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Preface

This is a supplement to t hGreafiibkeRégi drad kise @dotu
(Parker 2017)and is intended to support climate change discussioBsuce Peninsula National
Park and Fathom Five National Marine Park.

Future climate projections are modelled with seveiféérentgreenhouse gas concentration
trajectories calleRepresentative Concentration Pathways (RCP)Vuurenet al, 2011) They
describe possible climate futures and are named after respective radiative forcing values in the
year 2100 relative to priedustrial values (i.e., +2.6, +4.5 and +8.5 watf/RCP 2.6assumes

we take action and greenhouse gas emissions peak irf2P@00and decline thereaft&CP 4.5
assumes emissions peak around 2040 and then d&fe8.5assumes we take no action and
emissions continue to riges t a t theoughoutahé Zlcentury.We are currently tracking

RCP 8.5.

This is a site focussedocument and to understatte larger climate change cont@ktase
consul t h@mmnyadichatedassessment repofésg., Bush and Lemmen, 2019; Warren
and Lemmen, 2014nd theintergovernmental Panel on Climate Changsessment reports
(e.g., IPCC, 2014)With respect to adaptation and mitigatioptions pleasaeview Grosst al.
(2016) Parkeret al.(2018)or Rockmaret al. (2016)
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Disclaimer

Views, statements, findings and conclusions are solely those of the author andhdoessarily reflect the views

and policies of Parks Canada. Although the author has made every effort to easheitfformation is accurate,
complete and correct, neither Parks Canada nor the author can guarantee its integrity. Readers are encouraged to
verify with original sources.



Highlights

)l
T

E

Mean annual air temperaturethe regiorhas increasedy ~le C si nce thd 916 ,
greatstincrease occurringuringwinter and nighttime periods.

Mean annual temperatufer the regions projected to increase By2.1e C b y-20200 2 1
and~4.32 C b y-20200RER 8.5)

The number of ext peyaaispnogeced to therease frd8daB e C)
to 21.3 days by 2052080(RCP 8.5)

Growing season hadreadyincreased by ~17 dagince 190@Gndis projected to

increase an additional 86 dayg 2100(RCP 8.5.

Precipitation is variable, most projectiogsigygest a slight increase (9% by 2Z8B0)

with greater increase wwinter andspring anca decreasa summer Moreis expected to

fall in intense eventwith associated flooding. B fone in 100 year o
be cl oser t o0 ae d®hdgpen more @npredictabdyr

Mean wind speed has decreased & projected to continue to decredsawever,

extreme events are projected to have higher wind speeds.

Lake Huron is projected to warm bye3and the ice free period increase by62sdays

by 20712100.

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@@aysoy 20462070. Conditions

for more intense fire behaviour are projected.

Climatic envelopes angrojected to change (northward at 3 km/yr) and will no longer be
suitable for many species, particularly those with northern affink@sinstance, a 42%
turnover in bird species is projected by 21Bnt hardinesgonewill change and no

longer be suitable for 1000 species.

Visitationis expected tincreaseparticularly inthe autumn.

Human fealthissuesncludethe impact okxtreme heiaevents andhe northward

movement of vecteborne diseases suchlagne diseasend Ehrlichia

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

Tomperature ('C)

24% Tobermory climograph (RCP 8.5)
Modelled monthly mean temperature
and totalprecipitation forthe 1976

15 2005 baseline and 202050future
projection Figuresource: Climate
Atlas of Canada
(https://climateatlas.cal)
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1. Historic Climate

Moderated by its maritime location, the climateBofice Peninsula National Park aRathom

Five National Marine ParkBP/FF)is humid and temperate with warm summelaly meanof

1 8 C)mard cool wintersdaily meanof -6.1eC). The summer months are dominated by hot,
humid air masses originating in the Pacific Ocean and the Gulf of Mexico (with extreme
maximumsreaching35eC). Winters have an increase in Pacific air which is displaced over the
season by cold Arctic currentsith extreme minimumas low as36€¢C). The most prolonged
cold periods occur when large Arctic high pressure air masakever Hudson Bay. Spring and
autumnrepresent 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 fegrees. Conversely, in the autuamd winter the warmer lake
moderates temperatures, often delaynogt for several weeks. disture picked up from thlake

by prevailing windscan cause lake effect fogain orsnow.The annual meawater temperature

for Lake Huron i s mBandZX .GC andvda minmmuramem@max iomurm. 1e C.

maximum ice covefor Lake Hurons 51.7%.

Winds are predominatelydmthe southwest tavest, with mean speeds of R@/hrin summer
and14 km/hr in the other seasoméormal wave height is 0.7 m during the summer and may
exceed 3 m during strong wind events. Sometapatar storms, especially in thatumnand
winter, canexperience winds80 km/hr and wave height$ m.
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1.1 Temperature

Gore Bay is the closesteteorologicaktation 6092920 with long term temperature data in the

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

(R Core Team, 2017hcluding 95% confidence interval80 = st ati stically sig
(P<0.05).
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Gore Bay mean annual and seasonal temperaturd datistically significant (P<0.05ncreaseobserved in mean
annualand seasonatmperatureMean anuel temperature has increasegHl1°C since 196. Of all the seasons
winter temperature has increased the greatest;Gkitice 1916.



1.2 Precipitation

Wiarton is the closesheteorological mtion (6119500yith long term precipitation data in the
AHCCD (ECCC, 2017)Trends from 1948 to 201determined using a generalized linear model

(R Core Team, 2017hcluding 95% confidence interval80 = st ati stically sig
(P<0.05).
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Wiarton t otal annual and seasonaprecipitation. Total annuaprecipitation demonstratedsgatistically
significant increase @.05) ~281 mm (29%)since 1948 Winter (Dec, Jan, Feb) and autumn (Sep, Oct, Nov)
demonstrated statistically significant (P<0.05) increase, the greatest being observadtfionn ~107 mm (41%).
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Annual Rain Annual Snow
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Wiarton t otal annual rain demonstrated a Wiarton total annual snow demonstrated a
statistically significant (P<0.05) increase since 194 statistically significant (P<0.05) increase since 19:
~175 mm (26%). ~105 mm (35%).

1.3 SurfaceWind Speed

Wiarton is the closest meteorologicttson (6119500)with long term wind data in the AHCCD
(ECCC, 2017)Trends from 1953to 201 determined using a generalized linear m@¢&eCore

Team, 2Q7)including 95% confidence interval80 = st ati stically signif
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Wiarton mean annualand seasonalvind speedsMean annual wind speedave demonstrated a statistically
significant (P<0.05) decreasel.4 km/hr (10%) since 193. Seasonally, winter (Dec, Jan, Feb), summer (Jun, Jul,
Aug) and autumn (Sep, Oct, Nov) have all demonstrated a statistically significant (P<0.05) decrease, she greate
being observed for autumn, ~k&h/hr (13%) since 193.



2. Projected Climate Trends

2.1 Temperature
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Projected mean annual temperature increaséor the Bruce Peninsulafrom a 19802010 baselineComposite
projection ofCanESM2, CESM1CAM5, HADGEMZ2ES and MIROCESDBata sourceNaturalResources Canada,
Canadiarforest Servicehttp://cfs.nrcan.gc.ca/projects(Briceet al, 2011)



http://cfs.nrcan.gc.ca/projects/3

Temperature projectionsfor the BP/FF areafrom PCIC (2014)

1 Mean annualemperature is projected (RCP -REP 8.5) to increase by 1201°C by
20212050 and 2.91.3°C by 2051-2080.

1 Winter time is projected to warm the greatest (e.g-537C by 2051-2080).

1 The nighttime periods projected to wan faster than the daytime |pel.

1 The number of +3 days is projected to increase from 0.8 days/year (2006
baseline) to between 9.4 (RCP 4.5) and 21.3 (RCP 8.5) daybfy2@51-2080.

1 The number of30°C days is projected to decrease from 0.8 days/year {2006
baseline) tdetween 0.2 (RCP 4.5) and 0.1 (RCP 8.5) dayskygad051-2080.

Growing Season

Growing Seasors 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 useaiodaf plant

photosynthetic activityi(ttp://www.nrcan.gc.ca/forests/climatbange/foresthange/1847))

Data courtesy of Dan McKenney and John Pedlar, Canadian ForeseS&wneralized linear
modeldeveloped in RR Core Team, 2017)

: MAM\J\\/\

= il

300
I

= RCPE&S5

T T T T T
1900 1950 2000 2050 2100

Growing Season (Days)
250
|

200
I

Year
Growing SeasonL ength for Tobermory, ON. The historic period and the RCP 2.6 and 8.5 future scenarios all
demonstrate a statistically significant (P<0.05) incréaggowing seasarSince 1900 growing season has increased
by ~17 days anthay increase an additional 86 days under RCP 8.5


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

2.2 Precipitation

Annual Precipitation (RCP 4.5)
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Observed and projected btal annual precipitation for the Tobermory area. Satistically downscaled data
derived from 12 CMIP5 global climate mod€RCIC, 2014)Both theRCP 4.5 andRCP 8.5 scenarios project an
increase in thenean estimatéor total annual pecipitation of 9% by 2052080. See Appendix 2 for scatterplot of
model projections. Figure sourdglimate Atlas of Canad#ttps://climateatlas.ca/

Other precipitation projections:

1 Wanget al.(2017)project that total annual pgpitation will increase by 7%, 10.1%
and 5.9%in the 2030s2050s and 2080s respectivebiative tothe 19611990 baseline.

1 Precipitation ptterns arexpectedo changeincluding more falling as rain than snow,
an increase ithe amount o§pringtime precipitation and amcreasen theintensity of
precipitationeventg(e.g., Chengt al, 2012a; Dengt al, 2016; Wanget al, 2015) It is
projected that the mean number of days/year withibepkecipitation (+20 mm) will
increase from 5.71950:2005)to 6.4 (20212050) to 7.0 (2052080)(PCIC, 2014)As
well, reduced ice cover and greater wind fetch enhances lake evaporation, resulting in
greatellake-effect precipitationLocal air temperaturesill determine if the precipitation
falls as snow or rai(Kunkel et al, 2009; Notarcet al, 2015b; Notaret al, 2014)

1 Summer droughtonditionsare projected to increase duadxreasedummer rairand
increased temperature and evapotranspirgdBonsalet al, 2011)
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https://climateatlas.ca/

Rainfall Intensity, Duration and FrequencyIDF)

Theserainfall IDF values arealculatedwith IDF_CC Tool 30 (http://idf-cc-uwo.caj Simonovicet al.(2017) using Generalized
Extreme Values (GEV)IheOntario Ministry of Transport also maintaias accessibléDF database
http://www.mto.gov.on.ca/IDF_Curves/terms.shtml

IDF Graph. =T - GEV Baselinetotal precipitation amounts (mm) f@¥iartonfrom 19732007.
T (years) 2 5 10 25 50 100
5 min 7.02 919 1068 12 64 1415 15.69
P 10 min 10.44 13.35 1518 17.38 1893 20.41
e 15 min 12.95 16.77 19.19 2212 2421 26.21
P 2 = 20 min 16.85 22.22 25.67 29.90 32.95 35.92
v 1h 20.41 28.55 34.92 44.29 52.34 51.29
2h 25.11 35.79 4497 5970 73 44 90.04
‘ ! 6h 3473 4618 56.32 72.41 87 26 08 45
12 h 3927 53.17 64.07 2011 8970 98 45
M s kAl o B pion SV AS il i 24h 47.97 50.89 69.67 81.05 89.70 08.45
IDF Graph: FPT - GEV - RCPA.5 Projected (205@100) precipitation (mm) fowiartonusing an ensemble of models &R@P 4.5
T (years) 2 5 10 25 50 100
5 min 888 12.25 1425 17.46 2027 2254
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< 2 30 min 21.27 29.64 34.32 41.67 47.90 53.05
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2h 31.97 4753 53.99 7923 97 25 11824
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12h 4982 70.74 8541 108 59 128.97 14198
et A P el e 24h 60.62 81.13 93.04 112.21 128.97 141.98
IDF Graph: PFT - GEV - RCP 3.3 Projected (205@100) precipitation (mm) fowiartonusing an ensemble of models &GP 8.5
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http://idf-cc-uwo.ca/
http://www.mto.gov.on.ca/IDF_Curves/terms.shtml

Climate Moisture Index

TheClimate Moisture IndexCMI) is calculaté 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/cliclzaage/forest
change/17772Data courteg of Dan McKenney and John Pedlar, Canadian Forest Service.
Generalized linear modeleveloped in RR Core Team, 2017)
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Climate Moisture Index (CMI) for Tobermory, ON. No statistically significant (P<0.05) trend observedGaf|
values over the historic period or RCP scenarios. Future CMI projections are estimated to be negativ& 28ty) 68
of years, an increase from 60% for the historic period ().

2.3 Wind

Wind is an important variabie ecosystem dynami@s it influences evaporation, water
currents, i ce cover  ltisdifficulsto madelandrebutsiromateww i nes, e
studies suggeshat wind speeds wibecomemore variable
1 Chenget al.(2014)project a 3660% increase in wind gusvents in excess of 70km/yr
by 2081-:2100 for Wiarton.
1 Projections for BP/FHlustratea decrease imean wind peeds of 43% for the Lake
Huron side and an increase 68% for the Georgian Bay sid¥ao et al, 2012)
regardless of the trend extreme events are projected to have highespesuts
(McDermidet al, 2015)
9 Desaiet al.(2009)report increased wind speeds over Lake Superior due to a weakening
of the watetair temperature gradient.



3. Climate Change Impacts

3.1 Water Temperature and Levels

Lake Huron

)l
T

Lake summer surface water temperature for eastern Lake Huron and Georgias Bay ha
increased by 0.11 and Odl7year respectively from 1994 to 20(\asonet al, 2016)
Suface water temperatwséor Lake Huronareprojected tancrease 2.6.9°C by 2071

2100 relative t@ 19712000 baselinéTrumpickaset al, 2009)

An earlier onset and longer period oétmal stratification is expectédhongetal.,

2016) Forinstancethe number of days witasurface water temperatigreater than

4°C is projected to increasg B5-62 days by2071-2100 relative t@ 19712000 baseline
(Dove-Thompsoret al, 2011; Trumpickast al, 2008)

Wanget al.(2012)report thathe spatial extent of ice coverage on Lake Huras

declined by 62% from 1973 to 2010. Masziral. (2016)alsoreportthata significant
decline in ice cover duration €0.67 days/yednas occurredor Lake Huron.

Ice cover is projected to continue to decl{aay., ty half, see figure 8 in Notaret al,

2015b)

Lake level data is available for the Tobermory Hydrographic Station (02FA003) from
1962 to present day (e.dttp://collaboration.cmc.ec.gc.ca/cmc/hydrometrics/w\awv/
http://tides.g.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, basirunoff and lake evaporation are the primary driversatier
levels(1JC, 2009)

Many of the arlier studiegpredicted lover lake levels due to climathangge.g.,

Croley, 1990)More recent studiesuggest thauturelake levels willfluctuate within the
historical rangef variability but with a lowermeanlevel (e.g.-14 to -25cmfrom

curren) (1JC,2012; Lofgren and Rouhana, 2016; MacKay and Seglenieks, 2013; Music
et al, 2015)andone sudy suggestthat lake levels will be high€r42 cm from current)
(Notaroet al, 2015a)

Phosphorus loading into lake is expected to be higher in sprentbdncreased
precipitation and runoff from agricultural fields and decrease in surf@odiingsworth

et al, 2017)

Inland Waters

While there are a fewliscretewaterflow and level records fasomelakes andstreams in BAFF,
thereis no long termdataset on whichto assestends. The closest hydrographic station is
maintained by Environmennd Climate Change Canada, locatedthe Stokes River at Hw§
(Station ID: 02FA002, summary ddtak).
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Stokes Riverannual flow data (HYDAT database, Jan. 17, 2018eleasg. 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 |lapatiesas may be a factor in

this context. It is worth noting th&tof the top 10 maximum peak flows record (19762016 have occurred since
2010, the highest flow was recedion January 30, 2018dincided with a thunderstorm arehtperatures 8eC).

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

Additional information on inland waters:

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

to 22.6 days by 2042070,with spring breakup occurring 1.7 to 7.2 days earlier and
freezeup 7.9 to 15.4 days lat@Minns et al, 2014)

Stream temperatures are expected to increase as air temperatures (Gtnea2e15)
Brook Troutis an example of a species in BP/FF already vulnetaldgeam

tempeature maximums in Willowrad Dorcas Creekand are known to occupy
groundwater discharge and shaded riparian areas as refugia during stihisneooling
benefit could be reduced geoundwatewarms or riparian areas are opened (e.g.,
beavers, | @Mgisnereta,1988)t c é)

Maximum spring runoff is occurring earlier and with a lower amplitude, flooding from
more extrene precipitation events is expected to incréAslamowskiet al, 2013;
Chenget al, 2012b; Cunderlik and Ouarda, 2009; Joeiesl, 2015; Karlet 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 fothe Bruce Peninsula arealncreaseddngth in days from baseline
(1981:2010)under RCP 4.5 and RCP 8.5 scenarios. Bataice Natural Resources Canada,

http://cfs.nrcan.gc.ca/fdatacatalogue.
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Additional inform ation on wildfire:

1 Lighteninghas a positive correlation witemperature, increasing risk of wildfire
ignitions (e.g., Veraverbeket al, 2017; Woolfordet al, 2014)

1 Flannigaret al. (2016)demonstrate that seasonal precipitation rmeease 15% to
of fset every 1eWottonetald2005)projécempfaastdldon r e .
conditionsfor Ontario, including the Bruce Peninsula, gmddicta provincewide
increasean the number of wildfiresin considering the climate projections for BP/FF
spring precipitations only projected tonicreasdoy 5.6% for everylegree warmingrad
summerprecipitationis projected to decline by 0.7% parerydegree warming, thuen
increase risklue to drier conditions igossible.

1 More severe fire weather (heat and drought) may create conditemnstensity >10,000
kW/m) where fire supgssion is no longer feasible or effect{@dlombo, 2008; Podur
and Wotton, 2010; Wottoet al, 2017) In the context of BP/FF and in particular
maturing jackpine (S2) and assumed increase in dead balsam fir (M3) stpots)tial
increase in fuel typ#loads to support more intense conditions hayeoccurredsince
last assessed using 1994 imag@®gl Degan and Masse et Associes Inc., 2007)

1 Provincially,Fire Weather Indeand Fire Severityalues are projeetito increase
(Lemieuxet al, 2007; Podur and Wotton, 2010; Wottetnal, 2017; Wottonet al,

2005)

1 Anincrease in deciduous species may reduce the amount of crown fire and total fuel
consumptior(Terrieret al, 2013) However, spring time before leafit, still remains a
potentiallyhigher risk wildfire period in BP/FKDel Degan and Masse et Associes Inc.,
2007)

3.3 Biodiversity

Biodiversityis the variety of genes, species and ecosystemsassential to our social,

economicand ecological welbeing AAgricultural expansion, oveexploitation and introduction

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

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

cause of extinction over the coming centufyacificiet al, 2015; Thomast al, 2004) The

| at est A LR evpi fMWWFR2013) nitestclimate change askay driver ofwildlife loss
andrepodthathal f of Canadad6s monitored species (451
average decline is 83%.

The effects of climate change biodiversityare fairly well documented andclude(e.g.,
Nantelet al, 2014; Nituch and Bowman, 2013)

Shifts inspecies distribution.

Changes in phenology.

Decoupling of interactions (plaipiollinator)

Reductions in population size.

Species extinction and extirpation.

Habitat loss.

Increased disease and spread of invasive species.

Change to ecosystem services.

Too Too Joo oo oo oo Too To

16



Climate Velocity

AdaptWest(https://adaptwest.databasin.Qrgrovides integrative tools that can inform
conservation planning, including the following analysis on climatecity.

®
Outgoing
3 km/yr
Incoming
5 km/yr

Climate Velocity

Origin anddestination of the future climate type BP/FF( 20806 s, RCP 8. 5) West &érsmi ned u:¢
Climate Displacement Toorl' he forward or atgoing velocity is estimated to B&km/yr, while the backward or

incoming velocity is estimated to Bekm/yr.

Plant Species

Projected dimate refugia areas for tree species.Refugia index based on nichbased velocities for 324 tree
species derived from McKenney al (2011) The refugia @alues for BP/FFaremoderate (0.1 0.13).Inset image
of Canada/USADate sourceAdaptWest (https://adapest.databasin.org/), for study details see Straleead

(2018)
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