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Executive Summary

Changes to the Earthdéds climate system over ttiemsihast

global temperatures. These changes have been felt across Canada, including in the Province of Ontario, and
are impacting local communities. Warming temperatures, increasing precipitation and more extreme weather
events are all expected to increase by the end of the century (McDermid et al., 2015). This will have a
significant impact on Durham Region, leading to localized flooding, ecosystem changes, loss of electrical
supply, threats to human health and safety, to name a few (Durham, 2016). As such, while the impacts of
climate change are already being felt, future changes in climate will also have a significant impact on Durham
Region.

Between 2012 and 2014, the Region of Durham undertook a climate modeling exercise with SENES
Consultants Ltd. to predict future climate in the Region for the 2040-2049 period. This study was one of the
first steps towards the development of the Durham Community Climate Adaptation Plan (DCCAP). At the time
of the study, SENES used the most credible climate emissions scenarios called the Special Report on
Emissions Scenario (SRES), which have since been updated with the latest scientific climate scenarios called
Representative Concentration Pathways (RCPs). In 2018, the Region of Durham hired the Ontario Climate
Consortium to develop a report examining how climate change considerations were being integrated into
natural environment-related policies and plans. One of the recommendations that came out of the report was
the need for the Region of Durham to undertake a climate modeling exercise to update the current climate
projections to include both Global and Regional Climate Models through an ensemble approach. These
updated climate projections would then be used to inform future updates to policies and plans. Durham Region
has therefore identified the need to update their climate projections to support the ongoing implementation of
climate adaptation initiatives across the Region. Funding for this initiative was received through the Greenbelt
Foundation.

The need for a guidance document was also identified to provide municipalities within Durham, as well as
other Greenbelt municipalities with an opportunity to undertake their own climate modeling exercises, to
improve consistency in the climate modeling approach used across Ontario municipalities. This report also
supports the climate change goals and policies outlined in the Greenbelt Plan (2017).

The following are the general objectives associated with this project:

1. To create a clear and replicable approach for climate change analyses, which allows for a range of
climate projections, for the short, mid, and long term;

2. To provide climate model out put data that wil
climate change adaptation planning efforts; and

3. To provide a consistent approach across Durham Region that can be utilized by Regional staff, lower-
tier municipalities, conservation authorities, and the broader community for decision-making and
analysis.
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The OCC developed criteria that determined the North American Coordinated Regional Climate Downscaling
Experiment (NA-CORDEX) as the best-suited climate model ensemble to conduct the climate modeling for
Durham Region. The criteria included:

The data had the ability to capture the influence of the Great Lakes, since Lake Ontario has a great
influence on Durham Regiond6s weather and climate
The data were used in other climatological studies in the Great Lakes Basin and in Ontario;

The data were derived through dynamical downscaling, to capture the Great Lakes;

The data were driven by multiple models and model runs (i.e. takes an ensemble approach) to ensure

more robust results were generated;

The data had a spatial resolution of 25 km by 25 km or finer;

The data included projections for both climate change scenarios RCP 4.5 (stabilizing emissions
scenario) and RCP 8.5 (high emissions scenario), and was available up until 2100; and

1 There were hourly data available.

E E N ] =

In order to understand how this project differs to that of the previous SENES study, the OCC conducted a
comparison between the 2019 Durham Climate Modeling Project and the previous SENES study. A summary
of some of the notable differences are outlined in Table 1.

Table 1: Differences between the SENES Study and Durham Climate Modeling Project

1 GCM (HadCM3 Model) .
Climate Models 1 RCM (Hadley PRECIS Model) 0 g:gg:gm e
1 Weather Forecasting Model (WRF)
gm'ss"?”s SRES Scenario A1B (older) RCP 8.5 and RCP 4.5 (latest)
cenarios
Time Period 2040-2049 20200 s, 20500 s, and 20
Baseline 2000-2009 1971-2000
Regional Used Whitby as proxy station for all of ~ Uses all climate stations in Durham Region to
Averages Durham develop averages
Extreme precipitation, extreme rain, Mean temperatures, maximum temperature,
extreme snowfall, extreme heat, minimum temperature, extreme heat, extreme
Climate extreme cold, wind chill, degree days, cold, total precipitation, extreme precipitation,
Parameters extreme wind, humidex, potential for dry days, growing season, agriculture variables,
violent storms freeze-thaw cycles and ice potential

The following figure (Figure 1) provides an overview of the approach used to develop the climate change
projections for Durham Region.

=
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Figure 1: Durham Climate Change Modeling Project Process

Through climate modeling analysis, bias corrected climate projections were produced for 52 climate
parameters for RCP 8.5 (business-as-usual, or high emissions) and RCP 4.5 (stabilizing) scenarios for the
short (2011-2040), mid (2041-2070), and long (2071-2100) term. Table 2 summarizes a few of the major
climate trends Durham Region can expect to see in the future, under the RCP 8.5 scenario. A complete list of
climate parameters and results under the high emissions scenario can be found in Table 10.

Table 2: A summary of the NA-C O R D E Xop slimate change parameters for Durham Region in the highest emissions

scenario (RCP 8.5) for all climate periods up until 2100. All parameters are averages of the NA-CORDEX6s 16 mo

runs.
A D A O a O e ed e Oonag e ale
- e 9 000 0 040 041-2070 0 00 end
Mean Annual Temper ¢ 7.1 8.6 10.1 12.1 y
Annual Average Number of Days above 0.2 12 4.0 10.8 y
35eC
Annual Average Number of Days above 76 15.9 27 4 46.9 y
30eC
:Alnréugl (A:verage Number of Days below 297 13.1 79 26 7
Annual Average Number of Days below 49.0 343 235 11.3 5
-10eC
o~
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Total Average Annual Precipitation 952 4 1074.95 1117 48 1231.60 g
(mm) . . . .

Annual Average Maximum Amount of N
Precipitation Falling in 1 Day (mm) B Bl Sl sl y
Annual Average Maximum Amount of "
Precipitation Falling in 3 Days (mm) 54.9 58.0 617 67.7 y
Annual Average Simple Daily Intensity N
Index (SDII) (mm/day) 2 U G e y
Average Growing Season Length for "
Climate Period 162 days 183 days 193 days 213 days y

This analysis demonstrates that Durham Region will likely experience a warmer and wetter climate, with a
longer growing season. The Region is also expected to experience more variable weather patterns and
experience higher intensity storms with greater amounts of precipitation in all seasons. This may impose
threats to the health of communities, it& natural systems, infrastructure, agriculture, economy and services
within the region. The following provides an interpretation of the study results for the short, medium and long
term in Durham Region.

Dur ham Regi onds ClTernrm@dweuntii2640)t he Short

Regardless of how emissions might be reduced in the future, the climate is expected to change. Average
annual air temperatures across Durham Region are expected to rise 1.53 in the short term on average over
the 30-year period. Consistent with other climate modeling studies across the Southern Ontario, minimum
temperatures are projected to rise the fastest, increasing by 2.23 in the winter season based on an average
of all ensemble models. Historically, minimum temperatures in the winter season average around -83 in
Durham, but as the climate warms, this is expected to be around -5.83 in the coming decades. This implies
that winter variability in weather will be particularly important moving forward. The timing and amount of
precipitation may shift from snowfall to rainfall during winter months, increasing the potential for flooding and
overflow conditions in the Regionbés water systems.
Across all seasons, maximum temperatures are expected to rise the most in the summer season with
temperatures projected to increase by 1.63 compared to historical conditions. This result implies that heat,
and the vast impacts associated with it, are expected to be prevalent as we move into the future. Health-
related conditions associated with extremely hot days, ecosystem-related impacts such as heat stress and
warming of waters could also be expected to become more common.

Extreme heat related conditions show significant changes moving into the future as well. Historically, Durham
Region has about 7.6 days per year exceeding 303 . In the short term, this is expected to more than double
to about 16 days. Days where temperatures exceed 253 show the same trend. Historically, Durham Region
averages around 42 days, mostly across the summer season that meet this condition, and this is expected to
rise by almost 3 weeks more in the short-term. Warm nights, or nights when Durham residents may want to
run air-conditioning more frequently to feel comfortable, there has historically been around 3 months where
temperatures exceed 203 , but this is expected to rise by another half a month (16 days) in the short term.
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On the other hand, extreme cold conditions are expected to decline rapidly. The number of days where air
temperatures are below -203 are projected to be cut in half, from about 8.6 days historically to around 4 days
per year in the near future. This has implications for winter recreational activities, the amount and duration of
snowpack across the Region and revenue for the municipalities (e.g. tourism). Likewise, it is projected that
there will be almost four weeks fewer days where temperatures are below freezing on average (03 ).
Historically, the Region sees around 5 months (not necessarily in a row) where temperatures are below
freezing, but this is projected to become around 4 months by 2040.

Total precipitation is also projected to increase across the year, and across all seasons. Durham Region
typically observes around 952mm of precipitation on average. By 2040, it is projected that the Region could
see 13% more. The largest increase is projected in the winter and spring seasons, with much lesser change
in the summer and fall. This has significant implications for our water resources. For instance, as temperatures
warm and precipitation totals rise, this may advance the timing of the spring freshet, increase rain-on-snow
events, and require earlier flood warnings and procedures to be put in place (which we are already observing
today).

Extreme precipitation indicators reflect similar trends as well. In the short term, maximum 1-day precipitation
is projected to increase by about 12%, and maximum 3-day precipitation is projected to increase by 6%.
Examining precipitation intensities indicates that the winter and spring season intensity rates (mm/day) are
projected to increase the most. For example, historically, Durham Region sees an average intensity of around
2.5mm/day but this is projected to rise to about 2.9mm/day in the near future. While these may seem small at
a glance, it is important to remember these are the rates at which precipitation is falling, not totals, and that
this trend is rising across the short, medium- and long-term time periods in the future. Coupled with the largest
increases in total precipitation from above, this indicates a much more variable and demanding winter to spring
season as it pertains to water management.

In the short term, freeze-thaw cycles are projected to remain largely consistent with historical conditions
(around 80 cycles per year). This implies that freeze-thaw cycles will continue to be problematic on
infrastructure systems and on municipalities for managing damages as a result. If the Region has freeze-thaw
cycles coupled with increased precipitation, this may cause cascading impacts (e.g., a thaw, an extreme
rainfall event, followed by a freeze), this can be particularly damaging to infrastructure and roads.

Trends related to dry conditions are more or less unchanging. Projections of total dry days (where
precipitation is zero) is projected to more or less remain the same in the short term. The same trend was found
for the maximum number of consecutive dry days, which historically is around 18 days. A brief comparison to
other climate trends studies in the GTA indicates
example, determined the same trend in this parameter. However, the authors would caution that increased
heat and evaporation in the summer season may indicate the possibility of increased variability and thus
developing this parameter to undertake a water balance or to estimate flows could yield interesting results.
The ensemble range in projections for example suggest that total consecutive dry days could be a little as 13
days in a row, or as much as 21 days in a row (so the potential for prolonged dry conditions or drought exists).
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Finally, growing season conditions consistently show an earlier start date (from May 14 on average, to May
1), and a later end date (from Oct. 24 to Oct. 31). Growing season length is projected to increase by an
average of 21 days. Agricultural parameters all indicate increasing trends as well. Corn heat units, growing
degree days, canola growing degree days, among others show increases of between 12 and 20% more from
historical conditions. As a downside, as agricultural conditions improve, the risk of pests increases
significantly. Degree days where there is risk of presence of pests is projected to rise about 33% more than
historical conditions.

Dur ham Regi onMesliunCllermif2@30% i n

Moving further into the future, the amount of emissions that are reduced becomes increasingly important for
determining future climate conditions. The following summarizes results for the higher scenario, RCP8.5.

Mean air temperatures are projected to continue to rise to an average of 10.1C (or by 33 ). From a practical
standpoint, this projected rise in temperature exceeds the targets currently being discussed by the IPCC and
national governments around the world as they target temperature rises of 23 , and ideally 1.53 . Therefore,
as adaptation initiatives are implemented across Durham Region, it is important to take a prudent
(conservative approach) that accounts for a more extreme future to ensure risks are mitigated.

Describing temperature trends geographically across Durham Region, climate projections indicate that
municipalities further south i namely Pickering, Ajax, Whitby, Oshawa and Clarington are all anticipated to
warm faster and overall than their neighbours to the north (Uxbridge, Scugog and Brock). This trend is
particularly pronounced for minimum and mean temperatures and continues across all future time periods i
the short term, mid-century and by the end of century. Maximum temperatures behave a little differently as
we examine the geography across the Region. As we move further out into the future (mid-Century and end
of Century), increased warming is noticed first in the southwest portion of the Region 1 in Pickering, Ajax and
in south Uxbridge. However, all municipalities are seeing increased rates of warming across all seasons, and
all time periods. These geographic trends may be partially explained through the bias correction process used
in this study. Climate models themselves do not explicitly capture ground surface temperature, but the
behavior of observational records used to adjust climate model information may have propagated into the
future.

By mid-century, it is anticipated that Durham Region will exceed historical thresholds of extreme heat. Days
with air temperatures above 353 (excluding humidity or urban heat island influences) are projected to rise
from basically O days per year to 4 days. Days above 303 are projected to increase from 7.6 to over almost
a full month of the year being this hot. Examining extreme cold projections, it is projected that Durham will
only have around 2 days where temperatures average below -203 over the day, and only one week of days
below -153 .

Total precipitation is projected to continue to increase by mid-Century as well. Compared to the historical
baseline period, total precipitation is anticipated to increase by 17% to an average of 1118mm over the year,
with the largest increases in the winter and spring seasons once again. Extreme precipitation parameters
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indicate that 1-day maximum and 3-day maximum precipitation are similarly increasing by 20% and 13%
respectively, compared to historical conditions.

Geographically, precipitation patterns are dynamic and are not the same across the entire Region. In general,
precipitation increases are occurring more rapidly in the north and eastern portions of Durham Region. This
is particularly important for the agricultural centres in Durham Region including Brock, Scugog, and Clarington
that may see higher percent increases by the 2050s and the 2080s. This does not mean that other
municipalities across the Region are not (and will not) experience more intense storms i only that the rate of
change appears faster in the north and eastern areas. This trend is particularly pronounced in by end of
century where Brock and Scugog see increases of around 35 to 40% compared to areas further southwest
that are slightly lower around 30% to 35%. This trend may in part be due to lake-effect conditions being
captured in the ensemble of models, but it should be emphasized that these are ensemble averages, and so
some RCMs would illustrate different spatial trends and potentially identify southern portions of the Region as
being wetter by mid to late Century as well.

All other parameters described above (dry conditions, growing season, agricultural conditions) continue
to illustrate the same trends through time described in the short-term time period. By mid-century, the growing
season is expected to be 1 month longer in duration across the Region, starting as early as April 15 and
ending as late as November 15" potentially. This further emphasizes the increased growing degree days and
agricultural opportunities across Durham, but dramatically increases the risk of pests. As an example, by
2040, the risk of pests is projected to increase by about 30% on average, whereas by mid-Century that risk is
around 85% higher compared to the historical presence of pests.

Dur ham Regi ointhesLonG Termm{20808)

As projections are used and interpreted for the end of the century, it is important to keep in mind that
uncertainty grows as time goes on. This is because policies, conditions and decisions made across the Earth
may influence the degree to which climate conditions may continue changing. The following describes notable
changes by the end of century in Durham Region, with the full parameters summarized in Table 10 of this
report.

By the 2080s, Durham Region is on track to warm by an additional 53 , leading to an average annual air
temperature around 123 . This can by compared to the historical condition across the Region of 73 . Minimum
temperatures, and winter temperatures continue to rise the fastest compared to other seasons across the
year. By this time, it is projected that the average air temperature in the winter season will be above freezing
i at almost 23 . This implies that there will be as many days with temperatures exceeding 23 than there
would be below this threshold, and that snow and ice conditions will no longer dominate winter conditions as
they do so today through freeze-thaw, salt use, snow clearing, etc. At this time in the future, summertime
temperatures will be particularly warm. Maximum air temperatures in the summer, on average, are projected
to be above 263 . Currently, this summertime condition is around 213 . It is anticipated that municipalities may
have changed programs, thresholds associated with warnings and extreme heat and/or services to respond
to the changing climate conditions at this time, since they differ significantly from our current seasons.
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Notable extreme temperature conditions are summarized below:

1 Over aweek (11 days) where temperatures exceed 353 , with multiple days likely exceeding 403 .

1 Over 1.5 months (47 days) where temperatures exceed 303 and where nighttime temperatures
exceed 203

1 Approximately zero (0) days where temperatures are below -203 , compared to over a week now

1 Only 2.5 days where temperatures are below -153 , compared to the over 3 weeks now

1 AImost two months (56 days) fewer days where temperatures are below freezing (03 ), indicating that
Durham would experience about 3 months of the year with freezing conditions (historically, Region
has experienced almost 5 months with freezing temperatures)

Total precipitation is projected to continue to increase out until end of Century. Compared to the historical
baseline period, total precipitation is anticipated to increase by 29% to an average of over 1200mm in a given
year, with the largest increase in the spring season once again. Extreme precipitation parameters indicate
that 1-day maximum and 3-day maximum precipitation are projected to increase 30% and 23% by end of
century, respectively (compared to historical conditions). Average annual precipitation intensity is projected
to be 3.4mm/day (or 31% higher than historical conditions), with the highest projected increase in the spring
(25%) followed by the summer season (24%)

All other parameters described above (dry conditions, growing season, agricultural conditions) continue
to illustrate the same trends described for the short- and medium-term time horizon. By the end of the century,
the growing season is expected to be over 1.5 months longer in duration across the Region, starting as early
as April 2 and ending as late as November 30" potentially. This further emphasizes the increased growing
degree days and agricultural opportunities across Durham, but dramatically increases the risk of pests. As an
example, by the 2080s, the risk of pests is projected to increase over 100% on average compared to historical
conditions.

Next Steps

A comparison between local municipalities across Durham Region, including summaries of all tailored all
climate parameters can be found under Appendix F. The ensemble climate modeling completed for Durham
Region will be a useful tool for years to come. It will serve as the foundational data set for many climate
change adaptation projects and move implementation of the DCCAP forward. This report also sets the stage
for future updates, providing the Region with the opportunity to incorporate advancements in climate science
as new information becomes available. The following is a list of potential projects Durham Region may wish
to undertake as part of future projects to advance climate change initiatives. These include:

1 The Creation of Future IDF Curves: IDF curves, are used to plan for municipal infrastructure such
as the sizing of culverts, stormwater ponds, roads, etc. This project may trigger the need to update
existing IDF curves within Durham Region to account for future climate change and inform design and
engineering standards.
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1 Updating the Urban Heat Island and Floodplain Mapping: While these new climate projections do
not differ drastically from the SENES Study, the projections may trigger the need to update existing
urban heat island mapping as well as floodplain mapping to account for the changes.

1 A User Interface: The development of an online web application (e.g., R Shiny) would provide Durham
Region with an easy-to-use interface for data handling. Those who may find the methods difficult to
replicate would be able to use the web app and easily access the data.

1 Public Education: These new climate projections will trigger a need for public engagement and a
public version of this document. While the climate projections do not differ drastically from the SENES
Study, the Region may wish to engage the public to showcase action on climate change science in
the Region. A summary technical report that can be taken to Council and is easily understandable
should also be developed.

1 Building Staff Capacity: As noted above, the updated climate projections will help to inform future
climate change projects. However, municipal and conservation authority staff will require training on
the use and application of the modeling.

1 Quantitative Vulnerability Analysis: The DCCAP Working Groups will be able to use these climate
projections to identify and map out highly vulnerable areas are within the Region and target their
adaptation efforts to those areas (e.g., a vulnerability assessment of natural systems)

1 Co-benefit projects: The updated climate projections in this report may stimulate the creation of
projects that have multiple cross sectoral benefits and that can address both adaptation and mitigation.

While this project focuses on Durham Region, the approach is transferable to other municipalities in Ontario.
The following is a set of considerations for municipalities in Ontario to take into account when undertaking
climate modeling exercises.

1 Leverage existing data and tools, where possible (e.g., Regional or City data, online portals and tools,
etc.). There are many climate data portals available and the landscape is evolving rapidly, making it
easier for municipalities to access climate data.

1 Seekinputfromexpertstounder st and what i s considered Obest o
available.

1 Involve broad stakeholders, practitioners and academic expertise where possible for validation and
review.

1 Acknowledge that gaps in science exist and certain parameters may not be accounted for.

1 Build staff capacity through training on the use and application of climate modeling to understand the

o)

limitations or caveats of climate data use
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1.Introduction

Changes to the Earthoés climate system over the | ast
global temperatures (IPCC, 2014). The Special Report put forth by the Intergovernmental Panel on Climate
Change (IPCC) concludes with certainty that recent anthropogenic emissions of greenhouse gases such as

carbon dioxide, are the main cause of recently observed global temperature increases (IPCC, 2019). These

human influences have been associated with warmer atmospheric and ocean temperatures, changes to the

global water cycle, reductions in snow and ice, increases in global mean sea level rise, as well as changes in
extreme weather events. As demonstrated in the Canada in a Changing Climate Report (2019), Canadai
annual average temperature over land has warmed by 1.7°C since 1948. Changes in climate will continue to
significantly affecta | | of cOmmunites, 6osh at the regional and local scale in the future.

In Ontario, these impacts are already being felt and will continue to influence communities across the province.
Warming temperatures, increasing precipitation and more extreme weather events are all expected to increase
throughout the end of the century (McDermid et al., 2015). In the Great Lakes Basin, it is projected that
temperatures will increase between 1.5 to 7°C by the 2080s, with northern latitudes expected to experience
the highest rate of warming (ibid). Winter precipitation in the Great Lakes Basin is also projected to increase
as much as 16 cm, while summer conditions are expected to be drier, with up to 6 cm less precipitation as
compared to historic levels (ibid).

The Great Lakes, as well as smaller lakes such as Lake Simcoe, play an important role in local weather patterns
and climate processes, due to their vast sizes, depths, and degrees of thermal inertia. However, in recent
decades, the Great Lakes Basin has felt the impacts of climate change, generally consisting of higher
temperatures, increased precipitation, decreased annual lake ice coverage, reduced snow cover and lake-
effect snow, increased wind speeds, fluctuating lake levels, changes in timing and quantity of precipitation
events, and an increased number of extreme weather events (Wang et al., 2017). These changes in climate
can cause many cascading impacts, including increased flooding events, erosion of shorelines and
infrastructure, contamination of water, and/or the loss and alterations of habitats for a variety of aquatic species
(Mortsch, 1998).

At the local scale, these climate change projections will have a significant impact on Durham Region. Through
the Durham Community Climate Adaptation Plan (2016), the SENES model shows that Durham Region will be
subjected to increased precipitation, more severe rainstorm events, increased average annual temperatures,
and reduced snowfall (Durham Region, 2016). This will lead to significant changes across the Region, including
more localized flooding, threats to human health and safety, as well as overall changes its ecosystems (Durham
Region, 2016).

In recent years, confidence around future climate modeling projections has significantly increased. Since the
IPCC released their second assessment report in 1995, the number of Global Circulation Models has grown
to over 40 different models (Auld et al., 2016). Global Circulation Models (GCMs) have increasingly included
more components of the Earth system and their coupled interactions (e.g., ocean, atmosphere and land
interactions), and have also developed better resolution simultaneously over time. Regional Climate Models
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(RCMs) have also increased their spatial resolution significantly (IPCC, 2014). This increase in the number of
climate models has provided the opportunity for practitioners to analyze climate projections through an
ensemble of models, reducing the overall uncertainty associated with climate projections.

In Ontario, the state of climate modeling around the Great Lakes has also enhanced significantly in the past
few decades. Most climatological studies in the Great Lakes Basin how use Regional Climate Models (RCMs)
which offer higher resolution, dynamically downscaled GCM output under a more regional climate context. This
increased resolution allows for a more accurate representation of climatological variables across hydrological
features, which are typically represented as land surfaces in GCMs. The use of climate modeling in Ontario
municipalities as well as initiatives, including initiatives undertaken within Durham Region can be found under
Appendix A.

Despite improvements to climate modeling in recent years, a consistent approach to undertaking climate
modeling in Ontario does not currently exist. Many municipalities in Ontario have undertaken their own climate
modeling, but much uncertainty around which climate models to use, how many models to use, and how to
conduct the modeling itself still exists. Due to the limited institutional capacity around climate modeling,
municipalities are often required to hire external contractors to develop climate projections, creating
inconsistent climate change projections across closely situated municipalities. With rapid changes in climate
science over the last few years, ensuring that communities use the most up-to-date climate information is
essential to implementing appropriate adaptation strategies. By enhancing the way in which we examine
current conditions and projected future climates, using a consistent approach across the Region and by
communicating these findings within Durham Region, decision-makers and resource managers will have the
necessary information to inform the implementation of adaptation strategies and to help residents in Durham
Region withstand the negative impacts of climate change.

With this context, Durham Region has identified the need to update their climate projections to support the
implementation of climate adaptation initiatives across the Region. The need for a guidance document was
also identified to provide municipalities within Durham, as well as those within the Greenbelt with an opportunity
to undertake their own climate modeling exercises, to improve consistency in this area across Ontarian
municipalities. This guidance document provides Durham Region and municipalities within Ontario the
opportunity to fill the existing knowledge gaps around climate modeling and encourage consistency amongst
Ontario municipalities, by demonstrating the methodologies behind climate modeling in a way that is
understandable and replicable. Therefore, this report will allow Ontario municipalities to reproduce the same
methodologies taken in this study when undertaking their own climate change analyses.

1.1 Objectives of this Report

The purpose of this report is to provide guidance around the climate modeling methodology that the Region of
Durham and other Greenbelt municipalities and Conservation Authorities can replicate, adapt, and built upon
for use in their respective jurisdictions. It provides a step-by-step methodology for obtaining and analyzing
climate data.
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The following are the general objectives associated with this project:

9 To create a clear and replicable approach for climate change analysis, which allows for a range of

climate projections, for the short, mid and long term, including averages and extremes;
1 To provide climate model output data (e.g., temperature, precipitation, etc.) that will inform or could be

used as inputs for Dur ham Roapldnang éfferts;atdi mat e change
i To provide a consistent approach across Durham Region that can be utilized by Regional staff, lower-

tier municipalities, conservation authorities, and the broader community for decision-making and

analysis.

2.Durham Region

2.1 Study Area: Durham Region

For the purposes of this report, climate projections for the Region of Durham are presented as a case study
for other Ontario municipalities to use as an example of how to develop their own climatological studies.

Durham Region is a regional municipality located in southern Ontario and consists of eight local municipalities,
including Ajax, Brock, Clarington, Oshawa, Pickering, Scugog, Uxbridge, and Whitby. The Region is situated
within the Golden Horseshoe area of Ontario, located directly east of the City of Toronto and York Region,
west of Northumberland County and the City of Kawartha Lakes, and is located directly north of Lake Ontario
and south of Lake Simcoe (Figure 2).
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Figure 2: Durham Region and its surrounding regional governments, and its eight local municipalities in Southern
Ontario.

Durham Region is composed of a mixture of rural, residential, and commercial land. North Durham is mostly
rural, with a thriving agricultural sector, while South Durham is composed of lakeshore communities that offer
urban development and a diverse employment base. The Oak Ridges Moraine is nestled in between, dividing
both North and South Durham. Over 80% of Durham Region is located within the Greenbelt. The Region
currently has a population of about 706,200 people; however, this is projected to increase to about 1.2 million
people by 2041 (Durham Region, 2017).

Durham Region has a large area of about 2,500 square kilometers and has 17 different quaternary watersheds

that intersect its municipal boundaries. As a resul t , Dur ham Re grestomatiors, andhat e
management services are controlled by five different conservation authorities (CAs), including Central Lake
Ontario CA (CLOCA), Ganaraska Region CA (GRCA), Kawartha Region CA (KRCA), Lake Simcoe Region CA
(LSRCA), and Toronto and Region CA (TRCA), with Otonabee Region CA (ORCA) directly adjacent to

Dur h aGA$ (Figure 2).
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Lake Ontario
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Figure 3: Durham Region and its six surrounding conservation authorities, five of which intersect its municipal
boundaries.

With an increase in population of about 78% by 2041, and future impacts of climate change affecting the
Re gi o n 0 guanmityancquality in the future, it is of most importance for the Region to continue to plan for
these major changes in all sectors, in collaboration with all eight local municipalities and with five corresponding
CAs. For the purposes of this study, climate change projections are summarized for the Region as a whole,
then broken down into specific climate change projections for each local municipality, and each CA jurisdiction
(Appendix F-I).

2.2 Overview of the Regiono f D u r $EAIBSAReport and Purpose for Updating Climate
Modeling in Durham Region

Between 2012 and 2014, the Region of Durham undertook a climate modeling exercise with SENES
Consultants Ltd. to predict future climate in the Region for the 2040-2049 period. The study, known as the
OSENES Studyd was one of the fir st Dushame Gosnmunity Wlanate
Adaptation Plan (DCCAP). The report provides information on numerous climate indicators (e.g., temperature,
precipitation, etc.) and uses available models and weather station data from 2000-2009 to compare to future
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climate projections (2040 to 2049). Through the study, it was determined that Durham Region will experience
warmer, wetter and more extreme climate conditions in the decade 2040-2049 as compared to the 2000 to 2009
time period.

At the time, SENES selected the most credible climate emissions scenario (the A1B scenario of the IPCC) (see
Section 3.4 for more information on climate emissions scenarios). These emissions scenarios are known as the
Special Report on Emissions Scenario (SRES), which have since been replaced by more representative climate
scenarios called Representative Concentration Pathways (RCPs). The A1B emission scenario was used in the
SENES study, which is a climate scenario that represents a world of rapid economic growth, a global population
that reaches 9 billion in 2050 and then gradually declines, a quick spread of new and efficient technologies, and
extensive social and cultural interactions worldwide (IPCC, 2013). The A1B scenario was used to drive the
Global Climate Model titled, the third version of the Hadley Centre Coupled Model (HadCM3), and the Regional
Climate Model titled, Providing Regional Climates for Impacts Studies (PRECIS), along with the FReSH weather
forecasting system in order to project relevant climate parameters for the 2040 to 2049 period. Since the release
of the SENES study, significant developments in climate information have emerged, including updated climate
emissions scenarios and climate models. The SRES scenarios have since been replaced with Representative
Concentration Pathways (RCPs) to better account for the driving forces that influence greenhouse gas
emissions (Charron, 2016). Four RCP scenarios have been developed including RCP 8.5 (business-as-usual),
RCP 6.0 (stabilized), RCP 4.5 (stabilized) and RCP 2.6 (best case scenario).

In early 2018, the Region of Durham hired the Ontario Climate Consortium (OCC), in partnership with
municipalities and CAs in and surrounding Durham Region, to develop a report examining how climate change
considerations are being incorporated into natural environment-related policies and plans within the region. One
of the recommendations that came out of the report was for the Region of Durham to undertake a climate
modeling exercise to update the current SENES model as well as emissions scenarios to include both Global
and Regional Climate Models through an ensemble approach to inform future updates to policies and plans. A
comparison between the SENES study and the 2019 Durham Climate Modeling Project can be found under
Appendix D. Funding for this work was received through the Greenbelt Foundation.

23Regi on of Nawa Bnarominent and Climate Change Collaborative (NECCC)

The DCCAP was approved by Region of Durham council in 2016, with ongoing partnerships and coordination
required to support the implementation of the DCCAP. As a recommendation of the DCCAP, the Natural
Environment and Climate Change Collaborative (referred to as the NECCC) was formed to enable natural
environment coordination amongst municipal and CA partners. The NECCC is comprised of representatives
from each of the five conservation authorities in Durham Region, as well as all eight local municipalities and
the Region.

The NECCC supports the implementation of the Natural Environment Sector Objectives and Programs as

contained in the Towards Resilience Durham Community Climate Adaptation Plan (2016). The NECCC acts

as a conduit for the exchange of knowledge between its members and helps to guide and coordinate
activities and projects taking place between each me
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resilience of the natural environment in Durham Region. Through their work they identified gaps in climate
data that was required to help scope and prioritize the actions required to achieve the objectives of the
DCCAP.

In late 2018, the NECCC, t he Region of Du r h a mobatong Withf thecP&@nningf andS u s t
Economic Development Department and the Ontario Climate Consortium received funding through the
Greenbelt Foundation to update the R e g i alimate projections using an ensemble of climate models. The

result of this project will be new climate projections for the Region of Durham and a guidance document
intended to be a step-by-step process for municipal and CA staff looking to undertake their own climate
modeling. It is also intended that other municipalities within the Greenbelt and beyond will be able to use the
methodology presented within this report and adapt it to reflect their needs.

2.4 Collaboration, Engagement and Capacity Building

Collaboration and engagement were essential components in the developmentoftheDur h a m R €ligdteo n 6 s
projections. Key stakeholders including the NECCC, Region of Durham, its 8 lower-tier municipalities as well

as the 5 Conservation Authorities were involved throughout the process. The overall goal was to allow
stakeholders an opportunity to provide input on the climate parameters of interest to Durham Region, as well

as review the preliminary results.

To ensure the objectives for the 2019 Durham Climate Modeling Project were fulfilled, the Project Team
undertook the following process:

1 In 2019, the NECCC submitted a funding proposal to the Greenbelt Foundation, engaging the Ontario
Climate Consortium (OCC) to lead the technical aspects of the project.

1 The OCC prepared a list of potential climate parameters as well as climate models/data portals to be
included as part of the selection process, determined the downscaling approach based on the climate
models available and drafted a methodological approach which was taken to the NECCC Technical
Subcommittee for feedback. The Project Team also engaged witht he Regi on of Dur hat
Climate Adaptation Plan Agriculture Working Group and the Regionof Dur hamdés Pl anning

1 As a part of the climate model selection process, the Project Team also consulted with Provincial
government staff to review the approach being used by the Province as well as the methodology to
ensure alignment.

1 In November 2019, the Project Team hosted a Preliminary Results meeting for the NECCC partners
and Durham Community Climate Adaptation Plan working group chairs (i.e., building, electrical,
flooding, roads, human health, agriculture, and food security). Participants were provided with an
opportunity to provide comments on the preliminary results.
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1 In November 2019, representatives from the Project Team presented the Preliminary Results at the AD
Latornell Symposium.

1 Over the course of the Fall 2019, the Project Team engaged in discussions with Dr. Michael Notaro,
Associate Director, Nelson Institute Centre for Climatic Research at the University of Wisconsin as a
third-party reviewer of the process and documentation.

1 InJanuary 2020, the Project Team hosted a technical and non-technical webinar to present the findings
to the NECCC, DCCAP working chairs, as well as municipalities and conservation authorities across
the Greenbelt.

3.Background on Climate Models and Future Climate Data

It is important for all municipalities to have a common understanding of climate modeling and the specific
terminology encompassed in this field of study. The following section provides a brief background on climate
modeling and key terminologies used throughout this report. This section discusses
the differences between Global Climate Models and Regional Climate Models, FAR
various downscaling methods, ensemble approaches, and the different climate @~
change scenarios used in climate modeling.

3.1 Global Climate Models (GCMs) and Regional Climate Models (RCMs)
Global Climate Models (GCMs) are coupled atmosphere-ocean-land-sea ice models
that project future changes in climate over the entire Earth surface under various
GHG emissions scenarios (Charron, 2016; EBNFLO, 2010). These models develop
climate projections with a resolution usually ranging between 1107 500 km by 110
- 500 km, on continental scales (Wang et al., 2016) (see Figure 4) and are designed
to characterize future climate on an annual, seasonal, and monthly basis (EBNFLO,
2010). In general, three different types of GCMs exist: Atmospheric General Models
(AGCMs), Atmospheric-Ocean Global Climate Models (AOGCMs), and Earth
System Models (ESMs) (Charron, 2016). ESMs are the latest generation of models
and include biogeochemical interactions and cycles, as well as changes in land
cover (e.g., vegetation types) (Charron, 2016). Since GCMs provide projections over
larger spatial scales, there remain many limitations in climate data. Some of the most
prominent limitations to GCMs are that GCMs cannot simulate smaller scale
convective storms (i.e., thunderstorms), and as a result cannot account for some
extreme events at the local scale (EBNFLO, 2010). GCMs are also known to
misrepresent many local features such as lakes and cloud processes, and they
usually dampen extreme weather conditions compared to observational data.
Additionally, since GCMs simulate many physical processes at a large scale, there Figure 4. Ranges of GCM
are many smaller-scale processes such as cloud activity that cannot be adequately Spatial Resolution (Source,
modelled in a GCM (IPCC, n.d.). These processes must be averaged over a large PCC, 2007)
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scale to be reflected in the GCM (ibid). As such, this creates a level of uncertainty in the GCM, as it may not
accurately reflect the smaller-scale processes in the model.

Most GCMs were not designed with an emphasis on lake-land-at mospher e conditions, de
influence on regional climate. As previously mentioned, GCMs usually have a horizontal resolution between

110 to 500 km by 110 to 500 km, limiting the ability for GCMs to appropriately account for the Great Lakes to

a certain extent. A study by the Great Lakes Integrated Impacts and Sciences Assessment group (GLISA)
(currently in review) evaluates how all 55 GCMs within the Coupled Model Intercomparison Project Phase 5
(CMIP5) models (the models used in the latest IPCC report) incorporate the Great Lakes, if at all. Table 3

shows the findings of this study, where only 18 of the GCMs in CMIP5 simulate all five of the Great Lakes as
dynamic lakes (i.e., they incorporate lake-atmosphere feedbacks).

RCMs have emerged as an increasingly valuable climate model. RCMs are high resolution models that are
used to downscale the | ower (or fAcoarsero) resolutio
of climate projections over a smaller geographical area (ECCC, 2017; Charron, 2016). RCMs produce climate
projections on a much finer scale than GCMs (ranging from 107 50 km, some even have resolutions of 4 km)
and produce more regionally-relevant climate information (e.g., the effects of the Great Lakes). As a result,
RCMs allow for a more precise representation of land features such as lakes and rivers and ensures that
consistency is maintained among different climate variables (Charron, 2016). Unlike GCMs, RCMs can project
smaller scale storms (e.g., finer resolution RCMs can project thunderstorms, lake-effect snowstorms, and snow
bands), allowing the models to incorporate future storms and extreme events (EBNFLO, 2010). As a physical
model, RCMs also provide the benefit of linking the interaction of GHG emissions with other components of
the climate system (Charron, 2016).
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Table 3: Summary of Great Lakes representation in each of the Global Circulation Models in the CMIP5 Ensemble

(GLISA, in review)

Atmospheric Al Five Great
Component Lakes ars
Spatial Simulated
Model Acromym Resolution O=y==0=nc

These models simulale all five Greal Lakes as dynamic
lakes (ie., lake-aimosphere feedbacks are simuwlated).
An accuraie represeniation of lake surface femperatures
ecessary for those feedbacks fo

and lake ice cover |
add value fo the simuwlation, =0 additional evaluation
should be conducted prior to use.

BCC-CSM1-1m | 1.127x1.13°

CCSM4 | 0.94°x1.25°
CESM1-BGC | 0.94%x1.25°
CESM1-CAMS | 0.94°x1.25°
CESM1{WAC-CM) | 1.88%x2.5°
CESM1(fast- chem)  0.594%x1.25°
CSIRO-MK36.0

FGOALS-g2

GFDL-CM3

1.87"x1.88°
2792810
2.00°x2.50°

GFDL-ESM2G | 2.02°x2.50°

GFDL-ESM2ZM

GISS-E2-H
GIS5-E2-H-CC
GIS5-E2-R
MIROCS
MRI-CGCM3

2.022.5°

2.007x2.50°
rn2 5t
2.007x2.50°
1.40%01.41°
1127113

NorESM1-M | 1.89°x2.50° ®

MorESM1-ME | 1.539°x2.50° .-

This mode! simulates the Great L
An accurate representation of se;
ternperatures and s &) ice cover is

add value fo the simuwation, so addifional ev&ruaﬂén
should be conducted prior to use.

ACCESS 1.0 1.25%188° unknown
BNU-ESM | 2.79%x2.81° unknown
HadGEM2Z family | 1.875"x1.25° unknown

——————
GREEN\Y
e~

Possibility grows here.

DURHAM
REGION

Atmospheric All Five Great
Component Lakes are
Spatial Simulated

Model Acromym Resoclution O=y==0=-nc
Part of the Greai Lakes are crudely (with limifed spatial
coverage and resolution) simulaled as oceans in these
models. These models may be able to offer useful

informaition and simulate lake-atmosphere feedbacks af
the regional scale, but site-specific or local analysis is not

aavised.
HadCM3 | 25°%x3.75° 9
IPSL-CM5A-LR | 1.88°%3.75° 9
IPSL-CMSA-MR | 1.27°x2.50° o
IPSL- CMSBLR | 1.89°x3.75° [ ]

From the found documentation, it is not apparent that
there is any form of lake representation in these models.

These models are not recommended for the Great Lakes

region.
ACCESS 1.3 1.25%%x1.88° .
BCC-CSM1.1| 2.79"x2.81° .
GFDL-CM2.1 | 2.79°x2.81° .
MIROC-ESM | 2.79°x2.81° .

In these models, there are conificis over how the

Great Lakes are geographically defined in the land

and ocean components. Inspection of the land and
ocean companents revealed the case where 1) both
components claim 100% responsibility for simulating
surface stalesfiuxes over at least one Greal Lake and/

or 2) neither component is responsible for simulations
over at least one Greaf Lake. These conflicts indicate
uncertainty in how fluxes befween the land, ocean, and
aimosphere components are coupled. These models are
not recommended for the Great Lakes region.

CMCC-CESM | 3.44"x3.75°

CMCC-CM | 0.75°x0.75°
CMCC-CMS | 1.86°x1.88°
INM-CM4 | 1.50"x2.00°
CanESM2 | 2.79°x2.81°
MCEP-CFSv2 1°x1°
CHRM-CM3 | 1.40°x1.41°

EC-Earth| 1.12°x1.13°

MPI-ESM-LR | 1.86%x1.88°
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3.2 Downscaling Methods

Downscaling is the process of generating climate
information from a GCM with coarse spatial
resolution to a finer spatial resolution (Wilby et al.,
2004; Flint and Flint, 2012) (see Figure 5). The two
types of approaches, statistical downscaling and
dynamical downscaling, have been established to
achieve detailed regional and local atmospheric data
(Castro et al., 2005).

Statistical downscaling is based on a statistical 1
model that compares large-scale climate variables

from GCMs to smaller scale regional or local climate  Figure 5: Downscaling from a GCM with 200km spatial
variables (Wilby et al., 2004). It relies on historical resolution to a 45 km grid cell (Source: Logan, 2016).
relationships (al so ref e ry
assumptiono) among <climate variables at di fferent
statistically downscaled approaches that can be applied, including weather classification schemes, regression
models, and weather generators (Wilby et al., 2004). As the impacts of climate change become more
significant, using a stationary assumption (i.e. relying on historical radiative forcing conditions) will result in
greater uncertainty among the statistically downscaled data, as important feedback cycles in the climate are
not accounted for in these projections (e.g., the impact of warming temperatures and lake ice will exponentially
increase the rate of lake effect snow and evaporation in some models, while other models that have been
downscaled suggest rising temperatures will eventually reverse the positive trend in lake-effect snow to
negative). Thus, using a stationary assumption is not a recommended approach to be taken to account for
future changes in climate, particularly for extreme weather events, and processes that are dependent on other
climate forces. The approach taken in statistical downscaling is therefore not physically verifiable (Wilby et al.,
2004). Since statistical downscaling relies on historic relationships among climate variables at various scales,
using a statistical relationship based on present-day conditions may not hold up under different RCP scenarios
using future climate projections, where the principle of stationarity no longer applies (Wilby et al., 2004). In
addition, it is commonly understood that most statistical downscaling methods underestimate observed
extremes; however, there are benefits to considering both statistical and dynamical downscaling in climate
modeling as both approaches consist of strengths and limitations. For example, there are some statistical
techniques (e.g., the probability density function) that have been used (e.g., by the Wisconsin Initiative on
Climate Change Impacts i WICCI) that reproduce observed extremes and allows for probabilistic
assessments.

Dynamical downscaling is a downscaling approach which involves running a very high-resolution model once
over t he area of i nterest, driven by gl obal cl i ma
downscalingd). These boundar matedModeldwith information phout condiies Re g
in neighbouring cells (e.g., when calculating rainfall, you need to understand how much moisture is entering the
region) (Hannah, 2011). In the simplestofterms,one can ei t her have 0 neanye snool duetl
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or Ofew model runs at hriegsho | rué 9§ @lnu tmoodned .s Tahrees ec ahlil gehd
(RCMs).

Traditional dynamical downscaling incorporates GCM data to provide the initial conditions, lateral boundary
conditions, sea surface temperatures, and initial land surface conditions (e.g., general topography, large bodies
of water, etc.) (Xu and Yang, 2012). Once the GCMs provide the initial conditions, RCMs are integrated using
the initial data and the boundary conditions from the GCM to develop the projections (Xu and Yang, 2012). To
successfully downscale RCMs, GCM radiative forcing must be incorporated into the RCM formulation through
the development of a buffer zone, whereby the GCM and RCM both maintain their consistency, allowing the
RCM to produce its own smaller scale climate modeling (Liang and Kunkel, 2001). Depending on the purpose
of the dynamic downscaling, RCMs can develop five types of downscaling including short-term weather
simulations, seasonal predictions, regional weather simulations, seasonal predictions, and climate prediction.

Both statistical and dynamical downscaling techniques rely on GCMs to drive local-scale modeling and
analysis, and ideally the uncertainty associated with GCMs should be transparent through the downscaling
process (Wilby et al., 2004). A comparison between statistical and dynamical downscaling is demonstrated in
Figure 6. A summary of the key advantages and disadvantages of both statistical and dynamical downscaling
is also provided in Table 4.

Dynamical Statistical

Driven at its boundary by

GCM: wind, humidity, GCM fields
temperature, pressure (Tsurt - -+ Ts00mbsPsurts £)
Regional :
models on a Statistical
limited area relationship w/

observations

(station or
gridded)

CRCM grid

Local scale
(Temperature and
S— Precipitation)

Figure 6: Comparison Between Dynamical and Statistical Downscaling. Source: Ouranos, 2016.
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Table 4: Key advantages and disadvantages of downscaling techniques (adapted from Hostetler et al., 2011).

Statistical Downscaling Dynamical Downscaling

+ More accurate simulation of high-resolution RCP scenarios
and climate compared to statistical downscaling

12 [ Ll G S EH R 24 Sl - Many RCMs and GCMs still lack the Great Lakes

relativel X L
( y) representation so it is important to carefully select the RCMs
being used
. . + i i i
+ High resolution (e.g., 4 km or less) val;i&:gli’s internally consistent set of atmospheric and surface

+ Avoids stationary assumption (i.e. uses trends into the
future that differ from the historical rates of change, and
incorporates feedback cycles)

+ Multiple GCMs for ensembles and different
emissions scenarios

- Limited ability to account for finer scale
topography (reducing ability to account for
features such as precipitation induced by
mountain ranges, or evaporation over lakes)

- May not conserve mass and heat - Limited number of GCMs used

- Uses stationary assumption (uses historical
rates of change to model the future), and mostly
only models for precipitation and temperature

- Time consuming. For example, requires more time to
incorporate local influences (e.g., bias correcting (see section
4.3)).

- Greater number of uncertainties as the number of climate
models increase

3.3 Using an Ensemble Approach

Previous research using AOGCMs to project future changes in climate has shown that no single model exists
that can determine all possible future climates (Tebaldi et al., 2004). Research has shown that the use of a
single model to project climate trends increases the number of errors within the climate modeling and can result
in a misinterpretation of climate trends (Auld et al., 2016). Each individual model represents specific
climatological processes and comes with its own set of biases (Sheffield et al., 2013).

The ensemble, or multi-model approach, uses multiple models together to produce a full range of possible
climate scenarios and represents those projections using statistical distribution (e.g., see Figure 7). Several
ensemble approaches exist, including CMIP5, CORDEX (Coordinated Regional Climate Downscaling
Experiment), NARCCAP (North American Regional Climate Change Assessment Program), and many others.
Statistical distribution allows the users to interpret trends probabilistically and address the uncertainties
associated with the climate modeling (Auld et al., 2016). Using a multi-model approach provides better
predictions and compares more favorably to historical observations than a single model (Auld et al., 2016).
With the ensemble approach, individual biases present in a single model tend to be reduced while the
uncertainty associated with the overall process is maintained and can be disseminated through further analysis
and local-scale modeling. Ensembles can consist of multiple GCMs coupled with a single or multiple RCMs,
one GCM coupled with multiple RCMs, or simply eg,nnir
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running the model to multiple climate scenarios such as RCP8.5 and RCP4.5). An ensemble of RCMs requires
that users first select the GCM(s) that they wish to use followed by the selection of RCMs that they would like
to downscale the GCM data from (Evans et al., 2013). While there is no best future scenario that can be applied
for any given situation, the use of an ensemble approach allows for a more plausible approach to capture what
the future may represent (Charron, 2016).
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ool
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—— ECHAMA4-OPYC3
— ECHO-G

— GFDL-CM2.0
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— GISS-ER
L — INM-CM3.0

— MIROC3.2(medres)
— MRI-CGCM2.3.2
— PCM

— UKMO-HadCM3
—— UKMO-HadGEM1

Figure 7: Example of an ensemble of climate models used to determine annual global mean temperature from an
observed record. Source: IPCC, 2007.
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3.4 Climate Change Scenarios

Another uncertainty associated with modeling and projecting climate is the future of human behaviour,
technology, and of the amount of carbon in the atmosphere. Therefore, in climate modeling, there exists a
series of pl ausi bl e pathways, ot herwise referred
among human behaviour, emissions, GHG concentrations, and temperature change. The most recently
produced climate change scenarios are called Representation Concentration Pathways (RCPs), which have
been endorsed by the Intergovernmental Panel on Climate Change (IPCC). RCP scenarios consider the
impacts of policies that may reduce GHG emissions significantly (e.g., RCP 2.6), as well as the impact of the
continued heavy reliance on fossil fuels (e.g., RCP 8.5). Figure 8 demonstrates the four RCP scenario
projections through time, for three different greenhouse gases including, carbon dioxide (CO_), methane (CHa),
and nitrous oxide (N2O). Both methane and nitrous oxide examine use the temperature gradient (Tg) to
determine emission levels.

35 + COZ 1000 = CH‘ 40~ N?O
] | == RcP2s
RCP4.5
ey % 750-' 304 RCPG
Q 5 = RCP8.5
<) =} Py 1
2 = =
o 2 500+ S 204
@ o w
2 2 ] 2
& E | &
w
250 104
2. Qif'ﬁﬂfftfﬂwuw'f"
5 Y TR . - 1O S IO RS 0 —rr—r—r—r—r—r—r 0 —r——r7
2000 2020 2040 2060 2080 2100 2000 2020 2040 2060 2080 2100 2000 2020 2040 2060 2080 2100

Figure 8: Graphs demonstrating annual emissions for the four Representative Concentration Pathways (RCPs)
through time for carbon dioxide (CO2) methane (CH4), and nitrous oxide (N20) (Van Vuuren et al., 2011).

Prior to the development of the RCP climate scenarios, climate modelers across the globe used (and some
may still use) the SRES climate scenarios. These scenarios do not account for all of the different mitigative
futures that are available in the RCP climate scenarios. One of the main differences between the RCP and
SRES climate scenarios is that RCP scenarios consider GHG concentrations, while SRES scenarios consider
GHG emissions; this is due to the fact that carbon concentration in the atmosphere is not solely reliant on
human-induced emissions, as the carbon cycle is much more complex than this (e.g., the carbon storage of
plants and soils, the amount of carbon absorbed by oceans, etc.). Therefore, RCP climate scenarios are how
more commonly used as best practice, to account for the complexity of the carbon cycle into the climate models
and the SRES scenarios are not generally used in the latest climate modeling exercises. Table 5 provides an
overview of RCP concentration scenarios, with the comparative SRES emissions scenarios used in previous
IPCC assessments for reference.
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Table 5: The four Representative Concentration Pathways that have been used in the Fifth Intergovernmental Panel on
Climate Change (IPCC) Assessment, with comparative SRES scenarios (IPCC, 2014).

Representative
Concentration
Pathway (RCP)

RCP 2.6 None

RCP 4.5 SRES B1
2014).
RCP 6.0 SRES B2

R

SRES Temperature

Anomaly Equivalent Definition

than preindustrial levels.

The lowest emission scenario, where peak radiative forcing is 3 Wm-
and declines before 2100 (IPCC, 2014). This scenario would require all
the main GHG emitting countries, including developing countries, to
participate in climate change mitigation initiatives and policies.

The second lowest emission scenario, where stabilization without

The highest emission scenario,
leading to 8.5 Wm-=2 in 2100 and continues to rise for some amount of
time (IPCC, 2014). GHG concentrations are up to seven times higher

overshoot pathway to 4.5 Wm-=2 and stabilization after 2100 (IPCC,

The second highest emission scenario, where stabilization without
overshoot pathway to 6 Wm-=2 and stabilization after 2100 (IPCC, 2014).

where rising radiative forcing pathway

3.5 Analyzing and Interpreting Climate Change Model Results

Ideally, climate change models that capture the best available science and considerations are used to assess
potential risks and impacts, and plans reflect these data. However, practitioners and decision makers face
several barriers in accessing the best available climate data (Environmental Commissioner of Ontario, 2015)
for the following reasons:

1

1

DURHAM
REGION

There is low awareness of what is consideredi b e st 0
the state of climate science is rapidly evolving;

avail abdvereitisiamdableeas d a t

There is a lack of collaboration between climate scientists and practitioners, and a lack of two-way
dialogues around the strengths and weaknesses of different approaches and datasets, including their

limitations;

There is an inability to understand and incorporate climate data into decision making;
There is a lack of translation of complex scientific information, which leads to less access and less

usage of the best data;

There is low capacity or expertise in climate science to understand the limitations or caveats of climate
data use (e.g., users must be careful to not select the models with the lowest mean regional climate
biases as this does not guarantee the model correctly captures key local climate drivers or sensitivity

to GHGs); and
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C

I There is inconsistency in data sources; for example, there are available historic data, but different
sources provide different types of data, levels of precision as well as resolution.

Notably, a number of these barriers have been improved since the release of the ECO (2015) report, and this
section explores the extent to which the latest climate data are accessed for applications and decision making.
Through this project, Durham Region is working to address some of the barriers associated with analyzing and
interpreting climate change model results. This guidance document will help to build capacity in undertaking
climate modeling exercises across the region and will help to build consistency in climate data. Durham Region,
in partnership with OCC and GLISA will also be involved in delivering training modules on climate data for use
in natural environment-related applications, helping to build awareness and improving their understanding of

what constitutes best practice.

4. Methodology for Climate Change Analysis in Durham

Region

The following provides a high-level overview of the
methodology as to how the project team undertook the
climate modeling update for Durham Region. Appendix J
provides detailed, step-by-step descriptions for each
component of the methodology that was undertaken and
provides rationale and advantages for each. Figure 9
provides an illustration of the overall process.

The first step taken in this approach involved conducting
a literature review around best practices in climate
modeling projections and determining the climate change
data portal that would be used to derive specific climate
indicators for Durham Region. The review of climate data
portals demonstrated that there are numerous climate
portals that provide data for Durham Region as well as
across the Great Lakes basin.

Evaluation criteria and selection of the climate data portal
were established through a combination of literature
review around best practices in climate modeling
projections and analyses, as well as through consultation
with the NECCC group. Through the evaluation criteria,
the project team narrowed down the selection of climate
portals down to. Figure 10 demonstrates the steps that
were taken to reach a confirmed approach.
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Figure 9: Overall Methodology for Conducting the Local
Climate Change Analysis in Durham Region
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Figure 10: Process to reach consensus on the selected climate datapor t al f or t he Regionbs upd
analysis.

The following were the selection criteria used to inform the climate data portals of interest:
1 The data had the ability to capture the influence of the Great Lakes (e.g., through the incorporation of
a lake model into these models, or by spatially accounting for the lakes themselves in the models and

treating them as water), since Lake Ontario has a great infl L
climate patterns( see Section 5.6 for more information on
Region);

1 The data was used in other peer-reviewed climatological publications in the Great Lakes Basin and in
Ontario;

The data was derived through dynamical downscaling, to capture the influence of the Great Lakes;
The data was driven by multiple models and model runs (i.e. takes an ensemble approach) to ensure
more robust results were generated,;

The data had a spatial resolution of 25 km by 25 km or finer;

The data included projections for both climate change scenarios RCP 4.5 and 8.5, and was available
up until 2100; and

There were hourly data available (for the purpose of Durham Region creating their own IDF curves to
account for climate change).

= = = = =

The four climate change portals that were identified to examine in further detail included:
T Yor k Un i hakoratery df Ma@hematical Parallel Systems (LAMPS) Climate Change Portal;
T Uni ver sity PetierClinate Change Bnsemble Data;
T University dbtard\GlimatecChasge Ersemble Data Portal; and
1 The second phase of the North American Coordinated Regional Climate Downscaling Experiment
(NA-CORDEX) Portal.
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For a detailed summary of each of these portals, as well as advantages and limitations for use in this study,
see Appendix J. Ultimately, the NA-CORDEX portal was selected to use as part of this analysis based on its
ability to meet the majority of selection criteria identified.

The NA-CORDEX data portal was developed by the World Climate Research Programme (WCRP) and
provides RCM outputs on historical data and future RCP climate scenarios running from 1950 to 2005 and
2006 to 2100, respectively (Lucas-Picher, Laprise, and Winger, 2017). Mean, maximum, and minimum
temperatures as well as total precipitation were downloaded for this project as daily data, averaged over 30-
year climate normal periods at a maximum spatial resolution of 0.22° (or 25 km by 25 km).

In addition, hourly precipitation data was also downloaded for Durham Region to be used by stakeholders in
the development of Intense-Duration-Frequency (IDF) curves that account for future climates (see Appendix E
for a brief summary of how to derive IDF curves). IDF curves are used to demonstrate the characteristics of
shorter duration rainfall events and are often used to inform engineering design standards (Simonovic and
Peck, 2009).

All climate models on the NA-CORDEX data portal are dynamically downscaled (see section 3.2 for the
different downscaling methods). While debate exists around the realism of the RCP 8.5 from a socio-economic
perspective (Smith, 2019), it should be noted that since the RCP 4.5 climate scenario is not as frequently used
by climate modelers, or in as high of demand as RCP 8.5, there are less climate model runs available online
for this climate scenario in the NA-CORDEX ensemble (see Appendix J for more detail around what specific
models were used). This report summarizes the results of the RCP 8.5 climate scenario, and includes a
summary table for the RCP 4.5 climate scenario in Appendix C. It should be noted that RCP 8.5 and RCP 4.5
should not be directly compared as the RCP 4.5 scenario is less frequently used (i.e., less model runs) and
limited in both its access and availability.

To demonstrate exactly how the Great Lakes are represented in the NA-CORDEX portal, Table 6 identifies the
seven RCMs used and how they account for or simulate the Great Lakes. As demonstrated, four of the seven
RCMs have a one-dimensional lake model included, two use nearby sea surface temperatures (SSTs), and
includes the Great Lakes at a higher resolution.
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Table 6: The seven RCMs in the NA-CORDEX Climate Model Ensemble, and how they incorporate or simulate the
Great Lakes.
CRCM5
CanRCM4 (OURAN

CRCM5

(UQUAM) HIRHAM5 RCA4 RegCM4 WRF

No lake

model;
Uses the Uses the however, it  Uses the Uses the Uses nearby
How Great .
Incorporated one- one- interpolates  one- one- ocean SSTs
Lakes were . . . . . . . .
Incorporated thrqugh dimension  dimensional lapse-rate dimensional dimensional as lake
into RCM derived GCM  al FLake FLake corrected FLake Hostetler surface
Hito model model for SSTs for model Lake model temperatures
lakes > 0.5
gridbox

All data were collected and downloaded as NetCDF files (otherwise known as Network Common Data Form
files), which are files able to store large datasets and many layers of data into one file that is easily
downloadable. Figure 11 illustrates the spatial scale at which data were obtained. Each point illustrated below
represents about 90 years of climate data and are spaced by 25 x 25km.

81°0'0"W 80°0'0"W 79°0'0"W 78°0'0"W 77°0'0"W

Georgian Bay Legend

45°C'G"N

D Durham Region
Lake Durham
Huron ] ; 7=="1 Region's Lower
’ eeeeee! Tier
Municipalities
Lake Coordinates of

Simcoe @® NA-CORDEX
Data

44°0'0"N

Lake Ontario

43°0'0"N

Figure 11: The coordinates (i.e. green dots) that were downloaded from the NA-CORDEX model ensemble, which are
found at the bottom right corner of each grid cell.
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All data was bias corrected to Durham Region to eliminate
any biases or skewed data for variables like topography,
surrounding vegetation, human error, and other geographic
characteristics. To conduct a bias analysis, historical
climate data was analyzed, and a reference period was
established to identify climate trends from 1971-2000.
Average values for the four main climate parameters (i.e.,
average temperature, maximum temperature, minimum
temperature, and precipitation) were obtained from each
climate station. These averages were then compared to the
historical climate data developed through the climate
models. The difference (or 6d
observed values and the historical values from the climate
models were then applied to the climate projections to
account for the bias adjustment. As previously noted, the

data used to complete the delta difference is based on daily F.gure 12: A map of the seven cllmate data stations that

climate data that is bias corrected using 30-year averages. were used to bias correct the NA-CORDEX data to Durham
The 1971-2000 reference period was chosen as thiswas Regi ondés |l ocal climate inf

encompassed by the NA-CORDEX portal and aligned with

Environment and Climate Change Canadab6s (ECCC) cli

period is an average of the values obtained for specific climate parameters that represent the recent past
climate for a given area (e.g., average mean temperature over a 30-year period). To reduce the effects of
short-term variability created by weather conditions, a general best practice in climate modeling is to use a 30-
year reference period (WMO, 2011). Analyzing a period less than 30 years may not provide enough time to
determine the climatic conditions and can be more heavily influenced by short-term variability. While the bias
correction process helps to reduce the uncertainty associated with the climate projections, there is no single
climate model that can accurately capture all features. All climate models inherently contain limitations. For
more information on the limitations of various climate model ensembles, including the NA-CORDEX portal,
pleaser e f er t The S OGCEmate Modeling in the Great Lakes Basin (2019) report.

For the purposes of this report, a total of 7 representative climate stations were used to examine historic climate
data within Durham Region and its surrounding vicinity. The list of climate stations can be found in Table 7
below and they are mapped in Figure 12. The <c¢l i mate data from t hese
climate normal website, where data for annual mean, maximum, and minimum temperature and annual total
precipitation were collected.

Table 7: List of Climate Stations used to observe the historical climate of Durham Region

Station Name Latitude Longitude Elevation above Sea
1 Bowmanville Mostert 43. 92 78. 67eW 99.1
2 Burketon McLaughlin 44,031 78. 8e W 312.4
3 Oshawa WPCP 43. 87 78. 83eW 83.8
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4 Tyrone 44,02 78. 73eW 205.7
5 Cobourg STP 43. 97 78. 18eW 79.2
6 Richmond Hill 43. 881 79. 45e W 240
7 Frenchmanés E 43. 82 79. 08e W 76.2

It is extremely important to keep in mind that since values have only been bias-corrected to Durham Region
for this report, when interpreting the maps, only values in Durham Region are considered to be bias-corrected.
Municipalities outside of Durham Region have been included to demonstrate the variability in climate across
the broader region, but the values for areas outside of the Region have not been bias-corrected and these
areas have been marked with black dots (e.g., see Figure 17 in in Section 5). Appendix J provides additional
step-by-step instructions on how bias correction was conducted, and the model performance results.

Following bias correction, climate parameters were identified and defined. A climate parameter is the
measurement used to analyze how much a given climate condition (e.g., air temperature) has changed or will
change in the future (Harris et al., 2016). For example, parameters for measuring air temperature may include
the number of frost days, the number of summer days and tropical nights, growing season length, etc. Certain
climate parameters can be derived through direct calculations (e.g., mean temperature), while others are
derived through proxies (e.g., growing degree days). When determining the climate parameters that will be
analyzed, it is important to involve stakeholders from across the organization(s) (e.g., agriculture, health, public
works and engineering staff, etc.) to determine the most appropriate climate parameters.

The goal of this study is to provide valuable climate data within Durham Region under future climate change
and astep-by-st ep met hodol ogy that can be replicated by
across the province. Therefore, it is of utmost importance that any climate parameters provided for this study
are clearly defined. However, it is of interest to determine sub-annual indices of climate, ones that capture
seasonal changes and extremes of precipitation and temperature, which are not captured by annual
measurements. Other parameters of interest, such as growing degree days (GDD), act as agricultural
indicators where the minimum temperature values act as thresholds (e.g., the growth of canola (4°C) and
forage crops (5°C), corn and beans (10°C) and for insect and pest risk (15°C)) (Climate Atlas of Canada, 2019).

A few climate parameters typically used in climate change analyses are provided below in Table 9.

Climate parameters were chosen for Durham Region based on engagement with the NECCC group, the
previous SENES study, data availability, and the robustness of data. Certain parameters (e.g., snow, wind)
were not included as a part of this analysis due to the limited data available and robustness. The full list of the
climate parameters undertaken in this study and their technical definitions are provided under Appendix B, and
a sample of results for a few climate parameters for the RCP 8.5 scenario are summarized in Table 8.
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Table 8: Examples of Climate Parameters

Parameter Definition Why you should consider including this parameter in

our study?
Mean Air The mean temperature in degrees The temperature range we expect within a season or year
Temperature Celsius (°C) is defined as the average of is a very important aspect of climate. Changes in average
the maximum and minimum temperature and extreme temperatures can dramatically affect our
at a location for a specified time interval  everyday lives (e.g., our health and our cooling needs) as
well as a wide range of planning and policy decisions. The
average highest temperature is an environmental
indicator with many applications in agriculture,
engineering, health, energy management, recreation, etc.
Total The total amount of precipitation in Precipitation patterns are critical for many important
Precipitation millimeters (mm) such as rain, drizzle, issues, including water availability and quality, crop
freezing rain, snow (in liquid equivalent), = production, electricity generation, wildfire suppression,
and hail, observed at the location during = snow accumulation, seasonal and flash-flooding, and

a specified time interval. short- and long-term drought risk.

Freeze-Thaw A simple count of days when the air Freeze-thaw cycles can have major impacts on

Cycles temperature fluctuates between freezing infrastructure. Water expands when it freezes, so the
and non-freezing temperatures (i.e. freezing, melting and re-freezing of water can over time

minimum temperatures are equal to or cause significant damage to roadways, sidewalks, and
below -1e C amaxdmum temperatures  other outdoor structures. Potholes that form during the
are above Oe C Ynder these conditions,  spring, or during mid-winter melts, are good examples of
it is likely that some water at the surface = the damage caused by this process.

is both liquid and ice at some point

during the 24-hour period.

Once all the climate parameters were produced, results were summarized in map forms, summary tables and
in descriptions. Section 5 provides an overview of the results of this study.

5. Results: Climate Trends in Durham Region

The following section highlights the results of the climate analysis for Durham Region. Table 10 provides a
summary of all the annual averages and climate model ensemble means for each climate parameter analyzed
in this study for all climate periods for the RCP 8.5 climate scenario (refer to Appendix C for the RCP 4.5
summary table). Confidence levels for each of the groups of climate parameters have also been provided. The
remaining subsections describe the patterns and trends in the NA-CORDEX data for the RCP 8.5 scenario and
highlight some of the major implications Durham Region might face in the future. For a comparison between
the SENES Study and the 2019 Durham Climate Modeling Project, as well as other studies (e.g., York Region
Climate Trends Report), refer to Appendix D. The maps provided in Section 5.2 and 5.3 are bias corrected for
Durham Region only but have incorporated surrounding areas to visualize the impacts of climate change on
Durham Region and the variability in climate trends at a broader scale that would not otherwise be reflected if
only Durham Region was displayed.
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5.1 Confidence Levels

Climate projections are designed to demonstrate how the climate will respond to a selected RCP scenario over
a longer period of time (e.g., over a 30-year climate normal period) (Climate Change in Australia, 2015). While
projections cannot guarantee a particular outcome, it is expected that the climate projections will show a trend
if a particular RCP scenario is followed (e.g., RCP 8.5). Therefore, because climate projections are not
expected to provide exact predictions around future climate, confidence levels are used to determine the

likelihood of change in climate that is expected under a given RCP scenario and it demonstratest he aut ho

assessment of its reliability (ibid). Confidence levels can be based on several factors including a comparison

between historical observations and future climate, the level of agreement between the different climate model

simulations, as well as consideration for the physical processes that are driving the change in climate (ibid).

Confidence language is provided by the IPCC and is characterizedi nt o ter ms such as
6virtual AsyewdPEC temitsrar@ released, higher quality observations and improvements in models

are made, allowing for better predictions. Maore robust climate change projections use multiple, consistent,

independent sources of high-quality information (IPCC, 2012; OCC, 2016). The following table demonstrates

the confidence terminology used by the IPCC (2014).

Table 9: IPCC Confidence Terminology. Source: IPCC, 2014 and OCC, 2016.

Term Llikelihood of the Outcome
Virtually certain 99 — 100% probability

Very likehy ?0 - 100% probakbility
Likehy &6 — 100% probability
About as likely as not 33 - 66% probability
Unlikely 0 - 33% probability

Very unlikely 0 - 10% probability
Exceptionally unlikely 0 - 1% probability

Figure 13 demonstrates the relationship between the strength of evidence for a given climate parameter and
the level of agreement within the scientific community. The confidence levels provided in Table 9 align with
the confidence scale outlined below.

—

Medium agreement

Limited evidence

Low agreement Low agreement

Agreement
of Information

Limited evidence Medium evidence

Confidence

Evidence Strength (type, amount, quality, consistency) Scale

Figure 13: Relationship between strength of evidence and level of agreement to determine confidence levels. Source:
OCC, 2016; IPCC,2014.
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Table 10: A summary of all climate parameters for each climate period (i.e., 2020s, 2050s, and 2080s) analyzed in the study for the RCP 8.5 climate scenarios.

Climate Parameter Definition Baseline Value Confidence Level
(1971-2000) (2011-2040) (2041-2070) (2071-2100)
10th Ensemble 90th 10th Ensemble 90th 10th Ensemble 90th
Percentile Mean Percentile | Percentile Mean Percentile | Percentile Mean Percentile
Mean Temperature (eC)
'II\'A:rigéArgpuuril Average annual air temperature over a time period. 7.1 6.5 8.6 11.4 8.3 10.1 13.0 10.2 12.08 15.3
1M:$Be\;/yell?lj$er Average winter (D-J-F) air temperature over a time period. -3.0 -4.4 -1.4 1.8 -3.1 -0.0 3.0 -1.4 1.89 4.7
— high evidence
. X N X X Q.
¥:§B esrg[l'j‘rg ﬁ!ﬁéﬁge spring (M-A-M) air temperature over a time 3.7 35 4.9 6.4 4.9 6.2 7.9 6.1 7.86 10.1 high agreement
Mean Summer Ave_-rage summer (J-J-A) air temperature over a time 171 15.9 18.7 217 17.2 20.3 236 18.6 29 32 26.2
Temperature period.
Mean Fall . . .
Temperature Average fall (S-O-N) air temperature over a time period. 10.1 9.0 11.6 14.8 10.8 13.1 16.4 131 15.02 18.9
Maxi mum Temperatur e e C)
Annual Mean Average maximum annual air temperature over a time
Maximum Daily Air eriodg P 11.6 10.8 12.9 16.1 12.5 14.5 17.6 14.1 16.4 19.9
Temperature P '
Winter Mean Average maximum winter (D-J-F) air temperature over a
Maximum Daily Air | . M=T95% "% P 2.1 1.2 3.4 6.1 0.9 4.4 7.1 35 6.3 8.8
Temperature P )
Spring Mean Average spring (M-A-M) air temperature over a time () high evidence
Maximum Daily Air eriodg bring P 8.3 7.8 9.5 11.2 9.1 10.6 12.5 10.5 12.3 14.6 high agreement
Temperature P '
Summer Mean Average maximum summer (J-J-A) air temperature over a
Maximum Daily Air | V27992 ™ P 21.4 19.5 23.0 25.8 20.9 24.4 27.7 22.2 26.6 30.2
Temperature P )
Fall Mean Maximum Average maximum fall (S-O-N) air temperature over a
Daily Air i geriod P 14.5 13.6 16.0 19.1 14.1 17.2 20.6 16.6 19.3 23.0
Temperature P '
Mi ni mum Temperatur e e C)

Annual Mean Average minimum annual air temperature over a time
Minimum Daily Air o P 25 1.8 4.1 6.7 3.7 5.7 8.4 5.9 7.9 10.8
Temperature P '
Winter Mean - . 1 . — high evidence
Minimum Daily Air | Avérage minimum winter (D-J-F) air temperature over a 8.0 8.4 5.8 2.7 71 45 0.7 6.4 2.6 05 | @ highagreement
Temperature time period.
Spring Mean - . .
Minimum Daily Air A;’reigzge minimum (M-A-M) air temperature over a time 1.0 1.3 0.4 21 05 2.0 4.2 16 35 58
Temperature P '
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Climate Parameter

Definition

Baseline Value

(1971-2000)

Short-Term (2020s)

Medium Term (2050s)

Long Term (2080s)

(2011-2040)

(2041-2070)

(2071-2100)

Confidence Level

10th Ensemble 90th 10th Ensemble 90th 10th Ensemble 90th
Percentile Mean Percentile | Percentile Mean Percentile | Percentile Mean Percentile
Summer Mean Average minimum summer (J-J-A) air temperature over a
Minimum Daily Air time geriod P 12.8 11.9 14.1 16.6 13.4 16.1 19.0 14.8 18.0 21.3
Temperature P ' . high evidence
-y high agreement
Fall Mean Minimum - . . ghag
Daily Air A;’ﬁgzge minimum fall (S-O-N) air temperature over a time 5.7 48 7.4 10.7 6.2 8.9 11.3 8.6 10.7 14.8
Temperature P '
Extreme Heat (days per year)
Days Ab oy e| ot numberofdays of the year with maximum 0.2 0.0 1.2 33 0.1 4.0 123 0.2 10.8 32.2
temperatures above 35e¢eC.
Total number of days of the year with maximum S
Days Above temperatures above 30¢eC. 7.6 14 15.9 38.9 4.7 27.4 63.0 10.6 46.9 97.1 . E:gn g;ﬁjeeer:ﬁint
Days Ab oy e| ot numberofdays of the year with maximum 42.1 23.9 59.2 100.6 39.1 78.2 120.4 61.0 100.3 144.0
temperatures above 25e¢eC.
Tropical Nights Total number of days of the year with minimum 100.6 92.1 117.0 147.8 109.0 132.0 1615 121.8 148.1 181.4
temperatures above 20e¢eC.
Extreme Cold (days per year)
Days Below -2 0 | 10t number of days of the year with minimum 8.6 03 42 4.0 0.0 23 22 0.0 05 03
temperatures below -2 0 e C.
Total number of days of the year with minimum
Days Below -1 5 e temperatures below -1 5 ¢ C . 22.7 2.0 13.1 19.8 0.7 7.9 14.3 0.0 2.6 4.7
. high evidence
Total number of days of the year with minimum high agreement
Days Below -1 0 e ¢ y y 49.0 11.9 34.4 53.2 6.6 23.5 43.8 0.7 11.3 25.4
temperatures below -1 0 e C.
Days Below -5 ¢ ¢ | 10t number of days of the year with minimum 89.0 43.4 71.6 98.8 31.1 57.0 84.1 12.4 37.0 62.0
temperatures below -5 e C.
Days Bel ow) Total number of days of the year with minimum 146.8 100.2 129.1 152.9 84.3 114.0 136.6 58.4 91.1 118.4
(Freezing Days) temperatures bel ow 0eC.
Total Precipitation (mm per time period)
Total Averag.e' . Total amount of precipitation throughout the year falling
Annual Precipitation N 952.4 944.3 1075.0 1194.5 948.6 1117.5 1242.4 1052.5 1231.6 1419.5
on wet days (where precipitation is greater than 0.2 mm). hiah evid
(mm) igh evidence
medium agreement
Total Average Winter Total amount of precipitation throughout the winter (D-J-F)
' fverag falling on wet days (where precipitation is greater than 0.2 228.3 191.3 250.1 300.3 209.9 252.4 298.9 232.1 276.6 3314
Precipitation (mm) mm)
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Climate Parameter

Definition

Baseline Value

(1971-2000)

Short-Term (2020s)

Medium Term (2050s)

Long Term (2080s)

(2011-2040)

(2041-2070)

(2071-2100)

Confidence Level

10th Ensemble 90th 10th Ensemble 90th 10th Ensemble 90th
Percentile Mean Percentile | Percentile Mean Percentile | Percentile Mean Percentile
. Total amount of precipitation throughout the spring (M-A-
Total' Ave.rage Spring M) falling on wet days (where precipitation is greater than 217.3 187.0 233.0 269.2 2115 251.2 293.4 247.0 277.6 309.9
Precipitation (mm) 0.2 mm)
high_evidence
Total Average Total amount of precipitation throughout the summer (J-J- madium agreament
Summer A) falling on wet days (where precipitation is greater than 231.0 193.0 239.7 274.9 177.2 247.4 291.7 159.7 282.4 308.8
Precipitation (mm) 0.2 mm).
Total Average Fall Total amount of precipitation throughout the fall (S-O-N)
' Averag falling on wet days (where precipitation is greater than 0.2 275.8 253.5 285.5 320.8 249.5 297.2 340.9 272.8 311.9 346.4
Precipitation (mm) mm)
Extreme Precipitation
gﬂggyp(ﬁ%'ta“o” M| Annual 1-day maximum precipitation accumulation. 33.8 34.7 37.9 40.8 36.4 40.4 43.9 40.8 44.0 46.5
g"ggyp(rri‘;g'ta“on "N | Annual 3-day maximum precipitation accumulation. 54.9 53.8 58.0 62.2 55.4 61.8 68.0 61.6 67.7 73.9
Extreme S
Precipitation Days | | '€ annual average amount of days where precipitation 3.2 3.1 41 4.9 3.8 5.0 6.0 5.0 6.6 8.3
exceeds 25 mm.
(dayslyear)
Annual Simple Daily C ,
Intensity Index (SDIT) | "€ average amount of precipitation which occurs per wet 26 2.6 2.9 3.3 26 3.1 3.4 2.9 3.4 3.9
day (more than 0.2 mm/day) on average in a year.
(mm/day)
Winter SDII The average amount of precipitation which occurs per wet , ]
(mm/day) day (more than 0.2 mm/day) on average in a year. 2.5 2.1 2.1 3.3 2.3 2.8 3.3 2.5 3.0 3.6 high evidence
medium agreement
Spring SDII The average amount of precipitation Whlc_h occurs per wet 24 21 26 3.0 23 28 3.9 27 30 34
(mm/day) day (more than 0.2 mm/day) on average in a year.
Summer SDII The average amount of precipitation Whlqh occurs per wet 25 21 26 3.0 19 27 3.2 18 31 3.4
(mm/day) day (more than 0.2 mm/day) on average in a year.
Fall SDIl (mm/day) | | "€ average amount of precipitation which occurs per wet 3.0 28 3.1 35 27 33 3.7 3.0 3.4 38
day (more than 0.2 mm/day) on average in a year.
95th 'P.erc.entlle The percent pf the total annual precipitation when . 36.1 341 36.2 38.4 350 370 39.7 342 372 40.2
Precipitation (mm) precipitation is greater or equal to the 95th percentile.
99th _P_erc_entlle The _pgrcgnt pf the total annual precipitation when _ 11.2 10.4 111 11.7 10.6 113 122 10.2 114 12.7
Precipitation (mm) precipitation is greater or equal to the 99th percentile.
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Short-Term (2020s) Medium Term (2050s) Long Term (2080s)
: - Baseline Value Confidence Level
Climate Parameter Definition (1971-2000) (2011-2040) (2041-2070) (2071-2100)
10th Ensemble 90th 10th Ensemble 90th 10th Ensemble 90th
Percentile Mean Percentile | Percentile Mean Percentile | Percentile Mean Percentile
Dry Days (days per year)

Total Annual (days) | |Ct&! annual number of days where precipitation was less 145.3 113.4 140.4 155.8 116.6 144.2 167.4 113.8 138.7 155 _

than 0.2 mm. low evidence

high agreement
Maximum Total The number of consecutive days where annual total
Consecutive Dry ber of d h oays | h 18.2 13 16.7 21 135 18.3 23.5 135 17.8 21
Days (days) number of days where precipitation was less than 0.2 mm.
Growing Season
Growing Season The first day after 5 days of consecutive minimum
Start Date (day of y y b 14-May 21-Apr 1-May 16-May 15-Apr 30-Apr 12-May 2-Apr 19-Apr 4-May
year) temperatures above 5eC was
Growing Season End | The first day after 5 days of consecutive maximum ) ) ) ) i i ) ) ) i _ ]
Date (day of year) temperatures below 5¢C was 24-Oct 24-Oct 31-Oct 15-Nov 30-Oct 9-Nov 23-Nov 9-Nov 18-Nov 30-Nov ® high evidence
high agreement

Growing Season Annual number of days after having 5 consecutive days
Lengthg(jdays/year) above 5eC and before havin 162 days 162 days | 183 days | 208 days 176 days | 193 days | 220 days 192 days | 213 days | 239 days

5ecC.
Cold Snap Events The number of years where there was more than one
(years/climate . years dicati Id iod 5.8 years 3 years 6.9 years | 11 years 4 years 7.2 years | 14 years 3.5 years 9 years 14 years
normal period) growing season (i.e. indicating a cold snap period).

Agricultural Variables

Corn Heat Units Number of CHUSs, indicating ideal climates for corn to fully
(CHUS) mature (very generally, at least 2200 CHUs are required 3194 2959 3591 4516 3554 4196 5036 4007 4798 5847

to mature most varieties of corn).

; —. high evidence
g;c}’/"s‘”(”dga)?selgg) Number of degreed ay s per year.C 3198 3026 3579 4365 3471 4022 4850 3845 4495 5650 | ® high agreement
Canola Growing
Degree Days Number of degreed ay s per yegrC 2236 2067 2547 3223 2439 2943 3652 2757 3403 4349
(dayslyear)

Forage Crops
Growing Degree Number of degreed ay s  per ear.C 2024 1868 2319 2969 2205 2702 3383 2377 3084 4055
Days (days/ year)
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Short-Term (2020s) Medium Term (2050s) Long Term (2080s)
: - Baseline Value Confidence Level
Climate Parameter Definition (1971-2000) (2011-2040) (2041-2070) (2071-2100)
10th Ensemble 90th 10th Ensemble 90th 10th Ensemble 90th
Percentile Mean Percentile | Percentile Mean Percentile | Percentile Mean Percentile
Corn and Bean
Growing Degree Number of degreed ay s >perly€ae C 1119 985 1338 1855 1200 1659 2230 1359 1974 2271
Days (days/year) . high evidence
l | agreement
high ag
Days at Risk of
Presence of Pests Number of degreed ay s >perlyéae C 463 320 617 992 488 858 1271 623 1078 1734
(dayslyear)
Freeze-Thaw Cycles and Ice Potential
Freeze-Thaw Cvcles Number of freeze thaw cycles, where the minimum
(cycleslyear) y temperature is equal to or below -1°C and the maximum 80 62 78 84 53 68 81 43 59 76 _
yclesly temperature is above 0°C. low evidence
high agreement
Ice Potential Number of days where minimum temperature is greater
(dayslyear) than-2e C and maxi mum t emper at 29 14 24 32 12 22 29 4 15 23
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5.2 Temperature and Extreme Heat and Cold

Based on the maps below (Figures 14 and 15), mean annual temperatures within Durham Region are
expected to increase every climate period up until the end of the century, for the RCP 8.5 climate scenario.
Most of Durham Region will experience average annual temperatures increase from the 4-6°C historic climate
period temperatures to about 12-14°C by 2100. This will result in a 2°C increase in average annual temperature
for each climate period. The most significant impact will be for communities along the shores of Lake Ontario,
where average annual temperatures are expected to rise even further to 14-16°C by 2100.

ey ———— . e =

1971-2000 ke 2011-2040

?/:s :

Mean Annual Temperature - &= D 4 :_[:I

(Degrees Celsius)
Bl 2-4[ Je-s[]10-12 [ 14-16[ ]18-20

Figure 14: Mean Annual Temperature for a) 1971-2000, b) 2011-2040, c) 2041-2070, and d) 2071-2100 for the RCP
8.5 climate scenario.
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2041-2070 %

10 20
E I
e e Kilometers

Mean Annual Temperature [l o-2[ |4-6[ |8-10 [[]12-14[ |16-18
(Degrees Celsius) P 2-4[ Je-8[ ] 10-12 [l 14-16 [ | 18-20

Figure 15: A closer look at the Mean Annual Temperature for a) 1971-2000, b) 2011-2040, ¢) 2041-2070, and d) 2071-
2100 for the RCP 8.5 climate scenario.
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Maximum annual temperatures are expected to increase throughout Durham to varying degrees in the RCP
8.5 climate scenario (Figures 16 and 17). Maximum annual temperatures in most parts of Durham will reach
12-14°C by 2040, with a portion of the north showing an increase of 10-12°C. The 2041-2070 climate period
demonstrates that most of Durham Region (including the northern portion) will see maximum annual
temperatures between 12-14°C, while parts of western Durham will experience higher maximum annual
temperatures between 14-16°C. For the 2071-2100 climate period, most of Durham Region will see maximum
annual temperatures between 14-16°C, with the small western portion of Durham seeing maximum annual
temperatures between 16-18°C.

— ey -

1971-2000

2011-2040

2071-2100

2041-2070

Maximum Annual Temperature [ o-2[ J4-6[ J8-10 [[] 12-14 16-18

(Degrees Celsius) B2-4 Je-a[]10-12 [ 14-16 [ ] 18-20

Figure 16: Maximum Annual Temperature for a) 1971-2000, b) 2011-2040, c) 2041-2070, and d) 2071-2100 for the
RCP 8.5 climate scenario.
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| 19712000 | * 2011-2040 | %

2041-2070

Maximum Annual Temperature [l o-2[ |4-6[ J8-10 [[7] 12-14 16-18

(Bsgrees Celslus) B2+ Je-s@0o-12 [l 14-16 [ ]18-20

Figure 17: A closer look at Maximum Annual Temperature for a) 1971-2000, b) 2011-2040, c) 2041-2070, and d) 2071-
2100 for the RCP 8.5 climate scenario.
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Minimum annual daily temperatures will also increase from the historic climate period in the RCP 8.5 climate
scenario (Figures 18 and 18). It is projected that annual mean minimum daily air temperatures will increase
from 0-2°C from 1971-2000, to 2-4°C by 2040. The minimum annual temperatures for the southern portion of
Durham will also increase to 4-6°C. By 2070, all of Durham Region is projected to see minimum annual
temperatures around 6-8°C, with communities along Lake Ontario showing slightly higher temperatures. This
distinction is further depicted in the 2071-2100 climate period where the northern portion of Durham shows
minimum annual temperatures around 6-8°C and the southern portion of Durham along the lake shows
minimum annual temperatures around 8-10°C.

S oot T

2011-204

2071-2100

Minimum Annual Temperature [l o-2 [ J4-6[ |8-10 [ 12-14[ ]16-18

{Begress: Celsius) Bl 2-4J6-s [ 10-12 [ 14-16 [_] 18-20
Figure 18: Minimum Annual Temperature for a) 1971-2000, b) 2011-2040, c) 2041-2070, and d) 2071-2100 for the RCP
8.5 climate scenario.
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1971-2000 |

2071-2100

e

10 20

I
Kilometers

Minimum Annual Temperature [l o-2 [ |4-6 [ |8-10 [T 12-14 [ | 16-18
(Degrees Celsius) P 2-4[ Je-8 [ 10-12 [ 14-16 [ | 18-20

Figure 19: A closer look at Minimum Annual Temperature for a) 1971-2000, b) 2011-2040, c) 2041-2070, and d) 2071-
2100 for the RCP 8.5 climate scenario.
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5.3 Precipitation and Extreme Precipitation

5.3.1. Total Annual
Precipitation

The following three images
(Figure 20) depict the
percent change in
precipitation  from the
historic climate period (1971-
2000). By 2011-2040, the
west of Durham Region is
projected to see a change in
precipitation between 10-
15% from the historic climate
period, and the east will 77
experience about a 15-20%
increase. By 2041-2070, the
west of Durham Region is
expected to see about an 20-
25% increase in precipitation
from the baseline, and the
east will likely experience a
25-30% increase. By the end
of 2100, the southern portion
of Durham will see a 30-35%
increase in precipitation from
the historic climate period,
compared to the rest of the
northern portion of Durham,
which will see a 35-40%
increase in precipitation.

12.5 25

Kilometers

Percent Change [ | o-10 [l 20-2s [l 35~ 40
from Baseline
10-15 25-30 40 - 45
Poriod (%) | |

[ 15-20 [ 30-35 ] 45 - 50

Figure 20: Percent Change in Precipitation from the Baseline Period (1971-2000) for a) 2011-
2040, b) 2041-2070, and around c) 2071-2100 for the RCP 8.5 climate scenario.
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5.3.2. Extreme Precipitation

In Figure 21, it is evident that in the RCP 8.5 climate scenario, extreme precipitation is expected to increase in
Durham Region in the future. The maximum amount of precipitation falling in one day is expected to increase
by about 30% (from about 34 mm to 44 mm), while the maximum amount of precipitation falling in three days
is expected to increase by 23% (from 55 mm to 68 mm). It is also expected that Durham Region will experience
about twice as more extreme precipitation days (i.e., days where precipitation is greater than 25 mm in one
day) by the end of the century (e.g., the historical baseline experienced about 3 days while the end of the
century will have about 6 days). These great amounts of precipitation falling in a short period of time can pose
threats to Durham Regiondés infrastructure (e.g.,
residents (e.g., through the negative impact on water quality, flooding of basements, etc.).

80

3 Day Maximum
70

60
1 Day Maximum
5
A
3
2
1
0

1971-2000 2011-2040 2041-2070 2071-2100 1971-2000 2011-2040 2041-2070 2071-2100

o

o

o

o

o

m 10th Percentile m1 Day Max 3 Day Max m90th Percentile

Figure 21: The annual maximum amount of precipitation falling in one (orange) and three (turquoise) days for each
climate period under the RCP 8.5 climate scenario. Values are also displayed for the 10t and 90™ Percentiles.
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While extreme precipitation is expected to occur, it is also expected that Durham Region will also experience
more precipitation per day in every season (Figure 22), with spring expected to increase the most, by 27% by
the end of the century for the RCP 8.5 climate scenario. All other seasons will also expect to see an increase,
with winter expected to increase by 21%, the summer will increase by 22%, and the fall will increase by 13%.
Due to the increase in air temperatures as well as the increase in precipitation, it can be expected that winters
in Durham Region will experience more rain and more groundwater recharge throughout the year.

Precipitation Per Day (mm/day)
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3.5
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2.
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Mean Mean 90P I\ 10P Mean 90P, \ Mean ,
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Winter Spring Summer Fall

m2011-2040 wm2041-2070 m2071-2100

Figure 22: The average winter, spring, summer, and fall simple daily intensity indexes (SDII) (total amount of
precipitation in millimeters per wet day) for each climate period under the RCP 8.5 climate scenario. Values are
displayed for the 10th and 90th Percentiles (10P and 90P, respectively), and for the ensemble means.
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5.4 Agricultural Parameters

5.4.1. Dry Conditions

It is expected that dry conditions will become more variable over time across Durham Region. If we look at the
total annual amount of dry days, this number is expected to decrease overall from the baseline period to the
end of the century. It is expected that the amount of dry days will decrease by 6 days by the end of the century
(decreasing from about 145 days to 139 days). However, this decrease is not linear, as the near term (2011-
2040) will experience about 4 days less of dry days, whereas the medium term (2041-2070) is expected to only
experience one day less of dry days than the baseline period. Similarly, the maximum number of consecutive
dry days is expected to fluctuate throughout the century. Durham Region has recently experienced a maximum
of 18 consecutive dry days, and by the end of the century, it is expected that this number will remain relatively
the same.

From a seasonal perspective, it is anticipated that increased heat in the summer season, coupled with similar
conditions that are already being experienced, will result in drier conditions. For instance, if another prolonged
dry period of 18 days occurs in the mid-century, conditions and impacts may be worse than historically
experienced across ecosystems in Durham Region. This is because there may be increased evaporation of
moisture, and dry conditions be exacerbated by cascading climate conditions (e.g., a hotter summer, with
similar prolonged consecutive dry period could reduce flows through evaporation faster thereby impacting
aquatic species through habitat loss and/or agricultural production due to heat stress).

5.4.2. Growing Season

The results from this analysis showed that the total increase from 1971-2000 to 2071-2100 in the growing
season in Durham Region will be of about seven weeks (51 days) in the RCP 8.5. The growing season will
likely begin in mid-April (~April 19" by the end of the century and will likely end in mid-November (~November
18™), compared to the historical average start date of May 14" and end date of October 24", However, due to
the increased temperatures in the winter seasons in the future, there may be more chances for plant mortality
when there are periods of frost once the growing season has occurred. In this study, the end date for the
growing seasons was queried to be past September 1. However, the models demonstrated growing season
start and end dates between January and April; therefore, these indicate cold snaps, which can have significant
impacts to crops in the future. As temperature continues to warm in the future, Durham Region can expect
more cold snap events (i.e., the number of years where there was more than one growing season), about 3
more years with cold snap periods, which may be difficult to plan for, and may cause significant economic
damage.

5.4.3. Corn Heat Units (CHUs) and Growing Degree Days (GDDs)

The amount of Corn Heat Units and Growing Degree Days is expected to increase over time, for each variable
analyzed (i.e., canola, forage crop, corn and bean, and pests) (Figure 22). CHUs are expected to increase by
50% by the end of century, GDDs above 0°C are expected to increase by 40%, GDDs for canola and for forage
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crops are expected to increase by 52% and corn and bean GDDs are expected to increase by 76% by the end
of the century. This is due to the increases in air temperature that were summarized in the previous section.
Therefore, by the end of the century, Durham Region can expect to have more ideal days for growing corn,
canola, forage crops, and beans. However, with an increase in temperature comes the risk of having more
pests. The amount of GDDs for pest occurrence is expected to increase two-fold by the end of the century.
Climate change introduces uncertainty in the spread of pests and pathogen risk from its marginal ranges
through changes in temperature and moisture regimes Expected higher temperatures would result in less cold
stress and longer growing seasons for more temperate climate pests and conversely more heat stress from
more northerly species. Moisture also affects pest risk with drought risk expected to increase plant stresses,
suppressing host defense responses. Conversely increased precipitation may reduce the occurrence of certain
pests or pathogens which require water or humidity for development (Sutherst et al., 2011). In addition, the
CO; fertilization effect, whereby increasing levels of carbon dioxide lead to increased rates of photosynthesis,
can also impact the growth of agriculture under climate change (Terrer et al., 2016).

While these figures demonstrate opportunities for the agricultural sector in Durham Region, it is important to
realize that there are temperature and precipitation thresholds for these crops, where they will not be able to
survive under certain climate conditions. For example, the North Dakota Agricultural Weather Network has
determined the upper temperature threshold for corn is about 30°C. Therefore, with the predicted 47-day
increase in the amount of days above 30°C, there could be a significant impact to corn crops in the future (see
Figure 23). It is also important to recognize the increased potential for cold snap periods, with earlier growing
seasons, there is more risk for a cold snap to cause plant mortality.
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For example, in some areas in the Great Lakes Basin in 2012, a mild winter and spring was followed by a frost
in April that destroyed many fruit trees in the area. For a full list of climate parameters examined, see Table
10.

5.5 Ice and Freeze-Thaw Cycles

As expected, with increase temperatures in Durham Region, it is expected that there will be less freeze-thaw
cycles and less occurrence of ice. The number of freeze-thaw cycles is expected to gradually decrease from
the baseline period to the near term (2011-2040), which can be expected, as the winter temperatures will likely
fall between 0 and -1°C, in the short term. Then, as temperatures will continue to rise, freeze-thaw cycles are
expected to decline rapidly in the medium and long term in the RCP 8.5 climate scenario (Figure 24). It should
be noted that freeze-thaw cycles are based purely on air temperature and does not take into account soil
temperature. For example, in November, if the air temperature falls below 0°C, then you are not likely to have
a freeze-thaw event.
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Figure 24: Projected number of freeze-thaw cycles per year and ice potential days per year for each climate period up
until 2100 in the RCP 8.5 climate scenario. Dotted lines demonstrate the 10th and 90th percentiles, shading between
the dotted lines represent the range in climate model results, and solid lines demonstrate the ensemble means.
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5.6 Local Climate Considerations

There are many local influences that may not fully be captured by the climate modeling that has been
conducted, as regional climate models cannot incorporate all local features that may influence climate. This
section discusses some of the local influences from Lake Simcoe, the Oak Ridges Moraine, as well as the

physical-dynamic influences of Lake Ontario, and t heir 1 mpact simaen Dur ham Re:

5.6.1 Lake Ontario

The Great Lakes play a major role in influencing regional climate. They modify air masses passing over them
by altering moisture and heat content in the atmosphere (Changnon and Jones, 1972). The Great Lakes also
retain a great amount of heat, which supplies the lower atmosphere with moisture through evaporation (when
the lakes are not frozen). This in turn influences the air temperatures and the amount of precipitation around
the Great Lakes in all seasons. For example, in late autumn to early winter, evaporation from the Great
Lakes enhances cloud cover and precipitation over and downwind of the Lakes, while in the summer months,
there is greater atmospheric stability leading to diminished cloud cover and rainfall (Scott and Huff, 1997).

During winter, lake-effects depend greatly on the role of ice cover. Over the last several decades, ice cover
on the Great Lakes has declined significantly (Mason et al, 2016). For Lake Ontario, a shift to fewer days per
year with ice cover on average occurred in the mid-1980s. Reduced winter ice cover leads to increased lake
evaporation (i.e., more moisture is transported to the atmosphere) and increased lake-effect precipitation.
Historically, winter lake-effect precipitation has fallen in the form of snow. However, as air temperatures
continue to rise due to climate change, there will be a transition to more lake-effect rain in the future.

Durham Region, located on the northern shore of Lake Ontario, is outside of the major lake-effect zones, but
it can receive lake-effect precipitation from Lake Ontario when winds are from the south or when lake-effects
from Lake Huron extend into the area. Historically, Durham Region has experienced intense and high-impact
lake-effect weather events that have created challenges for communities such as major winter snow and ice
storms. In addition to lake-effect weather, Great Lakes coastal communities like those in Durham Region
face unique coastal challenges such as extreme ice cover, lake level conditions, storm surge events, and
coastal erosion.

When it comes to planning for the future, practitioners need to know how lake effects, lake levels, and other
regional climate conditions (e.g., air temperatures, precipitation patterns, etc.) are projected to change.
Climate models vary greatly in their simulation quality of the Great Lakes and lake-land-atmosphere
interactions. Many of the NA-CORDEX models used in this report employ simple 1-dimensional (1D) lake
models (Table 6). Although these 1D lake models have helped to improve research across the Great Lakes
Basin, many limitations still remain including the inability to capture all components of the Great Lakes
accurately (e.g., lake surface temperature, ice coverage, and thermal stratification) (Delaney and Milner,
2019; Xue et al., 2017). Work is actively being undertaken by climate modelers to research and refine lake
models, including the development of 3D lake models. Ultimately, however, no model is perfect and so it is
important that when reviewing climate projections, more focus should be placed on the overall climate trends,
rather than exact values in time.
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Practitioners needing lake level information face additional challenges because a second set of simulations
(using hydrological models and high-quality future projections of precipitation as input, among other
variables) are required to simulate future lake levels. Future lake level simulations vary greatly i some
models suggest lake level declines, while others suggest rises. This is in part due to differences in future
precipitation projections. Practitioners should consider multiple scenarios of future lake levels including both
highs and lows as well as more severe extremes and greater variability.

5.6.2 Lake Simcoe

In Southern Ontario, Lake Simcoe is considered one of the largest inland lakes (North et al., 2013). The

watershed is roughly 3,400 km? in size and supports approximately 8,620km of watercourses (LSRCA,

2020). Parts of Durham Region fall within the Lake Simcoe watershed, including Uxbridge, Brock and

Scugog. Over the years, the Lake Simcoe watershed has experienced rapid population growth, with a current
popul ation of slightly more than 400,000 people (a 5
Lake Simcoe freezes over completely, with mixing occurring in the spring and fall (Stainsby et al., 2011). Due

to the size of Lake Simcoe, lake-effect precipitation is also experienced in and around the area, including

Durham Region.

Over the last several decades, Lake Simcoe has experienced significant changes, including the timing of its
thermal stratification and increase in lake temperatures (LSRCA, 2020). Through ice record data, ice cover
on Lake Simcoe has also been decreasing and in recent years, open water has been maintained throughout
the year (ibid). This in turn leads to increased evaporation that fuels increased cloud cover and precipitation.
As described in the LSRCA Climate Change Adaptation Strategy (2020), warmer winters will result in greater
lake-effect precipitation during the winter than is already experienced. With climate change models projecting
an increase in temperatures, it is expected that an increase in lake-effect precipitation will occur during the
winter, with a larger portion of that precipitation falling as rain or freezing rain (LSRCA, 2020; Notaro et al.,
2015).

Additionally, future climate change impacts on Lake Simcoe itself can further exacerbate the impacts of

climate change on Durham Region. For example, changes to water quality and quantity in Lake Simcoe due

to climate change will have impacts on natural systems and shorelines. As demonstrated through the Lake

Si mcoe Climate Change Adaptation Strategy (2017), th
air temperatures between 1980 and 2012, leading to increases in water temperature, which in turn have led

to impacts on surrounding areas such as ecosystem degradation (ibid). For example, these impacts can be

seen over the last few decades with the rise in phosphorous loading in the Lake.

In order to support informed and science-based decision-making, practitioners will need to understand how
lake-effect precipitation, lake temperatures, lake levels and other regional climate conditions (e.g., air

temperature, precipitation patterns, etc.) are expected to change. Although Lake Simcoe is one of the largest

inland lakes in Ontario, climate models (including RCMs used in this study) have difficulty capturing Lake
Simcoebs regional i mpact s represented asra tandeurface. tWhen inland lakesa k e b
are isolated as land surfaces, climate models do not capture how they modify atmospheric conditions (e.g.,
lake-effect precipitation, energy exchanges between lakes and lower atmospheric boundaries, evaporation,
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convective storms, etc.) (Delaney and Milner, 2019). Other lakes such as Lake Scugog are also not captured
within climate models (including RCMs used in this study). Therefore, while Lake Simcoe is captured within
the climate projections, limitations exist around the extent of its influence on local climate.

5.6.3 Oak Ridges Moraine

The Oak Ridges Moraine (ORM) is one of Ontariobs mos
parallel to Lake Ontario and is approximately 160km in length, extending from the Trent River in the east to

the Niagara Escarpment in the west (Ontario, 2017). It spans across the middle of Durham Region, covering

most of Durham Regionds | ocal municipalities. The OR
Lake Ontario from those draining north into Georgian Bay, Lake Simcoe and the Trent River system (ibid). It

is also the headwaters to more than 30 rivers and is known for its rolling hills, forests, meadows, wetlands,

ponds, river valleys and lakes, which provide important habitat for many plants and animals (City of

Richmond Hill, 2020). The ORM also stores a large volume of groundwater that serves as an important

source of drinking water for many people in Ontario and contributes to both local and regional groundwater

flows (ibid).

Within Durham Region, the elevated topography of the ORM makes it one of the dominant local-scale drivers
of spatial variations in weather and climate, along with Lake Ontario and Lake Simcoe (OCC, 2016). For
example, the elevated topography of the ORM in the northern portion of Durham results in cooler
temperatures in and around the area. Meanwhile, areas in the south, which feature higher rates of
urbanization combined with the urban heat island effect (UHI), generally experience warmer temperatures
(OCC, 2016).

Additionally, future climate change impacts on the ORM itself can further exacerbate the impacts of climate
change on Durham Region. Example impacts of climate change on the ORM include effects on surface water
quality and stream temperature increases (CAMC, 2015). It is expected that changes to water resources, and
plant and animal habitat within the ORM due to climate change will inherently influence the landscape in
Durham Region. For example, areas with cooler water may feature marginal habitats, resulting in an
increased risk to species due to climate change and land use changes (CAMC, 2015). Protecting and
enhancing the ORM through adaptive strategies (e.g., creating ecological linkages with surrounding areas)
will play a significant role in ensuring that the impacts of climate change are not further exacerbated.

For practitioners, it is important to note that the ORM is also captured as a homogeneous landform in most
climate models. Therefore, certain features within the ORM (e.g., streams) are not simulated by climate
models due to their fine geographic scale. However, the impact of these features on local climate is small, so
their omission from climate models does not significantly alter future projections of temperature and
precipitation. If information about how climate change may impact these features in the future is desired, the
use of additional models may be helpful. For example, ecosystem models and hydrological models can
incorporate more intricate features within ORM to project how stream temperatures or wetlands may respond
to climate changes in the future.
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5.6.4 Strategies for Overcoming Limitations Related to Lake Ontario, Lake Simcoe, Oak
Ridges Moraine, and other Features

The following is a list of recommendations for practitioners on ways to overcome the limitations associated
with the three features, and potentially others, as discussed above:

1 Integrate climate projection information with other sources of information, such as historical climate
trends, expert guidance, and local experiences. This hybrid model-experience integration process can
be used to develop possible future scenarios that lend themselves well for community planning where
future weather and climate impacts are examined

1 Connect with climate change experts and transl
available climate data and where they are available

1 Work with climate change experts and translators to build capacity among staff and stakeholders to
improve understanding of the limitations or caveats of climate data, and how climate data and
information can be applied

71 Undertake additional modeling (e.g., hydrological modeling) to better understand the impacts of
climate change on features such as Lake Simcoe and ORM

1 Acknowledge that all climate models are imperfect. No model can capture real-world processes
perfectly; assumptions and biases are inherently a part of the climate modeling process

e
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6 Conclusion and Next Steps

This report was intended to provide Durham Region with a summary of the climate change trends that have
been observed historically and will | ikely be obs
Greenbelt with the necessary data and guidance to undertake their own climate modeling analyses. This
guidance document is also intended to increase consistency around climate modeling within Ontario, to bridge
the gap between cross-jurisdictional modeling and planning.

This climate analysis uses data from the NA-CORDEX ensemble model and bias correcting this to thirty years
of historical data in Durham Region. This ensemble is composed of 16 RCM model runs, which incorporates
the feedback from the Great Lakes into its projections. The raw data was then bias corrected to best represent
the local climate influences of Durham Region.

This analysis demonstrates that Durham Region will likely experience a wetter and warmer climate, with a
longer growing season of about seven weeks, and with substantial increases in growing degree days for
specific crops by the end of the century. However, these conditions are also favourable to the presence of
pests invading the Region and its crops in the future. The Region is also expected to experience more extreme
weather and will experience higher intensity storms with greater amounts of precipitation in all seasons. This
may impose threats to the health of communities within the Region, i t r@atiral systems, infrastructure,
agriculture, economy and services.

While these impacts can be helpful for municipal planning practices, it is important to realize that all climate
modeling comes with varying degrees of uncertainty. Uncertainty is caused by variation in the climate between
locations from year-to-year, by downscaling GCMs to RCMs, by projecting further and further into the future,
and by the uncertainty associated with future emissions scenarios and future available technologies.

The ensemble climate modeling will be a useful tool in Durham Region for years to come. It will serve as the
foundational data set for many climate change adaptation projects and serve to move the DCCAP
implementation forward. The following is a list of possible projects Durham Region may wish to undertake as
part of future projects to advance climate change initiatives. These include:

1 The Creation of IDF Curves: IDF curves, are used to plan for municipal infrastructure such as the
sizing of culverts, stormwater ponds, roads, etc. Additional information will be required to determine
what additional projected storm information should be used for designing storm structures. As a critical
next step, the DCCAP Flooding Working Group should be consulted in the development of new IDF
curves using the updated climate modeling projections.

1 Updating the Urban Heat Island and Floodplain Mapping: While these new climate projections do
not differ drastically from the SENES Study, the projections may trigger the need to update existing
urban heat island mapping as well as floodplain mapping to account for the changes.

GREEW\:

REGION Possibility grows here. www.climateconnections.ca | 46

D)

er v



http://www.climateconections.com/

G G CLIMATE CONSORTIUM

Supported by Toronto and Region Conservation Authority

A User Interface: The development of an online web application (e.g., R Shiny) would provide Durham
Region with an easy-to-use interface for data handling. Those who may find the methods difficult to
replicate would be able to use the web app and easily access the data.

Public Education: These new climate projections may trigger a need for public engagement and a
public version of this document. While the climate projections do not differ drastically from the SENES
Study, the Region may wish to engage the public to showcase action on climate change science in the
Region. A summary technical report that can be taken to Council and is easily understandable may
also be developed.

Building Staff Capacity: As noted above, the updated climate projections will help to inform future
climate change projects. However, municipal and conservation authority staff will require training on the
use and application of the modeling. At the time of this report, the DCCAP Natural Environment
Working Group secured funding for the development of a 3-module training project, focused on natural
environment applications. Further education and training for other DCCAP Working Groups may require
a day-long event or individualized training sessions at each of the municipalities and conservation
authorities.

Quantitative Vulnerability Analysis: The DCCAP Working Groups will be able to use these climate
projections to identify and map out highly vulnerable areas are within the Region and target their
adaptation efforts to those areas (e.g., a vulnerability assessment of natural systems)

Co-benefit projects: The updated climate projections in this report may stimulate the creation of
projects that have multiple cross sectoral benefits and that can address both adaptation and mitigation.

While this project focuses on Durham Region, the approach is transferable to other municipalities in Ontario.
The following is a set of considerations for municipalities in Ontario to consider when undertaking climate
modeling exercises.

)l

DURHAM
REGION

D)

Leverage existing data and tools, where possible (e.g., Regional or City data, online portals and tools,
etc.). There are many climate data portals available and the landscape is evolving rapidly, making it
easier for municipalities to access climate data.

Seek input from experts to understand what s
available.

Involve broad stakeholders, practitioners and academic expertise where possible for validation and
review.

Acknowledge that gaps in science exist and certain parameters may not be accounted for.

Build staff capacity through training on the use and application of climate modeling to understand the
limitations or caveats of climate data use.
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Appendix A: Use of Climate Change Modeling in Ontario and
Durham Region

As previously noted, a consistent approach to undertaking climate modeling in Ontario does not currently exist;
however, the recognition of climate change as a risk to the environment as well as economy, human health,
infrastructure, etc. is increasingly on the rise. Many municipalities use qualitative information or climate models
statistically derived from a global climate models (e.g., Climate Atlas or Canadian Centre for Climate Services)
to help inform their policies and plans. Other municipalities have also developed local climate trends reports
(e.g., Climate Trends and Future Projections in Peel Region), to incorporate more localized information into
their planning processes.

The level of understanding related to climate modeling and climate modeling varies and will depend on the
user. There are numerous types of users who typically access or require the provision of climate data. These
can range from individuals interested in basic summaries of trends to those requiring advanced decision
support tools for specific sectoral-based studies or applications. It is important to note as well, that these users
are affiliated across a range of different types of organizations, such as government agencies, academic
institutions, non-profits, private sector consultants, industry and watershed management agencies. A survey
conducted in 2015 across the Province of Ontario and across a broader network of climate adaptation
practitioners (a total of 114 respondents) provides some insight into the types of these users, where they
access climate information in Ontario, and what this information is being used for (Morand et al., 2015). Figure
Al illustrates the applications for which users are most interested in accessing future climate projections.
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As illustrated above, the practical uses of climate information are diverse. Morand et al. (2015) identifies that
the three most common purposes tend to be related to (1) the development of adaptation-related plans, (2)
research projects related to future conditions, and (3) identifying vulnerable populations, species and regions.
These types of initiatives and projects frequently involve collaboration between those requiring the climate data
and those developing and producing the climate data. The following section provides detailed information on
municipal initiatives in Ontario that have stemmed from climate modeling.

f

Modeling Exercises: Modeling exercises are typically used to examine climate projections for a
specific area and further influence other work such as climate change adaptation plans. For example,

Yor k R eHistorcal ansl Future Climate Trends in York Region, City of Toront o 6 s SENES

and t he Regi ohocalifed GNadteeProjeatiomdfar Waterloo Region.

Adaptation Plans: Adaptati on plans in Ontario have been

local modeling projection data helps to identify specific areas and/or actions that are needed. Examples
of adaptation plans include: City of Toronto Resiliency Strategy, Waterloo Region Community Climate
Adaptation Plan, and the Thunder Bay Climate Adaptation Strategy.

Research: Many ministries and provincial associations have analyzed climate projection data to
accompany climate change research. These include resources for policy makers and planners,
infrastructur e, health, and mor &€limatE Resiliert Buldimgs|ard,
Core Public Infrastructure Initiative.

Provincial Programming: Several provincial ministries have also included climate modeling or climate
change policies within their programming, including the ministries of: Transportation, Environment,
Conservation and Parks, Natural Resources and Forestry, Health and Long-Term Care, and Metrolinx.
For example, the Ministry ofClilagetChange Projdttiossdou@ntare s

In addition, Durham Region has also been a leader in undertaking initiatives to reduce the impacts of climate
change. Table A1 summarizes all the initiatives Durham Region has already undertaken thus far to plan for

climate

change.

Table Al: Summary of initiatives that have been undertaken in Durham Region to plan for the anticipated impacts of
climate change.

Organization Date Initiative

Region of Durham 2016 Durham Community Climate Adaptation Plan

Region of Durham 2019 Eg;l;lon Durham i Climate Change and Sustainability Discussion

: Integrating Climate Change Considerations into Plans and Policies in

Region of Durham 2018 Durham Region

Region of Durham 2019 Agriculture Sector Climate Adaptation Strategy

Region of Durham 2018 Keeping Our Cool: Managing Urban Heat Islands in Durham Region
e
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Organization Date

Town of Ajax 2019

Town of Ajax 2017
Mun_|C|paI|ty of 2019
Clarington

Mun_|C|paI|ty o In development
Clarington

Town of Whitby In development

City of Oshawa In development

Toronto and Region

Conservation 2007
Authority

Town of Ajax 2010
Kawartha _ 2014
Conservation

Lake Simcoe Region
Conservation 2018

Authority

Lake Simcoe Region
Conservation
Authority

Lake Simcoe Region
Conservation
Authority
Ganaraska Region
Conservation
Authority

In development
In development

2014

——
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00

Initiative

Ajax Climate Risk and Resiliency Plan

Great Lakes Climate Adaptation Project

Corporate Climate Change Risk Assessment

Climate Change Action Plan

Urban Flooding Study

Municipal Natural Assets Initiative T Oshawa Creek Pilot

Meeting the Challenge of Climate Change TRCA Action Plan for The
Living City

Urban Forest Management Plan
Changing Climate i a Challenge and an Opportunity

Background Paper
Adapting Forestry Programs for Climate Change
Lake Simcoe Climate Change Adaptation Strategy

Lake Simcoe Climate Change Mitigation Strategy

Climate Change Strategy
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Appendix B: List of Climate Parameters

Climate Parameter

Definition

Why Consider Including Parameter in Study

Temperature Parameters

Mean Air Temperature (°C)

The mean temperature in degrees Celsius (°C) is defined as the
average of the maximum and minimum temperature at a location
for a specified time interval

Mean Maximum Air Temperature (°C)

The average of the maximum temperature in degrees Celsius (°C)
observed at the location for that month

Mean Minimum Air Temperature (°C)

The average of the minimum temperature in degrees Celsius (°C)
observed at the location for that month

Maximum Temperature (°C)

The highest temperature in degrees Celsius (°C) observed at a
location for a specified time interval

Minimum Temperature (°C)

The lowest temperature in degrees Celsius (°C) observed at a
location for a specified time interval

Extreme Maximum Air Temperature (°C)

The highest daily maximum temperature in degrees Celsius
reached at a specific location for that month

Extreme Minimum Air Temperature (°C)

The lowest daily minimum temperature in degrees Celsius
reached at a specific location for that month

The temperature range we expect within a season or year is a very important aspect of climate.
Changes in average and extreme temperatures can dramatically affect our everyday lives as well as a
wide range of planning and policy decisions. The average highest temperature is an environmental
indicator with many applications in agriculture, engineering, health, energy management, recreation, and
more

Extreme Heat Parameters

The sum of days in a given period of time when the temperature

Days Absve JBEC ri ses to at | east 35eC

Days Above 30eC T_he sum of days in a given period of time when the temperature
risestoatleast 3 0e C

Days Above 25eC The sum of days in a given period of time when the temperature

ri ses to at |l east 25eC

Tropical Nights

A tropical night occurs when the lowest temperature of the day
does not go below 20eC

High temperatures determine if plants and animals can thrive, they limit or enable outdoor activities,
define how we design our buildings and vehicles, and shape our transportation and energy use. It is
useful to know how high summer temperatures are likely to become in the future, to make sure that our
cooling and air-conditioning systems can reliably deal with these extremes. When temperatures are very
hot, people - especially the elderly - are much more likely to suffer from heat exhaustion and heat stroke.
Many outdoor activities become dangerous or impossible in very high temperatures. In general,
Canadians are not used to extremely hot summers, and further warming will bring new and unusual risks
as well as a very different experience of the summer season. High, persistent temperatures increase the
risk of drought, which can severely impact food production and increases the risk of wildfire. High
temperatures can also lead to more thunderstorms, which means increased risks of flash flooding,
lightning, hail and perhaps even tornadoes

Extreme Cold Parameters

Days Below-2 0 e C

The sum of days in a given period of time when the temperature
dropstoatleast-2 0 e C

Days Below-1 0 e C

The sum of days in a given period of time when the temperature
dropstoatleast-1 0 e C

Days Below -5 ¢ C

The sum of days in a given period of time when the temperature
dropsto atleast-5 e C

Cold weather is an important aspect of life in Canada, and many places in Canada are well adapted to
very cold winters. It is especially important to know how our winters will change in the future, because
cold temperatures affect our health and safety, determine what plants and animals can live in the area,
limit or enable outdoor activities, define how we design our buildings and vehicles, and shape our
transportation and energy use

Day s Be l(krast Days)C

The sum of days in a given period of time when the coldest
temperature of the day is |
frost might form at ground level or on cold surfaces

owe

The number of frost days is an indicator of the length and severity of the winter season. A location with a
large number of frost days is also likely to have a short growing season, since frost is harmful to many
plants

Precipitation Parameters

Total Annual Precipitation (mm/year)

Total Winter Precipitation (mm/season)

Total Spring Precipitation (mm/season)

Total Summer Precipitation (mm/season)

Total Fall Precipitation (mm/season)

The sum of the total rainfall and the water equivalent of the total
snowfall in millimeters (mm), observed at the location during a
specified time interval'. Winter is defined as DJF, spring as MAM,
summer as JJA, and fall as SON.

Precipitation patterns are critical for many important issues, including water availability, crop production,
electricity generation, wildfire suppression, snow accumulation, seasonal and flash-flooding, and short-
and long-term drought risk

Extreme Precipitation Parameters

Maximum Precipitation in one day (mm)

The maximum amount of precipitation (mm) in one day over a
given period of time

Precipitation patterns are critical for many important issues, including water availability, crop production,
electricity generation, wildfire suppression, snow accumulation, seasonal and flash-flooding, and short-
and long-term drought risk
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Climate Parameter

Definition

Why Consider Including Parameter in Study

Extreme Precipitation Days (days with more
than 25 mm)

The sum of days in a given period of time when at least a total of
25 mm of rain or frozen precipitation falls. Frozen precipitation is
measured according to its liquid equivalent: 10 cm of snow is
usually about 10 mm of precipitation

Annual Simple Daily Intensity Index (SDII)
(mm/day)

Winter SDII (mm/day)

Spring SDII (mm/day)

Summer SDII (mm/day)

Fall SDII (mm/day)

Average intensity (mm/day) over a given period of time, calculated
as total wet day precipitation divided by the total number of wet
days

Number of Heavy Precipitation Days (days
with more than 25 mm)

A Heavy Precipitation Day (HPD) is a day on which at least a total
of 25 mm of rain or frozen precipitation falls. Frozen precipitation
is measured according to its liquid equivalent: 25 cm of snow is
usually about 25 mm of precipitation

95th Percentile Precipitation (mm)

The percent of the total precipitation when precipitation is greater
or equal to the 95th percentile.

99th Percentile Precipitation (mm)

The percent of the total precipitation when precipitation is greater
or equal to the 99th percentile.

Heavy rainfall events can create many challenges. In cities and towns, heavy rainfalls can overwhelm
storm drains and cause flash flooding. They can also cause problems in rural areas by drowning crops,
eroding topsoil, and damaging roads. Heavy snowfall events can disrupt ground transportation, and very
heavy snowfall events can cause damage to buildings if their roofs become overburdened.

Drought Parameters

Total Annual Dry Days

Total annual number of days where precipitation was less than 0.2
mm.

Maximum Total Consecutive Dry Days

The number of consecutive days where annual total number of
days where precipitation was less than 0.2 mm.

Total annual dry days and the maximum consecutive dry days are useful indicators for predicting
drought in the future. This is useful for municipalities who have a large agricultural sector, such as
Durham Region.

Agricultural Parameters

Growing Degree Days (Base 0°C)

Growing Degree Days (Base 4°C)

Growing Degree Days (Base 5°C)

Growing Degree Days (Base 10°C)

Growing Degree Days (Base 15°C)

Growing Degree Days (GDD) provide an index of the amount of
heat available for the growth and maturation of plants and insects.
Different base temperatures (0, 4, 5, 10, 15°C) are used to
capture results for organisms that demand different amounts of
heat

GDDs accumulate whenever the daily mean temperature is above a specified threshold temperature.
Generally, 5°C GDDs are used for assessing the growth of canola and forage crops; 10 °C GDDs are
more appropriate for assessing the growth of corn and beans; and 15°C GDDs are used to assess the
growth and development of insects and pests

Growing Season Length (also referred to as
Frost Free Days)

Number of frost-free days is calculated based on the last
occurrence of frost in spring and the first occurrence of frost in
autumn.

The average length of the growing season (and its year-to-year variability) is an important consideration
when selecting or predicting what plants might grow well in a region. A longer frost-free season means
plants and crops have a longer window to grow and mature. This is an especially important parameter
for agriculture, because the variability in the number of frost-free days is crucial for many agricultural
activities such as planting and harvesting.

Growing Season Start Date

The first day after 5 consecutive minimum temperatures above
5°C

Growing Season End Date

The first day after 5 consecutive maximum temperatures below
5°C

Changes in the length and timing of the frost-free season affect plant and animal life, but also our social,
psychological, and physical experience of the changing seasons. The growth of most plants and crops is
limited by the temperature of the air and soil. Since crops and plants need time to mature, the later in the
fall they experience freezing temperatures, the more likely it is that they will be able to mature to their full
potential. The time available for growth, maturity and productivity of these plants is determined by the
Growing Season Start and End date, which together determine the length of the frost-free season.

Corn Heat Unit

Corn Heath Units (CHU) is a temperature-based index often used
by farmers and agricultural researchers to estimate whether the
climate is warm enough (but not too hot) to grow corn. Corn
typically requires a minimum o
ofani ghtly temperature of 4. 4eC
are required to mature most varieties of corn in a region.

The CHUs expected in a regionds growing season
variety of corn, is likely to fully mature in that region. It is important to note that this index is only based
on temperature and does not consider the availability of water to grow the crop.

Ilce Parameters

Freeze-Thaw Cycles

A simple count of days when the air temperature fluctuates
between freezing and non-freezing temperatures. Under these
conditions, it is likely that some water at the surface was both
liquid and ice at some point during the 24-hour period.

Freeze-thaw cycles can have major impacts on infrastructure. Water expands when it freezes, so the
freezing, melting and re-freezing of water can over time cause significant damage to roadways,
sidewalks, and other outdoor structures. Potholes that form during the spring, or during mid-winter melts,
are good examples of the damage caused by this process.

Ice Potential

Number of days where minimum temperature is greater than -2 e C
and maxi mum temper.ature is und

Number of days in which air temperature does not rise above freezing is a good indicator of the length
and severity of the winter season. It is especially important to know how our winters will change in the
future, because cold temperatures affect our health and safety, determine what plants and animals can
live in the area, limit or enable outdoor activities, define how we design our buildings and vehicles, and
shape our transportation and energy use.

www.climateconnections.ca | 52



Appendix C: Climate Change in Durham Region Based on the RCP 4.5 (Low Emissions) Scenario

Disclaimer: Since the RCP 4.5 climate change scenario is used less frequently by planners and practitioners than the RCP 8.5 scenario (a more likely scenario), there was much less
available data available online for RCP 4.5 (e.g., the NA-CORDEX portal had three model runs for the RCP 4.5 scenario, while RCP 8.5 had 16 model runs) and therefore these results
should not be directly compared with those of RCP 8.5.

Table C-1: A summary of all climate parameters for each climate period analyzed in the study for the RCP 4.5 climate scenario.

Short-Term (2020s) Medium Term (2050s) Long Term (2080s) Confidence Levels
Baseline
Climate R Value
Definition
Parameter (1971- (2011-2040) (2041-2070) (2071-2100)
2000)
10th Ensemble 90th 10th Ensemble 90th 10th Ensemble 90th
Percentile Mean Percentile | Percentile Mean Percentile | Percentile Mean Percentile
Mean Temperature (eC)
Mean Annual Average annual air temperature
Temperature over a time period. 7.1 7.6 9.7 11.3 8.6 10.9 12.6 8.8 11.3 13.2
Mean Winter | Average winter (D-J-F) air 3.0 17 0.3 1.8 0.1 1.8 3.3 0.2 2.0 3.7
Temperature temperature over a time period. bk evid
X X . Ign evidence
Mean Spring Average spring (M-A-M) air y hiah t
Temperature temperature over a time period. 3.7 2.6 4.7 6.2 3.4 5.9 7.6 3.7 6.3 8.2 'gh agreemen
Mean Summer | Average summer (J-J-A) air 17.1 16.4 18.5 20.8 17.6 19.8 22.2 17.8 20.3 22.8
Temperature temperature over a time period.
Mean Fall Average fall (S-O-N) ar 10.1 115 13.3 14.8 12.4 14.4 16.0 12.4 14.8 16.7
Temperature temperature over a time period.
Maxi mum Temperature (eC)

Maximum Average maximum annual air
Annual 9 . : 11.6 13.1 14.3 17.0 14.0 15.5 18.3 14.2 15.9 18.9

temperature over a time period.
Temperature
Maximum . .
Winter Average maximum winter (D-J-F) 2.1 2.9 4.6 5.9 2.1 5.1 7.2 4.1 6.0 7.5

air temperature over a time period.
Temperature
Maximum : : — high evidence
Spring Average spring (M-A-M) air 8.3 7.1 9.2 10.8 5.7 9.5 12.3 8.0 10.8 12.9 high agreement

temperature over a time period.
Temperature
Maximum Average maximum summer (J-J-
Summer A) air temperature over a time 21.4 20.7 22.8 25.0 19.7 23.2 26.4 22.0 24.6 27.0
Temperature period.
Maximum Fall | Average maximum fall (S-O-N) air | =4, 5 15.8 17.6 19.1 14.6 17.8 20.3 16.6 19.1 21.0
Temperature temperature over a time period.

Mi ni mum Temperature (eC)

Minimum Average minimum annual air g Dgh evidence
Annual temperature over a time period. 2.5 2.6 5.1 6.3 3.7 6.4 7.8 3.9 6.8 8.3 o high agreement
Temperature
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Short-Term (2020s)

Medium Term (2050s)

Long Term (2080s)

Confidence Levels

Baseline
Climate Definition Value
Parameter (1971- (2011-2040) (2041-2070) (2071-2100)
2000)
10th Ensemble 90th 10th Ensemble 90th 10th Ensemble 90th
Percentile Mean Percentile | Percentile Mean Percentile | Percentile Mean Percentile
Minimum Winter | Average minimum winter (D"H.:) -8.0 -6.2 -4.0 -2.2 -2.0 -1.3 -0.5 -4.6 -2.1 -0.1
Temperature air temperature over a time period.
Minimum Spring | Average minimum (M-A-M) air 1.0 1.7 0.4 2.0 16 2.6 3.4 0.5 2.1 4.0
Temperature temperature over a time period.

P — high evidence
Minimum Average minimum summer (J-J-A) @ high agreement
Summer air temperature over a time period 12.8 12.2 14.3 16.5 15.2 16.6 18.1 13.6 16.0 18.6
Temperature P P )

Minimum Fall Average minimum fall (S-O-N) air
Temperature temperature over a time period. 5.7 7.3 9.2 10.6 10.7 11.3 11.7 8.2 10.7 12.5
Extreme Heat (days per year)
Davs Above Total number of days of the year
Y with maximum temperatures 0.2 0.5 2.7 5.1 1.1 5.3 9.5 1.7 7.9 13.8
35eC
above 35eC.
Total number of days of the year
Days Above ) :
with maximum temperatures 7.6 8.4 25.3 39.7 11.0 35.1 54.4 15.9 42.7 64.1 L .
30eC . high evidence
above 30¢C. high agreement
Davs Above Total number of days of the year
y with maximum temperatures 42.1 47.0 77.2 98.9 48.6 85.2 111.9 60.1 95.2 121.0
25eC
above 25eC.
Total number of days of the year
Tropical Nights | with minimum temperatures above 100.6 106.1 1294 146.9 105.6 134.7 155.6 116.5 142.3 161.1
20eC.
Extreme Cold (days per year)
Davs Below Total number of days of the year
y with minimum temperatures below 8.6 0.1 1.3 3.0 0.0 0.3 0.7 0.0 0.3 0.7
-20eC
-20eC.
Davs Below Total number of days of the year
1 é e C with minimum temperatures below 22.7 1.8 6.9 14.0 0.4 2.6 5.7 0.2 3.2 7.4
-15e¢C.
: — high evidence
Davs Below - Total number of days of the year i high agreement
Y with minimum temperatures below 49.0 11.7 23.9 40.8 4.2 13.2 25.3 3.3 13.7 28.1
10eC
-10eC.
Davs Below - Total number of days of the year
5 gc with minimum temperatures below 89.0 41.4 59.6 83.8 21.8 41.9 67.7 19.1 41.6 70.0
-5eC.
Davs Bel Total number of days of the year
y with minimum temperatures below 146.8 101.4 118.7 141.9 79.4 100.5 127.9 74.0 99.1 131.2

(Freezing Days)

OeC.

Total Precipitation (mm per time period)
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Short-Term (2020s) Medium Term (2050s) Long Term (2080s) Confidence Levels
Baseline
Climate Definition Value
Parameter (1971- (2011-2040) (2041-2070) (2071-2100)
2000)
10th Ensemble 90th 10th Ensemble 90th 10th Ensemble 90th
Percentile Mean Percentile | Percentile Mean Percentile | Percentile Mean Percentile
Total Average Total amount of precipitation
Annual throughout the year falling on wet
Precipitation days (where precipitation is 952.4 861.7 943.3 943.3 873.7 960.3 1039.5 870.4 1009.3 1133.8
(mm) greater than 0.2 mm).
Total amount of precipitation
\'I/'\(/)i;tqeﬂe/rb\verage throughout the winter (D-J-F)
Precipitation falling on wet days (where 228.3 212.6 235.3 260.1 252.1 265.5 277.9 216.9 234.1 251.8
(mm)p precipitation is greater than 0.2
mm). . .
Total amount of precipitation :;gezii\qugg::emem
;Otr?rlw Average throughout the spring (M-A-M)
Pfecigitation falling on wet days (where 217.3 188.1 212.1 231.2 170.2 200.3 236.5 198.4 226.5 250.0
(mm)p precipitation is greater than 0.2
mm).
Total amount of precipitation
gatrf;]llm,:vrerage throughout the summer (J-J-A)
Precipitation falling on wet days (where 231.0 160.6 181.8 208.6 187.1 199.1 211.0 167.7 191.3 213.8
(mm)p precipitation is greater than 0.2
mm).
Total Average Total amount of precipitation
Fall throughout the fall (S-O-N) falling | 75 g 253.2 295.0 335.4 297.1 319.2 340.9 241.2 281.8 3123
Precipitation on wet days (where precipitation is
(mm) greater than 0.2 mm).
Extreme Precipitation
Max Annual 1-day maximum
Precipitation in T . 33.8 34.8 35.0 354 44.9 60.7 74.4 37.6 38.1 38.5
1 day (mm) precipitation accumulation.
Max Annual 3-day maximum
Precipitation in 1al s-day . 54.9 54.6 55.2 56.2 54.8 57.4 60.3 55.3 58.0 60.5
precipitation accumulation.
3 day (mm) high evidence
IE)r(gc?ni]teation The annual average amount of medium agreement
Da Sp days where precipitation exceeds 3.2 3.2 3.4 3.6 3.4 3.9 4.4 3.3 4.2 5.0
Y 25 mm.
(dayslyear)
ggﬂu?rl]tz'g;ﬁle The average amount of
|nde{< (SDIl) Y| precipitation which occurs per day 2.6 2.4 2.6 2.8 2.4 2.6 2.8 2.4 2.6 3.1
(mm/day) on average in a year.
. The average amount of
mnmt?JaS)Dll precipitation which occurs per day 2.5 2.3 2.6 2.9 2.8 2.9 3.0 2.4 2.6 2.8
y on average in a year.
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Short-Term (2020s)

Medium Term (2050s)

Long Term (2080s)

Confidence Levels

Baseline
Climate Definition Value
Parameter (1971- (2011-2040) (2041-2070) (2071-2100)
2000)
10th Ensemble 90th 10th Ensemble 90th 10th Ensemble 90th
Percentile Mean Percentile | Percentile Mean Percentile | Percentile Mean Percentile
Sprina SDII The average amount of
(n'?m /ga ) precipitation which occurs per day 2.4 2.1 2.3 2.5 1.9 2.2 2.6 2.2 2.5 2.7
y on average in a year.
Summer SDI| The average amount of
(mm/day) precipitation which occurs per day 2.5 1.8 2.0 2.3 2.1 2.2 2.3 1.8 2.1 2.3
y on average in a year.
Fall SDI| The average amount of o
(mm/day) precipitation which occurs per day 3.0 2.8 3.2 3.7 3.3 35 3.7 2.6 3.1 3.4 h'gz,e‘”dence .
y on average in a year. medium agreemen
: The percent of the total
95th Percentile e e
Precipitation | Precipitation when precipitationis | 56 4 37.2 38.9 41.0 35.4 37.1 385 38.9 40.4 42.4
(mm) greater or equal to the 95th
percentile.
99th Percentile The percent of the total
Precipitation | Precipitation when precipitation is 11.2 115 12.3 13.2 10.9 115 12.0 11.7 125 13.6
(mm) greater or equal to the 99th
percentile.
Dry Days
Total Annual Total annual number of days
(days) where precipitation was less than 145.3 153.7 161.1 170.1 126.1 144.0 157.5 155.0 163.7 174.2
Y 0.2 mm. low evidence
Maximum Total The number of consecutive days high agreement
Consecutive where annual total number of days ;4 , 15.4 17.0 18.6 16.2 17.7 19.4 20.4 22.0 23.6
Dry Days (days) where precipitation was less than
0.2 mm.
Growing Season
Growing The first day after 5 days of
Season Start consecutive minimum
Date (day of temperatures abo 12-May 28-Apr 30-Apr 3-May 20-Apr 2-May 15-May 13-Apr 25-Apr 11-May
year) reached.
Growing The first day after 5 days of L .
Season End consecutive maximum @ high evidence
5-Nov 31-Oct 8-Nov 15-Nov 7-Nov 15-Nov | 22-Nov 3-Nov 16-Nov 25-Nov high agreement
Date (day of temperatures bel
year) reached.
Growin Annual number of days after
9 having 5 consecutive days above 197
Season Length 177 days | 181 days | 192 days | 201 days | 176 days 216 days | 176 days | 205 days | 226 days
(days/year) 5eC and before h days
ysly consecutive days

Agricultural Variables
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Short-Term (2020s)

Medium Term (2050s)

Long Term (2080s)

Confidence Levels

Baseline
Climate Definition Value
Parameter (1971- (2011-2040) (2041-2070) (2071-2100)
2000)
10th Ensemble 90th 10th Ensemble 90th 10th Ensemble 90th
Percentile Mean Percentile | Percentile Mean Percentile | Percentile Mean Percentile
Number of CHUSs, indicating ideal
. climates for corn to fully mature

%;'TJZ')Q”“ Units | very generally, at least 2200 3194 3259 3936 4505 3516 4293 4921 3619 4479 5159

CHUs are required to mature most

varieties of corn).
Growing Degree
Days Number of days >| 3198 3277 3861 4317 3462 4177 4715 3580 4346 4910
(dayslyear)
Canola Growing _ high evidence
Degree Days Number of days >| 2236 2297 2792 3182 2452 3052 3508 2556 3207 3692 o high agreement
(dayslyear)
Forage Crops
S;‘;"S‘”ngagselgree Number of days >| 2024 2080 2555 2928 2229 2807 3238 2330 2952 3417
year)
Corn and Bean
S;‘;"S‘””g Degree | Number of days >| 1119 1162 1533 1829 1277 1720 2061 1360 1845 2213
(dayslyear)
Days at Risk of
Erezf‘sence of Number of days >| 463 500 764 976 574 900 1153 642 998 1269
(dayslyear)

Freeze-Thaw Cycles and Ice Potential

Number of freeze thaw cycles,
Freeze-Thaw where the minimum temperature is
Cycles equal to or below -1°C and the 80 66 73 80 54 61 67 51 64 77
(cycleslyear) maximum temperature is above low evidence

0°C. high agreement

Number of days where minimum
Ice Potential temperature is greater than -2 ¢ C 29 11 18 27 9 21 38 6 14 o4
(dayslyear) and maximum temperature is

under 2eC.
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Appendix D: Comparison of the SENES Study with the 2019
Durham Climate Modeling Project and other Climate Studies

This report provides updated climate projections and emission scenarios for Durham Region that integrates

both Global and Regional Climate Models through an ensemble approach. Priortothisreport, Dur ham Regi o

Future Climate (2040-2049) developed by SENES was developed to examine future climate projections. Below
is a concise comparison of the methodological differences between the SENES Study and the 2019 Durham
Climate Modeling Project.

Table D-1: Differences between the SENES Study and the 2019 Climate Modeling Project

Factors Durham SENES Study Durham Climate Modeling Project

. 1 GCM (HadCM3 Model) .
Cumale L ROM (Hadley PRECISWose) 2 erent SOl
1 Weather Forecasting Model (WRF)
Emissions Older SRES Scenario A1B Newer RCP 8.5 and RCP 4.5
Scenarios
Time Period 2040-2049 202006s, 2P6G8®GBS8s and
Baseline 2000-2009 1971-2000
Regional Used Whitby as proxy station for all of Uses all climate stations in Durham Region to
Averages Durham develop averages
Extreme precipitation, extreme rain, Mean temperatures, maximum temperature,
extreme snowfall, extreme heat, minimum temperature, extreme heat, extreme
Climate extreme cold, wind chill, degree days, cold, total precipitation, extreme precipitation,
Parameters extreme wind, humidex, potential for dry days, growing season, agriculture
violent storms variables, freeze-thaw cycles and ice potential

The 2019 Durham Climate Modeling Project incorporates 8 different GCMs and 5 different RCMs for three
different time periods (2 02 06 s, 2 05 0 @&as g parbohtlte arkal§si.0rdesuge of an ensemble approach
allows for more robust predictions and compares more favorably to historical observations than a single
model. Individual biases that may be present in a single model tend to be reduced in an ensemble approach,
as the average from each of the climate models are used to determine the values (Auld et al., 2016). When a
single climate model is used, greater variability exists. The SENES study uses a single GCM (HadCM3), a
single RCM (Hadley PRECIS model) as well as a weather forecasting model (WRF). Based on the GLISA
review of climate models (see Table 2), the HadCM3 model used in the SENES study projects the Great
Lakes as oceans rather than dynamic lakes in the model. GLISA advises to avoid using this model for any
site-specific, local analyses. In addition, Weather Forecasting Models use current observational data to
forecast future climate (NOAA, n.d.). As demonstrated in section 3.2, weather forecasting models rely on
statistical analyses, using historical relationships to project future climate data. Therefore, using a statistically

GREEW,
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downscaled approach may provide different results than that of dynamically downscaled RCM climate
projections.

Another important factor was the use of a 30-year climate normal period compared to the 10-year baseline
used for the SENES Study. A 30-year climate normal period is typically used to smooth out extremes, and
ensure that particularly wet, dry, hot or cold years do not dominate the climate conditions overall (which may
occur if only a subset of years are used as a normal period). For example, the 1-day Maximum Precipitation in
Table D-2 depicts much lower values than that of the SENES Study. Since the SENES Study had a much
shorter climate normal period (2000-2009) and only uses single climate models, this allowed for greater
variability, providing the opportunity for extremes to dominate (e.g., see Table D-3 Summer Total Precipitation
values). As the 2019 Durham Climate Modeling Project uses a 30-year climate normal period and an ensemble
of climate models, there is greater opportunity to smooth out the extremes that would otherwise be present in
a shorter climate period. This allows for a more robust picture of the expected future climate. As shown in tables
D-2 and D-3, this project uses the baseline period of 1971-2000 as the NA-CORDEX data portal provides
historical data from for the period of 1951-2005. Other climate portals may have a different historical baseline
period (e.g., York Region and Peel Region used the 1981-2010 historical baseline), depending on where the
historical data was obtained and the availability of data.

Another notable difference between the SENES study and this project is the way in which Regional averages
are calculated. In the SENES Study, Whitby is used as the proxy climate station to determine regional climate.
This approach may not account for differences across the Region. The 2019 Durham Climate Modeling Project
takes all the climate stations in Durham Region and averages them out, providing a greater range in values
and a more accurate picture of the averages in the Region. Additionally, this project provides updated
emission scenarios (i.e., RCPs) to reflect developments in climate science. These RCP scenarios consider
GHG concentrations rather than emissions under the previous SRES scenarios.

It can be noted that several of the climate parameters used in the SENES study (e.g., extreme wind, extreme
snowfall, humidex, etc.) were not included as a part of this project. These climate parameters are highly
variable and require good quality data to provide accurate projections. Since the 2019 Durham Climate
Modeling Project integrates several climate models, certain models may have limited data available for
specific parameters. As such, climate parameters that were determined to be highly variable and lacked good
quality data were excluded from the projectto providear obust and more accurate
future climate.

The following tables (Table D-2 and D-3) provide a comparison in temperature indicators and precipitation
indicators between the 2019 Durham Climate Modeling Project, the SENES Study, as well as Peel Region
and Yor k dieateipwjactioss. Since this comparison examines local scale climate projections
initiatives, portals such as Climatedata.ca and Climate Atlas, were not included as a part of this comparison.
In addition, each study had slightly different time periods, but for the purposes of this report, similar time
periods were attempted to be used for the comparison (e.g., 2050s). It should also be noted that while York
Regionand Peel cRmtg prgetctidrss have been included as a part of this comparison, the values
provided under the climate parameters may differ due to the spatial variability in climate across the GTA.

e
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Table D-2: Summary of Temperature Parameters in the RCP 8.5 Scenario.

York

2019_Durham 2019 SENES  SENES I_Deel I_Deel York Region York
Cllme}te Du_rham Future Future Climate Climate Region CNRM- Region
Modeling Cllmgte (°C) Trends Trends CM5 MIROC5
Modeling Report Report Model
o Model o
(°C) : | . 0) (°C)
Baselin Baseline Baselin
Time Baseline (°C) e (°C) (°C) e (°C)
Period
2000- 1981- 1981-
1971-2000 2041-2070 2009 2010 2010 2031-2058
Mean Mean Mean Mean Mean Mean Mean Mean Mean
Average Maximum Temperature
Annual 11.6 14.5 12.1 16.3 12.3 14.2 12.1 14.2 14.7
Winter 2.1 4.4 -0.8 5.0 -1.0 0.9 -1.3 0 1.1
Spring 8.3 10.6 10.7 14.6 11.3 13.2 11.2 13.2 18
Summer 23.4 24.4 24.2 27.3 25.1 27.1 25.0 27.6 25.1
Fall 14.5 17.2 14.2 18.3 13.7 15.7 13.6 15.4 12.5
Average Minimum Temperature
Annual 2.5 5.7 4.3 8.4 2.5 4.5 2.4 4.7 5.3
Winter -8.0 -4.5 -6.6 -0.5 -8.7 -6.1 -9.3 -6.8 -5.8
Spring -1.0 2.0 1.9 5.9 0.8 2.6 0.8 2.8 6.7
Summer 12.8 16.1 15.2 17.8 13.5 15.5 13.7 15.7 14.2
Fall 5.7 8.9 6.8 25.6 4.4 6.3 4.5 6.4 4.1
Average Temperature
Annual 7.1 10.1 8.1 12.1 7.4 9.1 7.3 9.4 10
Winter -3.0 -0.0 -3.9 1.9 -4.8 -2.8 -5.3 -3.4 -2.4
Spring 3.7 6.2 6.1 5.9 6.1 7.7 6.0 7.9 12.2
Summer 17.1 20.3 19.7 17.8 19.3 20.9 194 21.7 19.7
Fall 10.1 13.1 10.3 10.6 9.1 10.7 9.0 10.8 8.3
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Table D-3: Summary of Precipitation Indicators in the RCP 8.5 Scenario.

York

2019 Durham 2019 SENES Peel Peel York Region York
: Durham Future Climate Climate Region g Region
Climate : CNRM-
: Climate Trends Trends MIROC5
Modeling Modelin Report Report Sl Model
9 P P Model
. Baseline Baseline Baseline
. Baseline (mm) (mm) (mm)
Time (mm)
Period
2000- 1981- 1981-
el 2041-2070 2009 2010 2010
Mean Mean Mean Mean Mean Mean Mean Mean Mean
Total Precipitation [mm]
Annual 952.4 1117.5 869 1004.0 852 926.0 853.5 936.6 841.2
Winter 228.3 252.4 191 182.0 183 213.0 187 194 184.3
Spring 217.3 251.2 213 197.0 204 234.0 202.3 207.2 203.9
Summer 231.0 247.4 251 402.0 231 234.0 228.7 234.8 226.2
Fall 275.8 297.2 213 223.0 231 246.0 235.4 242.6 2255
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Appendix E: Using Climate Projections to Derive IDF Curves

As previously mentioned, IDF curves describe the relationship between rainfall intensity, rainfall duration, and
return period. IDF curves are used in many applications including stormwater and watershed planning, flooding
and erosion risk management, drainage design, and for infrastructure operations (Coulibaly et al., 2016).
Typically, practitioners have used historical observations to calculate IDF curves (ibid). Recently observed and

projected trends

i n hds showinhhat Asing historical ébservatibns mmesy hoefully account

for the magnitude and frequency of extreme events in the future (ibid). These trends are well documented in
scientific studies (Sillman et al., 2014; King et al., 2012; Peck et al., 2012; Cheng et al., 2011, 2010) and climate

model outputs (Wang et al., 2014; Wang and
Huang, 2014; SENES 2011), which suggests
that the intensity and frequency of extreme
precipitation events are increasing and will
continue to increase in southern Ontario
(Lemmen et al., 2008). Given the anticipated
impacts of climate change on extreme
rainfall, there is a great deal of interest by
municipalities, CAs, provincial agencies,
infrastructure proponents, and risk managers
in developing rainfall IDF statistics that reflect
anticipated future climate conditions, so that
these can be reflected in design and
operation of water management systems.

In 2016, the Ontario Climate Consortium, in
partnership with TRCA and the Essex Region
Conservation Authority (ERCA), developed a
report on the Comparison of Future IDF
Curves for Southern Ontario (2016). This
report was used to provide TRCA, ERCA and
their partners with IDF statistics, curve plots
and equations in a form similar to
Environment and CIl i me
official plots. The overall goal of the study was
to understand the limitations and applicability
of different techniques for updating IDF
statistics in light of climate change for two
local study sites in southern Ontario:
Windsor-Essex Region and the Greater
Toronto Area (GTA). The flowchart in Figure E-
1 demonstrates a summary of the study
methodology.
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Research and review approaches

15 stations across

R T | couthern Ontario

processing

5 climate models 3 Scenarios

- MIROC-ESM [GCM] RCP4.5; RCP8.5
- CanRCM4-CanESM2 [RCM] RCP4.5; RCP&.5
- HRM3-HadCM3 [RCM] SRES A2

- HadGEMZ-ES [GCM] RCP4.5; RCP8.5
- CRCM3-CGCM3 [RCM] SRES A2

Climate model and
scenario selection for
2030s, 2050s, 2090s

2 Methods
- Delta-change
- Quantile mapping

Downsclaing and bias-

correction method
selection

Y

7 Extreme-value
Probability distribution | distributions

fitting and selection compared
(station-by-station and using 11 tests

Development of future IDF
curve ensemble and
comparative analysis

Figure E-1: Summary of overall study methodology (Coulibaly et al.,
2016)
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Based on this study, it was determined that no single met hod can be deemed as
developing future IDF curves. The study also showed that there are a number of challenges involved in
developing future extreme rainfall statistics. One of the most prominent challengesi s t he | ack
or éevsetlalbl i shed met hodol ogy 6 f dutureclpndtadhangegcenalds. There is
also a significant number of future climate projections from various climate modeling experiments that can be
used to represent future local climate. For example, due to the highly localized nature of many of the
atmospheric processes, downscaled datasets are necessary to account for the local processes that are part of
extreme rainfall events. Therefore, a wide range of climate models can be used to represent future climate.

While there is no single approach for developing IDF curves, the study focuses on evaluating the different
technigues for updating IDF curves. As such, the project began by undertaking a literature review of the various
technigues to update IDF curves using future climate projections. Based on the literature review, the delta
change approach and bias correction methods were selected based on their use in previous studies. Over the
years, there has been development in several online portals such as the IDFE_CC Tool, as well as the
dynamically downscaled approach that is used in the Ontario Climate Change Data Portal for developing IDF
curves that can also be considered. Their use and limitations are further outlined in the report.

Once the downscaling and bias-correction methods were selected, historical precipitation data was gathered
and analyzed from different stations across Windsor-Essex Region as well as the GTA. Several of the short
duration rainfall recording stations were screened for data quality and length, which included selection criteria
such as stations with a minimum 20-years of data, stations with the least gaps in precipitation records, and an
adequate geographic coverage across each study area. For maximum rainfall data collection, different storm
durations were considered including the 15 minute and 30-minute storms as well as the 1, 2, 3, 6, 12, and 24-
hour. The observed data was pre-processed and analyzed for trend detection using the Mann-Kendall (MK)
trend test t o drupwardoridowawaidtrend impEecigtétisn oeer time.

Following this, the project team examined and evaluated various distribution functions that can be used in the
development of IDF curves. Through this work, the Gumbel distribution used by Environment and Climate
Change Canada was identified as the appropriate distribution function for the selected study areas. This
distribution function was selected based on its use by Environment and Climate Change Canada across
Canada. While the Gumbel distribution has been used for this project, it has been shown that the most
appropriate distribution function will depend on the area being examined. This can be done by fitting different
distributions to each station observed data and then determining how they ranked based on different goodness
of fit criteria.

The final component prior to developing the IDF curves involved the integration of future precipitation datasets.
Due to the range in future precipitation datasets available, a subset of datasets from climate model outputs
were used. Criteria for selecting the most appropriate models included the performance of the climate models,
the temporal resolution of the data, as well as the availability of data. As such, five different climate models and
two RCP scenarios (RCP 4.5 and RCP 8.5) were selected as part of the ensemble. More information on the
models and RCP scenarios can be found in the report.
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Below is an example of a few of the IDF curves that were developed for the GTA. These IDF curves are based
on Pearson Airport, using the 2050s time period and compares historical observations with the future climate
data for the 2-year storm event and the 100-year storm event. The 10" and 90" percentile ranges have also
been included for each of the graphs.

300 4

2004

100 A

50 4

Intensity (mm/hr)

30 4

20 4

10+

15-min 30-min

10th to 90th Percentile Range

1-hr 2 hr &-hr 125hr 24 hr

Duration
-5 (a) Hist. Gumbel: R=22.05T %7 -~ (b) Hist. GEV: R=23.22T1 %77
- (c) Fut. Ensemble Min.: R=22.53T %% (d) Fut. Ensemble 10th Percentile: R=22.64T°7%8

-5 (e) Fut. Ensemble 90th Percentile: R=27.97T °7% -5 (f) Fut. Ensemble Max.: R=28.91T %"

Figure E-2: IDF Curve Comparison for Pearson Airport, 2050s 2-year Return Period Event (10th-90th Percentile)
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Figure E-3: IDF Curve Comparison for Pearson Airport, 2050s 100-year Return Period Event (10th and 90th
Percentile)
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Appendix F: Climate Summary Tables for Each Local
Municipality within Durham Region under the RCP 8.5
Scenario

Municipal Comparisons and Narrative

As described throughout this guidance document and in the Executive Summary, the climate conditions

across Durham Region is not the same. Local municipalities do exhibit changing conditions as a function of
geography, local features, and based on historical observed conditions. The following provides a comparison
across all 8 | ocal municipalities in Durham Region,
municipality exhibits the highest to lowest temperature, precipitation to understand relative changes. The
narrative described in the Executive Summary also describes geographic differences in temperatures (mean,
minimum and maximum) and total precipitation across the local municipalities in Durham Region.

Mean Air Temperature

Examining trends in average air temperature across Durham Region, the rate of increase across the entire
varies by 1l ocal municipality. Across Durhambés 8 | oc.
been identified to be warming the fastest. While all are warming, the following illustrates their ranking from

fastest rate of warming (on average moving into to future) to lowest rate of warming. Notably, these results

are consistent with the geographic trends described in this guidance document i namely, that warming is
occurring everywhere and over every time period, but fastest in the north (Brock, Scugog) and east
(Clarington, Oshawa):

Oshawa (+5.83 )
Brock (+5.33 )
Scugog (+5.23 )
Clarington (+5.23 )
Pickering (+5.23 )
Ajax (+5.13 )
Uxbridge (+5.13 )
Whitby (+4.83 )

Nk~ wNE

Extreme Hot Temperatures

Changing climate conditions are not necessarily uniform, and so while the characterization above describes
average annual air temperature, it is important to also capture how extreme temperatures may behave across

t he Regi on6s tie®mavihg intouhe ifutuie.pFarl extreme heat temperatures, there is strong
evidence that the Regionbdés northern municipalities
higher numbers of extreme heat days (likely across the summer season). The contrast between the north
(around a 16-day increase) compared to southern Durham (between 6- and 13-day increases) by end of
century is striking. This implies that there may be a need for the Region to consider how extreme heat warnings

are established and/or how to support local municipalities in addressing the demand for cooling and shade
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moving into the future. The following provides the ranking from highest (where projections show the most
extreme heat) to lowest (where projections show lesser extreme heat, but still significant increases):

Scugog (+16.6 days)
Uxbridge (+16.5 days)
Brock (+16 days)
Whitby (+13 days)
Pickering (+8.3 days)
Ajax (+7.1 days)
Clarington (+7 days)
Oshawa (+6.6 days)

N~ WNE

Extreme Cold Temperatures

Expressed in another way, e xt r eme t emper atures can al so be
municipalities. The number of days where temperatures are below -20C is indicative of how fast warming may
occur, or in other words how many fewer cold days may occur by end of the century - particularly in the winter
season. In this case, all reductions are substantial, where at least a month fewer extreme cold days are
projected. However, it is clear that in this case, local municipalities in the south end of Durham (e.g., Oshawa,
Pickering, Ajax and Clarington) are projected to lose more extreme cold days than those in the north
(Uxbridge, Scugog, and Brock). This result is also consistent with the study findings that warming is occurring
more quickly along the southern shoreline municipalities across Durham (e.g., see section 5). The following
provides the ranking from highest (where projections show a faster reduction in extreme cold days) to lowest
(where projections indicate a slower reduction in extreme cold days, but still significant reductions):

Oshawa (-37.4 days)
Pickering (-37.4 days)
Ajax (-37.1 days)
Clarington (-36.8 days)
Whitby (-35 days)
Uxbridge (-33.8 days)
Scugog (-33.3 days)
Brock (-33.8 days)

NGk~

Total Precipitation

Total amounts of precipitation are less certain across Durham Region in comparison than temperatures.
Historical conditions in and of themselves differ as it relates to observational records. However, the list
below indicates municipalities that are projected to have the largest change in precipitation by end of
century across the Region. Again, this does not necessarily imply they already receive the most precipitation
on an annual basis. Results summarized are ensemble averages and it is expected that variability is critical
when factoring in planning (e.g., see table 10 in this report). It should be noted that all these increases in
total precipitation are significant, where historical conditions are around 950mm over the year:

1. Oshawa (+31%)
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Clarington (+31%)
Brock (+31%)
Pickering (+27%)
Ajax (+27%)
Whitby (+27%)
Uxbridge (+27%)
Scugog (+27%)

Nk wWN

Extreme Precipitation

Finally, it is important to consider how extreme
municipalities. While less certain than the parameters described above, all trends indicate an increase in 1-
day maximum precipitation. Generally, it appears that the increase in extreme precipitation events may
increase more among the southern municipalities (Ajax, Whitby, Clarington and Oshawa) than those in the
north (Uxbridge and Brock) 7 though Scugog (ranked second highest) is a large exception. The following
provides a ranking from the municipalities projected to have the highest increase in extreme 1-day
precipitation (ranked #1) to the lowest (#8).

Ajax (+29mm in 1 day)
Scugog (+29mm in 1 day)
Whitby (+28mm in 1 day)
Clarington (+28mm in 1 day)
Oshawa (+27mm in 1 day)
Pickering (+26mm in 1 day)
Uxbridge (+25mm in 1 day)
Brock (+23mm in 1 day)

ONoakhwNME

The following summarizes each local municipality in detail, for the climate parameters derived as part of this
study. Each summary table provides annual and seasonal conditions where available along with the trend
and ensemble averages for near term (2011-2040), medium term (2041-2070) and long term (2071-2100)
projections.

City of Pickering

Table F-1: Climate Change Trends for the City of Pickering under the RCP 8.5 scenario

. . 1971- 2011-
Climate Parameter  Detailed Parameter 2000 2040
Annual 7.0 8.5 10.1 12.2 ¥
Mean Temperature  Winter -3.0 -4.3 -2.5 -0.2 yA
(°C) Spring 3.6 6.8 8.3 10.1 ¥
Summer 17.1 21.0 22.8 24.8 y
/N\
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Fall 10.1 10.3 11.9 14.0 ¥
Max Annual Temperature 11.6 13.0 14.5 16.5 y
_ Max Winter Temperature 2.1 -0.2 1.0 3.1 y
Maximum Max Spring Temperature 8.3 11.6 13.0 14.7 g
Temperature (°C) Max Summer Temperature 21.4 26.4 28.1 30.0 y
Max Fall Temperature 14.5 14.3 16.0 18.0 ¥
Min Annual Temperature 2.4 4.1 5.7 8.0 %
. Min Winter Temperature -8.0 -8.3 -6.4 -35 z
Minimum
Temperature (°C) Min Spring Temperature -1.0 2.1 3.6 5.6 Y
Min Summer Temperature 12.7 15.9 17.5 19.6 y
Min Fall Temperature 5.7 6.6 8.2 10.4 %
Days Above 35°C 0.2 0.8 2.8 8.5 y
Days Above 30°C 7.6 12.5 23.1 42.0 y
Extreme Heat Days Above 25°C 42.1 53.0 73.6 94.4 y
(dayslyear) Days Above 20°C (Tropical .
Nights) 100.6 112.2 129.2 145.6 y
Days Below -20°C 8.6 6.0 3.0 0.8 z
Extreme Cold Days Below -100°c: | 49.0 33.0 22.2 11.6 z
(days/year) Days Below 0°C (freezing 5
days) 146.8 128.9 111.6 89.1
Annual (mm/year) 949.7 1059.2 1132.3 1205.3 ¥
Winter (mm/season) 228.3 219.2 237.4 264.8 y
Total Precipitation  Spring (mm/season) 219.2 273.9 292.2 319.6 y
(mm) Summer (mm/season) 228.3 301.3 310.5 328.7 Y
Fall (mm/season) 273.9 273.9 283.1 292.2 y
Max Precipitation in 1 day ~
(mm) 33.8 50.3 55.0 59.6 y
Max Precipitation in 3 days ~
(mm) 54.9 71.3 76.7 83.9 y
Extreme Simple Daily Intensity Index "
Precipitation (SDII) (mm/day) 2.6 2.9 3.1 3.3 y
95" Percentile Precipitation ~
(mm) 36.1 44.5 45.3 45.3 y
99" Percentile Precipitation .
(mm) 11.2 14.7 15.1 15.1 y
Dry Days :
d gys/yyear) okl ol 1453 1950 1955  190.6 A
GREEN
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REe ol Possibility grows here.

REGION

www.climateconnections.ca | 69




Qe ONTARIO
CLIMATE CONSORTIUM

Supported by Toronto and Region Conservation Authority

Climate Parameter Detailed Parameter

Total Annual Consecutive

Dry Days 18.2 21.4 21.9 22.1 y
Growing Season Start Date &
(day of year) May 14 May 7 May 1 April 18 y
Growing Season Growing Season End Date g
(day of year) Oct 24 Oct 31 Nov. 9 Nov. 19
Growing Season Length o
(dayslyear) 163 178 193 215 y
Corn Heat Units 3193.9 3614.7 4152.5 4770.0 y
Growing Degree Days @
(Base 0°C) 3197.9 3563.4 4000.5 4546.9 y
Canola Growing Degree A
Days (Base 4°C) 2236.3  2523.0 2903.4 3375.0 y
Agricultural Forage Crops Growing o
Variables Degree Days (Base 5°C) 20245 2294.1 2660.5 3112.9 y
Corn and Bean Growing "
Degree Days (Base 10°C) 1119.2 1315.9 1613.6 1978.3 y
Growing Degree Days -
Risk of Presence of Pests %
(Base 15°C) 462.5 597.7 819.2 1100.8
Freeze-Thaw Cycles 7
(cycles per year) 79.6 78.4 69.7 60.3
Ice and Snow .
Ice Potential (days per 5
year) 28.8 15.6 12.7 8.5

Town of Ajax

Table F-2: Climate Change Trends for the Town of Ajax under the RCP 8.5 Scenario

: : 1971- 2011-
Climate Parameter Detailed Parameter 5000 2040
Annual 7.0 8.5 10.1 12.1 y
Mean Temperature Win_ter -3.0 -3.4 -1.8 0.4 g
°C) Spring 3.6 6.4 7.8 9.6 y
Summer 17.1 20.4 22.1 24.1 ¥
Fall 10.1 10.6 12.2 14.2 y
Max Annual o
Maximum Temperature 11.6 13.0 14.4 16.4 y
Temperature (°C) Max Winter -
Temperature 2.1 0.9 2.0 3.8 y
\\
D)
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