial domain.
15 MIROC3.2(medres)* X X X X X
16 MIROC3.2(hires) X X X X X 5) Models with no significant correlation with the North American Regional 
17 MRI-CGCM2.3.2 X X X      Reanalysis data for any season were excluded.
18 ECHAM/MPI-OM* X X X X X X
19 CCSM3* X X X X X 6) Model had been used for the Climate Overview (Rodenhuis, et al. 2007).
20 PCM X      
21 UKMO-HadCM3* X X X X X X X 7) Model was part of the North American Regional Climate
22 UKMO-HadGEM1* X X ^      Change Assessment Program.

 ̂Not accessible for UKMO-HadGEM1. Red = 7/7; Green = 6/7; Grey = 5/7; Black < 5/7. Bold and * = Selected.

Decision FactorsGlobal Climate Model

 

 

2.3.2 Downscaling 

To generate daily time series of precipitation and temperature, global climate model climate 
projections were downscaled statistically using the Bias-Corrected Spatial Disaggregation 
approach (Wood et al., 2004; Salathé, 2005). In most Bias-Correction Spatial 
Disaggregation applications, mean daily temperature is used as a driver, while minimum 
and maximum temperature are derived indirectly from the climatological temperature range. 
The Bias-Correction Spatial Disaggregation approach consists of three steps:  

(1) Monthly precipitation and temperature biases in global climate model projections are 
calculated by comparing the simulated historical baseline with observations. Biases are 
removed by mapping projected quantiles to those of observations. Data outside the range 
of the observed percentiles are extrapolated by using Weibull fits for precipitation and a 
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Gaussian fit for temperature. These fits strongly influence the characteristics of the 
(monthly) extremes.  

(2) Monthly precipitation and temperature anomalies (differences between future and 
baseline periods) are interpolated from the global climate model resolution (~200 km) to the 
higher target resolution (~5-6 km).  

(3) The monthly time series are temporally downscaled by sampling month-long daily 
patterns from historical records. Thereby a historic month is chosen randomly but with a 
check that a wet projected month is matched with a wet historic month. The temperatures 
are then chosen from the same month to match the one selected for precipitation and both 
are selected for the entire region of interest from that month to preserve a degree of 
synchronization in the weather components. In the final step, daily temperature and 
precipitation of the analog month are re-scaled to the bias-corrected downscaled monthly 
means (multiplicative for precipitation and additive for temperature) for each grid point. 
Daily wind speed data were taken without adjustment from historical reanalysis values for 
the selected analog month.  

Although Bias-Correction Spatial Disaggregation could use daily global climate model data 
directly, fewer modelling centres archive daily Coupled Model Intercomparison Project 
Phase 3 data (Leavesly, 1994; Maurer and Hidalgo, 2008). Given the decision to downscale 
only monthly climate projections from the global climate model, it is important to realize that 
although the daily magnitude of temperature and precipitation will scale with the evolving 
monthly response, such statistics as the frequency of dry or wet days will remain unaltered 
from the base climate. Nevertheless, Bias-Correction Spatial Disaggregation captures the 
potentially altered monthly statistics simulated by the global climate model (i.e., changes in 
monthly mean, variance and sequencing). Bias-Correction Spatial Disaggregation explicitly 
captures the transient nature of the emissions scenarios, which is useful for projecting the 
trend in the regional climate and hydrologic response, and performs well compared to other, 
also more complex, statistical downscaling methods (Buerger et al, 2012). 

2.3.3 Hydrological Modelling 

The Variable Infiltration Capacity Model, a spatially distributed physically based macro-
scale hydrological model was used for all future hydrological projections presented in this 
report. For this study, the Variable Infiltration Capacity Model has been applied at a 
resolution of 1/16º (~ 30 km2) and was run at a daily timestep. Setup for the model requires 
construction of the meteorological input data, specification of soil properties, land cover, 
topography, surface routing, and model calibration and testing. Calibration of the six 
selected parameters was performed using a multi objective global optimization algorithm. 
Automatic calibration was based on the comparison of observed to simulated discharge in 
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the 1990 - 1995 time period at 23 calibration sites within the study area (the definition of 
which is provided in Section 2.4 of this report). The model calibration was tested on 
discharge data between 1985 and 1989. Model calibration and testing was based on two 
performance measures: the Nash-Sutcliffe Efficiency and the per cent volume bias. The 
Nash-Sutcliffe Efficiency is the most commonly used performance measure in hydrology. 
An efficiency of 1 corresponds to a perfect match of modelled discharge and observed data. 
Model calibration showed a good match between model and observations: the Nash-
Sutcliffe Efficiencies for the calibration period ranged from 0.57 to 0.92 and averaged 0.75 
over the 23 calibration sites. The volume bias indicates negligible bias during the calibration 
period, ranging from -2% to 1%. As expected, the performance was not quite as good for 
the test period with an average Nash-Sutcliffe Efficiencies of 0.73 and a volume bias 
averaging -10%. Model biases cancel out when calculating flow anomalies between 
historical simulations and future simulations (the biases would not cancel out when 
anomalies are calculated from differences between historical observations and future 
projections). Both the Nash-Sutcliffe Efficiencies and the volume bias indicate that the 
model is well calibrated and tested, in particular for climate change modeling where model 
performance on a daily time step is not important.  

2.4 Study Area Definition 
The study area encompasses the total drainage area upstream of the Water Survey of 
Canada hydrometric station at Taylor. The proposed Site C dam is located 20 km upstream 
from Taylor, above the confluence of the Peace River with the Pine River. Historical and 
future trends in temperature, precipitation and streamflow were evaluated for the entire 
study area as well as sub-basins of the study area as follows: 

For temperature, precipitation, and snowpack: 

o Study area: the total drainage area of the Peace River upstream of the Water 
Survey of Canada hydrometric station at Taylor.  The study area is comprised of 
the Williston basin and the Taylor local basin, defined as follows: 

o Williston basin: the drainage area of Williston reservoir. 

o Taylor local basin: the local drainage area between the W.A.C. Bennett 
Dam and the Water Survey of Canada hydrometric station at Taylor; this 
includes the local drainage area of the Site C reservoir. 

For streamflow: 

o Williston basin: inflows to the Williston reservoir  
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o Site C local basin: the local inflows between the W.A.C. Bennett Dam and the 
Water Survey of Canada hydrometric station upstream of the Pine River 
confluence, near the proposed location of the Site C dam. 

Local inflow projections for the Dinosaur Reservoir were not assessed separately because 
the incremental inflows between W.A.C. Bennett Dam and Peace Canyon Dam are 
negligible in comparison to the inflows from the Site C local basin.  

2.5 Hydroclimate of the Peace River study area 

The study area forms the headwaters of the Peace River.  

Table 2 summarizes the drainage area, elevation, and glacier coverage of the study area 
and the sub-basins within it (i.e. the Williston basin, the Site C local basin, and the Taylor 
local basin). The Site C local basin makes up 12% of the study area and 16% of the 
Williston basin drainage area. The Taylor local basin makes up 29% of the study area and 
40% of the Williston basin drainage area. 

Table 2  Study area and sub-basin characteristics  

Sub-basin 
Local Drainage 

Area  Elevation  Glacier Cover

  [km2] 
min 
[m] med [m] 

max 
[m] [%] 

Williston basin 72,078 515 1,269 2,711 0.2 
 
Site C local basin 11,822 418 922 2,468 0.0 
 
 
Taylor local basin 28,922 409 1,097 2,406 0.0 
Study area 101,000 409 1,096 2,711 0.1 

 

The Peace Region has a continental climate with frequent outbreaks of Arctic air. The mean 
annual precipitation is 810 millimetres, approximately 54% in the form of snow. Monthly 
average temperatures range from -12.0 °C in January to 12.3 °C in July, with an average of 
0.2 °C over the year1. Precipitation is derived from eastward moving frontal systems during 
the winter and by local convective activity during summer (Figure 5). The hydrology is 
characterized by a mixed snow (nival) and rain (pluvial) regime with the spring freshet as 
the dominant runoff event. Approximately 0.2% of the area of the Williston basin is covered 
by glaciers which contribute less than 1% to the annual runoff and hence can be considered 
                                                      
1 The normals are estimated from 1961-1990 gridded monthly observed meteorological data and are spatially-
averaged over the study area. This 1961-1990 period was also used as the baseline from which anomalies of 
temperature, precipitation and streamflow have been calculated. 
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negligible, even in late summer. Though the hydrograph appears to resemble a snow 
dominated watershed, rainfall can contribute substantially to runoff, typically during the 
recession of snowmelt water input but also around the peak of the snowmelt.  

3 OBSERVED TRENDS 

3.1 Temperature and Precipitation 
For evaluating climate variability, it is important to place 21st century changes into historical 
context. Historical trends in precipitation and temperature are indicators of climate change. 
Pacific Climate Impacts Consortium evaluated temperature and precipitation trends in 
historical reanalysis data for the period 1900 to 2004 (Rodenhius et al., 2007).  

Annual temperature and precipitation trends for the 1900 to 2004 period for the Williston 
basin and the Taylor local basin have been extracted from the B.C. wide reanalysis dataset 
(Rodenhuis et al. 2007) and are summarized in Table 3.  

 

Table 3 Observed temperature and precipitation trends for the 1900-2004 period in the 
Williston basin and the Taylor local basin 

Location Variable Winter Spring Summer Fall Annual
Precipitation     

(%) 32.2 28.7 21.0 31.2 28.1

Mean Temperature 
(°C) 2.4 1.6 0.6 0.1 1.2

Min Temperature 
(°C) 3.1 2.2 1.5 0.8 2.0

Max Temperature 
(°C) 1.7 1.0 ‐0.2 ‐0.5 0.5

Precipitation     
(%) 35.1 24.1 16.6 20.4 23.9

Mean Temperature 
(°C) 2.6 1.7 0.7 0.2 1.3

Min Temperature 
(°C) 3.3 2.5 1.7 0.9 2.1

Max Temperature 
(°C) 1.9 0.8 ‐0.2 ‐0.5 0.5

Williston basin

Taylor local 
basin
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As shown in Table 3, changes in minimum temperatures were higher than changes in 
maximum temperatures. Winter showed the highest temperature increase amongst all 
seasons, while the lowest temperature increase occurred in summer. Summer and fall 
maximum temperatures decreased slightly. The annual precipitation in the 1900 to 2004 
period increased by 28.1% in the Williston basin and by 23.9% in the Taylor local basin. 
Most of the historical precipitation increase occurred during the winter months. 

3.2 Snowpack 
Precipitation that falls as snow is temporarily stored in seasonal snowpacks or glaciers. For 
many BC Hydro reservoirs, basin-wide snow storage is larger than reservoir storage. A 
snowpack’s water content is reported in millimeters of snow water equivalent. In B.C., snow 
water equivalent on April 1 indicates the maximum accumulation for the year, even though 
the timing of the peak can vary widely. 

According to Chapman (2007), no notable changes in 1st April snow water equivalent were 
experienced in the study area in the past 50 years. This is true for raw snow water 
equivalent data as well as for data after Pacific Decadal Oscillation and El Niño Southern 
Oscillation signals have been removed.  

3.3 Streamflow 
In the 1984 to 2007 period, there was a modest but not significant trend in mean annual 
inflows from the Williston basin (Figure 6). However, the signal to noise ratio is lower than 
0.10, which suggests that the trend is not robust. During the snow accumulation period, 
inflow trends are generally positive. Inflows from the Williston basin show the largest 
positive trend in absolute flows in June (Figure 6).  

Trend analysis on the full record length of available inflows (1970 to 2007) and trend 
analysis on the full record following Pacific Decadal Oscillation signal removal all yield 
nominally positive long-term trends, similar to the 1984 to 2007 trend, but also with signal to 
noise ratios of less than 0.10. There are signs that subwatersheds within the basin exhibit 
different historical trends, which indicates that they respond differently to a change in 
climate. For example, one of the western tributaries of the Williston reservoir (Omineca) 
shows an upward long-term trend with a signal to noise ratio of 0.18, whereas a northern 
tributary (Finlay, making a contribution to total Williston reservoir inflows about three times 
larger than that from the Omineca) shows no robust trend. In combination, the trends from 
these tributaries seem fully consistent with a low-amplitude, ambiguous, nominally positive 
trend in total annual Williston reservoir inflow. 
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4 FUTURE TRENDS 

4.1 Temperature and Precipitation 

4.1.1 2050s Future Period 

For the 2050s (2041-2070), all emission scenarios project a temperature increase for the 
study area, with the highest increases under the A1B scenario (Table 4). As shown in 
Figure 7, most of the study area is predicted to warm uniformly with little spatial variation.  

The median annual projected temperature changes for each emission scenario are identical 
for the Williston basin and the Taylor local basin, and range from 1.9°C to 2.5°C (Table 4). 
Annual minimum and maximum temperature and seasonal temperature change projections 
are also the same for two basins, with the exception of the winter projection for emission 
scenario A1B for which there is a difference of 0.1°C. All emission scenarios project the 
highest temperature increases in winter, approximately 1°C higher than in other seasons.  

Precipitation by the 2050s is projected to increase annually as well as throughout all 
seasons, and median projections are similar for the Williston basin and the Taylor local 
basin (generally within 2%). The median projected precipitation changes for the three 
emission scenarios range from 11% to 14% (Table 4). Winter and spring have the highest 
projected increases while summer is projected to receive only marginally more precipitation 
than the baseline period (1961-1990).  

Projected precipitation increases in the study area in winter (the season with the highest 
projected precipitation increase) and fall show a gradient from east to west with higher 
expected increases further east or further downstream. Summer and spring precipitation 
shows less spatial variation (Figure 8). 
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Table 4. Median seasonal temperature and precipitation anomalies for the Williston basin and 
the Taylor local basin in the 2050s (2041-2070) relative to the 1961-1990 baseline 

Annual Winter Spring Summer Fall
(DJF) (MAM) (JJA) (SON)

Min 2.2 1.5 1.7 1.6 1.8
Median 2.5 3.5 2.4 2.8 2.5
Max 3.6 4.0 3.3 4.1 4.0
Min 1.3 11.4 6.2 -17.3 1.2
Median 14.1 15.0 17.1 4.9 19.3
Max 21.3 29.4 23.7 12.5 27.5

Min 1.6 0.3 1.2 1.3 1.6
Median 2.4 3.0 2.2 2.7 2.2
Max 3.4 3.4 2.8 3.9 3.6
Min 6 7 5 -6 3
Median 11 12 15 3 14
Max 20 26 22 17 31

Min 1.3 0.4 1.0 1.0 1.1
Median 1.9 2.8 1.9 1.9 1.7
Max 3.2 4.1 3.0 3.3 2.4
Min 5.4 7.9 4.8 -4.4 7.5
Median 12.1 11.6 13.1 6.9 13.6
Max 19.0 31.6 19.7 10.7 22.8

Min 2.2 1.5 1.7 1.6 1.8
Median 2.5 3.6 2.4 2.8 2.5
Max 3.6 4.0 3.3 4.1 3.9
Min 1.3 11.6 6.3 -16.8 1.1
Median 13.9 15.1 17.0 4.9 19.2
Max 21.3 29.4 23.5 12.8 27.5

Min 1.6 0.3 1.2 1.3 1.6
Median 2.4 3.0 2.2 2.7 2.2
Max 3.4 3.4 2.8 3.9 3.6
Min 6 7 5 -7 3
Median 11 12 15 3 14
Max 20 25 22 17 31

Min 1.3 0.4 1.0 1.0 1.1
Median 1.9 2.8 1.9 1.9 1.7
Max 3.2 4.1 2.9 3.3 2.4
Min 5.5 7.8 5.0 -4.1 7.4
Median 12.0 11.7 13.1 6.9 13.7
Max 19.0 31.7 19.7 10.7 22.5

Anomaly by Season
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DATA SOURCE: 

Pacific Climate Impacts Consortium 
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4.1.2 2080s Future Period 
Precipitation and temperature changes for the 2080s (2071-2098) show a continuation of 
patterns seen in the 2050s. All emission scenarios continue to project a temperature and 
precipitation increase for both the Williston basin and the Taylor local basin. Similar to the 
2050s, precipitation and temperature anomalies for the Taylor local basin are similar to 
anomalies in the Williston basin, generally within 2%.  

The median annual projected temperature changes for the 2080s are similar for the 
Williston basin and the Taylor local basin, with the median annual increases ranging from 
2.5°C to 3.9°C or 4.0°C (Table 5). Unlike for the 2050s where the warming was highest 
under the A1B emission scenario, the warming in the 2080s is highest under the A2 
emission scenario. This is due to different trajectories in greenhouse gas emissions. All 
emission scenarios project the highest temperature increases in winter, approximately 1°C 
higher than in other seasons. Seasonal temperature change projections for the Taylor local 
basin are identical to the projections for the Williston basin (Table 5).  

Precipitation by the 2080s is projected to increase annually as well as throughout all 
seasons. The median projected precipitation changes for both the Williston basin and the 
Taylor local basin range from 14% to 19% (Table 5). Spring and fall generally show the 
highest increases and summer the lowest. 
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Table 5. Seasonal temperature and precipitation anomalies for the Williston basin and the 
Taylor local basin in the 2080s (2071-2098) relative to the 1961-1990 baseline 

Annual Winter Spring Summer Fall
(DJF) (MAM) (JJA) (SON)

Min 3.2 2.0 2.4 2.0 2.6
Median 3.6 4.7 3.5 3.7 3.3
Max 5.0 5.4 4.3 5.8 5.0
Min 9.3 18.5 2.7 -11.7 8.1
Median 18.8 20.4 22.2 6.1 22.6
Max 32.4 38.2 37.5 21.1 40.3

Min 3.3 2.0 2.5 2.8 2.8
Median 3.9 5.3 3.8 4.5 3.8
Max 5.7 6.3 4.7 6.6 5.7
Min 9 10 10 -16 10
Median 19 25 27 4 27
Max 36 55 37 19 39

Min 2.1 0.8 2.0 1.3 1.7
Median 2.5 3.2 2.3 2.4 2.4
Max 4.3 5.2 4.6 4.0 3.5
Min 6.2 9.3 8.4 -1.7 9.9
Median 14.5 17.7 14.3 6.9 20.8
Max 23.2 32.0 24.3 17.4 25.7

Min 3.3 2.0 2.4 2.0 2.6
Median 3.6 4.7 3.5 3.7 3.3
Max 5.0 5.4 4.3 5.7 5.0
Min 9.2 17.6 2.8 -11.2 8.0
Median 18.7 20.4 22.1 6.1 22.7
Max 32.3 38.0 38.1 21.3 40.2

Min 3.3 2.0 2.5 2.8 2.8
Median 4.0 5.3 3.8 4.5 3.8
Max 5.7 6.3 4.7 6.6 5.7
Min 9 10 10 -16 10
Median 18 25 27 4 27
Max 36 55 37 19 39

Min 2.1 0.8 2.0 1.4 1.7
Median 2.5 3.2 2.3 2.4 2.4
Max 4.3 5.2 4.6 4.0 3.5
Min 6.4 8.8 9.0 -1.3 10.1
Median 14.3 17.6 14.3 7.0 20.8
Max 23.2 31.9 24.4 17.5 25.6
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4.2 Snowpack 
Changes to the snowpack in the study area were analysed based on the ratio of peak snow 
water equivalent (taken as the snow water equivalent on the 1st of April) to total winter 
precipitation. In a snow dominated regime, most of the winter precipitation will fall in the 
form of snow, yielding a ratio closer to 1. The more a regime changes from snow to rain 
domination, the smaller the ratio will be. For the study area, projected changes in snow 
water equivalent indicate that higher elevated areas of the Williston basin will remain snow 
dominated with only minor changes to peak snow water equivalent (Figure 9). Areas further 
downstream, including the Taylor local basin, would transition to a largely rainfall dominated 
regime in the next 50 years. In these areas, a reduction of -30 to -50% in peak snow water 
equivalent is projected (Figure 9).  

4.3 Streamflow 

4.3.1 Annual Trends in Streamflow to the 2050s 

Inflows from the Williston basin and the Site C local basin are projected to increase by the 
2050s (2041-2070) under all emission scenarios (Figure 10). All changes are considered 
significant at a 5% level of confidence. The median projections for the Williston basin and 
the Site C local basin are increases of about 11% and 5%, respectively. Table 6 
summarizes additional statistics of inflows from the Williston basin and the Site C local 
basin for the 2050s and 2080s periods, and flow anomalies relative to the 1961-1990 
baseline period. 

 

4.3.2 Annual Trends in Streamflow to the 2080s 

As shown in Table 6, streamflow is predicted to continue to increase through the 2080s 
period.  The median increases from the 1961-1990 baseline period to the 2080s period for 
the Williston basin and the Site C local basin are 17% and 6%, respectively.  While A1B 
and A2 emission scenarios show similar trends, projections based on the B1 emission 
scenario suggest higher flow increases towards the end of the century. 
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Table 6 – Baseline, 2050s and 2080s inflows and anomalies for Williston basin and Site C 
local basin 

A1B A2 B1 All A1B A2 B1 All A1B A2 B1 All A1B A2 B1 All

Percentile

5th 61 62 64 62 ‐ ‐ ‐ ‐ 840      840      843      841        ‐ ‐ ‐ ‐

50th (median) 93 95 99 96 ‐ ‐ ‐ ‐ 1,026  1,028  1,042  1,031    ‐ ‐ ‐ ‐

95th 144 150 159 150 ‐ ‐ ‐ ‐ 1,275  1,278  1,288  1,281    ‐ ‐ ‐ ‐

5th 51 59 72 59 ‐17% ‐4% 13% ‐4% 879      868      933      886        5% 3% 11% 5%

50th (median) 96 96 111 101 3% 1% 12% 5% 1,145  1,126  1,160  1,144    12% 10% 11% 11%

95th 157 156 171 163 9% 4% 8% 9% 1,468  1,437  1,462  1,457    15% 12% 13% 14%

5th 58 59 76 62 ‐5% ‐4% 19% 0% 890      924      1,055  918        6% 10% 25% 9%

50th (median) 101 99 133 102 8% 4% 34% 6% 1,195  1,218  1,373  1,204    17% 18% 32% 17%

95th 160 186 209 166 11% 24% 32% 11% 1,541  1,586  1,731  1,528    21% 24% 34% 19%

2050s (2041 to 2070) 2050s (2041 to 2070)

2080s (2071 to 2098) 2080s (2071 to 2098)

Annual inflow (m3/s) Difference from baseline

Site C local basin

Baseline (1961 to 1990)

Difference from baseline

Williston basin

Annual inflow (m3/s)

Baseline (1961 to 1990)

  

4.3.3 Seasonal Trends in Streamflow to the 2050s 

By the 2050s, flows are projected to increase throughout most of the fall, winter and spring 
periods for the Williston basin (Figure 11). Most scenarios indicate that June will remain the 
month of peak flows in the Williston basin in the 2050s and that monthly peak flows in the 
2050s will be higher than historically. A few scenarios show a tendency towards an earlier 
freshet onset by the 2050s. Late summer flows are projected to decline. Increases in 
median monthly discharges are highest in May (ranging from 202 m3/s to 1,040 m3/s). 
Declines in summer flows are greatest in July (ranging from -13 m3/s to 1,424 m3/s).  

For inflows from the Site C local basin in 2050s, median monthly projections indicate a 
stronger tendency towards an earlier freshet than Williston basin projections and most 
global climate model runs show a shift in the month of peak inflows from June to May 
(Figure 12). About half of the global climate model runs show reduced peak flows. Global 
climate models are consistent in projecting reduced monthly discharges for July and August 
but show a mixed direction of response for September and October. There is substantial 
overlap between runs of different emission scenarios so that no consistent forcing 
dependent response can be distinguished for the 2050s. 

4.3.4 Seasonal Trends in Streamflow to the 2080s 

Trends to the 2080s are a continuation of those projected for the 2050s, with an increase in 
flows in the fall, winter and spring periods for both the Williston basin (Figure 13) and the 
Site C local basin (Figure 14). There is evidence (more so for the Site C local basin than for 
the Williston basin) for an earlier freshet onset and a shift in the peak flow from June to 
May. For the Williston basin, all combinations of global circulation models and emission 
scenarios suggest a decline in July and August flows. For the Site C local basin, all 
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scenarios but one suggest a decline in June flow and all scenarios suggest a decline in July 
and August flows.  

4.4 Uncertainty 
Climate patterns for the 21st century are derived from model simulations based on different 
greenhouse gas emission scenarios. Emissions depend on economic growth, population 
increase, technological and land-use changes and are derived from story lines of how our 
future could look. There is uncertainty as to how our future might unfold, and additional 
uncertainty from variations among global climate models, and model parameter uncertainty.  

Up until the 2050s, global climate models are found to contribute more to overall uncertainty 
than the different greenhouse gas emission scenarios. Beyond the 2050s, emission 
scenarios become more important and emerge from all other uncertainties. The standard 
approach in climate change modelling is to address these uncertainties by simulating an 
ensemble of future scenarios using a range of emission scenarios and a range of global 
climate models. All studies that form the base of this report addressed uncertainties by 
following this approach.  

5 CONCLUSIONS 
The following is a summary of the observed and projected changes in climate and 
hydrology. 

Observed changes in climate and hydrology 

Temperature 

 Over the last century, the mean annual temperature increased by about 1.2 °C in  
the Williston basin and by about 1.3 °C in the Taylor local basin. 

 Changes in minimum temperatures in the Williston basin and the Taylor local basin 
were higher than changes in maximum temperatures. 

 Winter showed the highest temperature increase in both basins amongst all 
seasons, while the lowest temperature increase occurred in the fall. 

Precipitation 

 Annual precipitation in the 1900 to 2004 period increased by 28.1% in the Williston 
basin and by 23.9% in the Taylor local basin.  

 Most of the precipitation increase occurred during the winter months. 
 
Snow 

 According to Chapman (2007), the no notable changes were experienced in the 
study area in April 1st snow water equivalent in the past 50 years.  
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Streamflow 

 Annual inflows to the Williston reservoir show a modest increasing trend but the 
trend is not robust (signal to noise ratio < 0.10). 

 Highest increases to Williston reservoir inflows occurred in June. 
 

Projected changes in climate and hydrology 

Temperature 

 Projected warming in the 21st century shows a continuation of patterns similar to 
those of recent decades. 

 Future temperature increases will very likely be larger than those observed during 
the 20th century. 

 The expected warming will very likely fall outside the range of historical variability. 
 Temperature projections in the study area show little spatial variation in temperature 

increases, i.e., the warming in the Taylor local basin is projected to be of similar 
magnitude to warming in the Williston basin. 

 For both the Williston basin and the Taylor local basin, the median projected 
temperature change for the 2050s ranges from 1.9°C under the B1 emission 
scenario to 2.5°C under the A1B emission scenario. 

 For the Taylor local basin, the median projected temperature change for the 2080s 
ranges from 2.5°C under the B1 emission scenario to 4.0°C under the A2 emission 
scenario. Projections for Williston basin are similar. 

 Warming in both basins and for all emission scenarios is projected to be greatest in 
winter. 

Precipitation 

 Precipitation projections for the Williston basin and the Taylor local basin suggest 
likely increases in winter, spring, and fall under all emission scenarios. 

 The projected increase in precipitation is not expected to fall outside the range of 
historical variability. 

 For both the Williston basin and the Taylor local basin, the median projected 
precipitation changes for the 2050s range from increases of 11% under the A2 
emission scenario to 14% under the A1B emission scenario. 

 For both the Williston basin the Taylor local basin, the median precipitation changes 
for the 2080s range from increases of 14% under the B1 emission scenario to 19% 
under the A1B emission scenario. 

 Projected increases for spring and fall are higher than winter and summer. 

Snow 

 Higher elevated areas of the Williston basin will very likely remain snow dominated 
with only minor changes to peak snow water equivalent. 
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8 FIGURES 
 



NOTES:
1. RECONSTRUCTION TECHNIQUES ARE COLOURED LINES AND INSTRUMENTAL RECORD IS THE BLACK LINE.
2. SOURCE: IPCC 4ar: climate change 2007. http://www.ipcc.ch/publications_and_data/ar4/wg1/en/figure-6-10.html 
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Figure 1 Northern hemisphere warming based 
on a variety of reconstruction techniques and 

instrumental record
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Figure 2  Standard approach to evaluating 
climate change and associated hydrologic 

impacts
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Figure 3  Annual mean temperature for the 
Canadian portion of the Columbia River basin 

and a) 50-year trends, b) 30-year trends

a)

b)
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Figure 4 Study area



NOTES:
1. PERCENT OF ANNUAL RUNOFF ARE SHOWN FOR EACH MONTH.
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Figure 5  Williston basin monthly average 
runoff and precipitation (1989-2004)
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Figure 6  Williston reservoir inflow trends  
(1984-2007)
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Figure 7  2050s median temperature change 
(emission scenario A1B)

a) b)

c) d)

NOTES:
1. SEASONS ARE DEFINED AS FOLLOWS:
WINTER - DEC, JAN, FEB
SPRING - MAR, APR, MAY
SUMMER - JUN, JUL, AUG
FALL - SEP, OCT, NOV
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Figure 8  2050s median precipitation change 
(emission scenario A1B)

a) b)

c) d)

NOTES:
1. SEASONS ARE DEFINED AS FOLLOWS:
WINTER - DEC, JAN, FEB
SPRING - MAR, APR, MAY
SUMMER - JUN, JUL, AUG
FALL - SEP, OCT, NOV



NOTES:
1. SEASONS ARE DEFINED AS FOLLOWS: 
WINTER - DEC, JAN, FEB
SPRING - MAR, APR, MAY
SUMMER - JUN, JUL, AUG
FALL - SEP, OCT, NOV
2. SNOW STORAGE = THE RATIO OF APRIL 1 SWE TO WINTER 
PRECIPITATION (OCTOBER THROUGH MARCH) 
3. SWE = SNOW WATER EQUIVALENT
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Figure 9  April 1 snow storage for a) baseline, 
b) 2050s, and c) difference (2050s - baseline), 

emission scenario A1B.

a) b)

c)



NOTES:
1. BOXPLOTS SHOW 25TH AND 75TH PERCENTILES AND THE 
MAXIMUM AND MINIMUM PROJECTIONS.
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Figure 10  Baseline, 2050s and 2080s annual 
Williston basin and Site C local basin inflow

Williston basin inflows (baseline and 2050s) Williston basin inflows (baseline and 2080s)

Site C local basin inflows (baseline and 2050s) Site C local basin inflows (baseline and 2080s)



NOTES:
1. THE HISTORIC BASELINE IS THE MEDIAN OF ALL HISTORIC RUNS.  
FUTURE STREAMFLOW IS SHOWN AS THE MONTHLY MEDIAN FOR 
EACH INDIVIDUAL GLOBAL CLIMATE MODEL/ EMISSION SCENARIO 
COMBINATION

2. SOURCE: PACIFIC CLIMATE IMPACTS CONSORTIUM, SCHNORBUS 
ET AL., 2011
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Figure 11  a) Baseline and 2050s monthly 
Williston basin inflow and b) flow anomalies

a)

b)
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1. THE HISTORIC BASELINE IS THE MEDIAN OF ALL HISTORIC RUNS.  
FUTURE STREAMFLOW IS SHOWN AS THE MONTHLY MEDIAN FOR 
EACH INDIVIDUAL GLOBAL CLIMATE MODEL/ EMISSION SCENARIO 
COMBINATION

2. SOURCE: PACIFIC CLIMATE IMPACTS CONSORTIUM, SCHNORBUS 
ET AL., 2011
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Figure 12  a) Baseline and 2050s monthly Site 
C local basin inflow and b) flow anomalies

a)

b)



NOTES:
1. THE HISTORIC BASELINE IS THE MEDIAN OF ALL HISTORIC RUNS.  
FUTURE STREAMFLOW IS SHOWN AS THE MONTHLY MEDIAN FOR 
EACH INDIVIDUAL GLOBAL CLIMATE MODEL/ EMISSION SCENARIO 
COMBINATION

2. SOURCE: PACIFIC CLIMATE IMPACTS CONSORTIUM, SCHNORBUS 
ET AL., 2011
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Figure 13  a) Baseline and 2080s monthly 
Williston basin inflow and b) flow anomalies



NOTES:
1. THE HISTORIC BASELINE IS THE MEDIAN OF ALL HISTORIC RUNS.  
FUTURE STREAMFLOW IS SHOWN AS THE MONTHLY MEDIAN FOR 
EACH INDIVIDUAL GLOBAL CLIMATE MODEL/ EMISSION SCENARIO 
COMBINATION

2. SOURCE: PACIFIC CLIMATE IMPACTS CONSORTIUM, SCHNORBUS 
ET AL., 2011
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Figure 14  a) Baseline and 2080s monthly Site 
C local basin inflow and b) flow anomalies


