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Preface 
 

This is a supplement to the ñLetôs Talks about Climate Change: Great Lakes Regionò report 

(Parker, 2017) and is intended to support climate change discussions at Bruce Peninsula National 

Park and Fathom Five National Marine Park. 

 

Future climate projections are modelled with several different greenhouse gas concentration 

trajectories called Representative Concentration Pathways (RCP) (Vuuren et al., 2011). They 

describe possible climate futures and are named after respective radiative forcing values in the 

year 2100 relative to pre-industrial values (i.e., +2.6, +4.5 and +8.5 watts/m2). RCP 2.6 assumes 

we take action and greenhouse gas emissions peak in 2010-2020 and decline thereafter. RCP 4.5 

assumes emissions peak around 2040 and then decline. RCP 8.5 assumes we take no action and 

emissions continue to rise ñstatus quoò throughout the 21st century. We are currently tracking 

RCP 8.5. 

 

This is a site focussed document and to understand the larger climate change context please 

consult Canadaôs changing climate assessment reports (e.g., Bush and Lemmen, 2019; Warren 

and Lemmen, 2014) and the Intergovernmental Panel on Climate Change assessment reports 

(e.g., IPCC, 2014). With respect to adaptation and mitigation options, please review Gross et al. 

(2016), Parker et al. (2018) or Rockman et al. (2016). 

 

 
 

 

Disclaimer 
Views, statements, findings and conclusions are solely those of the author and do not necessarily reflect the views 

and policies of Parks Canada. Although the author has made every effort to ensure that the information is accurate, 

complete and correct, neither Parks Canada nor the author can guarantee its integrity. Readers are encouraged to 

verify with original sources.    
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Highlights 
 

¶ Mean annual air temperature in the region has increased by ~1ęC since 1916, with the 

greatest increase occurring during winter and nighttime periods.  

¶ Mean annual temperature for the region is projected to increase by ~2.1ęC by 2021-2050 

and ~4.3ęC by 2051-2080 (RCP 8.5). 

¶ The number of extreme heat days (+30ęC) per year is projected to increase from 0.8 days 

to 21.3 days by 2051-2080 (RCP 8.5).  

¶ Growing season has already increased by ~17 days since 1900 and is projected to 

increase an additional 86 days by 2100 (RCP 8.5). 

¶ Precipitation is variable, most projections suggest a slight increase (9% by 2050-2080) 

with greater increase in winter and spring and a decrease in summer. More is expected to 

fall in intense events with associated flooding. The ñone in 100 yearò event is projected to 

be closer to a ñone in 25 yearò event and happen more unpredictably. 

¶ Mean wind speed has decreased and is projected to continue to decrease, however, 

extreme events are projected to have higher wind speeds. 

¶ Lake Huron is projected to warm by ~3ęC and the ice free period increase by 45-62 days 

by 2071-2100. 

¶ Lake Huron levels are projected to fluctuate within historical range of variability, several 

models suggest the mean level may be lower, while at least one suggests higher. 

¶ Wildfire season length is projected to increase by 20-40 days by 2040-2070. Conditions 

for more intense fire behaviour are projected.  

¶ Climatic envelopes are projected to change (northward at 3 km/yr) and will no longer be 

suitable for many species, particularly those with northern affinities. For instance, a 42% 

turnover in bird species is projected by 2100. Plant hardiness zone will change and no 

longer be suitable for 1000 species.  

¶ Visitation is expected to increase, particularly in the autumn. 

¶ Human health issues include the impact of extreme heat events and the northward 

movement of vector-borne diseases such as Lyme disease and Ehrlichia.   

¶ Assets and infrastructure will be exposed to more extreme weather events and wildfire.        

 
Tobermory climograph (RCP 8.5). 

Modelled monthly mean temperature 

and total precipitation for the 1976-

2005 baseline and 2021-2050 future 

projection. Figure source: Climate 

Atlas of Canada 

(https://climateatlas.ca/).  
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1. Historic Climate  
 

Moderated by its maritime location, the climate of Bruce Peninsula National Park and Fathom 

Five National Marine Park (BP/FF) is humid and temperate with warm summers (daily mean of 

18.5ęC) and cool winters (daily mean of -6.1ęC). The summer months are dominated by hot, 

humid air masses originating in the Pacific Ocean and the Gulf of Mexico (with extreme 

maximums reaching 35ęC). Winters have an increase in Pacific air which is displaced over the 

season by cold Arctic currents (with extreme minimums as low as -36ęC). The most prolonged 

cold periods occur when large Arctic high pressure air masses stall over Hudson Bay. Spring and 

autumn represent transitional periods; the autumn typically being the most turbulent with a 

relatively high frequency of storms.   

 

Lake Huron tends to buffer macroclimatic extremes. In the spring and summer, the colder lake 

cools coastal areas by a few degrees. Conversely, in the autumn and winter the warmer lake 

moderates temperatures, often delaying frost for several weeks. Moisture picked up from the lake 

by prevailing winds can cause lake effect fog, rain or snow. The annual mean water temperature 

for Lake Huron is 8.8ęC, with a maximum mean of 21.1ęC and a minimum mean of 1.1ęC. Mean 

maximum ice cover for Lake Huron is 51.7%.  

 

Winds are predominately from the southwest to west, with mean speeds of 10 km/hr in summer 

and 14 km/hr in the other seasons. Normal wave height is 0.7 m during the summer and may 

exceed 3 m during strong wind events. Some spectacular storms, especially in the autumn and 

winter, can experience winds >80 km/hr and wave heights >5 m.   

 

 
Climate ñnormalsò (1981-2010) for Wiarton. Figure source: Environment and Climate Change Canada 

(http://climate.weather.gc.ca/climate_normals/) 
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1.1 Temperature  
 

Gore Bay is the closest meteorological station (6092920) with long term temperature data in the 

AHCCD (ECCC, 2017). Trends from 1916 to 2016 determined using a generalized linear model 

(R Core Team, 2017) including 95% confidence intervals. ñ*ò = statistically significant trend 

(P<0.05). 

 

 

 
 

Gore Bay mean annual and seasonal temperature. A statistically significant (P<0.05) increase observed in mean 

annual and seasonal temperature. Mean annual temperature has increased by ~1°C since 1916. Of all the seasons 

winter temperature has increased the greatest, ~1.5°C since 1916.   

*

*

**

*
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1.2 Precipitation 
 

Wiarton is the closest meteorological station (6119500) with long term precipitation data in the 

AHCCD (ECCC, 2017). Trends from 1948 to 2014 determined using a generalized linear model 

(R Core Team, 2017) including 95% confidence intervals. ñ*ò = statistically significant trend 

(P<0.05). 

 

 

 
Wiarton t otal annual and seasonal precipitation. Total annual precipitation demonstrated a statistically 

significant increase (P<0.05), ~281 mm (29%) since 1948. Winter (Dec, Jan, Feb) and autumn (Sep, Oct, Nov) 

demonstrated a statistically significant (P<0.05) increase, the greatest being observed for autumn, ~107 mm (41%). 

*

*

**

*
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Wiarton t otal annual rain demonstrated a 

statistically significant (P<0.05) increase since 1948, 

~175 mm (26%). 

Wiarton total annual snow demonstrated a 

statistically significant (P<0.05) increase since 1948, 

~105 mm (35%). 
 

 

1.3 Surface Wind Speed 
 

Wiarton is the closest meteorological station (6119500) with long term wind data in the AHCCD 

(ECCC, 2017). Trends from 1953 to 2014 determined using a generalized linear model (R Core 

Team, 2017) including 95% confidence intervals. ñ*ò = statistically significant trend (P<0.05). 

 

 
Wiarton mean annual and seasonal wind speeds. Mean annual wind speeds have demonstrated a statistically 

significant (P<0.05) decrease, ~1.4 km/hr (10%) since 1953. Seasonally, winter (Dec, Jan, Feb), summer (Jun, Jul, 

Aug) and autumn (Sep, Oct, Nov) have all demonstrated a statistically significant (P<0.05) decrease, the greatest 

being observed for autumn, ~1.9 km/hr (13%) since 1953. 

  

* *

*

*

**

*



8 

 

2. Projected Climate Trends 
 

2.1 Temperature  
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Projected mean annual temperature increase for  the Bruce Peninsula from a 1980-2010 baseline. Composite 

projection of CanESM2, CESM1CAM5, HADGEM2ES and MIROCESM. Data source: Natural Resources Canada, 

Canadian Forest Service, http://cfs.nrcan.gc.ca/projects/3 (Price et al., 2011). 
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Temperature projections for the BP/FF area from PCIC (2014): 

¶ Mean annual temperature is projected (RCP 4.5-RCP 8.5) to increase by 1.9-2.1°C by 

2021-2050 and 2.9-4.3°C by 2051-2080. 

¶ Winter time is projected to warm the greatest (e.g., 3.7-5.3°C by 2051-2080). 

¶ The nighttime period is projected to warm faster than the daytime period. 

¶ The number of +30°C days is projected to increase from 0.8 days/year (1976-2005 

baseline) to between 9.4 (RCP 4.5) and 21.3 (RCP 8.5) days/year by 2051-2080.  

¶ The number of -30°C days is projected to decrease from 0.8 days/year (1976-2005 

baseline) to between 0.2 (RCP 4.5) and 0.1 (RCP 8.5) days/year by 2051-2080.  

 

 

Growing Season 

 

Growing Season is calculated as the number of days between the last occurrence of 0°C in spring 

and the first occurrence of 0°C in autumn. The metric is a widely used indicator of plant 

photosynthetic activity (http://www.nrcan.gc.ca/forests/climate-change/forest-change/18470). 

Data courtesy of Dan McKenney and John Pedlar, Canadian Forest Service. Generalized linear 

model developed in R (R Core Team, 2017). 

 
Growing Season Length for Tobermory, ON. The historic period and the RCP 2.6 and 8.5 future scenarios all 

demonstrate a statistically significant (P<0.05) increase in growing season. Since 1900 growing season has increased 

by ~17 days and may increase an additional 86 days under RCP 8.5. 
 

 

 

  

http://www.nrcan.gc.ca/forests/climate-change/forest-change/18470
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2.2 Precipitation 
 

 
Observed and projected total annual precipitation for the Tobermory area. Statistically downscaled data 

derived from 12 CMIP5 global climate models (PCIC, 2014). Both the RCP 4.5 and RCP 8.5 scenarios project an 

increase in the mean estimate for total annual precipitation of 9% by 2051-2080. See Appendix 2 for scatterplot of 

model projections. Figure source: Climate Atlas of Canada, https://climateatlas.ca/.  

 

Other precipitation projections:  

¶ Wang et al. (2017) project that total annual precipitation will increase by 7.5%, 10.1% 

and 5.9% in the 2030s, 2050s and 2080s respectively relative to the 1961-1990 baseline.  

¶ Precipitation patterns are expected to change, including more falling as rain than snow, 

an increase in the amount of spring time precipitation and an increase in the intensity of 

precipitation events (e.g., Cheng et al., 2012a; Deng et al., 2016; Wang et al., 2015). It is 

projected that the mean number of days/year with heavier precipitation (+20 mm) will 

increase from 5.7 (1950-2005) to 6.4 (2021-2050) to 7.0 (2051-2080) (PCIC, 2014). As 

well, reduced ice cover and greater wind fetch enhances lake evaporation, resulting in 

greater lake-effect precipitation. Local air temperatures will determine if the precipitation 

falls as snow or rain (Kunkel et al., 2009; Notaro et al., 2015b; Notaro et al., 2014). 

¶ Summer drought conditions are projected to increase due to decreased summer rain and 

increased temperature and evapotranspiration (Bonsal et al., 2011).  

https://climateatlas.ca/


 

 

Rainfall Intensity, Duration and Frequency (IDF)  

 

These rainfall IDF values are calculated with IDF_CC Tool 3.0 (http://idf-cc-uwo.ca/; Simonovic et al. (2017)) using Generalized 

Extreme Values (GEV). The Ontario Ministry of Transport also maintains an accessible IDF database, 

http://www.mto.gov.on.ca/IDF_Curves/terms.shtml.  

 

Baseline total precipitation amounts (mm) for Wiarton from 1973-2007. 

 

 

Projected (2050-2100) precipitation (mm) for Wiarton using an ensemble of models and RCP 4.5.  

 

 

Projected (2050-2100) precipitation (mm) for Wiarton using an ensemble of models and RCP 8.5. 

 
Wiarton IDF observations and projections. Observe that todayôs ñone in 100 yearò rainfall event (i.e., 61.39 mm/hr) is projected to be closer to a ñone in 25 

yearò event by 2050-2100 for both RCP scenarios and the future ñone in 100 yearò rainfall event is projected to increase in intensity (i.e., ~83 mm/hr).  

http://idf-cc-uwo.ca/
http://www.mto.gov.on.ca/IDF_Curves/terms.shtml


 

 

Climate Moisture Index 

 

The Climate Moisture Index (CMI) is calculated as the difference between annual precipitation 

and potential evapotranspiration. A positive CMI value indicates wet conditions and a negative 

value indicates dry conditions (http://www.nrcan.gc.ca/forests/climate-change/forest-

change/17772). Data courtesy of Dan McKenney and John Pedlar, Canadian Forest Service. 

Generalized linear model developed in R (R Core Team, 2017).  
 

 

 
 
Climate Moisture Index (CMI) for Tobermory, ON. No statistically significant (P<0.05) trend observed for CMI 

values over the historic period or RCP scenarios. Future CMI projections are estimated to be negative (dry) 68-72% 

of years, an increase from 60% for the historic period (1900-2015). 

 

 

2.3 Wind 
 

Wind is an important variable in ecosystem dynamics as it influences evaporation, water 

currents, ice cover, erosion, thermoclines, etcé It is difficult to model and results from a few 

studies suggest that wind speeds will become more variable.      

¶ Cheng et al. (2014) project a 30-50% increase in wind gust events in excess of 70km/yr 

by 2081-2100 for Wiarton.   

¶ Projections for BP/FF illustrate a decrease in mean wind speeds of 1-3% for the Lake 

Huron side and an increase of 1-3% for the Georgian Bay side (Yao et al., 2012), 

regardless of the trend extreme events are projected to have higher wind speeds 

(McDermid et al., 2015). 

¶ Desai et al. (2009) report increased wind speeds over Lake Superior due to a weakening 

of the water-air temperature gradient.  
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3. Climate Change Impacts 
 

3.1 Water Temperature and Levels 
 

Lake Huron 

 

¶ Lake summer surface water temperature for eastern Lake Huron and Georgian Bay has 

increased by 0.11 and 0.07ęC/year respectively from 1994 to 2013 (Mason et al., 2016).  

¶ Surface water temperatures for Lake Huron are projected to increase 2.6-3.9°C by 2071-

2100 relative to a 1971-2000 baseline (Trumpickas et al., 2009). 

¶ An earlier onset and longer period of thermal stratification is expected (Zhong et al., 

2016). For instance, the number of days with a surface water temperature greater than 

4°C is projected to increase by 45-62 days by 2071-2100 relative to a 1971-2000 baseline 

(Dove-Thompson et al., 2011; Trumpickas et al., 2008). 

¶ Wang et al. (2012) report that the spatial extent of ice coverage on Lake Huron has 

declined by 62% from 1973 to 2010. Mason et al. (2016) also report that a significant 

decline in ice cover duration of -0.67 days/year has occurred for Lake Huron. 

¶ Ice cover is projected to continue to decline (e.g., by half, see figure 8 in Notaro et al., 

2015b). 

¶ Lake level data is available for the Tobermory Hydrographic Station (02FA003) from 

1962 to present day (e.g., http://collaboration.cmc.ec.gc.ca/cmc/hydrometrics/www/ or 

http://tides.gc.ca). Although no analysis was undertaken for this report, the data does 

highlight the variability in lake levels across times scales from hours to decades, with a 

recorded minimum/maximum difference of 2.2 m at this station.   

¶ Lake precipitation, basin runoff and lake evaporation are the primary drivers of water 

levels (IJC, 2009). 

¶ Many of the earlier studies predicted lower lake levels due to climate change (e.g., 

Croley, 1990). More recent studies suggest that future lake levels will fluctuate within the 

historical range of variability but with a lower mean level (e.g., -14 to -25 cm from 

current) (IJC, 2012; Lofgren and Rouhana, 2016; MacKay and Seglenieks, 2013; Music 

et al., 2015) and one study suggests that lake levels will be higher (+42 cm from current) 

(Notaro et al., 2015a).  

¶ Phosphorus loading into lake is expected to be higher in spring due to increased 

precipitation and runoff from agricultural fields and decrease in summer (Collingsworth 

et al., 2017).    

 

In land Waters 

 

While there are a few discrete water flow and level records for some lakes and streams in BP/FF, 

there is no long term dataset on which to assess trends. The closest hydrographic station is 

maintained by Environment and Climate Change Canada, located on the Stokes River at Hwy. 6 

(Station ID: 02FA002, summary data link). 

 

 

 

https://wateroffice.ec.gc.ca/report/historical_e.html?stn=02FA002&mode=Graph&type=h2oArc&results_type=historical&dataType=Daily&parameterType=Flow&year=2016&year=2016&y1Max=1&y1Min=1
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Stokes River annual flow data (HYDAT  database, Jan. 17, 2018 release). Although a statistically significant 

(P<0.05) trend was not demonstrated for mean, max or min values, a slight declining trend is noted for maximum 

and minimum annual flows while mean flow shows a slight increase. Changing land use patterns may be a factor in 

this context. It is worth noting that 3 of the top 10 maximum peak flows on record (1976-2016) have occurred since 

2010, the highest flow was recorded on January 30, 2013 (coincided with a thunderstorm and temperatures >8ęC). 

The majority of peak flows occur in March or April and may be attributed to rain on snow events. 

 

Additional information on inland waters:  

¶ The ice free period for the inland waters of Bruce County is projected to increase by 9.6 

to 22.6 days by 2041-2070, with spring break-up occurring 1.7 to 7.2 days earlier and 

freeze-up 7.9 to 15.4 days later (Minns et al., 2014).  

¶ Stream temperatures are expected to increase as air temperatures increase (Chu, 2015). 

Brook Trout is an example of a species in BP/FF already vulnerable to stream 

temperature maximums in Willow and Dorcas Creeks and are known to occupy 

groundwater discharge and shaded riparian areas as refugia during summer. This cooling 

benefit could be reduced as groundwater warms or riparian areas are opened (e.g., 

beavers, logging, etcé) (Meisner et al., 1988). 

¶ Maximum spring runoff is occurring earlier and with a lower amplitude, flooding from 

more extreme precipitation events is expected to increase (Adamowski et al., 2013; 

Cheng et al., 2012b; Cunderlik and Ouarda, 2009; Jones et al., 2015; Karl et al., 2009). 

¶ Chu (2015) indicates (Figure 3) that the wetlands in BP/FF area have a high vulnerability 

to drying due to changes in air temperature and precipitation by the 2080s.  
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3.2 Wildfire  
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Projected increase in wildfire season for the Bruce Peninsula area. Increased length in days from baseline 

(1981-2010) under RCP 4.5 and RCP 8.5 scenarios. Data source: Natural Resources Canada, 

http://cfs.nrcan.gc.ca/fc-data-catalogue. 
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Additional inform ation on wildfire:  

¶ Lightening has a positive correlation with temperature, increasing risk of wildfire 

ignitions (e.g., Veraverbeke et al., 2017; Woolford et al., 2014).  

¶ Flannigan et al. (2016) demonstrate that seasonal precipitation must increase 15% to 

offset every 1ęC rise in temperature. Wotton et al. (2005) project drier forest floor 

conditions for Ontario, including the Bruce Peninsula, and predict a province-wide 

increase in the number of wildfires. In considering the climate projections for BP/FF, 

spring precipitation is only projected to increase by 5.6% for every degree warming and 

summer precipitation is projected to decline by 0.7% per every degree warming, thus an 

increase risk due to drier conditions is possible.   

¶ More severe fire weather (heat and drought) may create conditions (i.e., intensity >10,000 

kW/m) where fire suppression is no longer feasible or effective (Colombo, 2008; Podur 

and Wotton, 2010; Wotton et al., 2017). In the context of BP/FF and in particular 

maturing jackpine (S2) and assumed increase in dead balsam fir (M3) stands, a potential 

increase in fuel types/loads to support more intense conditions may have occurred since 

last assessed using 1994 imagery (Del Degan and Masse et Associes Inc., 2007).  

¶ Provincially, Fire Weather Index and Fire Severity values are projected to increase 

(Lemieux et al., 2007; Podur and Wotton, 2010; Wotton et al., 2017; Wotton et al., 

2005). 

¶ An increase in deciduous species may reduce the amount of crown fire and total fuel 

consumption (Terrier et al., 2013). However, spring time before leaf-out, still remains a 

potentially higher risk wildfire period in BP/FF (Del Degan and Masse et Associes Inc., 

2007). 

 

3.3 Biodiversity 
 

Biodiversity is the variety of genes, species and ecosystems and is essential to our social, 

economic and ecological well-being. ñAgricultural expansion, over-exploitation and introduction 

of invasive alien species have been the main drivers of biodiversity loss in the recent past, but 

several lines of research suggest that climate change could become a prominent, if not leading, 

cause of extinction over the coming centuryò (Pacifici et al., 2015; Thomas et al., 2004). The 

latest ñLiving Planet Reportò (WWF, 2017), cites climate change as a key driver of wildlife  loss 

and reports that half of Canadaôs monitored species (451 of 903) are in decline, and of those, the 

average decline is 83%. 

 

The effects of climate change on biodiversity are fairly well documented and include (e.g., 

Nantel et al., 2014; Nituch and Bowman, 2013):    

Å Shifts in species distribution. 

Å Changes in phenology. 

Å Decoupling of interactions (plant-pollinator) 

Å Reductions in population size. 

Å Species extinction and extirpation. 

Å Habitat loss. 

Å Increased disease and spread of invasive species.  

Å Change to ecosystem services. 
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Climate Velocity 

 

AdaptWest (https://adaptwest.databasin.org/) provides integrative tools that can inform 

conservation planning, including the following analysis on climate velocity.  

 

 
Origin and destination of the future climate type for BP/FF (2080ôs, RCP 8.5) determined using AdaptWestôs 

Climate Displacement Tool. The forward or outgoing velocity is estimated to be 3 km/yr , while the backward or 

incoming velocity is estimated to be 5 km/yr . 

 

Plant Species 

 

 
Projected climate refugia areas for  tree species. Refugia index based on niche-based velocities for 324 tree 

species derived from McKenney et al. (2011). The refugia values for BP/FF are moderate (0.1 ï 0.13). Inset image 

of Canada/USA. Date source: AdaptWest (https://adaptwest.databasin.org/), for study details see Stralberg et al. 

(2018). 
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https://adaptwest.databasin.org/



















































