Supplemental Climate Information for
Jasper National Park
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Preface

This is a supplement to the “Let’s Talks about Climate Change: Mountain Region” (Parker,
2017) report and is intended to support climate change discussions at Jasper National Park.

Future climate projections are modelled with several different greenhouse gas concentration
trajectories called Representative Concentration Pathways (RCP) (Vuuren et al., 2011). RCPs
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/m?). 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 “status quo” throughout the 21% century. We are currently tracking
RCP 8.5.

This is a site focussed document and to understand the larger climate change context please
consult Canada’s 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 options, review Gross et al. (2016), Parker et al.
(2018), or Rockman et al. (2016).

e Change Adaptation
s for Biodiversity:

{ ~tent snd Cuntance Repert ra »
.y
- '

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.



Summary Climograph

The climograph below illustrates average temperature and precipitation for both the baseline
(1976-2005) and future (2051-2080) periods. In general, future temperatures are projected to be
warmer for all months, and wetter for all months except July and August.
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Climograph for the Municipality of Jasper. Modelled monthly mean temperature and total precipitation for the
1976-2005 baseline and 2051-2080 future projection (RCP 8.5). Figure source: Climate Atlas of Canada
(https://climateatlas.ca/).



https://climateatlas.ca/

1. Historic Climate

Climate normals (1971-2000) for the Jasper meteorological station (ID 3053520; 52°53°N,
118°04°W; 1062.2m asl) report (http://climate.weather.gc.ca/climate_normals/) daily average
temperatures from -9.8°C in January to 15.0°C in July, with an annual average of 3.3°C. July is
reported as the wettest month and February the driest with an average of 60.1mm and 16.0mm of
precipitation respectively and an annual total precipitation of 398.8mm. Climate normals are also
available for the Jasper East Gate Station (ID 3063523; 53°14°N, 117°82°W; 1002.8m asl). Of
interest, using a 1971-2000 baseline the average daily temperature for this station is 3.7°C and a
total annual precipitation of 620.2mm, while using a 1981-2010 baseline the average daily
temperature increase to 4.1°C and total annual precipitation decreases to 598.7mm.

Temperature and Precipitation Graph for 1971 to 2000 Canadian Climate Normals
JASPER

Climate normals (1971-2000) for Jasper (Station 1D 3053520). Figure source: Environment and Climate Change
Canada, http://climate.weather.gc.ca/climate_normals/.

Climatic conditions in Jasper NP are influenced by latitude, elevation, slope, and aspect. For a
detailed description of the regional climate, see Janz and Storr (1977). As an example of spatial
variability, every 100m increase in elevation results in a decrease in air temperature by about
0.5°C, however temperature inversions are possible, such as when an arctic high-pressure system
fills a valley (Gadd, 1986). The continuous high mountain range between Lake Louise and Jasper
can produce heavy precipitation and a rain shadow effect can occur in the lower elevations to the
east (e.g., between Jasper and the east gate) (Gadd, 1986). Southern aspects receive more solar
radiation than northern aspects. As well, catabatic winds can flow off the glaciers and mountains,
causing a downwind local cooling effect.


http://climate.weather.gc.ca/climate_normals/

1.1 Temperature
Jasper (3053536) is the closest meteorological station with long-term temperature data (ECCC,

2017). Trends from 1948 to 2017 determined using a generalized linear model (R Core Team,
2017) including 95% confidence intervals. “*” = statistically significant trend (P<0.05).
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Jasper mean annual and seasonal temperature. A statistically significant (P<0.05) increase observed in mean
annual and seasonal temperatures. Mean annual temperature has increased by 2.5°C since 1948. Of all the seasons,
winter (Dec, Jan, Feb) temperature has increased the greatest, 4.4°C since 1948.
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Temperature Trend (°C) 1948-2016
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Change in mean annual and seasonal temperatures (°C) for Jasper and other regional national parks from
1948 to 2016. Canadian gridded data (CANGRD): https://climate-change.canada.ca/climate-data/#/historical-

gridded-data.



1.2 Precipitation
Jasper (8204800) is the closest meteorological station with long-term precipitation data (ECCC,

2017). Trends from 1948 to 2007 determined using a generalized linear model (R Core Team,
2017) including 95% confidence intervals. “*” = statistically significant trend (P<0.05).

Total Annual Precipitation
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Jasper total annual and seasonal precipitation. Total annual precipitation demonstrated a statistically significant
decrease (P<0.05), -90 mm (-19%) from 1948 to 2007. Winter (Dec, Jan, Feb) demonstrated a statistically
significant decrease (P<0.05), -60 mm (-53%). The other seasons did not demonstrate a statistically significant trend
(P<0.05).



Annual Rain
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Jasper annual rain did not demonstrate a statistically significant (P<0.05) trend between 1948 and 2007.

Annual Snow
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Jasper total annual snow demonstrated a statistically significant (P<0.05) decrease between 1948 and 2007, -
58mm (-38%).
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Percent change in total annual and seasonal precipitation for Jasper and other regional national parks from
1948 to 2012. Canadian gridded data (CANGRD): https://climate-change.canada.ca/climate-data/#/historical-

gridded-data.
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1.3 Surface Wind Speed
Jasper (3053520) is the closest meteorological station with long-term wind data (ECCC, 2017).

Trends from 1953 to 2014 determined using a generalized linear model (R Core Team, 2017)
including 95% confidence intervals. “*” = statistically significant trend (P<0.05).

Mean Annual Wind
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Jasper mean annual and seasonal wind speeds. Mean annual wind speeds did not demonstrate a statistically
significant trend (P<0.05) between 1953 and 2014. Only winter (Dec, Jan, Feb) demonstrated a statistically
significant trend (P<0.05), decreasing 1.4 km/hr (-18%) between 1953 and 2014.

11



2. Projected Climate Trends

2.1 Temperature

RCP 2.6

2011-2040

2041-2070

2071-2100

A Change from baseline (°C)
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Projected mean annual temperature increase for Jasper National Park from a 1980-2010 baseline. Composite
projection of CanESM2, CESM1CAMS5, HADGEMZ2ES and MIROCESM. Data source: Natural Resources Canada,
Canadian Forest Service, http://cfs.nrcan.gc.ca/projects/3 (Price et al., 2011). For some areas temperature increases

could exceed 8.5°C.
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http://cfs.nrcan.gc.ca/projects/3

Frost-Free Season (RCP 8.5)
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The frost-free season (days) for the Municipality of Jasper is projected to increase from a mean of 92.4 days
from the 1976-2005 baseline to 143.5 days (+51 days) by 2051-2080 (https://climateatlas.ca/). Frost-free season
approximates the length of growing season (i.e., no freezing temperatures to kill or damage plants).

Very hot days (+30°C) (RCP 8.5)
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The number of very hot days (+30°C) for the Municipality of Jasper is projected to increase from a mean of 1.2
days/year from the 1976-2005 baseline to 16.1 days/year by 2051-2080 (https://climateatlas.ca/).
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2.2 Precipitation

RCP 2.6 RCP 4.5 RCP 8.5

2011-2040

2041-2070

2071-2100

Change from baseline (mm)
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Projected total annual precipitation change for Jasper National Park from a 1980-2010 baseline. Composite
projection of four spatially interpolated downscaled Global Circulation Models: CanESM2, CESM1CAMS5,
HADGEMZ2ES and MIROCESM. Data source Natural Resources Canada, Canadian Forest Service,
http://cfs.nrcan.gc.ca/projects/3 (Price et al., 2011). For some areas precipitation increases could exceed 600 mm.
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Annual Precipitation (RCP 8.5)
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Summer Precipitation (RCP 8.5)
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Total annual and summer precipitation days for the Municipality of Jasper. Annual is projected to increase
slightly from 520mm to 552mm, while summer is projected to decrease slightly from 194mm to 179mm by 2051 -

2080 (https://climateatlas.ca/). See Appendix 1 for model variability.
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Rainfall Intensity, Duration and Frequency (IDF)

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

Baseline total precipitation amounts (mm) for Jasper from 1963-1994.

T (years) 2 3 10 20 25 30 100
3 min 243 3.92 3.54 784 8.78 12.48 17.83
10 min 3.48 9.51 766 10.66 11.86 16.59 23.29
15 min 416 6.13 827 11.31 12.55 17.45 24.54
30 min 497 713 947 12.81 14.17 19.56 27.27

1h 7.04 055 12.01 15.21 16.45 21.09 27.27
2h 994 13.13 15.76 18.76 19.82 23.45 27.73
6 h 17.77 22.86 26.26 29.53 30.58 33.80 37.02
12 h 21.98 30.49 37.30 44 89 47.53 56.50 66.77
24 h 27.07 38.09 48.36 61.26 66.12 §3.93 106.80

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

T (years) 2 =) 10 20 25 30 100
5 min 290 478 6.77 922 10.12 14.71 19.81
10 min 4714 6.71 938 12.60 13.77 19.02 26.37
15 min 493 744 10,17 13.44 14.62 19.83 27.56
30 min 5.88 864 11.69 15.28 16.58 22.24 30.80

1h 830 11.73 15.04 18.56 19.82 25.47 33.10
2h 11.69 16.28 19.93 23.28 24.71 29.79 35.88
6h 20.82 28.37 33.02 37.27 32.90 44.15 49.70
12h 25.83 37.76 46.92 55.84 50.49 7211 86.95
24 h 31.91 46.93 60.45 74.81 80.38 102.86 131.95

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

T (years) 2 ) 10 20 23 30 100
5 min 3.08 493 727 9.86 10.81 14.31 18.84
10 min 439 7.01 10.10 13.50 14.74 19.26 2505
15 min 5.23 7.76 10.87 14.36 15.61 20.22 2617
30 min 6.24 902 12.46 16.31 17.69 2274 2925
1h 8.81 12.30 16.25 19.95 21.26 25.23 31.27
2h 12.45 17.13 21.57 25.22 26.44 30.39 3463
6h 22.24 29.94 36.08 39.04 40.61 43.35 4576
12h 27.53 39.75 30.95 60.39 63.54 73.74 8466
24 h 33.92 49.23 65.63 80.85 85.96 104.18 125.46

Jasper (52.88°N, 118.07°W) IDF observations and projections. Observe that today’s “one in 100 year” rainfall
event (i.e., 27.27 mm/hr) is projected to be closer to a “one in 50 year” event by 2050-2100 and the future “one in
100 year” rainfall event is only projected to increase slightly in intensity (i.e., 31.27 — 33.10 mm/hr).
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Heavy Precipitation Days (10 mm) (RCP 8.5)
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The number of heavy precipitation days (>10mm) for the Municipality of Jasper is projected to increase
slightly from a mean of 8.5 days for the 1976-2005 baseline to only 9.7 (+1.2 days) by 2051-2080
(https://climateatlas.ca/).

Climate Moisture Index

RCP 4.5

2071-2100

cMi Il <-20 7] -40 t0-20 [ 1-20 to 0 I 0 to 20 I 20 to 40 [ >0

Climate Moisture Index (CMI) is calculated as the difference between annual precipitation and potential
evapotranspiration — the potential loss of water vapour from a landscape covered by vegetation
(http://www.nrcan.gc.ca/forests/climate-change/forest-change/17772). A positive CMI value indicates wet or moist
conditions and a negative indicates dry conditions.
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2.3 Wind

The Coupled Model Intercomparison Project Phase 5 (CMIP5) models generally project a slight
decrease in mean annual and seasonal surface wind speeds for the region. The data can be
accessed and viewed from several sources, including:

— http://climate-scenarios.canada.ca
— https://gcgeo.gc.ca/geonetwork
— https://climate-viewer.canada.ca

However, Cheng et al. (2014) project that the frequency and intensity of wind gust events will

increase slightly for the region.
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3. Climate Change Impacts

3.1 Species and Ecosystems

In general, the effects of climate change on biodiversity include: shifts in species distribution;
changes in phenology; decoupling of interactions (plant-pollinator); reductions in population
size; species extinction and extirpation; habitat loss; increased disease and spread of invasive
species; competitive exclusion; and, change to ecosystem services (Nantel et al., 2014; Nituch
and Bowman, 2013). Some more specific regional effects include:
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Jones et al. (2017) studied stream temperatures in the Crown of the Continent and have
reported warming trends and seasonal shifts. Messner et al. (2013) reported on impacts of
warming waters, introduced brook trout (Salvelinus fontinalis) and an increase in
zooplankton diversity in the region. In general, increasing stream and lake temperatures
(e.g., less glacial inputs, warmer air temperature) will alter habitat conditions and may
exceed the thermal tolerance for some cold/cool-water fishes (e.g., Poesch et al., 2016),
insects (e.g., Treanor et al., 2013) and plankton communities (e.g., Hobbs et al., 2011;
Messner et al., 2013; Strecker et al., 2004).

Climate change will influence environmental chemistry and pollutants, including an
exacerbation of the effects of acid deposition (e.g., lower pH due to higher CO: levels),
nutrient loading (e.g., intense precipitation/runoff events), and mercury toxicity (e.g.,
released under anoxic conditions, warmer waters increase the rate of methylation) (e.g.,
Michalak, 2016; Noyes et al., 2009).

Roberts et al. (2014) report on a change in grizzly bear (Ursus arctos) habitat due to
climate change, including a general uphill migration of food resources.

Pika (Ochotona princeps), water vole (Microtus richardsoni), and least chipmunk
(Tamias minimus oreocetes) could be threatened as a result of disappearing tundra habitat
(e.g., Otto et al., 2015). In addition, pikas appear to lack the physiological ability to cope
with high ambient temperatures (e.g., >28°C) (Otto et al., 2015). Mountain sheep, goats
and elk all move upslope to graze in alpine tundra during summer and could be affected
by a loss of habitat and foraging resources.

Climate change is cited as a potential factor contributing to caribou (Rangifer tarandus
caribou) decline (COSEWIC, 2014; Festa-Bianchet et al., 2011). For Jasper NP, Bradley
and Neufeld (2012) discuss the interaction of climate and wildlife management in caribou
decline.

Potential bird species turnover for Jasper NP between now and 2050 is 26% of summer
residents and 18% of winter residents (see Appendix 2.; Parker et al., 2019).

An upslope migration of the alpine treeline was reported by Brown (2013) at rates
between 0.23 and 1.8 m/yr in the Kanasaskis study area and Roush (2004) at rates of 2.2
m/yr in Kootenay NP. However, it is important to note that species migration is a variable
and complex process, influenced by factors such as dispersal mechanisms, soil suitability,
solar radiation, soil temperature, permafrost, moisture regimes, etc... (€.g., Davis and
Gedalof, 2018; Luckman and Kavanagh, 2000).

A subsequent reduction or loss of alpine tundra and meadow ecosystems may be a
concern in some areas (e.g., lllerbrun and Roland, 2011).

A change in the composition and structure of high elevation forests is suggested due to
warming and a reduction in post-fire tree seedling establishment. A compensatory
increase is expected from montane species moving upslope (e.g., alpine larch, Douglas
fir, trembling aspen) and upper treeline species whitebark pine (Harvey et al., 2016).
However, whitebark pine colonization may be compromised by blister rust (Cronartium
ribicola) (Tomback et al., 2014).

Climate change is expected to facilitate the expansion of invasive species, for example,
conditions in this region may become suitable for plant species such as African rue and
brown knotweed (Chai et al., 2016).

Floodplain forests may be reduced in some reaches due to declining summer flows (Rood
et al., 2008).
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e Drought stress (e.g., 2015 drought in Jasper NP) is linked to declines in aspen and low-
elevation spruce forests (Brett, 2018; Hogg et al., 2008; Worrall et al., 2013). Increasing
aridity may decrease dominance of spruce, fir, western hemlock, etc... in favour of
species such as ponderosa pine, aspen, etc... (Hogg and Bernier, 2005). In extreme
events, even drought-resistant parkland species may be replaced by scrub or grassland
(Allen et al., 2010; Michaelian et al., 2011).

e Decline in whitebark pine is attributed to
infections by white pine blister rust and mountain ~ wm =
pine beetle infestations, combined with the effects
of climate change and fire suppression (Shepherd
et al., 2018).

e A warmer climate is expected to be more
favourable for forest insect and disease outbreaks
such as mountain pine beetle, western spruce
budworm, spruce beetle, forest tent caterpillar,
etc... (e.g., Gauthier et al., 2014; Haughian et al.,
2012; Sturrock et al., 2011; Weed et al., 2013).
Brett (2018) provides an update on the extent and
status of forest insect and disease in Jasper NP.

e Climate change and fire suppression are
recognized factors contributing to the mountain
pine beetle outbreak in Jasper NP (e.g., Bentz et
al., 2010; Jasper National Park, 2016).

National
Park

Plant Hardiness

Plant Hardiness is associated with probabilities of plant survival in relation to average, broad
scale climatic conditions. As the climate changes, habitat suitability for plant species also
changes (McKenney et al., 2001; McKenney et al., 2014; McKenney et al., 2011).

Table below summarizes species climatic distribution based on the Current and ANUCLIM
Composite-AR5, RCP8.5 maps and models in the Plant Hardiness of Canada database
(http://planthardiness.gc.ca/). Some species may be identified as being within their current
climatic range, but may not actually be present in the area. While some of the species reviewed
were worsening, no species was projected to be extirpated.
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Abies balsamea
+

p 1971-2000
BN Range
R Core

Abies balsamea

composde-ARS RCPS8 5 2071-2100
B Range
M Core

Current |2041-2070( Trend by | 2071-2100 | Trend by
Common Name Scientific Name Range Range 2070 Range 2100
Alpine fir Abies lasiocarpa Core Core Stable Core Stable
Alpine Larch Larix lyallii Core Core Stable Range Worsening
Aspen Poplar Populus tremuloides Range |Core Improving Range Stable
Balsam Fir Abies balsamea Range |Core Improving Range Stable
Balsam Poplar Populus balsamifera Range |Core Improving Range Stable
Black Cottonwood Populus trichocarpa Range |Core Improving Core Improving
Black Spruce Picea mariana Core Range Worsening Range Worsening
Bog Birch Betula pumila Core Range Worsening Range Worsening
Douglas Fir Pseudotsuga menziesii |Range  |Range Stable Core Improving
Glandular Birch Betula glandulosa Core Range Worsening Range Worsening
Jack Pine Pinus banksiana Range |Range Stable Range Stable
Limber Pine Pinus flexilis Range |Range Stable Range Stable
Lodgepole Pine Pinus contorta Core Core Stable Core Stable
Manitoba Maple Acer negundo Range |Range Stable Core Improving
Mountain Alder Alnus crispa Core Core Stable Range Worsening
Mountain Spruce Picea engelmannii Core Range Worsening Range Worsening
Rocky Mountain Maple |Acer glabrum Range |Core Improving Core Improving
Tamarack Larix laricina Range |Core Improving Range Stable
Thinleaf Alder Alnus tenuifolia Core Core Stable Range Worsening
Water Birch Betula occidentalis Core Core Stable Core Stable
Western Hemlock Tsuga heterophylla Core Core Stable Core Stable
Western Red Cedar Thuja plicata Range |Core Improving Core Improving
White Birch Betula papyrifera Range |Core Improving Range Stable
White Spruce Picea glauca Range |Range Stable Range Stable
Whitebark Pine Pinus albicaulis Core Core Stable Range Worsening
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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.

2 fgg, e

2 e - 4]
Outgoing cell destination map shows the predicted future locations for all cells (1 km pixels) currently within
Jasper NP. Locations are clustered together and the number of cells is represented as the number in the cluster and
by the color of the cluster. AdaptWest Climate Displacement Tool, https://adaptwest.databasin.org/pages/climate-

displacement-protected-areas.

Incoming cell destination map shows the current locations for all cells expected to occupy Jasper NP in the future.
Locations are clustered together and the number of cells is represented as the number in the cluster and by the color
of the cluster. AdaptWest Climate Displacement Tool, https://adaptwest.databasin.org/pages/climate-displacement-

protected-areas.
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3.2 Wildfire

2071-2100

RCP 4.5 RCP 8.5

[10-10[110-20 [ 20-40 [ 40-60 M >60

Projected increase in wildfire season for Jasper National Park. 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. For some area the wildfire season could increase by as much as 90 days.

The frequency, seasonality, extent and severity of wildfires is closely tied to climatic
conditions (e.g., Westerling et al., 2006).

Wildfire season length and frequency of extreme fire weather are expected to increase
(e.g., affected by warmer springs and summers, less summer moisture and reduced
snowpack) (Jain et al., 2017; Kirchmeier-Young et al., 2019; Kirchmeier-Young et al.,
2017; Wang et al., 2017; Wang et al., 2015). Mori and Johnson (2013) project that the
probability of large-scale fires in this region will increase with time.

Flannigan et al. (2016) demonstrate that seasonal precipitation must increase 15% to
offset every 1°C rise in temperature. Although variable, a quick scan of the data for
Jasper NP suggests that precipitation may not offset temperature.

Temperature has a positive correlation with lightening (e.g., Price and Rind, 1994;
Woolford et al., 2014).

Wotton et al. (2017) project a future (for 2030 and 2090) increase in the number of days
where crown fires are likely to occur, as well as an increase in the number of days when
fire intensities (e.g., head fire intensity above 10,000 kW/m) could exceed the capabilities
of suppression resources (i.e., doubling in some end of century scenarios).

The suppression of forest fires (e.g., Chavardes and Daniels, 2016; Davis et al., 2016),
exclusion of Indigenous people (Binnema and Niemi, 2006) and climate change have all
contributed to landscape change in the region over the past century, including the large
expansion of coniferous forests (Dinh, 2014; Luckman, 1998; Nelson and Byrne, 1966;
Rhemtulla et al., 2002).

Chavardes et al. (2018) examined the historical role of climate variation in fire
occurrence in Jasper NP and the 20" century influence of human land use and fire
suppression.
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3.3 Hydrological Regimes

Changes to temperature (e.g., snow and glacier melt) and precipitation (e.g., intensity, duration,
frequency, rain vs snow) affects stream hydrology.

Athabasca River (near Jasper) Water Flow
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Athabasca River near Jasper annual flow data (Station 07AA002). A statistically significant (P<0.05) trend was
not demonstrated for mean, max or min annual flows. Trend determined using a generalized linear model (R Core
Team, 2017) and data from EC Data Explorer, HYDAT (July 16, 2018) (https://ec.gc.ca/rhc-wsc/). Additional
analysis is recommended and could reveal patterns in minimum, maximum, and mean flows and levels, as well as
timing and seasonal patterns.
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Athabasca River near Jasper mean monthly flow for historic (1914-1931) and recent (1999-2016) period.
Apparent decrease in mean monthly flow for summer months in recent period, timing of peak flow appears to be
consistent between periods. Data from EC Data Explorer, HYDAT (July 16, 2018) (https://ec.gc.ca/rhc-wsc/).

A correspondence with the Pacific Decadal Oscillation (PDO) and snowmelt duration
was reported (Rood et al., 2016; Whitfield and Pomeroy, 2016). For example, a negative
phase of the PDO is frequently associated with cooler and wetter conditions, a time of
larger magnitude and duration floods.

Large rain on snow events are rare (occurring <8% of years) but generate stream flows of
great consequence (e.g., Whitfield and Pomeroy, 2016). Warmer winter and spring
temperatures increase rain versus snow proportions, thus increasing winter flows and
declining snow packs (Paznekas and Hayashi, 2016).

Eum et al. (2017) used high resolution downscaled General Circulation Models (GCMs)
and a Variable Infiltration Capacity hydrological model to project hydrological changes
in the Athabasca River Basin. For the upper reach at Hinton, they projected an increase in
spring and winter flows and a decrease in summer flows. At this location the hydrological
regime is influenced by an increase in winter / spring precipitation and earlier snow melt.
Neupane et al. (2018) utilized a Soil and Water Assessment Tool (SWAT) and GCMs to
predict hydrological changes in the headwaters of the Athabasca River (upstream of
Jasper). While they project an increase in future spring flows, mean annual and summer
flows are projected to decline.

3.4 Glaciers and Permafrost

Glaciers in the region have undergone considerable loss, for instance the long-term
average loss in annual length for the Athabasca Glacier is 12 m/year (over 170 years), but
has increased to 15-20 m/year more recently (CCRN, 2017).

Real-time access to the glacial meteorological stations in Marmot Creek and Athabasca
Glacier can be found here: http://giws.usask.ca/telemetry/.

25



A relevant explanation of glacier fluctuations under the influence of climate is provided
by Demuth and Ednie (2016).

Clarke et al. (2015) project that by 2100, the volume of glacier ice in western Canada will
shrink by 70 + 10% relative to 2005. The maximum rate of ice volume loss,
corresponding to peak input of deglacial meltwater to streams and rivers, is projected to
occur around 2020-2040. Clarke also developed deglaciation animations based on this
work, including a series of animations for the Columbia Icefields
(http://couplet.unbc.ca/data/RGM_archive/RGM_movie_archive/).

Demuth and Horne (2017) examined decadal-to-centenary variability in glacier mass
changes in Jasper NP. Over the last several decades, the studied glaciers experienced
negative annual mass changes (i.e., 10ss) at a rate equal to or greater than 3 times that of
the long-term annualized centenary value.

Menounos et al. (2018) assessed the health of the alpine glaciers in Jasper NP as being in
poor condition based on a composite measure including average net mass balance and
trends in area, accumulation, and transient snow line.

Harris (2001) discussed permafrost and active layer variations from 1979 to 1999 at a
borehole on Marmot Mountain. Climate change is not explicitly discussed.

3.5 Visitor Experience

Climate change is an important theme in Parks Canada’s visitor communication and
interpretation efforts (e.g., https://www.pc.gc.ca/en/nature/science/climat-climate;
“Mountains of Change” exhibit at the Banff Park Museum; within exhibits at the
Columbia Icefield Centre, etc...). Furthermore, “natural solutions”, highlighting the
effectiveness of ecosystem-based approaches to adaptation and mitigation, are often used
to frame and present Parks Canada’s response to climate change (for more information on
the concept, see: Bridges et al., 2018; CPC, 2013; NAWPA, 2012).

The Visitor Experience Branch (contact: Sophie Larouche-Guilbert) is currently
compiling a catalogue of climate change adaptation options for visitor experience (see:
http://intranet2/our-work/visitor-experience/changements-climatiques/).

Lemieux et al. (2017) and Swartman (2015) examined the perspectives of “last chance
tourism” in the context of rapid environmental change at the Athabasca Glacier.

Due to an earlier spring and warmer summer and autumn conditions, annual visitation to
Jasper NP is projected to increase by 6.1-18.5% by the 2050s depending on the climate
scenario used. Most of the increase is expected to occur in the spring and autumn (Jones
and Scott, 2006; Scott and Jones, 2006).

Scott and Jones (2005) project that by relying on natural snow, Banff’s average ski
season at low elevations (1,600 m) could decrease by 66-94% by the 2050s. A more
recent climate assessment as part of Lake Louise Ski Area’s “Long Range Plan Detailed
Impact Analysis” (Golder Associates, 2019; Pidwirny et al., 2018), suggests that
warming trends in late autumn will delay snowmaking and potentially affect lower
elevation skiing by 2 to 3 weeks by the 2085s (n.b., the November 2016 Alpine Ski
World Cup was cancelled due to poor snow conditions at the base). However, relative to
other ski areas in western Canada, Lake Louise’s higher elevation, colder average winter
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temperatures, and greater snowfall are projected to buffer it from the extreme climatic
changes over the next few decades. Of note, Marmot Basin has a similar base and top
elevation to Lake Louise (Pidwirny et al., 2018).

In terms of human health, there may be heat related concerns during extreme temperature
events, as well there may be concerns due to increases in disease risks. For example,
Lyme disease (bacterial disease transmitted by an infected tick) which was formerly
restricted to localized areas by temperature and relative humidity, is expected to expand
by mid-century (Eisen et al., 2016; Ogden et al., 2006). Some mosquito-borne diseases
also show a connection to climate change, including West Nile virus (note: besides
humans it can infect over 140 species including horses, crows, ravens, etc...) (Chen et
al., 2013; Kulkarni et al., 2015).

A longer and more intense fire season will affect visitor safety and experience (e.g.,
possible area closures, no campfires, or evacuations).

Visitor perception and consumer behaviour were studied at Jasper NP using a climate
futurescapes approach (Groulx et al., 2017). 22.9% of visitors reported that they would
not make the trip to the Athabasca Glacier if conditions change as predicted for 2050,
more so (40.7%) if the feeling of naturalness was lost through management interventions
(e.g., trail, fence, bridge, helicopter).

The US National Park Service National Climate Change Interpretation and Education
Strategy (US NPS, 2016) and climate change communication toolKkit
(https://www.nps.gov/subjects/climatechange/toolkit.htm) contains information that may
be of interest to park interpreters.

3.6 Assets and Infrastructure

The impacts to Canada’s assets and infrastructure from climate change are well documented
(e.g., Boyle et al., 2013; Canada, 2017; Palko and Lemmen, 2017; Warren and Lemmen, 2014)
and are explicitly mentioned as a concern in Parks Canada’s Departmental Plan (Parks Canada,
2017). In light of the information in this report, expected concerns could include:

Flooding from intense rainfall and rain-on-snow events could overwhelm surface
drainage capacity, septic beds, and undersized or debris filled culverts and damage
buildings, bridges, trails and roadways.

Freezing rain or hail damage to buildings and power/communication lines.

Longer wildfire seasons and more intense fires could increase impacts to infrastructure.
Longer seasonal use of trails and roads by visitors. There may be less frost damage to
roads in milder winters.

Increased temperatures could lead to premature weathering. Similarly, increased spring
rains could lead to premature weathering and deterioration (e.g., building foundations,
corrosion, and mold).

Summer drought increases water demands and may exceed system capacity.

The energy demands for cooling buildings will increase.

The Public Infrastructure Engineering Vulnerability Committee (PIEVC) has undertaken
various climate change engineering vulnerability assessments in the region (outside
parks), including projects on roads and associated structures, stormwater management
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systems, and potable water facilities (e.g., Associated Engineering Calgary, 2011, British
Columbia, 2010; 2011; PIEVC, 2008).

e Lister et al. (2015) discuss climate change and wildlife-crossing infrastructure,
emphasizing the effectiveness of an integrated and adaptive approach.

An assessment of greenhouse gas (GHG) emissions was not in the scope of this report. However,
federally the government is committing to reducing GHG emissions by 80% below 2005 levels
by 2050 (https://www.canada.ca/en/treasury-board-secretariat/services/innovation/greening-
government/strategy.html). Also see Parks Canada’s 2015 Master Plan to reduce GHG emissions
(Parks Canada, 2015).

3.7 Cultural Resources

e Increased damage or loss of cultural resources is possible during and post- flood, wildfire
and other disturbance events (Morgan et al., 2016).

e Efforts to FireSmart (e.g., replace wood shake roofing) may influence the character or
cultural integrity of a facility (Morgan et al., 2016).

e There is a potential for increased deterioration of facilities and collections (e.g., non-
mechanically ventilated interiors, HVACs) from increased temperature, humidity, and
precipitation, e.g., increased mold, rot and fungal decay; increased corrosion, etc...
(Brimblecombe, 2014; Brimblecombe and Brimblecombe, 2016; Horowitz et al., 2016;
Morgan et al., 2016).

e Socio-economic impacts through lose or damage to cultural resources may occur.

e Longer growing seasons and warmer conditions may lead to increased presence and
abundance of invasive plant species and pests (Morgan et al., 2016)

e Micro-climates which allow historic gardens to flourish may be affected (e.g., Percy et
al., 2015).
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Appendix 1.

Scatterplots of Temperature and Precipitation

Municipality: Jasper
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Climate models for the Municipality of Jasper. Each point represents a single model-simulated
temperature/precipitation response to the RCP 8.5 scenario. Statistically downscaled data (Bias Corrected Spatial
Disaggregation; BCSD) derived from 12 CMIP5 global climate models (https://climateatlas.ca/; PCIC, 2014). All
models project warmer conditions and most an increase in total precipitation, however summer precipitation appears
to be the most uncertain (i.e., could be stable, wetter or drier).

35




Appendix 2. Birds and Climate Change

Parks Canada, National Audubon Society, and Bird Studies Canada assessed the effects of
climate change on bird species in Canada’s national parks (Parker et al., 2019). The following
table provides a summary for Jasper National Park. Climate suitability projections by 2050
under the high-emissions pathway (RCP 8.5). "Potential colonization™ indicates that climate is
projected to become suitable for the species, whereas “potential extirpation” indicates that
climate is suitable today but projected to become unsuitable. Omitted species were either not
modeled due to data deficiency or were absent from the observation datasets. Species are listed
by taxonomic order, denoted by alternating background shading.

- Species not found or found only occasionally, and not projected to colonize by 2050

x Species not modeled in this season

" Species that are highly climate sensitive

Common Name
Gadwall
American Wigeon
Mallard
Blue-winged Teal

Northern Shoveler

Northern Pintail

Greater Scaup

Red-breasted
Merganser

Ruddy Duck

Ruffed Grouse
Spruce Grouse

Willow Ptarmigan
Sharp-tailed Grouse

Common Loon

Red-necked Grebe
American Bittern

Great Blue Heron

Summer Trend Winter Trend

Potential
extirpation”

Worsening”

Potential
extirpation”

Stable

Potential
extirpation”

Potential
extirpation

Worsening
Worsening

Potential
extirpation

X
X

Worsening

Stable
Worsening

Potential
colonization

Improving
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Worsening
Worsening

Potential
colonization
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Common Name
Northern Harrier

Sharp-shinned
Hawk

Northern Goshawk

Bald Eagle
Swainson's Hawk

Red-tailed Hawk

Rough-legged
Hawk

Killdeer
Solitary Sandpiper

Greater Yellowlegs

Lesser Yellowlegs

Wilson's Snipe

Bonaparte's Gull
Ring-billed Gull
Black Tern
Rock Pigeon

Eurasian Collared-
Dove

Mourning Dove
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Common Name
Great Horned Owl
Northern Hawk Owl

Northern Pygmy-
Oowl

Barred Owl

Common
Nighthawk

Rufous
Hummingbird

Calliope
Hummingbird
Belted Kingfisher
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Sapsucker
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Woodpecker

Hairy Woodpecker
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toed Woodpecker
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Flycatcher
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Common Name
Say's Phoebe

Western Kingbird
Eastern Kingbird
Northern Shrike
Warbling Vireo
Red-eyed Vireo
Steller's Jay

Blue Jay
Black-billed Magpie
Clark's Nutcracker
American Crow
Common Raven
Horned Lark

Northern Rough-
winged Swallow

Tree Swallow

Violet-green
Swallow

Barn Swallow
Cliff Swallow
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Chickadee

Mountain
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Common Name

Winter/Pacific
Wren

American Dipper

Golden-crowned
Kinglet

Ruby-crowned
Kinglet

Mountain Bluebird

Townsend's
Solitaire

Veery

Swainson's Thrush
Hermit Thrush
American Robin
Varied Thrush
European Starling
American Pipit
Bohemian Waxwing
Cedar Waxwing
Snow Bunting
Ovenbird

Worm-eating
Warbler

Northern
Waterthrush

Golden-winged
Warbler

Tennessee Warbler

Orange-crowned
Warbler

Nashville Warbler

MacGillivray's
Warbler

Mourning Warbler
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Yellowthroat
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Common Name
American Redstart
Magnolia Warbler
Yellow Warbler
Blackpoll Warbler

Yellow-rumped
Warbler

Townsend's
Warbler

Black-throated
Green Warbler

Wilson's Warbler
Chipping Sparrow

Clay-colored
Sparrow

Brewer's Sparrow

Vesper Sparrow

Savannah Sparrow

Le Conte's Sparrow

Fox Sparrow
Song Sparrow
Lincoln's Sparrow
Swamp Sparrow

White-throated
Sparrow

White-crowned
Sparrow

Golden-crowned
Sparrow

Dark-eyed Junco
Western Tanager

Rose-breasted
Grosheak

Lazuli Bunting

Red-winged
Blackbird

Western
Meadowlark
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Common Name

Yellow-headed
Blackbird

Rusty Blackbird
Brewer's Blackbird
Common Grackle

Brown-headed
Cowbird

Gray-crowned
Rosy-Finch

Pine Grosbeak

House Finch
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Common Name

Purple Finch
Cassin's Finch

Red Crosshill

White-winged
Crosshill

Common Redpoll
Pine Siskin
Evening Grosbeak

House Sparrow
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