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1 Introduction 
This document provides hydrology and climate change background information for the City of Dawson 

Creek Flood Mapping Report:  

• Section 2 provides background information on the present-day peak flow analysis: 

o Information on the processing of the Water Survey of Canada (WSC) hydrometric station 

data for the Kiskatinaw River and the Pouce Coupé River is provided. 

o It is described how the applicability of the regional flood frequency analysis was tested, 

and why this approach was considered not statistically and hydrologically satisfactory. 

o Lastly, the finalized Dawson Creek peak flow equations are provided.  

• Section 3 provides a climate change primer, with explanation of key climate change concepts. 

• Section 4 provides the peak flows results for each of the hydraulic model inflow locations for 

multiple annual exceedance probabilities under climate change.  
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2 Present-Day Peak Flows – Background Information 

2.1 Kiskatinaw and Pouce Coupé WSC Hydrometric Data 

The Dawson Creek hydrometric WSC station (07FD015) only has a 15 year record of historic flows in the 

1980s and 1990s and was therefore not sufficient for flood frequency analysis. The peak flows had 

therefore to be inferred from regional stations, and the Kiskatinaw River (07FD001) and Pouce Coupé 

River (07FD007) WSC stations (Table 1) were good candidates for this, as they are located nearby the 

Dawson Creek WSC station. This section describes the hydrometric data processing for these two stations. 

We obtained all hydrometric data from WSC that was available online via the HYDAT database1 and via 

the real-time hydrometric data access for the last 18 months2. However, instantaneous annual peak flows 

were only available until 2013 for the Kiskatinaw River and until 2012 (excluding 2011) for the Pouce 

Coupé River. We requested further instantaneous flow data from WSC, and processed the data into an 

integrated database. It is important to note here, however, that not all of the obtained data had yet gone 

through the rigorous quality-control process at the WSC.  

Table 1: Kiskatinaw River and Pouce Coupé WSC hydrometric stations information.  

Station 
Number 

Station Name Latitude Longitude Drainage 
area 
(km2) 

Start of 
Record 
(Year) 

End of 
Record 
(Year) 07FD001 KISKATINAW RIVER 

NEAR FARMINGTON 
55°57'26.5¨ N 120°33'51.7¨ W 3,630 1948 2019 

07FD007 POUCE COUPE 
RIVER BELOW 
HENDERSON CREEK 

55°51'54.7¨ N 120°1'49.5¨ W 2,860 1971 2019 

 

2.1.1 Kiskatinaw River near Farmington (07FD001)  

For the Kiskatinaw WSC station, the instantaneous data obtained for the period  2014 to 2016 was quality-

approved, while the data from 2017 to 2019 was considered preliminary. Furthermore, the high peak flow 

event of 2016 did not meet the quality standards of the WSC (as the timing of the peak could not be 

confirmed, and the water level exceeded the rating curve confidence level);  while the WSC provided the 

value for this analysis, it should be considered as a preliminary estimate of high water in 2016. This 

uncertainty is common with most peak flow estimates, and the data was included in our analysis as the 

event was a key occurrence in the project area.  

 

1 Environment and Climate Change Canada’s HYDAT.mdb, released on [2020-01-18], extracted using the 
R package ‘tidyhydat’ on 2020-02-12. 

2 Environment and Climate Change Canada: Real-Time Hydrometric Data. 
https://wateroffice.ec.gc.ca/search/real_time_e.html. Extracted for latest release on 2020-03-10 (It was 
noted that there had been an update to the 2019 online discharge data after the previous data extraction). 

https://wateroffice.ec.gc.ca/search/real_time_e.html
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Initial tests of the full Kiskatinaw dataset period (1944-2019) data showed that it was non-stationary, 

making it unfit for use in flood frequency analysis (Mann-Kendall test; McLeod, 2011). However, with 

further analysis and consideration, the data were screened to account for data gaps in the record. Before 

1966, only intermittent data was available, with a long data gap from 1950 to 1962. From 1962 to 1965, 

only seasonal data was recorded. We therefore removed all data before 1966, when continuous recording 

started. The Mann-Kendall stationarity test for the 1966 to 2019 time series (52 annual instantaneous 

peak flows) did not show any statistically significant trends (p-value 0.9937, for alpha = 0.05), i.e., it passed 

the stationarity test.   

Most annual peak flow events occurred in May (15), followed by July (12), June (11), April (4), August (3), 

and September (1). Figure 1 shows a time series and histogram of the annual instantaneous peak flows 

for the Kiskatinaw River.  

 

Figure 1: Kiskatinaw River above Farmington (WSC 07FD001) annual instantaneous peak flows. time series (a) and 
histogram (b). 

2.1.2 Pouce Coupé River Below Henderson Creek (WSC 07FD007) 

The instantaneous peak flow data obtained from the WSC has been quality-approved for 2011 and from 

2013 to 2015; it was considered preliminary for 2016 to 2019. All historic peak flow data (from 1971 to 

2012, excluding 2011) that is published online has been quality-approved by the WSC. Again, it is 

important to highlight that the annual instantaneous peak flow data (especially for the recent years) have 

considerable uncertainty. Data is missing from 1990 to 1995, and the total length of the peak flow time 

series is 35 years. We tested the annual instantaneous peak flow time series from 1971 to 2019 for 

stationarity using the Mann-Kendall test (McLeod, 2011), and found no statistically significant trends (p-

value = 0.99, for alpha = 0.05). We also ensured independency of events. Most annual peak flow events 

occurred in April (13), followed by May (8), June (6), September (3), July (2), and August (2). Figure 2 shows 

a time series and histogram of the annual instantaneous peak flows for the Pouce Coupé River. 
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Figure 2: Pouce Coupé River Below Henderson Creek (WSC 07FD007) annual instantaneous peak flows. time series (a) and 
histogram (b). 

 

2.2 Testing of Regional Flood Frequency Analysis Approach 

As discussed in the main report, the Dawson Creek station data was too short (and more than 25 years 

old) to conduct a flood frequency analysis using only that data. One method to estimate peak flows in a 

watershed with no sufficient hydrometric data is to do a regional flood frequency analysis. In that analysis, 

peak flows for many regional stations surrounding the area of interest are determined, and a regional 

flood curve is developed that relates drainage areas to peak flows. Peak flows at the study area are then 

estimated using the regional flood curve. This section describes the testing of the usability of the regional 

flood frequency approach with multiple hydrometric stations for Dawson Creek. Further, it discusses the 

challenges of the approach, and why ultimately, this approach was considered not statistically and 

hydrologically satisfactory for Dawson Creek.  

In the regional flood frequency analysis, multiple regional hydrometric stations are used to estimate peak 

flows at a project area location which has no, or not sufficient, data for a flood frequency analysis. This is 

achieved through the following steps: 

1. For each regional station, a single-station flood frequency analysis is conducted. 

2. For each annual exceedance probability (AEP) flood of interest, a regional flood curve is 

developed, which relates the estimated peak flow to the drainage area above the hydrometric 

station. 

To select a set of hydrometric stations for the regional flood frequency analysis, we used the following 

criteria:  
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1. Similar topography: The contributing watershed area of the stations should have a topograhy 

that is similar to the Dawson Creek watershed and be located within the flat Alberta Plateau 

region.  

2. Relevant record: The station record should include more than 25 years of data, including ideally 

data is that is more recent than 2009. 

3. Proximity to project area: The station should not be further than approximately 100 km away.  

4. Good representation of different drainage area sizes: As we were interested in developing 

regional flood curves to estimate flows for the drainage areas in the project area, we also aimed 

to have a good representation of different drainage area sizes, especially in the small drainage 

area sizes under which Dawson Creek falls.  

For this initial selection, we considered the 16 stations represented in Table 2, and shown in Figure 3. 

Table 2: WSC hydrometric stations considered for regional flood frequency analysis.  

Station 
Number 

Station Name Latitude Longitude Drainage 
area 
(km2) 

Start of 
Record 
(Year) 

End of 
Record 
(Year) 

07FD004 ALCES RIVER AT 
22ND BASE LINE 

56°20'3.2¨ N 120°9'18.5¨ 
W 

295 1984 2016 

07GE007 BEAR RIVER NEAR 
VALHALLA CENTRE 

55°24'0.6¨ N 119°23'2.6¨ 
W 

181 1985 2016 

07FC001 BEATTON RIVER 
NEAR FORT ST. JOHN 

56°16'42.4¨ N 120°41'59.5¨ 
W 

15,600 1961 2016 

07GD001 BEAVERLODGE 
RIVER NEAR 
BEAVERLODGE 

55°11'21.4¨ N 119°26'14.1¨ 
W 

1,610 1968 2016 

07GD002 BEAVERTAIL CREEK 
NEAR HYTHE 

55°18'58.2¨ N 119°38'33.2¨ 
W 

595.6 1982 2009 

07FD009 CLEAR RIVER NEAR 
BEAR CANYON 

56°18'28.2¨ N 119°40'49.8¨ 
W 

2878.6 1971 2016 

07FD908 GRIMSHAW 
DRAINAGE NEAR 
GRIMSHAW 

56°10'0.0¨ N 117°35'60.0¨ 
W 

8.1 1976 2016 

07FA006 HALFWAY RIVER 
NEAR FARRELL 
CREEK 

56°15'2.7¨ N 121°37'42.7¨ 
W 

9,340 1981 2016 

07FD001 KISKATINAW RIVER 
NEAR FARMINGTON 

55°57'26.5¨ N 120°33'51.7¨ 
W 

3,630 1948 2019 

07FB008 MOBERLY RIVER 
NEAR FORT ST. JOHN 

56°5'33.0¨ N 121°22'0.4¨ 
W 

1,520 1980 2016 

07FD012 MONTAGNEUSE 
RIVER NEAR HINES 
CREEK 

56°23'0.1¨ N 118°42'43.4¨ 
W 

230 1975 2016 
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Station 
Number 

Station Name Latitude Longitude Drainage 
area 
(km2) 

Start of 
Record 
(Year) 

End of 
Record 
(Year) 

07FD007 POUCE COUPE 
RIVER BELOW 
HENDERSON CREEK 

55°51'54.7¨ N 120°1'49.5¨ 
W 

2,860 1971 2019 

07FD910 RYCROFT SURVEY 
NO. 3 NEAR 
RYCROFT 

55°45'0.0¨ N 118°34'60.0¨ 
W 

13 1982 2016 

07FD912 WHITBURN 
DRAINAGE PROJECT 
NEAR SPIRIT RIVER 

55°50'60.0¨ N 119°7'60.0¨ 
W 

9.43 1970 2009 

07FD913 YOUNG DRAINAGE 
PROJECT NEAR 
SPIRIT RIVER 

55°48'44.0¨ N 118°47'37.0¨ 
W 

31.6 1982 2009 

 

 

Figure 3: Regional WSC station locations considered for regional flood frequency analysis.  
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We further explored if the regional stations experienced a reasonably similar hydrological regime as 

Dawson Creek and the Kiskatinaw and Pouce Coupé drainage areas. In this region, high flows and floods 

had been observed for the following years: 1970, 1972, 1974, 1990, 1997, 2001, 2011, 2016, and 2018. 

We assessed the annual peak flows for each of the pre-selected stations, and if at least 3 of the 5 highest 

peak flows coincided with this list, the station was further considered for analysis. There were 6 stations 

that did not meet these criteria. They were thus considered not hydrologically representative. Further 

rationale for excluding them from the analysis is as follows:  

• Grimshaw Drainage near Grimshaw (WSC 07FD908): It is more than 170 km away from Dawson 

Creek in the Alberta Plateau, and it did not experience any of the historic big flow events.  

• Montagneuse River (07FD012): It is more than 100 km from Dawson Creek, and only 

experienced 2 of the historical big flow events, despite a long record. 

• Whitburn Drainage (07FD912): It experienced only 2 of the big flow events, and the historical 

record was short with 19 years. Further, the peak flow data ended in 2008.  

• Young Drainage (07FD913): It experienced only 2 of the big flow events, the historical record 

was short with 23 years and ended in 2008.  

• Beavertail Creek (07GD002): It experienced only 2 of the big flow events, the historical record 

was short with 21 years and ended in 2009. 

• Clear River near Bear Canyon (07FD009): It experienced only 2 of the big flow events despite a 

long record of 36 years. The data also ended in 2012.  

• Beatton River (07FC001): It experienced only 2 of the big flow events. Furthermore, the 

drainage area is very large (15,600 km2), while we were in particular interested in smaller 

drainage areas. 

• Halfway River (07FA006): It experienced only 1 of the big flow events. Furthermore, the 

drainage area is large (9,340 km2). 

• Moberly River (07FB008): It experienced only 2 of the big flow events, despite a long historical 

record (from 1980 – 2018). Furthermore, the drainage area is similar in size to the Kiskatinaw 

and Pouce Coupe (1,520 km2) and it is much closer to the mountain ranges. 

We conducted flood frequency analyses for the remaining WSC stations (Alces River, Bear River, Rycroft 

Drainage and Beaverlodge River), as well as the Kiskatinaw River, the Pouce Coupé River and Dawson 

Creek (Dawson Creek was included in the initial analysis, despite its short records as it provides the only 

data specific to the project area). We fitted frequency distributions3 via the L-Moments method, using the 

R packages ‘extremeStat’ (Boessenkool, 2017) and ‘lmomco’ (Asquith, 2011; Asquith, 2018). We tested 

the fit of a range of different frequency distribution (including the Generalized Extreme Value, Weibull, 

Gumbel, Log Normal Type 3, Pearson Type 3, and other commonly used frequency distributions). For the 

Pouce Coupé River and the Kiskatinaw River, the Generalized Extreme Value (GEV) frequency distribution 

 

3 In flood frequency analysis, a curve is fitted to the observed peak flows, which establishes a relationship 

between an observed peak flow and its likelihood to occur (this curve is called a frequency distribution). 

The curve is then extrapolated to estimate extreme peak flows that have not yet been observed in the 

hydrometric record. 
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was selected for two reasons. First, out of the distributions tested, it showed the best fit. Second, the GEV 

distribution is  in line with the Federal Hydrologic and Hydraulic Procedures for Flood Hazard Delineation 

guideline (Natural Resources Canada, 2019). The guidelines highlight the strong theoretical basis of the 

GEV distribution for annual maximum peak flows (the basis of our analysis), and state that in Canada, 

many flood frequency analyses consider at least one distribution from the GEV family.  

The best fit distribution for Dawson Creek was the Weibull distribution. However, we also applied the GEV 

distribution as one of the analysis tests and to be consistent with the Kiskatinaw and Pouce Coupé River 

distributions. Similarly, we also applied the GEV distribution for the other tested stations.  

We then fit regional flood curves to the AEPs of interest, testing different combinations of stations.  

Challenges 

The regional flood frequency analysis presented a number of challenges and concerns. These are 

summarized as follows: 

• Similar to findings from the regional analysis presented in the South Peace Recovery Program 

Report on the 2016 Event and Regional Hydrology  report (NHC, 2017; see also main report), we 

found that the peak flows from the Alces River, Bear River, Beaverlodge River, and Rycroft 

Drainage plotted below the regional flood curve, and thus strongly underestimated the peak 

flows estimated by the stations located near Dawson Creek, (the Kiskatinaw River, the Pouce 

Coupé River and the Dawson Creek WSC stations, which are considered more locally-relevant 

WSC stations, as they directly border the project area, and it is assumed that their recorded 

flows are more representative of flows in the project area than the other regional WSC stations). 

The Alces River is located far north of the Peace River, characterized by a different hydrological 

response. The other 3 stations are located far east of the project area within the Alberta 

Plateau, where the topography is dominantly flat. All these regional stations that are further 

afield from the project area (and from the mountain ranges) clearly experience different 

hydrological extremes. Therefore, they were not considered hydrologically representative of the 

project area and were removed from the regional analysis.  

• Another challenge for fitting regional flood curves was that the Pouce Coupé River flows for the 

rare events (0.5% and 0.2% AEP) plotted at higher flows than the Kiskatinaw River, despite a 

smaller drainage area, which made the fit of the regional flood curves (that relate flows to 

drainage area) challenging. This might be due to the large flows observed during the 2011 and 

2016 flood events, which were higher for the Pouce Coupé River than for the Kiskatinaw River.  

• Lastly, considering the limited number of regional stations, especially for the smaller drainage 

areas, the regional flood curve was heavily influenced by the Dawson Creek WSC station data. 

This was concerning, as the drainage areas of interest (to estimate inflows for the hydraulic 

model) are all close in size to the Dawson Creek WSC drainage area, and results would therefore 

be strongly influenced by the estimates of this station. The Dawson Creek WSC station however 

has, as discussed before, a very short (15 years) and dated (1981-1995) historical record, and 

showed strong variability in results, depending on selection of the Weibull or GEV distribution.  
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For these reasons, it was not statistically and hydrologically satisfactory to use a regional flood frequency 

analysis approach to determine the peak flows for this study, and another approach was used, as 

described in the main report.  

2.3 Dawson Creek Final Peak Flow Estimation Equations 

To estimate peak flows for the hydraulic model inflows, we used a method that allows directly inferring 

peak flows from the Kiskatinaw River WSC station, which is located nearby the Dawson Creek watershed 

and showed a good correlation with Dawson Creek peak flows. The method details are provided in the 

main report. In this section, some additional information is provided, including the instantaneous peak 

flows for the AEPs of interest for the Kiskatinaw River WSC station, estimated based on the historical 

instantaneous peak flow series from 1966 to 2019 (see Section 2.1.1).  

Table 3: Instantaneous peak flows in cubic metres per second (m3/s) for the Kiskatinaw River (07FD001) for the annual 
exceedance probabilities (AEPs) of interest. 

AEP (%) 50 20 10 2 1 0.5 0.2 

Inst. Peak Flow 

(m3/s) 

145 292 434 947 1289 1739 2562 

                                                                                 

Based on the instantaneous peak flows estimated for the Kiskatinaw (Table 3), the Kiskatinaw drainage 

area of 3,630 km2, and exponent 𝑥 of 0.89 (see main report for method on estimating the exponent 𝑥), 

we developed the following equations for each AEP of interest to calculate the peak flows [cms] based on 

the drainage area 𝐴𝑖𝑛𝑓𝑙𝑜𝑤  [km2] for each of the model inflows. More details on the methods are provided 

in the main report.  

50% AEP:   𝑄𝑖𝑛𝑓𝑙𝑜𝑤,50%𝐴𝐸𝑃 = 145 (
𝐴𝑖𝑛𝑓𝑙𝑜𝑤

3,630
)
0.89

                                                  Equation 1                                                                                 

20% AEP:   𝑄𝑖𝑛𝑓𝑙𝑜𝑤,20%𝐴𝐸𝑃 = 292 (
𝐴𝑖𝑛𝑓𝑙𝑜𝑤

3,630
)
0.89

                                                  Equation 2                                                                                                

10% AEP:   𝑄𝑖𝑛𝑓𝑙𝑜𝑤,10%𝐴𝐸𝑃 = 434 (
𝐴𝑖𝑛𝑓𝑙𝑜𝑤

3,630
)
0.89

                                    Equation 3                                                                           

2% AEP:   𝑄𝑖𝑛𝑓𝑙𝑜𝑤,2%𝐴𝐸𝑃 = 947 (
𝐴𝑖𝑛𝑓𝑙𝑜𝑤

3,630
)
0.89

                                                 Equation 4                                                            

1% AEP:   𝑄𝑖𝑛𝑓𝑙𝑜𝑤,1%𝐴𝐸𝑃 = 1,289 (
𝐴𝑖𝑛𝑓𝑙𝑜𝑤

3,630
)
0.89

                              Equation 5                                                                                 

0.5% AEP:   𝑄𝑖𝑛𝑓𝑙𝑜𝑤,0.5%𝐴𝐸𝑃 = 1,739 (
𝐴𝑖𝑛𝑓𝑙𝑜𝑤

3,630
)
0.89

                                       Equation  6                                                                    

0.2% AEP:   𝑄𝑖𝑛𝑓𝑙𝑜𝑤,0.2%𝐴𝐸𝑃 = 2,562 (
𝐴𝑖𝑛𝑓𝑙𝑜𝑤

3,630
)
0.89

                         Equation 7 
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3 Climate Change Primer  
This section provides an overview of key terms and concepts used in climate change analysis. It provides 

background information that are helpful for understanding the analysis on climate change impacts on 

flood hazards in the main report. 

3.1 Introduction 

The world is warming. Global mean temperatures have been rising steadily for decades, with an estimated 

average increase of 0.85°C since 1880 (Bush and Lemmen, 2019). This rate of change is intensifying over 

time, with the hottest years on record occurring in 2015, 2016 and 2017. This is a result of human 

interventions affecting the climate system in the form of greenhouse gas (GHG) emissions. 

Climate and climate science are extremely complex with many different interacting components (e.g. the 

connections between the atmosphere, oceans, and land surface). Scientists of many different disciplines 

from around the world are studying climate to better understand these linkages so that they can make 

future climate projections. These projections underpin the understanding of our future risk, which inform 

adaptation decisions.  

The following sections highlight the major components of climate science and projections. The concepts 

described here are necessary to understanding the available data to support flood hazard mapping 

considering climate change. 

3.2 Weather Versus Climate  

The short-term state of the atmosphere is termed weather. This describes the temperature, precipitation, 

humidity, cloudiness, wind, etc. Weather is extremely variable both in space and time. The Province of BC 

has particularly diverse weather on both temporal and spatial scales. On any given day, or over the course 

of the day, weather conditions can be quite different. 

Climate describes the long-term patterns of weather at a given location, where the long-term is generally 

considered to be on the order of 30+ years. For somewhere like the Dawson Creek area, climate can be 

described broadly as being an area with cold winters and warmer, drier summers. Climate gives a sense 

of expected conditions in a given place and season.  

3.3 Inter-annual Variability in Climate 

The climate can be affected by processes that create inter-annual variability. In BC these include: 

• El Niño-Southern Oscillation (ENSO). This is a recurring climate pattern involving the oscillation of 

temperatures in the central and eastern tropical Pacific Ocean. An El Niño condition exists when 

warmer than average ocean temperatures persist in the central and eastern tropical Pacific 

Ocean. In British Columbia this creates warmer and drier than average conditions. In contrast, a 

La Niña condition, which exists when average ocean temperatures are colder than normal, 

generally creates colder and wetter conditions across the province. 

• Pacific Decadal Oscillation (PDO). This describes a climate pattern associated with ocean 

temperature variation (or amplitude) from east to west in the Pacific Ocean. There have been 
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reversals in the polarity of the ocean temperatures on a decadal scale in the past. A positive PDO 

describes a scenario when the western Pacific becomes cooler and the eastern Pacific becomes 

warmer, a negative PDO describes the reverse. When the PDO is in a positive phase, BC sees 

higher than average temperatures and precipitation. 

The ENSO and PDO affect climate variability in the province under current conditions. Climate change may 

affect the timing and intensity of these phenomena in future.  

3.4 Climate Projections 

Climate is changing, and so past weather and climate data cannot be used as a predictor for the present 

or future. Given this non-stationary climate, there is an effort to understand future climate, led primarily 

by the Intergovernmental Panel on Climate Change (IPCC) at a global scale; the global data are then used 

to consider climate changes at smaller, regional scales. The following section provides a brief overview of 

the process that is followed to estimate regional-scale climate projections. 

3.4.1 Climate Emission Scenarios 

With the knowledge that human activities are affecting climate, the first step in climate projections is to 

develop plausible future emissions trajectories. These broadly describe scenarios where humans 

maintain, increase, or decrease current emission of GHGs. The IPCC currently uses Relative Concentration 

Pathways (RCPs) to describe these trajectories. These are represented as global emissions of carbon-

dioxide equivalents over time (Figure 4). The RCP 2.6 scenario describes the best-case scenario, where 

emissions peak in the near future and then decrease over time. Conversely, RCP 8.5 describes the worse 

case, where a business-as-usual scenario perpetuates, and global society continues to emit GHGs at  

current rates. The other two scenarios (RCP 4.5 and RCP 6.0) describe trajectories that are somewhere in 

between the previous two described. Although the global community still has the ability for course 

corrections, some governments, including in BC (i.e. Metro Vancouver) have made an organizational level 

decision to assume the worst case of an RCP 8.5 scenario to support future planning. 

The RCPs have replaced the previous SRES (Special Report on Emissions Scenarios) scenarios that were 

used in earlier IPCC assessments and reports. Alongside the RCPs (GHG emission scenarios), the ‘Shared 

Socioeconomic Pathways are developed. These described families of scenarios with different narratives 

of the future (from economic to environment and global to local).  

The emission scenarios are key inputs to climate projections. Models report climate for some or all 

scenarios.  
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Figure 4: Representative concentration pathways (IPCC, 2014). 

3.4.2 General Circulation Models 

A general (or global) circulation model (GCM) is a type of climate model that is used to simulate and 

understand global physical processes. These are used both for an understanding of historic conditions to 

predict weather, and to project future climate. GCMs used for climate projections include models that 

consider atmosphere, ocean, and land surface processes and are forced by emissions scenarios (see 

above).  

There are many researchers around the world working with GCMs, each with a different focus. There is 

great variability in the outputs of the GCMs, and therefore an ensemble approach is generally used to 

understand overall trends. This means that many GCMs are run for the same forcing variables, and then 

their convergence (or conversely their variance, which is represented as uncertainty) is used to estimate 

future climate. Figure 5 shows a summary of global projections for temperature and sea level rise. In the 

figure, RCPs are represented by colours, and the variation in the ensemble models is represented by the 

width of the projection. 
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Figure 5: Climate projections for multiple RCPs showing ensemble variability (IPCC, 2014). 

Ensemble models for the IPCC were selected based on the performance of the models at a global scale 

(when calibrating or validating to historic data). These collectively are called the Coupled Model 

Intercomparison Project (CMIP), are working collaboratively at a global scale and are used to project 

climate scenarios for each of the RCPs. The CMIP5 results represent a collective effort to estimate climate 

projections for the IPCC AR5 (Assessment Report), and work is now underway to prepare CMIP6. However, 
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it is known that some models work better for different regions around the world, and therefore the 

selection of an appropriate ensemble of GCMs is often undertaken when looking at a given region. 

3.4.3 GCM Data Output 

GCMs output various climate indicators. Air temperature is the primary and most robust indicator output 

by GCMs. Most also provide an indication of precipitation change. Other climate patterns (cloudiness, 

wind, etc.) are more difficult to project within a GCM because of the localised effects. There is much 

greater uncertainty in these outputs if they are produced at all. 

Because of their spatial coverage, global models are coarse and their processes are resolved at resolutions 

of 100s or 1000s of kilometres. Given the variability in terrain, ecosystems, etc. across a province like BC, 

the model results from GCMs have to be refined before they can be applied as useful tools. 

3.5 Downscaling 

Downscaling describes the process of taking GCM outputs and estimating more localised impacts (at a 

scale of 10s to 100s of kilometres). There are two main methods of downscaling – statistical and dynamic 

– both of which are summarised below. 

3.5.1 Statistical Downscaling 

Statistical downscaling is commonly used, and is the primary approach used by the main regional climate 

service in BC (i.e., the Pacific Climate Impacts Consortium, PCIC). Statistical downscaling considers historic 

information from GCMs and locally-observed data to develop statistical relationships between the two 

sets of models. These relationships are then applied to future projections from GCMs to project local 

indicators (usually precipitation and temperature). The advantage of this approach is the relative 

simplicity of the process, which leads to reduced computational resources required. Statistical 

downscaling does, however, have the limitation that results tend to report at a relatively coarse scale and 

are they are tied to historic data. This leads to uncertainty in results for two reasons: 1) areas where 

climate data are sparse (like BC) are not well represented by the statistical relationships, and 2) statistical 

models cannot explicitly consider effects of increasing GHG emissions in local physical processes. 

Therefore, past statistical relationships are applied to the future and non-stationarity of the climate is not 

considered. 

3.5.2 Dynamic Downscaling (Regional Climate Modelling) 

Dynamic downscaling describes a process where a Regional Climate Model (RCM), which simulates local 

physical processes including climate, topography, and the land surface, is forced at the boundaries of the 

spatial domain by the results of the GCM output for the same spatial domain. The advantage of this type 

of downscaling is that generally a finer resolution of results can be achieved. Since they are physically-

based, RCMs do not rely on past statistical relationships and they can simulate localised effects of GHGs. 

The major disadvantage of regional climate modelling is that the computational resources required are 

high and the approach is not as widely used.  
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3.6 Summary 

The climate is changing and there are tools available to project what our future climate will look like. 

These in turn can be used to understand weather and trends in natural hazards such as floods. There is 

uncertainty in the projections related to future human GHG emissions, modelling error and downscaling 

tools. However, projections can indicate possible future trajectories and provide a range of potential 

future impacts. An understanding of the available information and its limitations is key to establishing 

what level of effort is relevant for reducing flood risk. 

4 Climate Change Analysis – Background Information 
Details on the climate change analysis for the City of Dawson Creek Flood Mapping are provided in the 

main report. Here, the full set of estimated instantaneous peak flows for all 13 inflows into the hydraulic 

model for the different future time periods and AEPs are given (Table 4). All results refer to RCP8.5, and 

are based on hydrological modelling data results received from the Pacific Climate Impacts Consortium 

(PCIC) in 2019. It should also be noted that these peak flows were estimated based on the average of 6 

GCMs. These 6 GCMs are ACCESS1-0, CanESM2, CCSM4, CNRM-CM5, HadGEM2 and MPI-ESM-LR.  
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Table 4: Estimated peak flows for Annual Exceedance Probabilities (AEPs) of interest, for Dawson Creek inflows. See main report for methods. 
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The 2030s (2021 – 2050) 

50 6 5 0.8 1.4 0.3 0.2 0.1 0.1 0.5 0.1 0.5 1.2 0.5 

20 11 10 1.5 2.8 0.7 0.4 0.1 0.3 0.9 0.3 0.9 2.3 0.9 

10 16 15 2.2 4.1 1.0 0.6 0.2 0.4 1.3 0.4 1.4 3.3 1.3 

2 34 32 4.5 8.5 2.1 1.2 0.3 0.8 2.8 0.9 2.9 6.9 2.8 

1 45 43 6.1 11.4 2.8 1.6 0.5 1.1 3.7 1.2 3.9 9.3 3.7 

0.5 60 56 8.0 15 3.7 2.1 0.6 1.5 4.9 1.5 5.1 12.2 4.9 

0.2 87 82 11.7 21.9 5.3 3.1 0.9 2.2 7.1 2.2 7.4 17.8 7.1 

The 2050s (2041 – 2070) 

50 6 6 0.8 1.6 0.4 0.2 0.1 0.2 0.5 0.2 0.5 1.3 0.5 

20 13 12 1.7 3.2 0.8 0.5 0.1 0.3 1.0 0.3 1.1 2.6 1.0 

10 19 18 2.6 4.8 1.2 0.7 0.2 0.5 1.6 0.5 1.6 3.9 1.6 

2 43 40 5.7 10.7 2.6 1.5 0.4 1.1 3.5 1.1 3.6 8.7 3.5 

1 60 56 8.0 15 3.7 2.1 0.6 1.5 4.9 1.5 5.1 12.2 4.9 

0.5 83 77 11.1 20.7 5.1 2.9 0.9 2.1 6.7 2.1 7.0 16.8 6.8 

0.2 126 119 17.0 31.7 7.7 4.5 1.3 3.2 10.3 3.2 10.7 25.8 10.4 

The 2080s (2071 – 2100) 

50 7 6 0.9 1.7 0.4 0.2 0.1 0.2 0.5 0.2 0.6 1.4 0.5 

20 13 12 1.7 3.2 0.8 0.5 0.1 0.3 1.1 0.3 1.1 2.6 1.1 

10 18 17 2.5 4.6 1.1 0.7 0.2 0.5 1.5 0.5 1.6 3.8 1.5 

2 38 36 5.1 9.5 2.3 1.4 0.4 1.0 3.1 1.0 3.2 7.8 3.1 

1 50 47 6.7 12.6 3.1 1.8 0.5 1.3 4.1 1.3 4.3 10.3 4.1 

0.5 67 62 8.9 16.7 4.1 2.4 0.7 1.7 5.4 1.7 5.7 13.6 5.4 

0.2 95 89 12.8 23.9 5.8 3.4 1.0 2.4 7.8 2.4 8.1 19.4 7.8 
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