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1 Executive Summary

This project aimed to develop a detaitidnatechangeprojectionsfor the Pincher Crée

Regionto assist in climate sk adaptation planning and managemkeigh-resolution climate
models (RCMs) were used to physically simulate the regional climate undérgidbal

warming scenario. We expretbe regional climate changes relative to levels of global
warming, a new approach gaining wider acceptance than the use of fixed time horizons (e.qg.,
2051- 2080).A global temperature increase3?C from preindustrial levels is considered

t he #fpal e staéEus guscenario (NGFS, 2021andsome climatenodels

anticipate this scenarigill be reached by 20602070

1.1 Key Findings

This report used data for 24 climate variables from 11 RCM and Earth System Models
(ESMs) to project the climate of the Pincher CrBelgionunder &3 °C global warming
scenarioFollowing is a summary of the results:

1 The Pincher CreeRegionwill undergosignificant climate changealthough there is
some variability in change across variable and space.

1 There is a dramatic increase in projected spring (March, April, May) precipitatisn
much as 69.5 mrm while other seasons may see a decrease (e.gnegrar
contrasting departures from baseline conditions based on a strongesasivide
(e.g., winter).

1 A significant increase in Minimum and Maximum Summer Temperatures of at least 4
°C under each scenario helps drive increases in the amount of Gioegnge Days
using scenarios where days are befoand 10°C, respectively

1 Warming during the growing season coincides wh#éanumber of days where the
temperature is expected to surpas8@Qup to 27) and 38C (up to 7). Not only does
this pose inease stress on water demand during the summer months where a
decrease in precipitation is anticipated, but can also have negative impacts on human
health, spread of vectdmorne illness and disease, and the migration of invasive
species.

91 Despite the in@ase in Growing Degree Days, the potential for increased water
demand and heat stress under warmer summer conditions may offset higher crop yield
outcomes.

1 Even though the region is small, nyaof the variables exhibit a relatively high degree
of spatial ariability due to the influence of the Rocky Mountaivisich pose a
challenge in modeling and interpreting results on a seasonal basis.

Despite some of the positive implications for agriculture in the above findings, it is important
to place these withithe context of adaptation. These are-tinear projections and trends

which require the balancing of a suite of factors. The costs of extreme weather events could
very much offset new financial opportunities in a warmer climate. Eventually temperature,
precipitation and water levels will cross thresholds beyond which chronic impacts abruptly
become more acute. Examples include the permanent loss of water stored as snow and ice,
higher rainfall intensity that exceeds the capacity of infrastructure to skestae water,

and the absence of low temperatures that inhibit pests and disease vectors.



2 Introduction

The earthoés climate is changing, and despite
further warming and significant impacts are inevitablee widespread recognition of these
inevitableimpactshas raised the profile of adaptation as an essquii@ly response to

climate change. The fiadapt hascreated aidemardfoat i v e O
data and knowledge about the probability and consequences of a changingiclsnafeort

of climate risk assessment aadiptation planningClimate change and its impacts aw@w

well documentede.g.,IPCC, 2@21; Bush and Lemmen, 2018auchyn et al., 2020oyd

and Markandya (2021) recently reviewed the body of literature that clearly indicates that

climate change will be costly for Canada witto ver whel mi ngly negativeo

Governments have begun to respond \pidliciesand programs in support ofimate risk
assessment and adaptation planmingate.Municipal governments have been at the
forefront, given the impacts and cosefsclimate change where populations and infrastructure
areconcentrated (Brown et al., 2021; City@lgary 2011). The exposure of most sectors
and industries to climateslated risks and opportunities actsaasncentive to invest in the
transition toa climateresilient economy (Kovacs et al., 202Ihus, éimate change has
become a business issue.

As the analysis of climate change transitioned from a scientifisécioeconomic problem,

it became conceptualized as a source of physical andciaaisk Figure 1from the IPCC

(2014) illustrates how impacts are framed as risks arising from the interaction of ¢limate

related hazards (including events and trends) and the vulnerability and exposure of human

and natural systems. While climate change is a global premmmimpacts and adaptive
responses occur locallyhus,implementinga conceptuatisk framework requires practical

methods and locally relevant informatidkiberta is particularly vulnerable to climate
changegivenwarming that is twice the global egta dominantly resourdeased economy,

frequent extreme weather events, and dependence on freshwater generated by shrinking snow
fields and glaciers in the Rocky Mountains.
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Figurel: Risk is conceptualized as the impacts that result from the interaction of elimate
related hazards (including events and trends) and the vulnerability and exposure of human
and natural systems. Changes and variability in climate plus socioeconomic pracesses
drivers of hazardgxposureand vulnerability. Source: IPCC (2014)

2.1 ProjectDeliverables

This report describes a new setdwtailedclimatechangeprojectionsfor the Pincher Creek
Regionderivedfrom highresolution (25 km) Regional Climate ModéRCMSs). This source

of climate data differs frorthe use ohistoricalweatherdata and/oclimateprojections from
Global Climate Modelsvhich is typical of nost otherclimaterisk assessmenté/e express

the regional climate changes relative to levels of global warming, a new approach gaining
wider acceptance than the use of fixed time horizons (e.g.,-Z180).

Theprojectdeliverablesare

1. A set of locally relevant climate changmjectionsbasedon the rise in global mean
temperature.

2. Graphics that provide a visual representation of the anticipated climate changes. These
graphics consist of maps thfe Pincher CreeRegionshowing the projected changes for
a set of climate variables. Tabularalanderlying the graphicdso are provided

3. This reportexplainsthe methods used to develop the climate change projections and
interpretation of the maps and table of data.



2.2 The Climate of the Pincher CrelRkgion

Climate change is a statistically significant shift in weather statistatpersiss for decades.
Determining if weather statistics have shifted, and by how praguires a baseline of
historical weather data characterize the current climaléde cimate change projections
presentedh this reportarethe difference in 24 variables between the recent pas fardre
periodwhen global warmingvill exceedaspecific temperature threshol@ur interpretation
of theseclimate changes requires knowledg o f  Adureatclimated-igures2 and3 are
maps of Alberta showing the geographic pattern @imannual temperatuaed total annual
precipitation, respectively. The data behind these rapgibe average values frohistorical
(1976- 2009 runsof the 11 Regional Climate Modalescribed later in this repoBecause
the climate model outpwtasbiascorrected for any departures from the observed climate,
maps based on weather observations would look very mucthéke inFigures 2 and3.

Legend
= (ities
Highways

— Major Rivers
I and Lakes

Temperature (¢ C)

s

1.2

monton

1: 8,000,000
0 75 150 300 Kilomelers
S T T T S T T

Data sources:

ESRI (2011)

NA-CORDEX (2021)

Statistics Canada (2016)
Coardinate system: WGS1984
Published: 2021-11-24

Figure2: Mean annual temperature across Alberta for the historical baseline period 1976
2005.
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Figure3: Mean annual precipitation across Alberta for the historical baseline period 1976
2005.

The mapsn Figures2 and3 capture the temperate and precipitation gradients across the
province. Temperatures decrease from south to north and towards the higher elevations of the
Rocky Mountains. Alberta has a relatively dry climate, with precipitation gendrelbw

700 mm per year, with the notable exception of much higher precipitation at higher
elevationsThe Pincher CreeRegionspans this moisture gradient from low precipitation to
theeast and much higher precipitation in the western pagginon te eastern slopes of

the Rockies. Figur2 shows that the highest mean annual tempers#uesin southwestern

Alberta. This is relevant to our projection of climate change because the historical baseline
climate is warmer than the rest of Alberta.

While maps show the variation in climate over space, time series plots show the variation in
climate over timeFigures4 and5 are based on temperature observatiof§rather Creeka
weather record that extends back to the early 18&80®ugh there ammany missing
observations prior to the 1910s
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Figure5: Mean daily minimum winter (DJF) temperature (°CPmicher Creekl915- 2019

and the linear upward trerfthe red dashed line)
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Figures 4 and Bevealthatsouthwestern Albert& not getting hotter; it is getting less cold.
The highest temperaturésummer daily maximums) at Pincher Créelke increased only
slightly; alinear trendthat is insignificant relative to largariationsfrom year to yearThe
lowest temperaturgsvinter daily minimums)on the other hand, have increabgd® C.
While this is a significant change in temperature, $nallcompared to the rest of Alberta,
where minimum winter temperaturlaverisen by as much @& C. Southwestern Alberta is
an exeption because historicalits winters have been milder than the rest of the province
and thus the influence @farming climatds not as noticeable.

There is large natural variability aroutite upward trendn Figure 5 The warm winteof
1931wasduring a very strong El Nifidlhe clearesindication of a warming climate is the
absence of severe cold since thie-1980s Since thepno wintershavehad a mean daily
minimum temperature déss than14 C. Prior to the miel980s,many winters were much
colder than this.

Precipitation records typically have gaps where data are missing. The most continuous record
in the Pincher CreeRegionis from Beaver Minedrigure6 is agraph of btalannual

precipitaion (mm) It extends fronl913 to2011although some years have missing data. An
upwardlinear trendreflectsfive recent years with more than 900 mm of precipitatidre
rangebetween years is large, from 300 to 1000.nmwestern Canad#is inter-amual

variability is related to the periodic recurrenceEdfNifio / La Nifig whichis associated with

below/ above average precipitation
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3 Methodsof Constructing and Mapping the Climate Projections

3.1 The Use of Data from Climate Models

Numerical climate modelsafet he pri mary tools available for
the cimate system to various forcings, for making climate predictions on seasonal to decadal

time scales and for making projems of future climate over the coming century and

b e y o (Fldto et al., 2013)ach climate modegiroducedifferent outputs frona common

set of assumptiorsboutthe anthropogenic forcing tifie global climatesystem Modelling

centres throughout the world have built one or more climate models, each differing in how

they represent the climate system. Modellers derive the mathematical expressions that best
describe the earthoés cl i-dmebsenalggnddlefibedleyn s ol ve
latitude and longitude, height for the atmosphere, and depth for the oGéavel. Climate
Models(GCMs)have a horizontal grid size spacing in the range of-BZBDkilometres

To address the gap between the coarse resoloti@CMs and the information required for
regional climate risk assessment and adaptation plarclintate data areavnscaéd toa

higher resolutionOutputs from a GCM can be dynamically downscaled uasimgher
resolutionRegionalClimate Model (RCMJor alimited land areaAnother approacts to
downscak GCM databased orthe statistical relationship between local weather observations
and atmospheriariables simulated by the GCNlhis methodcan provide reliable

information for single locations whea good set of weather observations is available for
calibrating the statistical function linking local weathelaige scaleclimate patternsOn the
other hand, yhamicaldowrscaling performs better fonost climate variablebecause the
regional atmospheric physiand its interaction with land and water surfaees

dynamically simulated rather than statistically estimated. RCMs have advantages in regions
of highly variable topographgndwhere smatscale (suli>CM grid) forcings and qocesses,
such as convective clouds and precipitation, are important fagtguse7 illustratesthe
difference in resolution between the RCM grid and a GCM cell.

14
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spacing between grid pointShown in blue is the typical size of a grid cell from a Global
Climate Model (GCM).

3.2 Constructinghe Climate Projections

This project derived a new set of higisolutionclimate change projectionsing the daily
outputfor 24 climatevariablesrom 11 RCMs.To define the timing of the projected changes,
we first derivedGlobal Mean Surface Air Temperat(@MSAT) datafrom sevenEarth

System Moded (ESMs) to determine the yeavshen GMSATIs projected t@xceed specific
thresholdsThe threshold years are different for each maedelethe models have different
dynamicsgthattrigger a slightly different responsettee same greenhouse g&diG)
forcings.We chose ESM simulations of future climate that were forced by Representative
Concentration Pathway 8.5 (RCP 8which isa high GHG emission scenaaod used most
often by climatanodellingcentresincluding to rurthe Regional Climate Models (RCMs)
that comprise the Coordinated Regional Downscaling Experiment (CORDEX).
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Theclimate changscenarios were based aB °C increase ill-year running average
GMST relative toits valuefor the historical baseline period of 19@62005.0nce the3 °C
threshold was reached and surpassed, a nege@0modeling period would begifheyear
in whichthistemperature threshold is crosseasusedto define a futurgoeriod of 30 years,
that is,£15 yeargelativeto the threshold yeaA global temperature increase?fC is
considered he fAcurrent policieso scenario (NGFS,

We used data frotihe North AmericalCORDEX (NA-CORDEX)to construct the climate
projectionsDaily data are available for 11 experiments basetbanRCMs and six driving
ESMs(Table2). Computations of theneanclimate changes arektreme climate indices
listed in Table 2verecodedin NetCDF format and exported to ArcGIS Pro for making
maps.Where dat are provided seasonally (e.g., spring maximum temperature), standard
meteorological seasons are usedwtined in Table 1.

Tablel: Meteorological definitions of seasons.

Winter December, January, February
Spring March, April, May

Summer June, July, August

Fall September, October, November
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Table2: The Pairs of ESMs and RCMs tl@dmprisethe 11 Climate Model Experiments in

the NACORDEX Climate Data Repositary

CanESM2.CanRCM4

CanESM2.CRCM5-UQAM

GEMatm-Can.CRCM5-UQAM

GEMatm-MPI.CRCM5-UQAM

GFDL-ESM2M.RegCM4

GFDL-ESM2M.WRF

HadGEM2-ES.WRF

MPI-ESM-LR.CRCM5-UQAM

MPI-ESM-LR.RegCM4

MPI-ESM-LR.WRF

MPI-ESM-MR.CRCM5-UQAM
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Canadian Earth System Model second generation

Canadian Regional Climate Model version 4

Canadian Earth System Model second generation
Canadian Regional Climate Model - University of Quebec at
Montreal

Global Earth Model Atmosphere- CanESM2

Canadian Regional Climate Model - University of Quebec at
Montreal

Global Earth Model i MPI

Canadian Regional Climate Model - University of Quebec at
Montreal

Geophysical Fluid Dynamics Laboratory i Earth System
Model

Regional Climate Model

Geophysical Fluid Dynamics Laboratory i Earth System
Model

NCAR Weather Research and Forecasting Model

Hadley Centre Global Environment Model version 2

NCAR Weather Research and Forecasting Model

Max Planck Institute i Earth System Model i Low Resolution
Canadian Regional Climate Model - University of Quebec at
Montreal

Max Planck Institute i Earth System Model i Low Resolution

Regional Climate Model

Max Planck Institute 1 Earth System Model i Low Resolution
NCAR Weather Research and Forecasting Model

Max Planck Institute i Earth System Model i Medium
Resolution

Canadian Regional Climate Model-University of Quebec at
Montreal



Table3: TheClimate Variables and IndésEvaluated using the N ORDEX Climate
Model Data.

1. Fall Maximum Temperature (°C)
2. Fall Minimum Temperature (°C)
3. Fall Precipitation (mm)

4. Spring Maximum Temperature (°C)
5. Spring Minimum Temperature (°C)
6. Spring Precipitation (mm)

7. Summer Maximum Temperature (°C)
8. Summer Minimum Temperature (°C)
9. Summer Precipitation (mm)

10. Winter Maximum Temperature (°C)
11. Winter Minimum Temperature (°C)
12. Winter Precipitation (mm)

13. Number of Cold Days (T < -15 °C)
14. Number of Very Cold Days (T < -30 °C)
15. Number of Hot Days (T > 30 °C)
16. Number of Very Hot Days (T > 35 °C)
17. Number of Dry Days (< 1 mm)
18. Number of Very Wet Days (> 10 mm)
19. Number of Wet Days (> 5 mm)
20. Number of Frost Days (T < °C)
21. Length of the Frost-Free Season (days)
22. Growing Degree Days (10 °C base)
23. Growing Degree Days (5 °C base)
24. 3-Month Standardized Precipitation

Evapotranspiration Index (SPEI)

The first 20 variables Table3 are seasonal precipitation totals and nmeaimum and
minimum seasonal temperatures and the number of days each year that exceed specific
temperature or precipitation thresholds. Variables 29 are climate indices that give an
indication of the length and warmth of thewingseason and the degreewddter deficit or
surplus at 3nonth intervalsThe Lengthof the FrostFree Season is the number of days
between the date of the last springsfrand the date of the first fall frost, equivalent to the
number of consecutive days during the 6summe
to or below *C. Growing Degree Days (@D) is calculated as the summation of

[(maximum daily temperaturet minimum daily temperaturg / 2] i base temerature % °C or
10°C). In practice, GDD5 is reached when the minimum threshold for agricultural growth is
exceeded by 8C, whereas GDD10 represents conditions in which that minimum is exceeded
by at least 10C. By this practice and the above formula, several GDDs can be accumulated
in one dayThe Standardized Precipitation Evapotranspiration Index (SPEI) is a water
balance index based on the monthly difference between precipitation and potential
evapotranspiran (PET). Tablet gives the standardlassification of drought and excessive
moisturebased on values of the SPEI.
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Table4: SPEI Classification of Drought and Excessive Moisture

Extreme Drought 01 2.0

Severe Drought 02.0 to
Moderate Drought 01.5 to
Near Normal T1.0 to

Moderate Excessive Moisture +1.0 to <+1.5
Severe Excessive Moisture +1.5to0 <+2.0

Extreme Excessive Moisture O+ 2. 0

3.3 Mapping theClimate Projectios

Mean (average) values from an ensemble of climate models were imported into ArcGIS Pro
v3.1.0and QGISv3.28.37 for visual representation and comparisahthis stage, data were

not modified or altered; they were only adjusted for viewing based onfidassn and
symbology (colours used to display values). Common map elements remained consistent
throughout the process to ensure consistency for comparison: scale,andgmbjection. A
common symbology was used for temperature data while anotheise@dor precipitation
data.Symbology was inverted where necessary for clarity.

The climate data were converted from a grid {babed) format to a smoother display using
abilinearresampling technique that assigns a value to each cell based on the values of its
nearesfour surrounding neighbouring cells. This technique was employed to more accurately
represent the nature of climate data which does not conform to the constraigfxdt5

km grid cell but follows more dynamic transitions over space and.tlims also the most

common resampling method used for fthscrete climate data that remain spatially stable

over time.

Data were classifiedsingbivariatecolourschemes@mmonly applied to climate variables

with adequate distinctiol.here are many other options available for symbolizing and

displaying climate data that can affect the visual appearance and contrast among values, such
as usedefined intervals, standard dation(s) from the mean, assigning a unique colour to

each data value, and so on. It is important to match the nature of the @at@ppropriate
classification scheme so as not to misrepresent the message behind lyeedagmerating
differences thatnay not be there or missing patterns therein. For this project, incorporating

the full range of data using a continuous symbology eawkell to highlight the transition of
climatechangeacross thetudy region
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4 The Climate Chanderojections

With daily datafrom 11 RCMsandfor 24 variableswe determined the climate chargye
between the historical baseline dnture periodcorresponding to 3C of global warming
Given the 25 km resolution of the RCMs, we were able to produce a climate change
projection for 15 grid celldigure8 is amap of the boundary of the MD of Pincher Creek
superimposed on the corresponding 15 RCM grid cells.tGe of Pincher Creek is in the
northwest corner of cell # 11.

Figure8: The 15 RCM grid cells that lie at least partly within the Pincher CrReglon The
town of Pincher Creek is in the northwest corner of cell # 11.

Table5 gives the projectethulti-model mearcthanges for each of the 24 variables and 15

RCM grid cells. The last column gives the spatially averaged change. The projected
temperature changésr the 3°C global warmings relatively consistent among grid cells,

while the precipitationand related indices, angore variable over time and spagéis is

expected as temperature is the most certain climate variable due to the simplified nature of its
modeling nature relative to other climate variables.

Climate model projections are sudfjéo various forms of uncertainty, which dependfon
variablebeing modeledseasormf interest anda variety ofother factors. Withinestern
Canada, internal climate variability drivesich of thisthis uncertaintyBarrow and

Sauchyn, 2019). Otheosrces of uncertainty include uncertainty within climate models and
in greenhouse gas emissions scenafiosmore indepth discussion on climate model
uncertainty, please refer to the Uncertainty Primer:

https://climatewest.ca/publications/uncertaiittyclimatechangedataprimer/
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https://climatewest.ca/publications/uncertainty-in-climate-change-data-primer/

Table5 The projecteanulti-model mearthanges for each of the 24 variables and 15 RCM grid cells. The last column gisestidiéy
averagedhange between thestorical values and projected climate changesi®i3°C global warming scenario.

Cold Days
(T<-15°C)

Very Cold Days
(T<-30°C)

Frost Days
Frost-free Season
(days)

Winter P (mm)
Winter Max. T (°C)

Winter Min. T (°C)
GDD (5 °C)

GDD (10 °C)

Hot Days
(T>30°C)

Very Hot Days
(T>35°C)

Summer Max. T (°C)
Summer Min. T (°C)
Summer P (mm)
Dry Days (P <1 mm)
Spring Max. T (°C)
Spring Min. T (°C)
Spring P (mm)

Fall Max. T (°C)

Fall Min. T (°C)

Fall P (mm)

Wet Days
(P>5mm)

Very Wet Days
(P>10 mm)

SPEI

(3 months)

SPEI

(12 months)

21

-20

-63
-63

+6.1
+3.1

+4.0
+43
+47
+9

+4.3
+4.4
-12.2
+1
+2.7
+3.5
+56.7
+3.6
+4.2
+9.1
+4

-19

-60
-60

+11.7
+3.1

+4.1
+45
+43
+15

+1

+4.3
+4.3
-6.4
-2
+2.6
+3.4
+58.8
+3.6
+4.2
+7.5
+5

+4

-18

-67
-67

+3.2
+3.0

+4.0
+44
+50
+7

+4.3
+4.5
-11.6
+1
+2.7
+3.5
+40.4
+3.5
+4.2
+11.4

+1

0.1

-16

-65
-65

+11.0
+3.0

+4.1
+45
+46
+11

+1

+4.3
+4.4
-9.9
-1
+2.7
+3.5
+51.8
+3.6
+4.3
+7.2
+2

+3

-17

-62
-62

+12.8
+3.1

+4.2
+49
+43
+22

+4

+4.3
+4.4
-4.9
-2
+2.6
+3.5
+56.7
+3.6
+4.3
+7.5
+5

+3

-17

-59
-59

+11.8
+3.1

+4.3
+47
+42
+23

+4

+4.2
+4.4
-3.8

+2.5
+3.5
+62.5
+3.7
+4.3
+6.5
+5

+3

-0.1

-0.5

-18

-67
-67

-10.5
+3.1

+4.3
+45
+39
+27

+7

+4.2
+4.4
-1.3
+2
+2.5
+3.5
+57.8
+3.7
+4.4
+5.9
+5

+3

-0.3

-0.3

-16-

-66
-66

-3.6
+2.9

+3.9
+43
+49
+5

+4.4
+4.4
-12.6
+2
+2.8
+3.5
+39.4
+3.5
+4.1
+10.5
-1

+1

-16

-66
-66

+13.4
+2.9

+4.0
+45
+48
+9

+4.4
+4.4
-13.3
0
+2.8
+3.5
+50.4
+3.6
+4.2
+5.6
-1

+1

+0.1

-16

-66
-66

+17.8
+3.0

+4.1
+46
+46
+14

+1

+4.3
+4.4
-13.7

+2.7
+3.5
+68.2
+3.6
+4.2
+7.3
+2

+4

+0.1

+0.1

-16

-63
-63

+16.4
+3.1

+4.2
+50
+43
+22

+4

+4.3
+4.4
-8.9
-2
+2.7
+3.5
+67.1
+3.7
+4.3
+6.9
+5

+3

-16

-65
-65

-12.5
+3.1

+4.3
+48
+41
+26

+6

+4.2
+4.4
-6.0
+3
+2.6
+3.5
+62.9
+3.8
+4.3
+6.0
+5

+3

-0.1

-0.5

-18

-65
-65

-5.2
+2.9

+3.8
+44
+47
+9

+4.4
+4.4
-16.3
+5
+2.8
+3.5
+44.7
+3.6
+4.1
+6.2
-2

-16

-65
-65

+11.0
+2.9

+3.9
+46
+48
+4

+4.5
+4.5
-28.4
+2
+2.8
+3.5
+59.6
+3.6
+4.2
+3.2
-3

-15

-65
-65

+17.3
+3.0

+4.0
+47
+46
+15

+1

+4.4
+4.4
-19.0
+1
+2.8
+3.5
+66.6
+3.7
+4.2
+6.0
+1

+3

+0.1

-17

-64
-64

+6.7
+3.0

+4.0
+46
+45
+15

+2

+4.3
+4.4
-11.2
+0.4
+2.7
+3.5
+56.2
+3.6
+4.2
+7.1
+2

+3

-0.1



The mean and absolute valud#sll variabledor each of the 15 grid cells of the Pincher
CreekRegionstudy area are collated in Tables®), found inthe Appendixat the end of

this report These tables provide a quick refece to compare mean and absolute values from
historical levels to the 3C global warming scenario on a grid cell by grid cell basis. For
further comparison, these values are included as inset maps in the corresponding maps of
projections in the next seach (Section 3.1).

4.1 Maps ofthe ClimateProjections

Following the methods described above, we genenaigols ofthe MD of PincheCreek

using themean values for thel RCMsand24 variablesAs such, each individual map
represents an aggregate of multiple models and their runs. Likewise, there is a degree of
uncertainty inherent in the values and trends displayed in each map.

The largest climate changes observed over the past several demaglescurred in the

coldest regions of Canada and to climate variables that describe cold conB¥idmsusing

on a much smaller and southerly geographic region, however, we focus equally on variables
of interest to te Pincher Creek RegioRor eas®f reference, the maps have been grouped

by variable type, such as temperature, precipitation, and godescription of each map is
provided below the figure and a discussion of the overall trends in each variable (e.g.,
temperature) given at the beging of each section.
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4.1.1 Maps of Temperature

These maps are @ented chronologically through the seasons beginning with spring and
ending in winterEach scenario map contains a description and is accompanédibye to
show the degree of chanfyem the historical / baseline conditiowghin each grid cellOn

all tempeaturemaps isotherms (lines connecting equal temperature) are drawn intgreen
assistdelineation of temperature gradients.

Considerable warming is expected across the Pincher ®egiknfor minimum and

maximum temperatures under all seasons. Highest overall warming scenarios are projected
for the summer months (Figures 20) wheretemperatures are expected to incrdasé.1 to
4.4°C. This has significant implications for heat streshumans and other species, as well

as the spread of invasive species and disease. Fall months (both minimum and maximum
temperatures, Figures 134) and winter minimum (Figure 15) show considerable warming
from baseline conditions as well, suggestingtar start to winter and less snowpack overall.
Combining this with the overall warming trend suggests more precipitation falling as rain and
shift in freshet. Seasonal warming trends are summarized below in Table 6.

Table 6: Departures of seasonal marg projections under & & global warming scenario
from historical conditions, 1978005.

Spring Min. T 3.5
Spring Max. T 2.6
Summer Min. T 4.3
Summer Max. T 4.2
Fall Min. T 4.2
Fall Max. T 3.6
Winter Min. T 4.0
Winter Max. T 2.9
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3 0C Difference Baseline compared to 3 °C increase in global temperature
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Figure9: A map of the projected changesSpringMinimum Temperature under a°€
global warming scenari®espitevery little variation over the area there is significant
warming of3.4to 3.6 °C from baseline conditions
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3 OC Difference | L] Baseline compared to 3 °C increase in global temperature
- 4 Spring Maximum Temperature (°C)
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FigurelO: A map of the projected changesSpring MaximumTemperature under a°’€

global warming scenaridrelative increase is less than projected for Spring Minimum
Temperature, which suggests less very high temperatures in the spring months. The range of
2.410 2.8°C warming across the region coupled with the high base warming in minimum
temperatures indicaggnificant spring warming.
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3 °C Difference

Change in Minimum
Temperature (°C)
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7 Summer Minimum Temperature (°C)
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Figure 1: A map of the projected changes imnf@merMinimum Temperature under a°€
global warming scenaridniform warming of 4.3 to 4.4C is projected over the region with
respect to minimum summer seasemperatures.
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3 oC Difference Baseline compared to 3 °C increase in global temperature
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Figure 2: A map of the projected changes in Summepddhum Temperature under &G
global warming scenarids with Summer Minimum Temperature, a high degree of warming
is projected to occur with little variation range.
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3 i 6 Difference 2 Baseline compared to 3 °C increase in global temperature
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Figure B: A map of the projected changesHall Minimum Temperature under a°g global
warming scenarid?rojected changes in Fall Minimum Temperature mirror those of Summer
Minimum Temperature with brodoased warming of 4.0 #.4 °C. A southwesto northeast
warming trend is observed, however.
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3 °C Difference
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Figure 4: A map of the projected changes in Fallnum Temperature under &G

global warming scenarid¢-all Maximum Temperatures are projected to experience a slightly
lower increase than the fall minimum. The same east to west warming trend is observed
(Figure 18) but the longitudinal component disappears.
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3 °C Difference Baseline compared to 3 °C increase in global temperature
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Figurel5: A map of the projected changesWinter Minimum Temperature under £G

global warming scenari@ higher degree of variability is observed, particularly along a
southwest to northeast warming gradient. In winter months, this can likely be attributed to a
higher albedo value at higher elevations.
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3 °C Difference o Baseline compared to 3 °C increase in global temperature
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Figurel6: A map of the projected changes in Wintesbiinum Temperature under &G

global warming scenari@€Changes in the winter maximum are more modes with temperatures
project to increase up to 3 C. Again, the least amount of departure from the baseline
conditions is expected in the more mountainous terrain of the southwest.

31



4.1.2 Maps of Growing Degree Days

Projected changes in the number of average Growing Degree Days (GDDs) in Figut8s 17
indicate a potentially positive outlook for agricultural outpnd yield for most crop

varieties. The higher temperatures projected in the previousinpgwsicularly in the

summer monthg result in an increase in GDDs under bownsl10 °C thresholds, with the

10°C map (Figure 18) showing resemblance to Maxingummer Temperature (Figure 12).
Despite the increase in GDD, the potential for increased water demand and heat stress under
warmer conditions may offset higher yield outcomes.

3 el & Difference ’x ] Baseline compared to 3 °C increase in global temperature

Change in # of Growing
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Figurel7: A map of projected changesanerageGrowing Degree Days (8 threshold)
under & °C global warming scenarid\n increase of up to 49 days are expected in the
southeast and central regions.
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o 1 % Baseline compared to 3 °C increase in global temperature
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Figurel8: A map of projected changes in Growing Degree Dags C threshold) under a 3

°C global warming scenaridJp to 51 extra GDDs are projected under thal&@ree

threshold, indicating increased very high temperatures, as supported in the maps showing
projected increases for summer temperatures (Figure$2)1
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4.1.3 Maps of Hot Dgs ard Frostfree Season

Figures 19 through 21 highlight further increases in the projections of warm weather indices.
Figures 19 and 20 exhibit a trend in days in which temperature will exceed 30 &@d 35
respectively, in the eastern region of Biadher Creek Regiarlhe aggressive daily

maximum temperatures are moderated by mountainous terrain in the east where cooler
descends from the Rockielhe number of Frodtee Days in Figure 21 (up to 69 projected)
suggest an earlier start and later endhéogrowing season.

Baseline compared to 3 °C increase in global temperature
Z #of HotzDays (T>30°C, days)

3 °C Difference ,X

Change in # of
Hot Days (T > 30 °C)
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Figurel19: A map of the prOjected changes in the Number of Hot Days (T°€B0nder &3
°C global warming scenarid@.here is widespread variability across the Pincher CRasjion
with some areas forecastdgperience up t@7 addtional days exceeding 3@ while others
only 3 days.
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Baseline compared to 3 °C increase in global temperature
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Figure20: A map of the projected changes in the Numbeérearfy Hot Days (T > 3 °C)
under a3 °C global warming scenario. Up badditional days exceeding 3C are expected
in the eastern regiownhile parts of the west will see no change.
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Figure21: A map of the projected changedte length of thé&rostFreeSeason under a 3
°C global warming scenarid muchextended Frostree Season is projected across much of
the Phcher CreelRegionwhere the region will may see 589 extra days without frost.
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4.1.4 Maps of Cold Days and Frost Season

Cold Days where the temperature drops belbs~C are projected to become far less

frequent (Figure 22). As themperature drops below80 °C, the change from historical

conditions is far less dramatic with the region only projected to experience 1 to 4 fewer
Afiveryo cold days. This change, however, is s
image in Figure 2, which shows that in most grid cells the projection is to move fredh 2

Averyo cold days to 0. -rded®aysdepiaedia Figumne 24tishe nun
simply the inverse of the length of the Fréigte Season depicted in Figure Riere we

simply see a similar variable with a projection of-3® moredays without frost.

Baseline compared to 3 °C increase in global temperature
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—JIwmp ’
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/

Figure22: A map of the projected changes in the NunddeCold Days (T< -15 °C) under a
3 °C global warming scenarid@.heregionis expected to experience cold season warming to
the point where up to 22 less cold days will be experienced under this scerai@vident
in the northwest region. Yellow lines represent delineations in days across the region.
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Figure23: A map of tte projected changes in theimber ofVery Cold Days (T <-30 °C)
under a 3C global warming scenari®ellow lines represent delineations in days across the
region.
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Figure24: A map ofthe projected changes in the Number of Ffost Days under a°C

global warming scenario
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4.1.5 Maps of Precipitation

Seasonal projections of precipitation in Figures 25 to 28 vary considerably. 8pding
SummerPrecipitation (Figures 25 and 26) shomicrease from west to east, with spring
projecting a large increase of up to 69.5 mm. The-@ast contrast in wintgrecipitation
results in either a reduction or an increase; the Rocky Mountains appear to serve as the
dividing line. A net decrease in total precipitation is projected for the summer, with modest
decreases projected over much of the region. In thedtl, precipitation increases from 3 to
17 mm.On all precipitationmaps, istyets(lines connecting equakecipitatior) are drawn

in green to assist delineationpecipitationgradientsDue to the variable distribution of
precipitation among seasonisetvalue of these lines varies from one map to the next.
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Figure25: A map of the projected changesSpring Precipitation under & °C global

warming scenarid/Vith an increase of 391 69.5 mm projected across the region and

already the wettest season, spring will continue to produce wet conditions with an increased
likelihood of flooding in the east given antecedent precipitation trends in winter months (e.qg.,
Figure 28).
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