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Preface
Policy 7.11 SA of the Lake Simcoe Protection Plan commits the Ministry of Environment (MOE)
to develop a climate change adaptation strategy for the Lake Simcoe watershed within 2 years
of June 2, 2009 in collaboration with other ministries (MNR, OMAFRA, MOI and others), the
Lake Simcoe Region Conservation Authority (LSRCA), municipalities, First Nations and Métis
communities and interested academic institutions to increase the resiliency of the Lake Simcoe
watershed to the impacts of climate change and to ensure that the long-term health of Lake
Simcoe is restored and protected both now and in the changing future climate.
To support the development and implementation of the climate change strategy, MOE in
collaboration with other ministries and partners will:
1. Assess and evaluate the risk of climate change impacts on the watershed
2. Promote, conduct and support additional research to better understand the impacts of
climate change in the watershed, including impacts on wetlands, aquatic life, terrestrial
species and ecosystems, headwaters, conservation of life cycles, ground water
temperature and levels
3. Develop an integrated climate change monitoring program to inform decision making
and to assist with modelling the impacts of climate change on the watershed
4. Begin the development of climate change adaptation plans and promote the building of
a Lake Simcoe watershed community of practice in adaptation planning
Ontario’s Expert Panel on Climate Change report, Adapting to Climate Change in Ontario,
November, 2009, Recommendation #34, states that the Climate Change Adaptation Strategy
called for in the Lake Simcoe Protection Plan should be considered a pilot project with potential
application to strategies for increasing the climate resilience of other watersheds.
Outcomes from this forum will inform the development of the Lake Simcoe Climate Change
Adaptation Strategy. The Lake Simcoe Project office of the Ontario Ministry of the Environment
will develop the Lake Simcoe Climate Change Adaptation Strategy. Contributions to the
Adaptation Strategy will come from MOE, MNR and university scientists as well as from other
provincial departments and those who are responsible for dealing with climate change at a
municipal level. The Lake Simcoe Region Conservation Authority (LSRCA) will also play a crucial
role in both contributing knowledge of the impacts of climate change and specific watershed
vulnerabilities, as well as their perspectives of where additional monitoring stations are
required to best monitoring ongoing changes in climate. The Strategy will integrate several
existing projects and reports, drawing on the wealth of scientific information that has already
6
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been gathered. Watershed boundaries have been used to define the spatial scope of the
assessments.

The objectives of the workshop are:
1. To provide an overview of the methodology developed to assess the vulnerability of
the Lake Simcoe watershed and to hear presentations of those climate change
vulnerability assessment results;
2. To identify what climate change adaptation initiatives are being considered or are
underway in municipalities/counties and at the Lake Simcoe Region Conservation Authority;
3. To introduce forum attendees to, and conduct the initial steps of, a Policy Delphi
process to capture climate change adaptation options for the Lake Simcoe
watershed.
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Climate Change
Climate is naturally variable and has changed significantly over the history of the Earth. Over
the past two million years, the Earth's climate has alternated between ice ages and warm
interglacial periods. There are a number of climate variability drivers, from changes in the
Earth's orbit, changes in solar output, sunspot cycles, volcanic eruptions, to fluctuations in
greenhouse gases and aerosol concentrations. When considered together, they effectively
explain most of the climate variability over the past several thousand years. These natural
drivers alone, however, cannot account for the increase in temperature and accompanying
suite of climatic changes observed over the 20th century.
Climate change may manifest itself as a shift in mean conditions or as changes in the variance
and frequency of extremes of climatic variables. Global average surface and lower-troposphere
temperatures during the last three decades have been progressively warmer than all earlier
decades, and the 2000s (2000–09) was the warmest decade in the instrumental record (NOAA,
2010). Arndt et al., (NOAA, 2010) compared temperature data for the last 6 decades in Canada
and concluded that the 2000s was the warmest decade out of the six that are available for its
national study, with an average temperature of 1.1°C above normal. In order, from warmest to
coolest, the remaining decades are: 1990s (+0.7°C); 1980s (+0.4°C); 1950s (+0.1°C); 1960s
(0.0°C); and 1970s (-0.2°C) (Arndt et al., (NOAA), 2010).
There is growing recognition that planning for these changes may pose challenging problems
for natural resource managers (IPCC, 2001). There is confidence in the ability of climate
simulation models to provide natural resource managers with useful projections of future
climate scenarios to support planning and management across a range of space and time
scales.
Globally, two broad policy responses to address climate change have been identified. The first
is mitigation, which is aimed at slowing down climate change by emitting less greenhouse gases
in the atmosphere or capturing it through various sequestration methods. The second is
adaptation, which is aimed at adjusting resource uses and economic activities in order to
moderate potential impacts or to benefit from opportunities associated with climate change.
The primary focus of this workshop is on the latter approach.
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Planned Adaptation

Responses and
Investments
Figure 1: Adaptation and mitigation in the context of climate change (modified from Smit et al., 1999
cited in Lemmen et al., 2008).

Impacts and Adaptation
There is consensus among international scientists that climate change is occurring, that the
impacts are already being felt in regions all around the world and that they will only get worse.
“Impacts due to altered frequencies and intensities of extreme weather, climate and sea-level
events are very likely to change” (IPCC, 2007).
Even after implementing measures to reduce greenhouse gas emissions, some degree of
climate change is inevitable and is already having economic, social and environmental impacts
on communities. Adaptation limits the negative impacts of climate change and takes advantage
of new opportunities. It is not an alternative to reducing greenhouse gas emissions in
addressing climate change, but rather a necessary complement. “Adaptation will be necessary
to address impacts resulting from the warming which is already unavoidable due to past
emissions” (IPCC, 2007). Reducing greenhouse gas emissions decreases both the rate and
overall magnitude of climate change, which increases the likelihood of successful adaptation
and decreases associated costs. Adaptation is not a new concept as many approaches have
already allowed us to deal with our extremely variable climate. The nature and rate of future
climate change, however, poses some new challenges.
Ontario is relatively well adapted to present climatic conditions; however, it may not be ready
for the impacts resulting from changes in average and extreme climatic conditions. Recently,
Ontario has experienced climatic events such as such as drought, flooding, heat waves and
warmer winters. These have resulted in a wide range of impacts including water shortages,
lower Great Lakes water levels, declines in agricultural production, power outages and
9
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outbreaks of water-borne diseases.
Developing an effective strategy for adaptation requires an understanding of our vulnerability
to climate change. “Future vulnerability depends not only on climate change but also on
development pathway” (IPCC, 2007). Vulnerability is determined by three factors: the nature of
climate change, the climatic sensitivity of the system or region being considered, and our
capacity to adapt to the resulting changes. The tremendous geographic, ecological and
economic diversity of Canada means that the 3 factors mentioned above, and hence
vulnerabilities, vary significantly across the country. In many cases, adaptation will involve
enhancing the resiliency and adaptive capacity of a system to increase its ability to deal with
stress.
Adaptation responses include biological, technical, institutional, and economic, behavioural and
other adjustments that reduce vulnerability to the adverse impacts, or take advantage of
positive effects, from climate change. Effective responses to climate change require an
integrated portfolio of responses that include both mitigation and adaptation.
It is imperative that decision-makers understand current vulnerabilities and the extent of future
change to make well-informed adaptation planning decisions. Without this, insufficient actions
or actions that inadvertently increase vulnerabilities could be made.
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Overview of Preliminary Climate Change Vulnerability Assessment Results
Disclaimer: Please note that these results are preliminary findings. They have not
been assembled for the purpose of distribution or citation.
A. Biodiversity (Wildlife, Insects, Invasive Species)
WILDLIFE - Aaron A. Walpole, Trent University and Jeff Bowman, Ministry of Natural Resources
Avian Guild Richness
Performance Indicator Description
We selected species from four functional guilds to assess the status of the Lake Simcoe
ecosystem including; forest interior species, cavity nesting species, aerial foraging species, and
wetland obligate species. Within each subwatershed we compared guild species richness
between the two Ontario Breeding Bird Atlas surveys conducted in 1981-85 and 2001-05.
Changes in the richness of species within each guild between the two sample periods provided
insight into the current status and changes in specific characteristics of the ecosystem that
support each guild. We then used species-energy relationships for birds (Evans et al. 2005) to
predict changes in species richness in the watershed for time periods 2011-40, 2041-70, and
2071-2100 according to temperatures predicted by climate models (CGCM2-A2).
Initial Vulnerabilities
Our preliminary results suggest that all guilds have experienced an increase in species richness
since 1985 with the exception of the aerial foragers. Generally, there have been increases in
guild species richness in the Black River, Upper Talbot, and White Creek subwatersheds as well
as areas draining into Kempenfelt Bay. Conversely, there have been consistent declines in
species richness in all guilds in the Pefferlaw Brook, Beaver River, and Ramara Creeks
subwatersheds. We noticed that many of the newly arrived species are at the northern extent
of their geographic distributions. Our species-energy model suggests that avian species richness
will increase by 40% throughout the watershed by the year 2100 under current climate change
scenarios. This increase in richness will likely involve a shift in species assemblages as southern
species expand north and northern species recede further north.
Monitoring
Continued monitoring for avian species occurrence following protocols developed by the
Ontario Breeding Bird Atlas (Bird Studies Canada) is recommended in order to detect changes in
community structure and to validate future predictions about impacts of climate on species
richness in the watershed.
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Reference cited: Evans, K.L., Greenwood, J.J.D., and Gaston, K.J. 2005. Dissecting the speciesenergy relationship. Proc. R. Soc. B. 272:2155-2163.
Anuran Calling Phenology and Breeding
Performance Indicator Description
Previous research on the calling phenology of frogs in north-eastern North America has
demonstrated that several species have begun calling earlier in a fashion consistent with
observed increases in spring temperatures over the past century (Gibbs et al. 2001). We
explored temporal trends in calling behaviour of local frog and toad species in relation to
climate to gain insight on the impacts of a changing climate on the reproductive phenology of
local Anuran species. Based on contemporary relationships between calling behaviour and
climate variables, we made predictions of future climate change impacts on the breeding
behaviour of amphibian populations in the region.
Initial Vulnerabilities
Since 1995, spring breeding frog and toads have begun calling earlier in the year. These findings
are consistent with an observed significant increase in spring temperatures since 1995. Further,
we detected a significant correlation between calling and spring temperature. Our results
suggest that amphibian breeding behaviour in the Lake Simcoe watershed is correlated with
spring temperatures which have risen considerably over the past 15 years (since 1995). Based
on these relationships we predicted changes in breeding phenology of frogs in the Lake Simcoe
watershed under future climate change scenarios (CGCM2-A2) to the year 2100.
Monitoring
Survey data that is evenly distributed across the landscape would permit an analysis of the
impacts of land cover and land-use practices on amphibian occurrence and relative abundance
which may interact with temperature (and therefore climate change) to impact amphibian
populations in the watershed.
Reference cited
Gibbs, J.P. and Breisch, A.R. 2001. Climate Warming and Calling Phenology of Frogs near Ithaca,
New York, 1900-1999. Conserv. Biol. 15: 1175-1178.
Landscape Fragmentation
Performance Indicator Description
The process of landscape fragmentation results in smaller and more isolated habitat patches.
This leads to smaller and more isolated populations of wildlife that, as a consequence, suffer an
increased risk of localized extinction. Fragmented populations are therefore more vulnerable to
the changing environmental conditions predicted by climate change. We measured landscape
15
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fragmentation with effective mesh size (Jaeger 2000) to identify areas that are vulnerable to
climate change in the Lake Simcoe watershed.
Initial Vulnerabilities
Our analysis indicate that the Black River, Beaver River, and Upper Talbot River subwatersheds
are the most well connected (i.e., not fragmented) areas in the Lake Simcoe watershed.
Conversely, Lovers Creek, Barrie Creeks, Hewitts Creeks, and Maskinonge River subwatersheds
are among the most fragmented areas and represent the highest vulnerabilities since wildlife
populations inhabiting these subwatersheds would be comparatively small and isolated.
Monitoring
Our ability to monitor trends in fragmentation over time would greatly improve our
understanding of the threats to wildlife populations and to identify areas that would benefit
from more aggressive land management strategies. Thus, land cover data obtained by similar
methods (e.g., same land cover classifications) over more frequent time intervals would permit
a more thorough understanding of the process and impacts of landscape fragmentation in the
Lake Simcoe watershed.
Reference cited
Jaeger, J.A.G. Landscape division, splitting index, and effective mesh size: new measures of
landscape fragmentation. Landsc. Ecol. 15: 115-130.
Mammal Species Richness
Performance Indicator Description
Changing climatic conditions have altered habitat quality and have resulted in distributional
shifts of many species. Species at their northern range extent that are limited by climate will
likely expand their ranges as climate warming alters habitat quality along the northern range
edge. Thus, populations at their northern range boundary are poised to benefit from a changing
climate while populations at their southern range edge are more likely to contract their range.
We used species – energy relationships for Canadian mammals (Kerr and Packer 1998) to
explore the impacts of climate change scenarios (CGCM2-A2) and make predictions about
changes in mammal species richness in the Lake Simcoe watershed for time periods 2011-40,
2041-70, and 2071-2100. We also made predictions about range expansion for a specific
species that reaches its northern range boundary in the Lake Simcoe region with climate
envelop modelling.
Initial Vulnerabilities
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Based on species-energy relationships we predict that mammal species richness will increase
20% by the year 2100 in response to changes in annual temperature according to CGCM2-A2.
This change is expected to be characterized by an influx of species currently at their northern
range boundary and a retraction of the distributions of northern species. We identify several
candidate species that are poised for expansion north into the Lake Simcoe region but are
currently limited by climatic variables and discuss the implications of a changing mammalian
community on the Lake Simcoe ecosystem. Finally, we present a case study of how climate
change will facilitate range expansion and use climate envelope modelling to predict changes in
the distribution of a southern mammal, the Virginia opossum (Didelphis virginiana).
Monitoring
More frequent and higher resolution sampling for mammalian species is required in the
watershed. Currently, we are aware of no database that sufficiently documents the occurrence
or absence of all mammalian species potentially occupying the Lake Simcoe watershed. These
data should be collected repeatedly over time (e.g., every 5 or 10 years) with similar techniques
and cover the extent of the watershed to permit a comprehensive analysis of the impacts of
climate change on the mammalian community.
Reference cited
Kerr, J. and Packer, L. 1998. The impact of climate change on mammal diversity in Canada.
Environ. Monit. Assess. 49: 263-270.
INSECTS – David Beresford, Trent University (forthcoming)
INVASIVE SPECIES, Eric Sager, Trent University (forthcoming)
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B. Ecosystems (Species at Risk, Terrestrial, Aquatic Habitat and Hydrology)
SPECIES AT RISK – Sam Brinker, Colin Jones, Jim Mackenzie, Ministry of Natural Resources
(forthcoming)
VEGETATIVE COVER – Dr. Danijela Puric-Mladenovic, University of Toronto; Dr. Jay Malcolm,
University of Toronto; Julia Buck, University of Toronto
Approach
Continued climate change is likely to lead to a latitudinal shift in terrestrial species distribution
and cause changes in species abundances and plant growth rate. In addition to this, plant
species phenology and health, their ability to produce seed and to reproduce are likely to be
affected by climate changes too.
Within the Lake Simcoe watershed there is diversity of vegetation types (forests, swamps,
successional forest, prairie –savannah, alvar, etc) and different plant forms (ferns, moss, forbs,
trees, shrubs) that will be affected by climate change. Forest vegetation and tree species, as
predominant natural vegetation of Southern Ontario and thus Lake Simcoe watershed, defines
and forms habitat for other plant (e.g. ground vegetation, moss) and animal species.
Forests due to their commercial and traditional (timber / wood) values have been the most
inventoried and mapped vegetation, that can be more readily used for climate modelling and
impact studies. For this report we considered models of tree species distribution and
abundances, and looked at the possible changes in forest composition. This report contains the
preliminary findings related to the abundance and distribution of Ontario tree species under
the Canadian Climate Model Version 2 for the three standard future time periods: 2011-2040,
2041 - 2070 and 2071-2100.
Besides species distribution and abundances that were modeled, additional terrestrial /
vegetation indicators are listed and discussed. The proposed indicators are relevant to both
forests and other terrestrial vegetation types.
Modeling tree species distribution and abundances brief methodology
Ecological niche modeling approach was used to develop individual tree species models. These
models in combination with the future climates were used to project the potential future
distributions of tree species for Lake Simcoe, Ontario. The future distributions maps show areas
in which a species should be able to live assuming that it would be able to migrate across
landscapes, or areas in which a species should not find future suitable environments. From the
species distributions and abundances watershed and sub-watershed vulnerabilities are assed
18
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for the three time periods (2011-2040, 2041 - 2070 and 2071-2100) for Canadian Climate Model
Version 2 climate scenario. Species models were developed and based on information
collected on tree presence/absence and underlying environmental data (climate, soils,
topography, and land-use) for the province of Ontario, Canada, and the eastern United States
(east of 100º W longitude). The eastern United States was included as it includes the southern
portion of the ranges of many Ontario species. In addition to these, the eastern United States
also includes species that under future climates could find suitable habitat in Ontario and Lake
Simcoe Watershed. Models and data sets used to develop and validate the models were put
together by Malcolm, Puric-Mladenovic, and Shi in an earlier effort (Malcolm et al. 2003, 2005).
Tree abundances and distributions in Ontario were compiled at a spatial resolution of 300 arcseconds (approximately 7¬8 km) which corresponds to the resolution of the Canadian Climate
Model Version 2. This scale was also chosen because several other key environmental data sets
were at this scale and because it approximated the 20-km scale used by Prasad and Iverson
(1998, 2002), which made it possible to incorporate their data on eastern U.S. tree distributions
and environmental variables.
In total, presence/absence of 66 tree species from Ontario and 64 eastern U.S. species were
modeled, and in addition abundance for 17 Ontario tree species was modeled. Using the
projected species abundance information, the future vegetation assemblages (aka types) were
derived using statistical clustering.
The analysis and findings are represented at the resolution of the climate grid (300 arcseconds), as well as by 18 sub-watershed polygons.
Lake Simcoe
Theme characterization
Lake Simcoe watershed is contained within the mixed forest region (eco-region 6e)
Over half of the Lake Simcoe watershed is in some form of natural cover (forest ,
grassland , water)
Natural vegetation of the watershed is predominately composed of forests, with some
grasslands and wetlands.
The amount of natural vegetation differs among sub-watersheds. Watersheds
predominated with better quality agricultural soils, have less natural vegetation cover
remaining as well as more urban and developed lands.
The existing forest is relatively young (approximately 80 years)
Despite the difference in data collection standards’, there is more information on
forests and woodlands than any other natural terrestrial vegetation.
Climate change is likely to have numerous impacts on vegetation range, abundances,
distribution, health, and seed production.
19
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o Species response to climate is individualistic rather than as associations thus
vegetation types as known today are likely not to exist in the future.
Besides climate change other pressure on terrestrial vegetation and forest are likely to
continue:
o Fragmentation of natural remnants due to land development
o Pressure on forests for biomass production
o Demand for more forest products
o Invasive species both plant and animals
o Pollution
Table 1: Lake Simcoe Indicators and their Current State

Indicator

Current State
Regional vegetation and species range and distributions are primarily defined and
driven by climate.
Possible data:

Species range
and
distribution

Species
abundance

Historical and existing vegetation information and inventories that are spatial or can
be spatially referenced. Required minimum is that this information can be translated
into species presence / absence with relatively accurate geographic location.
Information and data sources that can be used : forest inventories, ecological land
classification, species at risk records, plant databases, herbarium records, species
range maps, etc.
Species abundance across landscape varies due to both environmental characteristics
(environmental gradients), species competition and disturbances including human
induced activities. Within the optimal climate environment species abundances are
typically higher, while at the tale of the climatic distributions species abundances are
usually lower.
Possible data:
Quantitative vegetation inventory and information: Forest inventory plots, Forest
Resources Inventory Mapping, MNR forest ecosystem plots, Maycok’s plots, National
Forest Inventory Plots, Growth and Yield Plots, Long Term Monitoring Plots, research
plots.

Invasive
species
distribution
and
abundances
20

Number of invasive plant and insect species have already and permanently changed
Southern Ontario Forests (e.g. Dutch Elm Disease and Chestnut Blight). Ontario is
under continuous threat from exotic organisms that affect ecosystems and forest.

Lake Simcoe Climate Change Adaptation Science Workshop

2010

Possible data:
Vegetation inventories and invasive species information from the invasive species
tracking system, the Canadian Food Inspection Agency (CFIA), Canadian Forest
Services, Ministry of Agriculture, Urban forest inventories, Conservation Authorities,
etc.

Recent research studies have shown changes in tree growth and increases in biomass
across many forest types and related these to climate change.

Tree
biomass
and growth

Possible information to use:
The existing Growth and Yield plots and similar tree inventory information. These
detailed field based information could be used in combination with quantitative
inventories and remote sensing. There are a number of Growth and Yield plots across
Ontario and a few within the Lake Simcoe watershed.
Plant phenology is a seasonal plant activity (e.g. budbreak, flowering, or autumn leaf
drop) driven by environmental factors predominantly climate.

Plant
phenology

Seed
production
and seed
quality

Possible information to use:
Plant phenology information from agricultural records (e.g. flowering of fruit species);
start of sugar maple production; botanical gardens records, environmental records on
pollen-releasing; satellite images (e.g. NDVI from MODIS, LANDSAT).
The ability of plants to produce seed of good quantity and quality that can be
dispersed and enable plant establishment is a critical and probably the most
important to respond to climate change.
Possible information to use:
Seed crop information from the Ontario Tree Seed Plant and the Forest Gene
Conservation Association (FGCA).
Evaluating and assessing health of forest ecosystem and tree species has been used as
indicator of environmental pollution and stress for many years.

Vegetation
Health

Possible information to use:
Tree health information from forest health monitoring plots, from growth and yield
and similar protocols.
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Performance Indicators
Table 2: Lake Simcoe Indicators and Associated Climate Change Impacts
Indicator

Climate Change Impact
Average projected range sizes for the most extreme climate scenarios when
translated into kilometres and distributional shifts could range up to approximately
120,000 km2. Thus some species could extend their range and find suitable habitats
and environments in distant north, while it is expected that range of some more
northerly species will decrease. For species with the narrow distribution range or
those are at the tail of their distribution in Ontario, the changes are likely to be seen
at sub-regional levels such as watershed. However, for a wider range distribution
species, these shifts are to be more noticeable at the regional level.

Species
range and
distribution

Indicators:
Regional and local range and distribution under the existing and future climates.
Example:
While local distribution of Sugar maple for the Lake Simcoe watershed remains stable
until 2070, after that period there is a sharp decline in this species abundance. This
indicates that if this species is monitored at the watershed scale, change in its
distribution is likely to be seen too late.
Species that are at southern range of distribution are likely to be negatively affected
by climate change. Species that are at northern range of their distribution (e.g.
Carolinian species) under warmer climate could find suitable habitats with the Lake
Simcoe watershed.
Species response to climate change is individualistic and while species might extend
and decrease their range, along with this decrease or an increase in species
abundance are likely to happen.

Species
abundance

Combination of distributional shifts and species abundance are likely to result in
vegetation types not known in today climate. These in turn will have different impacts
on associated ground vegetation, wildlife, landscapes, and ecological goods and
services vegetation provide, as well as associated management and conservation
activities.
Indicators
Quantitatively measured local abundance serves as both local and regional indicators.
Regional indicators – derived from the local abundances and extrapolated across
landscape.
Composite indicators– local / ground measured abundances combined and integrated
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with satellite images provide a powerful tool for forecasting changes across
landscapes and fast adaptation to the impacts of climate change.

Invasive
species
distribution
and
abundances

Biomass
and growth

Climate change is likely to have both direct and indirect impacts on invasive species. It
could contribute to an Increase and faster movement of invasive species and / or
cause habitat degradation so invasive species will take the advantage of the newly
created environments. Some invasive plant species are likely to respond positively to
climate change, and as a result extend their habitats and range, and increase in
abundance.
Indicator
Invasive species range
Invasive species abundances
Identifying this rate of changes across species and landscapes is important for
estimating biomass, carbon and their fluxes. Prolonged vegetation session in Ontario
will likely have an impact on growth and biomass of some species. Species that are
likely to take the most advantage of this are wide range species early successional and
fast growing species.
Indicator:
Tree growth changes over a period of time
Changes in tree species growth curves
The ability of plants to produce seed of good quantity and quality that can be
dispersed and enable plant establishment is a critical and probably the most
important for adapting to climate change. Climate change is likely to have effects on
seed production and in case of extreme events (e.g. early spring frost, drought) there
could be some growth declines or seed mortality.

Seed
production

For example, changes in phenology early flowering and budding in combination with
later spring frost are likely to have a negative impact on seed production, this in
combination with crop year could leave a very narrow window for seed collection for
some species.
Indicators:
Seed abundance and frequency by crop year in relation to climate and spatial location
Seed quality –germination success by crop year in relation to climate and spatial
location.

Species
phenology
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The timing of phenological events is sensitive to both short- and long-term variability
in climate, and therefore it is a robust indicator of the effects of climate change. Early
spring budding, flowering are likely the best indicators of the climate trends on the
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local scale, but also at the regional scale.
Indicators:
Local on ground indicators - measure and observe phenological events by different
species locally.
Regional indicators - satellite images indicators – tracking phenology using satellite
images and vegetation indices derived from them (e.g. NDVI, vegetation greenness);
Composite indicators – Local and satellite images indicators combined; The integration
of phenological observations and climate models creates a powerful tool for
forecasting and adaptation to the impacts of climate change.
Phenology of urban and rural vegetation should be observed separately.
Vegetation
Health

Evaluating and assessing health of forest ecosystem and tree species has been used as
indicator of environmental pollution and stress for decades.
Indicators:
Local on ground indicators - measure and observe health of individual trees and
vegetation
Regional - satellite images indicators – monitoring health using satellite images.
Composite indicators – Local and satellite images indicators combined; The integration
of on-ground observation, satellite images creates a powerful tool for monitoring
health across landscapes and prioritizing management and adaptation activities.

Terrestrial Ecosystems/Vegetative Cover
Indicator – Species abundance

The species models indicate that changes in tree abundances are likely to be influenced by the
future climates. The graph above shows vulnerability of species abundances to climate changes.
Vulnerability is expressed as coefficient of variation of species abundance for periods from 1960
to 2100. Abundances for the modeled tree species are likely to decline, however the magnitude
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of the decline differs by species. While some species like white cedar and red oak will be more
resilient and able to adapt to the new environments, some species like yellow birch and
hemlock will be less abundant within the watershed.

The graph above show vulnerability of species abundances to climate changes expressed as
coefficient of variation for two time periods – period until 2071 (orange) and period until 2100
(green).
While the models show that abundance of most species sharply declines by 2070, model of
sugar maple indicates that this species abundance will sharply decline after 2070.
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Indicator – Species abundance

Average abundances for Red maple (Acer rubrum), white pine (Pinus strobus) and Sugar maple
(Acer saccharum) for the entire Lake Simcoe watershed for four different time periods.
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Indicator – Species abundance

Average abundances eastern white pine (Pinus strobus) for the Lake Simcoe sub-watershed for
four different time periods.
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Average abundances for Red maple (Acer rubrum) for the Lake Simcoe sub-watershed for four
different time periods.
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Indicator – Species abundance

Average abundances for Sugar maple (Acer saccharum) for the Lake Simcoe sub-watershed for
four different time periods.
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Average abundances of Sugar maple (Acer
saccharum) for the three future time periods
across Ontario. The Lake Simcoe watershed is
within the high abundances of Sugar maple for
the two periods 2011- 40 and 2040-70.
However, after 2070, models indicate that this
species abundance will sharply decline not just
across the Lake Simcoe watershed, but also
across Southern Ontario and most of the mixedforest region.
This indicates that while at the watershed scale
decline of Sugar maple abundances might not be
as evident until 2070, when looking at the
Ontario scale, it is apparent that the species
abundances is changing. Thus indicators and
monitoring need to be relevant at both of these
scales.
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Initial Vulnerabilities
Shifts in tree species distribution and vegetation types due to climate change are likely
to happen at fast pace and across regions and watersheds,
Species response to climate change and shifts are individual, rather than as vegetation
types we know today.
There is an uncertainty on how fast species will be able to reproduce and move within
fragmented landscape.
Changes in species ranges, abundances and biomass will likely to have an impact on
vegetation structure and composition and thus on ecological goods and services
provided by vegetation.
Changes in vegetation structure, composition and health will have an impact on various
species that are dependent on vegetation for food sources or habitats.
Monitoring
Climate change indicators and monitoring for climate change need to be embedded within the
existing management and conservation activities across different spatial scales and
organization. This process could start by standardizing the historical and existing information to
the best possible level so at least species ranges can be observed, forecasted and this
information used to assess vulnerabilities across different scales. However, the future inventory
efforts should be moved towards standard, base information that is embedded within the
existing inventories and observation activities and efforts. They also need to be integrated and
coordinated across organization and programs.
Gap: Vegetation monitoring and vegetation inventory are happening sporadically and a longterm, integrative and consistent approach to monitoring and inventory are required.
Gap: Monitoring components need to be integrated into inventory, sampling and other natural
resources observation activities
Gap: Vegetation inventories with primary objectives of vegetation monitoring and labelling
could be used only for monitoring species range, assuming that spatial location related to
vegetation is relatively accurate.
Gap: Need to collect base vegetation information that is not prone to the present day grouping,
classification or generalization.
References:
Iverson, L.R. and Prasad, A. 1998. Predicting abundance of 80 tree species following climate
change in the eastern United States. Ecological Monographs 68(4): 465-485.
Iverson, L.R. and Prasad, A. 2002. Potential redistribution of tree species habitat under five
climate change scenarios in the eastern US. Forest Ecology and Management 155: 205-222.
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Malcolm, J., Puric-Mladenovic, D. and Shi, H. 2003. Adaptive responses to climate changeinduced tree migration in Ontario. Final Report to the Ontario Living Legacy Trust, April 30th,
2004. Faculty of Forestry, University of Toronto, 43 pp. + appendices and maps (CD).
Malcolm, J. R., Puric-Mladenovic, D., and Shi, H. 2005. Implications of climate change on
disturbance regimes, carbon stocks, management and biodiversity of Canada’s boreal forests.
Pp. 100-109 In: Implications of a 2°C global temperature rise for Canada’s natural resources.
Eds: T. Tin. WWF-World Wide Fund for Nature, Gland, Switzerland.
AQUATIC HABITAT - Dr. Cindy Chu, Trent University
Wetlands
Theme characterization
35,596 ha of wetlands within the Lake Simcoe watershed, which is approximately 13.5% of the
total watershed area (Beacon Environmental and the Lake Simcoe Region Conservation
Authority (LSRCA), 2007)
Table 3: Wetlands in the Lake Simcoe Watershed

Barrie Creeks
Beaver River
Black River
East Holland River
Georgina Creeks
Hawkestone Creek
Hewitts Creek
Innisfil Creek
Lovers Creek
Maskinonge River
Oro Creeks north
Oro Creeks south
Pefferlaw River
Ramara Creeks
Talbot River
Uxbridge Brook
West Holland River
White’s Creek
Wetlands on islands

Wetland Types
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Area of
Subwatershed (ha)

Total Wetland
Area by
Subwatershed (ha)

Total Wetlands by
Subwatershed
(% of subwatershed)

3,781
32,724
37,536
23,910
4,946
3,971
1,751
10,757
5,995
7,179
8,344
5,769
28,482
14,350
7,056
17,495
35,410
10,520
1,912

109
5,378
7,392
2,124
627
862
70
1,145
647
451
805
599
4,133
3,200
533
1,950
2,935
1,926
663

2.9
16.4
19.7
8.9
12.7
21.7
4.0
10.6
10.8
6.3
9.7
10.4
14.5
22.3
7.6
11.1
8.3
18.3
34.7
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Marshes are commonly associated with lakes, ponds, rivers and creeks and are subject to
fluctuations in water levels, they make up 12.6% of the wetlands within the Lake Simcoe
watershed
Fens are primarily characterized by specific kinds of plants that are found only in these
habitats; almost all known fens in the watershed are peat-based. There are approximately
450 ha of this wetland type in the watershed
Bogs have all of their nutrients delivered by rainfall, they are nutrient poor and the pH is
often very acidic (e.g., 3.9 – 4.2), they rarely have more than 14 species of vascular plants,
only 25 ha of true bogs have been identified within the watershed
Swamps are generally defined as a community with at least 25% cover by woody
vegetation, swamps represent 11.5 % of the total land area and 86% of all wetland areas in
the watershed
Coastal wetlands are distributed along the northeastern and southwestern shoreline of the
Lake
Portions of Keswick, Colbar, Bradford, Deerhurst and Holland marshes are former wetlands
that were drained for agriculture
Restoration efforts underway in several wetlands e.g., a new wetland complex was
designed at Fairy Lake to provide enhanced water quality and wildlife habitat via the
creation of a series of permanently and seasonally wet ponds and fish spawning areas
Environment Canada currently conducting baseline inventory of wetlands in watershed
Performance Indicators
Wetland extent (area): use relationship between wetland area, and water levels and/or climate
variables (air temperature and precipitation) through time to forecast changes in wetland
extents with climate change
Input data: historical and current wetlands and shoreline shapefiles or aerial photographs of
wetlands through time, water levels data, climate data past and future to model extents
Wetland indicator plant species: apply Hydrological Vulnerability Index (Mortsch et al. 2006) to
plant species present in wetlands to determine which wetlands are susceptible to climate
change based on habitat preferences and life history characteristics of current species
composition
Input data: Shapefiles with plant species composition in different wetlands surrounding Lake
Initial Vulnerabilities
Non-climate stressors: agricultural and urban development
Climate and stressor links:

33

Lake Simcoe Climate Change Adaptation Science Workshop

2010

o growth of plants within wetlands affected by climate variables and water quality
(e.g. air and water temperature, sediment fluxes, precipitation etc.);
o agricultural and urban development may negatively impact water quality thus
affecting plant growth, community composition and overall availability of
wetland habitats
Additional Monitoring Suggestions
evaluate 11,000 ha of wetlands that have not been evaluated for ecological significance
Rivers and Streams (hereafter, all flowing waters are referred to as streams)
Theme characterization
There are 78 km of larger watercourses (≥2nd order streams) in watershed
Headwaters of many streams drain the Oak Ridges Moraine and flow northward to Lake
The health of the streams in the Lake Simcoe watershed have been evaluated using the
eight criteria below:
Streamside
vegetation

Barrie Creeks
Beaver River
Black River
East Holland
River
Georgina
Creeks
Hawkestone
Creek
Hewitts Creek
Innisfil Creek
Lovers Creek
Maskinonge
River
Oro Creeks
north
Oro Creeks
south
Pefferlaw
River
Ramara
Creeks
Talbot River
Uxbridge
Brook
West Holland
River
White’s Creek
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Forest
cover

Forest
interior

Phosphorus
concentration

Fish
community

Benthic
invertebrates

Hardened
surfaces

Storm
water

E
B
A

C
C
A

E
D
A

1/D
A
B

C
C
C

C
B
B

E
A
A

E
E
D

C

B

C

C

C

B

D

D

C

A

A

I/D

B

I/D

B

D

A

A

A

A

C

B

A

N/A

C
D
B

C
A
A

D
B
B

I/D
I/D
B

C
C
C

B
I/D
C

B
B
C

A
D
D

C

D

E

C

B

D

A

C

A

A

A

I/D

C

A

B

E

A

A

B

I/D

C

A

A

N/A

A

A

A

B

B

C

A

N/A

C

A

A

I/D

C

D

A

N/A

D

A

A

I/D

I/D

I/D

A

N/A

A

A

A

I/D

C

A

A

C

C

B

C

D

C

B

A

D

D

B

B

I/D

C

B

A

N/A
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Wide gradient of stream health within the Lake Simcoe Basin
Negative correlation between stream health indicators and human development

Performance Indicators
Thermal regime: model current and historical temperatures in Lake Simcoe basin streams using
surrounding subwatershed variables (riparian cover, groundwater, upstream surface water and
air temperature (Chu et al. 2010; Mohseni et al. 1999).
Input data: shapefiles of streams, subwatershed characteristics, climate and land use scenario
data
Indicator fish species: given thermal preferences of different species (and current distributions)
identify which species will have the greatest changes in distributions with climate change
Input data: Species distribution maps of stream-dwelling species in subwatersheds, climate
data
Likelihood index: Chu et al. (2008) developed an index of the likelihood that coldwater fish
species would be retained in watersheds given the groundwater and air temperature conditions
within the watersheds.
Input data: subwatershed, fish species, groundwater shapefiles and air temperature climate
scenarios
Initial Vulnerabilities
land use within the watershed can significantly impact stream health via e.g.,
sedimentation, point and non-point source pollution etc.
changes in climate variables could disrupt fluvial and thermal regimes in the streams
resulting in habitat modifications, these changes may be exacerbated by development
and human activities such as groundwater withdrawal and damming
Additional Monitoring Suggestions
currently, 12 flow monitoring stations, 14 groundwater wells, temperature data loggers
throughout the rivers and streams in the watershed, 18 water quality stations, fish and
benthic inventories as part of the Lake Simcoe Watershed reporting (LSRCA, 2009)
more extensive network of coupled water quality and flow gauges would provide realtime, more detailed data of the habitat available for stream biota.
Lake Simcoe
Theme characterization (focuses on fish as indicators)
Lake has surface area of 72,300 ha, regulated system, long-term ecological monitoring
by OMOE, OMNR and LSRCA
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Excessive amounts of phosphorus were identified as the leading source of pollution over
30 years. Direct urban runoff accounts for nearly 15% of the total phosphorus load
entering Lake Simcoe every year (Scott et al. 2005)
49 fish species (LSRCA, 2010)
Reporting for lake ecosystem health indicators in 2008 showed:
o
o
o
o

phosphorus levels are declining but can be reduced further
water clarity improving but consequences unknown
benthic invertebrate community in good condition
macrophyte inventory in Cook’s Bay in 2006 indicated total plant biomass has
increased
o coldwater fishes in decline, populations of lake trout (Salvelinus namaycush)
and lake whitefish (Coregonus clupeaformis) have been sustained by annual
stocking programs
o relatively stable population of warmwater (e.g., largemouth bass (Micropterus
salmoides), and coolwater (e.g., yellow perch (Perca flavescens) fishes
Performance Indicators
Macrophyte dynamics: submergent and emergent macrophyte beds are influenced by climate
and land use variables (particularly phosphorus inputs from terrestrial sources)
Input data:
Fish habitat availability: habitat available for different thermal guilds of fishes (warm-, cool- and
coldwater species) is influenced by the morphometry of the lake and climate variables (and
other variables). A model developed by Shuter et al. (1983) will be coupled with an anoxia
water quality model (Cornett, 1989) to predict the extent of the epi-, meta- and hypolimnion
and anoxic conditions within the lake
Input data: current and future climate data, lake morphometry data
Productivity of indicator fish species: assess historical trends and project future changes in
productivity of recreationally and commercially important species
Input data: stock data through time, past, current and future climate data
Initial Vulnerabilities
Phosphorus inputs, zebra mussel-induced increases in water clarity and changes in
water temperature associated with climate change may favour the growth of
photosynthetic organisms in the lake, as these organisms die, the hypolimnion may
become more anoxic
Invasive species such as zebra mussels and round gobies disrupting trophic dynamics
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Land use changes in watershed has lake-wide effects e.g., point and non-point source
pollution
Additional Monitoring Suggestions
macrophyte monitoring network throughout lake would provide indication of habitat
use and habitat availability for different species
References
Chu, C., Jones, N.E. and L. Allin. 2010. Linking the thermal regimes of streams in the Great Lakes
Basin, Ontario, to landscape and climate variables. River Research and Applications 26: 221241.
Chu, C., Jones, N.E., Mandrak, N.E., Piggott, A.R. and Minns, C.K. 2008. The influence of air
temperature, groundwater discharge and climate change on the thermal diversity of stream
fishes in southern Ontario watersheds. Canadian Journal of Fisheries and Aquatic Sciences 65:
297-308.
Cornett, R. J. 1989. Predicting changes in hypolimnetic oxygen concentrations with phosphorus
retention, temperature, and morphometry. Limnology and Oceanography 34: 1359-1366.
Beacon Environmental and the Lake Simcoe Region Conservation Authority (LSRCA). 2007.
Natural Heritage System for the Lake Simcoe Watershed. Prepared for the Lake Simcoe Region
Conservation Authority and the Lake Simcoe Environmental Management Strategy. 142 pp plus
appendices.
LSRCA (Lake Simcoe Regional Conservation Authority). 2010. www.LSRCA.on.ca
Mohseni O. and Stefan, H.G. 1999. Stream temperature/air temperature relationship: a physical
interpretation. Journal of Hydrology 218: 128-141.
Mortsch, L., Ingram J., Hebb A. and Doka S. (eds.) 2006. Great Lakes coastal wetland
communities: vulnerability to climate change and response to adaptation strategies. Final
Report submitted to the Climate Change Impacts and Adaptation Program, Natural Resources
Canada. Environment Canada and the Department of Fisheries and Oceans, Toronto, ON, 251
pp.
Scott, L.D., Winter, J.G. and Girard, R.E. 2005. Annual water balances, total phosphorus budgets
and total nitrogen chloride loads Lake Simcoe (1998 – 2004). Lake Simcoe Environmental
Management Strategy Implementation Phase III, Technical Report No. Imp. A.6.
Shuter, B.J., Schlesinger, D.A. and Zimmerman, A.P. 1983. Empirical predictors of annual surface
water temperature cycles in North American lakes. Canadian Journal of Fisheries and Aquatic
Sciences 40: 1838- 1845.
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HYDROLOGY – Scott MacRitchie, Ministry of the Environment and Eleanor Stainsby, Ministry of
the Environment
Approach
This sector addresses impacts to quantity and quality of water in Lake Simcoe and the 18
subwatersheds that constitute the watershed. Part A is the preliminary findings related to the
Lake and Part B is for the tributaries in the 18 subwatersheds.
Climate change impacts based on CGCM 3.1 Climate Model, A2 Scenario.
Lake Simcoe
Theme characterization
Relevant features and data (from http://www.ourwatershed.ca/sgb/watersheds/lsrca.php ):
Over 400,000 people live in the 4 regions/counties in 18 municipalities and 18
subwatersheds;
31 drinking water systems, serviced by 84 municipal wells and 7 surface water intakes;
Groundwater is the primary source of potable water. With the exception of Sutton,
Keswick, Alcona, Lagoon City and Beaverton, which use surface water from Lake Simcoe;
and Newmarket and Aurora, which rely on groundwater supplemented with surface
water from Lake Ontario, all communities in the watershed depend on either private or
municipal groundwater supplies;
51% of the watershed is natural heritage features including swamps, forests, tall grass
prairies and open water;
The percentage of natural vegetative cover within each subwatershed varies from as
low as 17% within the Barrie subwatershed, to 57% within the Hawkestone Creek
subwatershed;
Wetlands, including swamps, bogs and marsh occupy approximately 13% of the Lake
Simcoe watershed. They are scattered throughout the watershed, with the highest
concentrations to the northeast and to the south of Lake Simcoe in Black, Holland,
Pefferlaw, and Beaver subwatersheds. The watershed is noted for having one of the
highest concentrations of large wetlands off the Canadian Shield, in southern Ontario.
During the late 1970s, elevated phosphorus levels were confirmed as a significant water
quality issue for the lake, causing a decline in health of fish populations.
Phosphorus levels have been reduced but loadings are still too high for healthy fish
populations.
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Sources of phosphorus include;
o Natural sources such as:
 Decay of organic material;
 Weathering of Phosphorus bearing minerals;
 Erosion of soils;
 Atmospheric deposition of airborne particulates; and
 Groundwater
o Anthropogenic sources such as:
 Discharges from Sewage Treatment Plants (STPs) including human waste,
and grey water containing kitchen waste and detergents;
 Erosion (by water or wind) and runoff from agricultural lands;
 Septic systems, particularly aging systems that have not been upgraded;
 Stormwater runoff from urban areas;
 Erosion (by wind and water) and runoff from construction sites; and
 The atmosphere, as wet (rain and snow) and dry deposition.
Anthropogenic sources of atmospheric P include long range sources such
as the combustion products of fossil fuels and forest fires, and local wind
transport from roads and areas have exposed soils (e.g. construction sites
and bare agricultural fields)
37% of cold and warm water fisheries impaired;
38% of benthic sites impaired;
Table 4: Lake Simcoe Indicators and Their Current State

Indicator
Phosphorus Loadings
Lake Temperature
Ice Cover
Dissolved oxygen
Sewage and flood control failures
Drinking water odour and taste
problems
Lake Levels
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Current State
Decreasing trend - improvement
Thermal stratification changes have been observed. See
Figure 2 below
Earlier ice-off dates and a longer ice-free season have
been observed
Increasing trend – improvement. Target is 7.0 mg/L,
currently at 5.0 mg/L
No data yet. Possible proxy to use is beach closings.
No data yet.
No data yet Lake level data is collected by Parks Canada
but it not available. Anecdotally, flooding was a problem
in 2008 and low lake levels were observed in 2010.
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Figure 2: Seasonal water column temperature (contours) in Kempenfelt Bay in 1980 and 2002.
The temperature contours are wider in 2002 compared to 1980 which indicates the earlier
onset of stratification, the increase length of the stratified period and later mixing of the water
column in the fall.
Performance Indicators
Table 5: Lake Simcoe Indicators and Associated Climate Change Impacts
Indicator
Phosphorus Loadings
Lake Temperature

Ice Cover

Dissolved oxygen
Sewage and flood control failures
Drinking water odour and taste
problems
Lake Levels
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Climate Change Impact
Increase in loadings due to increase in surface runoff.
Increase in lake temperatures due to increased air
temperatures. Current mean annual air temperature is 6
degrees C, potential increase to 11 degrees C by 2100.
Reduced ice cover due to increase in temperature –
average temp still below freezing in Dec, Jan and Feb but
increases of almost 5 degrees projected.
Potential decrease due to increased nutrient loadings.
Increased frequency due to increase of intense rain
events.
Increased frequency due to increase of intense rain
events.
Increase of surface runoff in winter and spring but
increase in average temp leading to increase in
evaporation. Potential of greater variability
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COMPARISON OF MEAN MONTHLY TEMEPRATURES: 1971-2000 WITH CGCM31 A2 FOR
PERIOD 2071-2100
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Initial Vulnerabilities
Shifts in lake ecosystem dynamics due to changes in thermal stratification, increased
P loadings due to anticipated population increases, impact on dissolved oxygen
levels.
Uncertainty with respect to other water quality impacts related to drinking water
and recreational uses.
Impacts on infrastructure – storm water, drinking water intakes, sewage and water
treatment, fate and transport of persistent organic pollutants.
Monitoring
Gap:
Gap:
Gap:

Monitoring of ice on/off dates was monitored by Environment Canada from
1853 to 1995. A continuous and consistent approach is required.
Severity of sewage by-passes; compilation of data on frequency and severity of
sewage and flood control failures.
Variability and trends of lake levels.

Monitoring of total phosphorus, chemistry, Chl A, metals, silica, phytoplankton,
temperature and dissolved oxygen in the lake. Tributaries are monitored for total
phosphorus, organic nitrogen, nitrate and ammonia, chloride and water temperature. These
monitoring efforts currently provide sufficient data.
41

Lake Simcoe Climate Change Adaptation Science Workshop

2010

Tributaries
Theme characterization
Information and data about the quality and quantity of the Lake Simcoe tributary water sector
are available from recent reports such as:
Louis Berger Group Inc., 2010. Estimation of the Phosphorus Loading to Lake Simcoe.
Report prepared for Lake Simcoe Conservation Authority, September 2010.
South Georgian Bay-Lake Simcoe Source Protection Committee, 2010. Draft Proposed
Assessment Report, Chapter 3: Water Budget and Water Quantity Assessment Chapter.
Wilson, Sara J., 2008. Lake Simcoe Basin’s Natural Capital: The Value of the
Watershed’s Ecosystem Services. Submitted to The David Suzuki Foundation, The
Friends of the Greenbelt Foundation, and the Lake Simcoe Region Conservation
Authority. Friends of the Greenbelt Foundation Occasional Paper Series, June 2008.
Table 6: The 18 Lake Simcoe Subwatersheds and Relevant Water Projects

Subwatershed Name

Water Budget for Source
Protection
Tier

West Holland
East Holland
Black River
Pefferlaw Brook and Uxbridge Brook
Beaver River
Innisfil Creeks
Lovers Creek
Talbot River
Whites Creek
Barrie Creeks
Georgina Creeks
Hewitts Creek
Hawkestone Creek
Maskinonge River
Oro Creeks North
Oro Creeks South
Ramara Creeks
Upper Talbot River

2
2
1
1
2 Includes Uxbridge Brook
1
2
1
1
2
1
2
1
2
1
1
1
No info
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Trent
Trent
Trent
Trent/ORM
Trent
Trent
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Performance Indicators
Table 7: Indicators to be applied to 18 subwatersheds.
Water Quantity
Indicator
Water Use/Availability

Indicator Description

Higher summer temperatures with
lower precipitation. Demand for
water potentially exceeding
supply.
Baseflow Index
Ratio of baseflow to mean
Decrease in low flow during
annual streamflow
summer. Potential impacts on
aquatic ecosystems.
Wetland Cover
Percentage of area occupied by Decrease in groundwater
wetlands.
discharge, variations in
streamflow, invasive species
(indirectly related to climate).
Shallow Water Well
Based on well depth (<10 m)
Potential lower water tables in
Vulnerability
and specific capacity. Wells < 5 unconfined aquifers due to
m with low specific capacity
decreased recharge.
most sensitive
Low Water Response
Based on declaration of Level 1 Increase in frequency of summer
and Level 2 for Ontario Low
low water levels, increased
Water Response plan.
frequency of drought.
Forest Cover
Percentage of area occupied by Increase in runoff due to increase
forest/woodland
rain events in winter, increase of
precipitation in cold months, more
frequent intense rain events
Water Quality Indicator
Indicator Description
Climate Stressor
Phosphorus Loading
Annual mass flux of P from
Increase in surface runoff and
subwatershed.
floods, increase in wind speed.
Variability of Streamflow Ratio of the standard deviation Variations in streamflow due to
of annual streamflow to mean changes in precipitation
annual streamflow
distribution
Floodplain Area
Percentage of area occupied by More frequent intense rain events,
100 year (?) floodplain
more flooding, more transport of
nutrients and contaminants
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Initial Vulnerabilities
Table 8: Vulnerabilities and Stressors
Vulnerability
Water
Use/Availability

Climate Stressors
Higher summer
temperatures with lower
precipitation. Potential
lower water tables in
unconfined aquifers due to
decreased recharge, lower
summer flows. Demand for
water potentially exceeding
supply

Reduction of
Higher summer
groundwater
temperatures with lower
recharge/discharge precipitation leading to
increased soil moisture
deficit and less
groundwater recharge;
lower summer tributary
flows due to decreased
groundwater discharge
Wetland Cover
Decrease in groundwater
discharge, variations in
streamflow, invasive
species
Drought
Increase in frequency of
summer low water levels,
increased frequency of
drought, potential increase
in ET due to increased wind
speed.
Floods and Surface
runoff
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Increase in runoff due to
increase rain events in
winter, increase of
precipitation in cold
months, more frequent

Non-Climate
Stressors or Factors
Increase in demand
due to: population
increases, changes
to crops; increase in
population in areas
dependent on
shallow
groundwater; eg.
Talbot River;
changes to forest
and wetland cover.
Development in
groundwater
recharge areas –
increase of
impervious area.

Wetlands are not to
be developed under
the Lake Simcoe
Protection Plan
Increased water use
during summer. It is
estimated that the
current watershed
population increases
by 50,000 people
during the summer.
Percentage of area
occupied by
forest/woodland,
percentage of
impervious cover,

Potential Adaptation
Measures
Water conservation
(demand); water re-use;
change from
groundwater to surface
drinking water sources;
protection of
groundwater recharge
areas; development of
water
harvesting/storage
infrastructure;
reforestation.
Protection/enhancement
of groundwater recharge
areas; reforestation

Protection/enhancement
of wetland areas –
integrity, resilience,
biodiversity
Water conservation;
development of water
harvesting/storage
infrastructure, water reuse

Development of water
harvesting/storage
infrastructure, flood
control, storm water
management, water re-
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Climate Stressors

Non-Climate
Stressors or Factors

intense rain events
Increase in surface runoff
and flooding leading to
increased transport of
nutrient to Lake. Increased
wind speed.

Phosphorus
Loading

2010

Potential Adaptation
Measures
use
Enhancement of
phosphorus reduction
strategies.

Increase in
population, increase
in cropland,
intensified farming,
loss of natural areas,
aging infrastructure
Increase in
Enhancement of snow
development,
and ice monitoring
changes in forest
cover

Snow and ice cover Changes in areal extent,
duration, and depth of
ice/snow

COMPARISON OF MEAN MONTHLY PRECIPITATION: 1971-2000 WITH CGCM31 A2 FOR
PERIOD 2017-2100
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Stream gauges in all subwatersheds requiring a Tier 2 Water Budget and those
determined to be highly sensitive from the current sensitivity assessment (to
follow);
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Continuous water quality monitoring at all stream gauges. Automatic water
quality samplers for determining storm loads.
Soil moisture meters in Tier 2/sensitive subwatersheds to better observe and
estimate drying of soil, evapotranspiration, groundwater recharge.
Integrated monitoring station in Tier 2/sensitive watersheds, e.g. shallow
monitoring well(s) next to stream gauge to observe groundwater surface water
interactions. Also at the same site a rain gauge (or a meteorological station),
stream water quality monitoring, soil moisture meters, biological indicators (e.g.
benthic). This data useful for determining trends, interactions, input to
hydrologic models.
Sufficient density of rain gauges to determine if more frequent intense storms.
Use of remote sensing data, e.g. soil moisture, snow cover, LIDAR for lake levels,
vegetation type and extent
Snow cover/depth monitoring locations in sensitive wildlife areas.

Table 9: Consequences Based on CGCM 3.1 Climate Model, A2 Scenario
Anticipated
Climate Change
Impact
Higher summer
temperatures
with lower
precipitation.

Estimated Hydrologic Impact
Lower water tables in unconfined
aquifers due to decreased recharge,
lower summer flows

Higher summer
temperatures
with lower
precipitation

Increased soil moisture deficit and less
groundwater recharge; lower summer
tributary flows due to decreased
groundwater discharge

Increase in
precipitation in
fall and winter.

Greater water surplus in fall and winter,
increased surface runoff, impact on
groundwater recharge dependent on
intensity and duration of rain.

Higher fall, winter
and spring
temperatures

Reduced extent and depth of snow,
more rain on snow events, reduced
duration, extent and thickness of lake
ice.
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Potential Consequence
Demand for water potentially
exceeding supply. Greater
frequency of low water levels in
summer, water shortages in
some areas, greater need for
irrigation and enhancement of
water storage at different scales.
Loss or damage to susceptible
aquatic (cold water fishery) and
terrestrial habitats (wetlands,
water stressed vegetation)
Loss or damage to infrastructure,
greater frequency of high water
levels and floods, greater
erosion, greater sediment and
contaminant loadings
Loss or damage to susceptible
aquatic and terrestrial habitats.
Loss or damage to winter
recreation. Extended growing
season.
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Anticipated
Climate Change
Impact
Higher summer
temperatures
with lower
precipitation.

Warmer
temperatures in
spring and fall.

Increase in
precipitation in
fall and winter
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Estimated Lake Impact

Potential Consequence

Increased temperature in the
epilimnion and metalimnion (upper
layers of lake water during summer
stratification).
Increased evaporation due to increased
temperature coupled with lower
precipitation will lead to lower lake
water level.
Warmer, drier summers will result in
increased phosphorus loadings due to
increased wind erosion and dust
deposition
Earlier onset of stratification and later
fall mixing leading to an increase in the
length of the stratified period.
Earlier melting of ice in the spring; later
ice cover in the winter.

Loss or damage to habitats. May
result in the reduction of thermal
habitat for some species and
increases for other. May result in
shifts in community structure at
various trophic levels
Increases in phosphorus loads to
the lake will result in a decrease
of dissolved oxygen potentially
reducing the available critical
summer habitat for cold water
trout.
Loss or damage to ecosystems.
Possible changes in the depth
and persistence of the
thermocline.
Seasonal variability in biotic
response and mismatches in the
timing of life stage events and
associated species interactions,
such as larval fish feeding
requirements and zooplankton
pulses.
May result in increased growth of
aquatic plants including algae
May result in shifts in community
structure at various trophic levels
Loss or damage to ecosystems
and infrastructure. Increases in
phosphorus loads to the lake will
result in a decrease of dissolved
oxygen potentially reducing the
available critical summer habitat
for cold water trout.
Increases in pathogen release
could potentially result in
challenging conditions for the
successful operation of WPCPs.

The increase in precipitation is
anticipated to result in increases in
sediment and nutrient loading as a
result of increased flooding. Increased
flooding may result in increases in
pathogens released to the lake as a
result of increased failure of sewage
and flood control infrastructure.
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C. Natural Heritage (Parks and Protected Areas)
PARKS AND PROTECTED AREAS – Christopher Lemieux, University of Waterloo (forthcoming)
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D. Built Infrastructure (stormwater, transportation, power distribution)
Responses for the first 2 classes of infrastructure (stormwater and transportation) are derived
from questions that attempt to extract information about the vulnerability of infrastructure to
climate change. The questions can be found in Appendix 3.
STORMWATER - Robin Skeates and Henry Jun, Ministry of the Environment
Response-Q1: Growth or intensification – the associated urbanization could require more
demand for water and sewage generation, as well as hardening of surface leading to more
stormwater run-off based on business as usual. Aging infrastructure More infiltration of water
into sewer systems, equipment breakdowns, decreased performance under normal operating
conditions, sewage by-passes for emergencies and maintenance Lack of data related to
infrastructure, conditions, performance, discharge data, watershed data are correlated to the
discharges add uncertainty in answering the question whether the current system adequately
protects the environment. Climate change adds additional risk and uncertainty. Included in this
is lack of historic data, re: ongoing maintenance, temperature impacts, TSS loading etc. The
scope of the impacts of loss of perviousness not understood. Need for monitoring strategy.
There is data in terms of tributaries but a lack of storm and sanitary sewer monitoring.
Response-Q2: Anticipated increase intensity and frequency of storms are expected to result in
increased frequency of discharge of stormwater and CSO (not as significant a LS issue – no
combined sewers in the watershed) to water bodies, which may carry contaminants.
Inadequate hydraulic capacity of the storm or wastewater system combined with absence or
inadequate major drainage system could result in basement flooding, potentially more frequent
episode affecting broader urban areas due to climate change. More severe flooding and erosion
event could lead to damage to public infrastructure (bridges, culverts, sewer mains that run
along streams, STP flooding) as well as private infrastructure (linear or structures). It’s also
indicated due to the changing weather patterns, increase droughts could occur over summer in
different parts of the Province. This may lead to impacts on water supply, tourism, economy,
transportation, etc. Reference various federal or provincial or insurance bureau reports on
documented impacts of weather events.
There is also anticipation of more localized extreme storm events. Lack of adequate monitoring
stations also makes it difficult to assess the severity/intensity of the peak of the storm; The
2005 Toronto storm was barely captured by monitoring stations due to its very local nature, yet
caused $500 M in damage. Also lack of ongoing maintenance to existing major/overland
stormwater routes was also determined to have contributed to the collapse of a section of
Finch Ave. Basement flooding alone was a major insurance issue. It was also reported by one
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radio station that the Legionnaires outbreak at a seniors’ residence may also have been as a
result of this storm, when CSO effluent discharged to a park, followed by a stretch of very hot
and windy days, where the wind may have picked up the disease attached to dust and carried it
to the AC system of the seniors’ residence. Improved monitoring strategy and pulling together
of different gauges (MTO, MOE, Feds, Mun, CAs).
Response-Q3:
1. Water Quantity – from a municipal perspective is this issue being addressed sufficiently?
The answer seems to be lack of understanding of what level of water quantity
concerns/issues need to be addressed and how to adequately address. Quantity
includes sizing of built systems (sewers, ponds) – are we building capacity for increased
weather extremities.
2. Water Quality – Municipalities also have the ultimate responsibility for managing the
quality of the stormwater discharge and controlling the impact on the receiving ecosystem, but appear to be meeting the minimum water quality requirements in general.
Greater provincial direction on a range of water quality parameters is needed.
Consideration for water quality parameters such as TSS (addressing particle size
distribution for removal of more fines), TP, temperature, pathogens, heavy metals, oil
and grease, litter, pesticides, etc.). Municipalities and CAs have historically managed
quantity and flooding issues.
One needs to first define what ecosystem means to us. In the Lake Simcoe Protection Plan, one
key eco-system identified is the cold fish habitat. If this habitat is any indication of how well
‘built systems’ have functioned with respect to eco-systems, then the ‘built systems’ have been
part of the degradation of the eco-system. Impervious systems with direct discharge to
receiving water bodies significantly increases pollutant loading and temperature.
Response-Q4: Scenarios 1 and 2: Low and High Climate Change
Low Climate Scenario
 Increased ongoing maintenance
program

High Climate Scenario
 Require SWM Master Planning be a legal
requirement

 Monitoring strategy to improve
existing infrastructure life cycle

 Continuously update IDF (Intensity – Duration
– Frequency) curves for more accurate design
– build in buffers for future weather
conditions. Development of software that
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allows for ease of continuous updating.
 Require SWM Master Planning
be a legal requirement

 Develop / implement monitoring strategy and
central data collection for analysis of
stormwater

 All new developments
implement LID and water Reuse
BMPs based on site specific
considerations.
 Initiate tree preservation by-law
for identified areas

 Develop / increase ongoing maintenance
program

 Continue to promote – support
Green building initiatives –
sustainable development that
fits into the existing natural
landscape.

 LID BMPs (on-site promotion of infiltration,
indirect impervious discharge to receiving
water bodies, more trees in lower lying areas
– tree preservation by-laws, changing
mindsets about grassed areas – promotion of
drought and rain resistant meadow field
mixes with stunted growth to reduce lawn
mowing).

 Purple pipe systems for
stormwater (where it makes
sense).
 Innovation – emerging
technology for source control
for water quality and quantity

 Changing societal mind-set

 Ongoing continuous funding for stormwater
infrastructure

 Innovation – emerging technology for source
control for water quality and quantity
 Improved flood control
 Green buildings – living walls, green roofs,
pervious pavements, discharge of roof water
to pervious areas, etc.
 Purple pipe systems for stormwater (where it
makes sense).
 Stormwater reuse for drought periods and
conservation of potable water supply
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* Under both Scenarios actions in one are likely to be recommended for the other, where the
differentiation comes in is around magnitude, scope and timelines. Also for both Scenarios,
there are various tools available (i.e. legislative, compliance, BMPs, communications, etc.).
Under the low climate change scenario, the approach best suited will likely be BMPs,
communication plans via public outreach. For the high climate change scenario there may be a
need to use both ‘encouragement’ approaches and ‘requirement’ approaches depending on
the level of risk identified and the magnitude of the adverse impact that could result. Under
accelerated Climate Change Adaptation (as experienced in Melbourne Australia) then
aggressive adaptation based on risk assessment may require mandatory tool requirements by
the 3 levels of governments (i.e. establishing priority users where water shortages may occur,
requiring LID practices for all new developments, broadening water quality parameters to be
addressed in effluent of SWM Works, etc.).
Response-Q5: We are being asked to consider the Environmental, Social and Economic
evaluations. In items A to D we have focussed primarily on Environmental. To understand Social
and Economic impacts – we need to have a study that looks at these scenarios.
TRANSPORTATION - Gary Todd and Hani Farghaly, Ministry of Transportation
Response-Q1: These factors have caused capacity deficiencies, accelerated planned
infrastructure deterioration and increase in operational activities. Capacity deficiencies arise at
intersections and on the main lanes of the highways because of population growth which
results in more home based work, social and recreational trips. Drainage systems are also
stressed and often work at capacity more often as population growth and land use changes
increase the impermeable surface area and result in higher runoff levels. Changes to
development that are not consistent with the design assumptions will stress systems if not
cause them to exceed their design capacities and possibly result in occurrence of flooding.
These factors can also cause pavements and bridges to be exposed to higher loadings earlier in
their service life resulting in the need for more frequent repair/ replacement than originally
planned, which can lead to shorter service life. Public mobility can be limited by congestion
which will cause changes in when work trips are made, i.e. earlier departures and or later
returns. The public places a very high value on winter mobility. A high level of access to work,
schools and hospitals stresses existing winter maintenance service levels resulting in a
continuing pressure to provide a higher level of service to preserve or enhance a consistent
year round life style with respect to mobility.
Response-Q2: Temperature and precipitation are two key considerations when designing
highway infrastructure. Frequent temperature variation around 0 degrees C results in freeze
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thaw cycles which introduce thermal stresses in bridges and pavements. When these become
excessive service life is shortened. Extended periods of heat can cause concrete pavements to
buckle by exploding upward resulting in immediate safety concerns and increased maintenance
and repair demands. Extended periods of cold can cause premature cracking in asphalt
pavements that were designed with a less extreme temperature regime in mind. Extended
periods of dry weather have little impact on infrastructure. Changing precipitation patterns can
result in design parameters for drainage systems being achieved more frequently with little or
no impact. It can also result in the design condition being exceeded more often than originally
expected. Erosion around bridge piers and abutments may increase with more frequent and
sever rainfall events. Changing weather patterns can also result in more winter storm events
such as freezing rain and frost in the fall and spring shoulder seasons. It can also change the
moisture content in snow during the winter. These potential changes may increase the demand
for using winter de-icing materials (salt). It is important to note that highway infrastructure
designers currently have not criteria to differentiate normal climate variations from those that
may be attributable to climate change. Some “macro” climate change models may provide
indications at a continental level; however more granular micro climate information is
necessary for design work.
ResponseQ-3: In short the above two factors cause unexpected system capacity issues and
premature fatigue and or failure of infrastructure. The practice of engineering continually looks
at past experience and system performance and uses empirical models to adjust for
incremental changes to make the best possible design assumptions for new systems. Old
systems in physically restricted areas that cannot be expanded to adjust for new pressures for
the noted stresses are the ones that are at the greatest risk. System expansion or material
improvements (more durable products) can be used to reduce these stresses when systems are
replaced or upgraded at the end of their service life. Winter maintenance service levels and
maintenance demand to achieve those service levels will remain a dynamic activity.
Response-Q4: Normal design assessments used today together with either formal or informal
risk assessments will account for the first scenario. New approaches to design and managing
public expectations for service and mobility may have to evolve depending on the severity of
the second scenario that is contemplated. It may not be possible/affordable to upgrade all
existing facilities and build new facilities to accommodate the extremes. In the case of extreme
rain events some level of flooding may have to be tolerated for a short period of time. Resilient
durable structures and drainage systems would have to be built so that once the water subsides
the facility is immediately serviceable with no or little repair. This type of approach would have
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to be supported with a land use management process that designates the flood level risk in
some manor so that society knows what to expect.
Response 5: The chief risk is reduced mobility. Impact on social systems: Schools, hospitals
and emergency services may not be accessible for periods of time. It is not anticipated that the
periods of time would vary from that experienced today. The environmental impact: some
physical damage may arise in extreme events and would be similar to that of today. Ocean
coastal areas will likely experience the most significant impacts. Inland lakes would see changes
to the shorelines similar to historical changes. Development on permafrost and winter roads
may experience a substantial change balanced by more development and changes in land use in
northern communities. The Economic impact: there will be opportunities for new
businesses/products to develop in response. Some existing businesses may experience down
turns the net effect would require considerable analysis.
MUNICIPAL AFFAIRS – Building Code – James Ross, Ministry of Municipal Affairs and Housing
MMAH has supported MOE in developing the province’s strategy related to climate change
adaptation. MMAH contributed to the work on the Expert Panel on Climate Change Adaptation,
and the development of MOE’s Regional Adaptation Collaborative proposal submitted to
Natural Resources Canada.
The Building Code is a tool that can be used to support climate change adaptation. Specific
initiatives underway include the following:
MMAH staff is working with the Canadian Commission on Building and Fire Codes and the
Provincial/Territorial Policy Advisory Committee on Codes to support Environment Canada and
Natural Resources Canada in updating the climatic tables that are used in the Code to inform
the design of structural and building envelope elements.
MMAH has met with the Institute for Catastrophic Loss and Reduction (ICLR) to discuss issues in
regard to the protection of new and existing buildings in the face of extreme weather events
resulting from climate change. Several proposals from ICLR are being considered in the current
round of consultations on the next edition of the Building Code. ICLR has been invited to
nominate a representative(s) for membership on Building Code Technical Advisory
Committee(s). Technical Advisory Committees assess the code change proposals after they
have been consulted on and make recommendations to government on which proposals should
go forward.
POWER DISTRIBUTION - Constantin Culinescu, Hydro One Networks Inc.
1.

What types of weather related events have affected energy infrastructure?
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Lines transmission infrastructure (i.e. towers, poles, conductors, insulators, hardware) is
designed to withstand severe weather conditions, commensurate with Ontario’s climate. That
said, there are several weather related events that could affect infrastructure:
Extreme ice buildup is an issue. A rare event like the Quebec ice storm of 1998 would and
did wreck havoc (broken conductors and hardware, collapsed towers, etc.)
Winds and ice build-up can cause galloping (high amplitude, low frequency vibration) of the
conductors, which puts intense stress on the structures, conductor connectors, insulators
and other hardware.
Aeolian vibration (low amplitude, high frequency) causes long term fatigue of conductors
and hardware.
Flooding could potentially be an issue if it reduces the clearance to ground and causes the
conductors to flash over. It could also reduce soil integrity and cause mud slides. I am not
aware of this being an issue in Ontario.
Lightening could potentially damage insulators and conductors, although the system is
designed with lightening protection. It could also down trees and branches, which fall on
our lines and cause faults.
Tornadoes can cause severe damage.
Hale can damage glass and ceramic insulators.
Acid rain can cause corrosion of steel components over a period of time (the Sarnia area is
notorious for this).
2. To what extent have weather-related events impacted energy infrastructure?
Weather-related events impact our system all the time, but very rarely does it cause a severe
disturbance/outage. As mentioned before, the system is designed to withstand most “normal”
events (those with a high statistical probability of occurring).
3. Which weather-related events pose the greatest threat to energy infrastructure?
The greatest threat would be caused by those rare but severe events (i.e. tornadoes, large hale,
flooding, ice storms, etc.) In other words, severe weather of any kind will jeopardize the
integrity of our infrastructure.
4. Are there specific locations where infrastructure is vulnerable to weather hazards (e.g. does
the same location flood each time there is a heavy rain event, etc.?
Yes, some areas are more prone to severe weather, but that is not something specific to energy
infrastructure. In other words, if some infrastructure is located in a “high-risk” area of the
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events mentioned above, it will consistently be damaged more. I’m not aware of what these
areas are specifically.
To put all of this into perspective with relation to the above interest areas, the impacts of
extreme weather are very real, but usually do not prompt specific measures. That is because on
a matrix of severity vs. consequence vs. probability of occurrence, the events high in severity
and consequence do not occur very often. Thus, it is not cost effective to design our lines to
withstand a 1 in 100 year ice storm. It is usually cheaper to just fix any damage as it occurs.
With respect to climate change, I am not aware of any design changes or initiatives as of yet. I
think it is safe to say that Ontario has not really experienced any fantastic weather changes as
of yet. However, as new data and trends become available, we may need to re-evaluate our
design standards.
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E. Agriculture
AGRICULTURE - Andrew Jamieson, Ontario Ministry of Agriculture, Food and Rural Affairs
Acknowledgements
I like to acknowledge the efforts of the following people:
 Jennifer Birchmore, Senior GIS Specialist with OMAFRA for putting together the
sensitivity maps.
 Warren Eilers, Agriculture and Agri-Food Canada for providing the context around
the NAHARP indicators.
 Pam Joosse, Program Analyst with OMAFRA for providing access to the work on the
Great Lakes Priority Watershed project.
 The Technical Working Team responsible for assessing the Provincial Groundwater
Monitoring Network (PGMN) and Stream Monitoring Network (PWQMN) with
respect to climate change.
Summary
A climate change sensitivity score was assigned to each quaternary watershed in the Lake
Simcoe Region. The score was based on the agricultural sector’s current sensitivity to climate
change. To achieve a sensitivity score the quaternary watershed needed a current sensitivity
rating for three indicators. There were three possible sensitivity ratings for each indicator; low,
medium and high. The three indicators were number of animals, number of irrigated hectares
and water erosion potential. The Schomberg River quaternary watershed is most sensitive to
climate change based these three indicators. The high score was driven by the large number of
irrigated hectares and the high potential for water erosion. It is anticipated that climate change
will lead to more frequent droughts and more frequent intensive rainstorms. If true, these
changes will have an impact on water demand and soil erosion. In addition, this report provides
recommendations further refining the datasets used and suggests some other possible
indicators to consider in a future type of assessment.
Introduction
Climate change and agriculture are interrelated processes, both of which take place on a global
scale. Despite technological advances, such as improved varieties, genetically modified
organisms, and irrigation systems, weather is still a key factor in agricultural productivity, as
well as soil properties and natural communities. The effect of climate on agriculture is related
to variability in local climates rather than in global climate patterns. Locally, Ontarians can
anticipate the following impacts as a result of climate change:
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Summary of climate change impacts (ref. “From Impacts to Adaptation: Canada in a Changing
Climate 2007”; MNR 2007;







Temperature: increases in summer and winter temperatures; maximum warming will
occur in winter in the northern subregion
Precipitation: increases in annual totals - winter increases and summer and fall
decreases; changes in extreme daily amounts, duration of season and form of
precipitation
Evaporation: increased evaporation and evapotranspiration rates due to warmer
temperatures and longer growing season
Ice Cover/Snow Melt: Less overall snow and ice coverage; more winter melt events and
earlier spring melt
Extreme Weather: more frequent and more extreme weather events; e.g. more intense
precipitation, more extreme hot days, floods and droughts

The aforementioned changes in climate conditions will impact agriculture in both a positive and
negative way. Summary of impacts (ref. “Agriculture and Climate Change 2005”)
Positive impacts
 Increased productivity from warmer temperatures
 Possibility of growing new crops
 Longer growing seasons
 Increased productivity from enhanced CO2
 Accelerated maturation rates
 Decreased moisture stress
Negative impacts
 Increased insect infestations
 Crop damage from extreme heat
 Planning problems due to less reliable forecasts
 Increased soil erosion
 Increased weed growth and disease outbreaks
 Decreased herbicide and pesticide efficacy
 Increased moisture stress and droughts
The Study Approach
The vulnerability assessment will focus on the negative impacts of climate change on
agriculture.
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A positive impact does not involve a constraint evoking a need for a mitigation strategy, but
rather provides an opportunity for the sector to recognize and seize. Any opportunities will
depend on shifts in global markets and although it is easy to say the impacts of climate change
may have a larger negative effect in other agricultural jurisdictions, a significant shift will
depend on many other factors than just climate change. As a result, this will remain out of
scope for this vulnerability assessment.
The approach used in this report is modelled after the approach used by the technical working
team responsible for assessing the Provincial Groundwater Monitoring Network (PGMN) and
Stream Monitoring Network (PWQMN) with respect to climate change. The approach designed
by the technical working team and vetted through a panel of experts on climate change.
Approach Principles (ref: Final Report: Sensitivity Mapping and Local Watershed Assessments
for Climate Change Detection and Adaptation Monitoring, 2010)
Use available provincial scale data for the mapping of sensitivity factors. Due to limited
time and resources, there was a need to use existing data;
Use a simple scoring system of high, medium, and low for the indicators. A system for
weighting the indicators was not employed but could be considered for future
sensitivity analyses;
Issues of scale – although the sensitivity mapping is conducted on a regional / provincial
scale, the quaternary watershed level is considered to be the optimum scale for
sensitivity assessment and for evaluating the monitoring networks;
Use MNR temperature and precipitation projections to provide an indication of
potential exposure to climate change at the regional watershed level. It is recognized
that these projections are based on a number of scenarios, each with its own
assumptions.
The following definitions were used to guide the development of the approach:
Vulnerability to climate change is the degree to which a system is susceptible to, or unable to
cope with, adverse effects of climate change, including climate variability and extremes.
Vulnerability to climate change is a function of the character, magnitude and rate of climate
variation to which a system is exposed, its sensitivity and its adaptive capacity" (IPCC, 2007).
Sensitivity: The degree to which a system has the potential to be affected, either adversely or
beneficially, by climate-related stimuli.
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Adaptive Capacity: The ability of a system to adjust to climate change (including climate
variability and extremes) to moderate potential damages, to take advantage of opportunities,
or to cope with the consequences (IPCC, 2007).
The adaptive capacity of the agricultural sector is very difficult to quantitatively assess because
there are so many variables to consider (e.g. resources available, market fluctuations). As a
result, an adaptive capacity factor was not considered in the assessment of the watershed. This
report, however, will address possible data sets, if improved, that could be used to assess the
adaptive capacity of a watershed.
Assumptions and Rationale for Selected Indicators used in the Sensitivity Analysis
Assumption 1: The ‘No Regrets’ Approach
The success or failure of the agricultural sector is influenced by several factors and it is likely
not possible to attribute any trends directly to climate change. The focus of this assessment is
identifying vulnerable agricultural watersheds within the Lake Simcoe region and therefore a
"no regrets" approach is taken. That is any prioritization of vulnerable agricultural watersheds
will be valuable even if climate change does not happen.
Assumption 2: Current Problems Exacerbated by Climate Change
Current environmental problems will be exacerbated by climate change. Under climate change
there will be an intensification of the hydrologic cycle with more floods and drought, more
intense storms, changes in precipitation distribution, changes in seasonal stream flow patterns.
(IPCC 2007; MNR 2007).
Rationale for Indicators for Sensitivity
The task for this project is to develop between three and five indicators and assess the
vulnerability of Lake Simcoe watershed to climate change. In this instance, the data available
dictated the assessment be based on the sensitivity of the agricultural section within the
watershed only.
Three indicators were selected for use in the watershed sensitivity analysis based on the
following rationale:
Number of Animals
 Based on the number of animals per quaternary watershed.
 Livestock production can be affected by heat stress (Chase, 2006). If warmer
summer temperatures are expected then issues around heat stress on livestock will
be exacerbated.
 The greater the density of animals the greater the problem of heat stress will occur.
60

Lake Simcoe Climate Change Adaptation Science Workshop

2010

Number of Irrigated Hectares
 Based on the number of irrigated hectares per quaternary watershed.
 This was used as a proxy for agricultural water use. Generally, irrigated agriculture
uses more water than livestock production and therefore the number of irrigated
hectares will show where a greater amount of agricultural water use occurs in the
watershed.
 It is expected that climate change will lead to more extreme droughts, which impact
the water availability under these conditions.
Soil Erosion
 Based on the potential soil erosion in kg/ha per quaternary watershed
 It is expected that climate change will lead to more frequent intense rainstorms. As
intensity increase the potential for soil loss is greater.
Assessment of Sensitivity using GIS Mapping
As stated, the purpose of this project is to assess the sensitivity and vulnerability of the Lake
Simcoe watershed to climate change. Seeing as this project could lead to the province
assessing the vulnerability of other watersheds to climate change, it was important to select
datasets that are available on a provincial scale. It should be recognized that OMAFRA’s
Agricultural Resource Inventory project has collected a significant amount of agricultural land
use data in the Lake Simcoe Region. To date, the data layer created in the Lake Simcoe region is
only a research layer and does not have provincial coverage. The hope is to use remote sensing
to expand the layer to a provincial layer (Agricultural Resource Inventory, 2010).
The largest agricultural provincial data set available is the information collected in the
agricultural census. The agricultural census dates back to 1871 and only covered the Prairie
Provinces. It was initially taken every 10 years. In 1896, the time between agricultural censuses
was reduced from 10 to 5 years. In 1956, the agricultural census was extended to the whole
country. The agricultural census is often criticized as a reliable source of information because
the results are based on an individual’s response to questionnaire. The criticism is warranted,
however, there is no other data set that contains as much information on such a large scale.
The other large data set available is the National Agri-Environmental Health Analysis and
Reporting Program (NAHARP), which was developed under the federal government’s Growing
Forward initiative. Under NAHARP a series of science based agri-environmental indicators were
developed to help guide policy and program design.
These two data sets were used to generate the following indicators on quaternary watershed
level:
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Number of animals
Number of irrigated hectares
Water erosion potential

Once the data sets were established the approach used by the technical working team
responsible for assessing the Provincial Groundwater Monitoring Network (PGMN) and Stream
Monitoring Network (PWQMN) with respect to climate change was employed.
The general approach used was to first assess each individual indicator (i.e. GIS dataset) in
terms of sensitivity to climate change. This was achieved by applying a three category
classification to each input GIS dataset at a quaternary watershed level. The three categories
based on relative sensitivity to climate change were:
(1) – low sensitivity to climate change;
(2) – moderate sensitivity to climate change;
(3) – high sensitivity to climate change.
Each quaternary watershed was assigned a value of 1, 2, or 3 for each of the three input layers.
Once these values were established for each input layer, they could be combined into the
overall relative sensitivity to climate change map for Lake Simcoe.
Detailed descriptions on how each of the three input layers was reclassified into the three
categories are found below. The following sections of this chapter also provide the source for
each input layer, as well as potential data gaps and sources of error.
Number of Animals
The source of the data is the 2006 Agricultural Census. In addition to the standard geographical
reporting areas, OMAFRA requested the census data be organized on a quaternary watershed
level. The total number of animals per quaternary watershed is the sum of the following
agricultural census categories:
 Total Number of Cattle
 Total Number of Swine
 Total Number of Chickens
 Total Number of other livestock
The next step was to select an appropriate range for each sensitivity rating. This GIS layer was
then classified into 3 categories based on the following criteria:
 0 – 100,000 animals
= 1, low
 100,001 – 200,000 animals
= 2, moderate
 >200,001 animals
= 3, high
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See Figure 3 Number of Animals per Quaternary Watershed
Data Gaps/Limitation/Sources of Error







The number of animals in a tertiary watershed will differ significantly across the
province and therefore these ranges may not be appropriate to use in other regions
across the province.
The agricultural census data will always be out of date or unlikely a true reflection of
what is happening on the ground.
If there is small number of active farms in quaternary watershed it could lead to
suppression issues and therefore it may be difficult to gather any information for a
given quaternary watershed.
It is assumed that the effect of heat stress is equal across all livestock commodities.
This we know, however, is not true, so with more time and resources this effect
could be built into this data layer. There would be a need to develop a heat stress
coefficient for each livestock commodity and apply it to the census data.

Number of Irrigated Hectares
The source of the data is the 2006 Agricultural Census. The sum of irrigated hectares in each
quaternary watershed was calculated. The next step was to select an appropriate range for
each sensitivity rating. This GIS layer was then classified into 3 categories based on the
following criteria:
 0 - 500 Hectares of irrigated land
= 1, low
 500 – 1000 Hectares of irrigated land = 2, moderate
 >1000 Hectares of irrigated land
= 3, high
Data Gaps/Limitation/Sources of Error
 The data set does not give a true representation of agricultural water use. It does,
however, show the intensity of high agricultural users.
 This data set could be improved to include all agricultural water uses. A more
detailed run of census data has occurred in the past. The exercise was attaching
water coefficients to census information (e.g. A dairy cow uses X number of L/day;
the number of dairy cows in the geographical region is Y). This type of exercise has
not happened with the latest census information.
 The number of irrigated hectares in a tertiary watershed will differ significantly
across the province and therefore these ranges may not be appropriate to use in
other regions across the province. This indicator may be better on a provincial
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vulnerability assessment using a range appropriate for the entire province because
not every larger tertiary watershed will have a significant amount of irrigation.
The Tier 2 budgets prepared as part of the Clean Water Act could provide a more
accurate assessment of the agricultural water demand.
Many of the northern quaternary watersheds had the data suppressed and
therefore they were assumed to have less than 500 hectares of irrigated land. The
suppression issues in these watersheds are because we typically don’t expect to see
a lot of irrigated agriculture in these areas.
The last census was taken in 2005 and it could be argued this data is dated.

See Figure 4 Number of Irrigated Hectares per Quaternary Watershed
Water Erosion Potential
This layer was developed as part of an OMAFRA led project to develop a decision support
framework for agri-environmental priority issues. This layer is based on the NAHARP Indicator
for the risk of soil erosion due to water erosion represented on a quaternary watershed scale.
The layer uses the Universal Soil Loss Equation to develop the erosion potential. This requires
knowledge of land uses, tillage practices and inherent field properties (slope and soil
conditions). The land use and tillage practice were generated using the agricultural census data.
The slope and soil conditions were based on the Soil Landscape of Canada (SLC) polygons. To
convert the SLC polygons to quaternary watershed polygons spatial manipulation was required.
The methodology outlined below is how the data layer was created:
Excerpt from “Development of a Decision Support Framework for Agri-Environmental Priority
Issues and Watersheds in the Great Lakes Basin: Final Report” 2010.
Step 1: Unioned NAHARP Indicator with the quaternary watersheds and recalculated
the area – this created a new boundary layer that is based on both polygons.
Step 2: Multiplied the NAHARP Indicator (raw values) for the 2006 Census year by the
area of the new polygon boundaries – this gives a value of the indicator
multiplied by the new area.
Step 3: Joined the attributes of the unionized layer to the quaternary watersheds; while
doing so summed the values of the polygons contained within each quaternary
watershed; then divided the value created in step 2 by the quaternary watershed
area to obtain the final product on a quaternary watershed scale.
This GIS layer was then classified into 3 categories based on the following criteria:
 0-10 tonne/ha
= 1, low
 10-20 tonne/ha
= 2, moderate
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= 3, high

Data Gaps/Limitation/Sources of Error





The SLC data is on such a large scale that prevents a good variation of parameters
over a large geographic area.
The potential for water erosion in a tertiary watershed will differ significantly across
the province and therefore these ranges may not be appropriate to use in other
regions across the province.
The last census was taken in 2005 and it could be argued this data is dated.

See Figure 5 Water Erosion Potential per Quaternary Watershed
Results of Quaternary Watershed Climate Change Vulnerability Assessment
Once the input layers were classified into three categories, it was possible to overlay the input
layers and calculate a sensitivity score based on the sum of the input layers for each quaternary
watershed. Each quaternary watershed had a value for each of the three input layers. The
numbers from all three input layers were added for each quaternary watershed to arrive at a
Sensitivity Score. The Sensitivity Score is a dimensionless number which represents the sum of
the values of all the input layers. The resulting Sensitivity Scores can be viewed on Figure 6.
On a general level, it was not surprising to see the watersheds with the largest amount of
agricultural activity show up as the most sensitive to climate change. The northern quaternary
.watersheds do have some agricultural activity, but the activity in these watersheds is less
intensive than the southern quaternary watersheds. Out of all the southern quaternary
watersheds, the Schomberg River quaternary watershed turns out to be the most sensitive to
climate change. The high score was driven by the large number of irrigated hectares and the
high potential for water erosion. It is anticipated that climate change will lead to more frequent
droughts and more frequent intensive rainstorms. If true, these changes will have an impact on
water demand and soil erosion.
Discussion and Recommendations
The assessment of sensitivity of agriculture to climate change was the first of its kind in Ontario
and should be seen as a first step only. The following recommendations on future development
of this assessment should be considered:
Recommendation #1
The sensitivity scoring should remain on a quaternary level because data sets used in this report
are available at that level of scale. There are suppression issues with census data at a
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quaternary level. The problem exacerbates the smaller the scale. There are, however, methods
of dealing with these issues if time and cost are not an issue.
Recommendation #2
In Ontario, the agricultural sector is very diverse both by commodities grown and spatial
distribution. The sensitivity assessment should be conducted on a provincial level with a single
set of ranges for each sensitivity indicator.
Recommendation #3
A sensitivity assessment on a provincial level should include the drought frequency indicator
used by the technical working team responsible for assessing the Provincial Groundwater
Monitoring Network (PGMN) and Stream Monitoring Network (PWQMN) with respect to
climate change. The drought frequency indicator was based on the Low Level Response
provincial program. The data set is only available on a tertiary watershed scale and so it was not
considered in the Lake Simcoe Region assessment.
Recommendation #4
A single set of ranges for each indicator should be vetted by an expert committee to ensure
that classifications of properly represent the fluctuation in numbers across the province.
Recommendation #5
A more accurate province wide agricultural land use data set, such as the one the Agricultural
Resource Inventory is attempting to capture, should be obtained. An assessment such as this
will be dictated by available data sets and with a more accurate data set the indicators in this
report could be improved. The 2011 agricultural census is mandatory, but the future of a
mandatory agricultural census is uncertain. This uncertainty stresses the importance of
continuing projects such as the Agricultural Resource Inventory.
Recommendation #6
In lieu of a provincially complete Agricultural Resource Inventory, this assessment should be rerun with 2011 agricultural census data. The agricultural census data is 5 years old and large
fluctuations in commodities grown have occurred in Ontario. (e.g. hog industry).
Recommendation #7
The water demand indicator should be developed for a province wide assessment using a
revised set of water demand coefficients. The number of irrigated hectares was used a proxy
for water demand. If water demand is to be considered as an indicator then it should consider
other water demands then just irrigated hectares.

Recommendation #8
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An adaptive capacity piece should be included to move this exercise from a sensitivity
assessment to a vulnerability assessment. A data layer has been created demonstrating the
distribution of projects funded under the Environmental Farm Plan (EFP) program in the Lake
Simcoe Region. This layer, however, is based on 2009-2010 projects only. Furthermore, the
layer shows all EFP projects, which includes everything from soil erosion projects to purchasing
GPS equipment. A data layer should be created showing the distribution of EFP projects that
will directly mitigate the sensitivity indicators (e.g. erosion control measures). The layer should
also encompass a greater period of record.
Recommendation #9
This report did not consider the climate change impact on pests. There is an expectation that
climate change will lead to a greater amount of pests (Wolfe, 2006). In the past, OMAFRA in
conjunction with Ridgetown Campus of the University of Guelph has conducted a Pesticide Use
Survey. The last survey was conducted in 2008. The results show the amount of active
ingredients used per crop. The results of the survey were then expanded to demonstrate the
amount of active ingredients used per crop on provincial scale. This data could be used, but
there would need some more thought into using it in the context of climate change. For
example, the data shows that field corn uses the greatest variety of pesticide and so does this
show corn as being more or less resistant to pest.
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Figure 3: Number of Animals per Quaternary Watershed
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Figure 5: Water Erosion Potential per Quaternary Watershed
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Figure 6: Climate Change Sensitivity Score per Quaternary Watershed
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Lake Simcoe Climate Change Vulnerability Assessment – Using the Policy Delphi in
the Identification and Evaluation of Adaptation Options
Policy Delphi Overview
In its broadest sense, a Policy Delphi is an iterative group-oriented Idea Generating Strategy
(IGS) that seeks to generate the strongest possible opposing views on the potential resolutions
of a major policy issue. The approach permits a diverse group of people, selected for their
expertise, to interact anonymously on a defined policy issue and provides a constructive forum
and a structured method for correlating views and information pertaining to a specific policy
issue. By design, participants are afforded the freedom to present and challenge alternative
viewpoints, and to think reflectively and independently between iterations. It also allows the
respondents representing such views and information the opportunity to assess differing
opinions. A Policy Delphi aims to uncover and explore both consensus and disagreement
surrounding policy issues through quantitative ratings and the solicitation of qualitative
information (i.e., rationale, justification).
The Policy Delphi overcomes many of the limitations associated with other IGSs, such as
workshops and focus groups. These limitations include the propensities for: one or a few vocal
individuals to dominate the discussion; people to remain silent, possibly due to shyness or fear
of censure; the ‘rut effect’ (i.e., participants getting hung-up on one thought and staying in that
rut for the duration of the meeting); the power of persuasion and the ‘bandwagon’ effect; the
unwillingness to abandon ‘norms’; geographic isolation; and, cost. Because a Policy Delphi is
anonymous, it provides respondents with the opportunity to present innovative and sometimes
controversial ideas to the panel without fear of repercussions (i.e., to either the panelist
proposing the idea or to the panelist supporting it). Such a ‘safe-to-fail’ approach empowers
individuals to take reasoned risks without concern for retribution. This is particularly important
in the area of climate change adaptation, as some adaptations may require fundamental
changes in the way in which agencies have traditionally planned and managed lands, waters,
and the built environment. Overall, the Policy Delphi approach lends itself well to identifying
solutions to complex policy problems characterized by significant uncertainty. It also lends
itself well to situations where exact knowledge is not available and where policy lacks historical
precedent, such as climate change.
While there are many possible designs to a Policy Delphi, the approach adopted for the Lake
Simcoe Climate Change Vulnerability Assessment will utilize two survey iterations (Figure 1).
The first survey iteration will present the expert panel with climate change vulnerabilities and
consequences for several sectors (e.g., biodiversity, natural heritage areas, terrestrial and
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aquatic ecosystems, the built environment) and solicit their recommendations on possible
adaptations within five general categories (1. Increasing Knowledge, 2. Strategic Planning, 3.
Legislation and Policy, 4. Knowledge Dissemination, and 5. Planning and Management). The
workshop and a post-workshop survey will be used to develop a comprehensive ‘adaptation
portfolio’ for each for the sectors. The second survey iteration will focus on evaluating the
recommendations for their perceived desirability (or importance) and feasibility. A structured,
multi-criterion feasibility matrix will be developed and used by the expert panel to conduct the
evaluations.

Figure 7: The methodological approach used to identify and evaluate climate change adaptation options
for the Lake Simcoe Watershed. The Policy Delphi approach is nestled within the Lake Simcoe
Vulnerability Assessment Framework.

The Policy Delphi and the Lake Simcoe Climate Change Adaptation Science Forum
and Workshop
Purpose of Climate Change Adaptation Brainstorming Session (Break-out Groups):
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The purpose of the Policy Delphi brainstorming session at the workshop is to generate an initial
portfolio of expert-based recommendations for adapting to climate change (see Figure 1). The
ideas generated from this initial exercise will be used as the basis for a follow-up survey in the
Policy Delphi process. The expert panel will be given time to reflect on the climate change
consequences for each sector and will be provided the opportunity to add to the initial list of
adaptation options generated from the workshop. After a comprehensive list of adaptation
options has been developed for each sector, the expert panel will be provided the opportunity
to rate each adaptation option for their desirability (or importance) and feasibility. While the
initial identification of adaptation options will occur via break-out groups at the workshop, the
identification of additional adaptation options and the evaluation phase of the Policy Delphi
process will be conducted anonymously by the expert panel.
Break-out Groups and Process:
Experts will be asked to identify adaptation options for vulnerabilities in the following sectors:
A.
B.
C.
D.
E.

Biodiversity (Wildlife, Insects, Invasive Species)
Ecosystems (Species at Risk, Terrestrial and Aquatic Habitat)
Natural Heritage (Parks and Protected Areas)
Built Infrastructure
Agriculture

Experts will be asked to identify and discuss adaptation options for their sector using five
general categories:
1.
2.
3.
4.
5.

Increasing Knowledge
Strategic Planning
Legislation and Policy
Knowledge Dissemination
Planning and Management

Results
The results from the process outlined above will be used to develop a matrix of
recommendations that will subsequently be evaluated by the expert panel for their perceived
level of desirability (importance) and feasibility in a second round Delphi survey (Figure 2).
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Table 10: Example matrix of recommended adaptation options within each sector and by category

Biodiversity
-Consequences
Ecosystems
-Consequences
Natural Heritage
-Consequences
Built
Infrastructure
-Consequences
Agriculture
-Consequences

Increasing
Knowledge
Adaptation
options…

Strategic
Planning
Adaptation
options…

Legislation and
Policy
Adaptation
options…

Knowledge
Dissemination
Adaptation
options…

Planning and
Management
Adaptation
options…

…

…

…

…

…

…

…

…

…

…

…

…

…

…

…

…

…

…

…

…

Overall, the use of a Policy Delphi in the Lake Simcoe Vulnerability Assessment will work
towards (1) addressing real local vulnerabilities (to ensure that stakeholders buy into the issue);
(2) involving stakeholders early and substantively (to increase the likelihood that adaptation
options are realistic and designed to be consistent with existing institutions and processes at
work in the Lake Simcoe Watershed); and, (3) connecting with decision-making processes to
ensure that adaptation initiatives are developed relative to other conditions and have the best
chance of actually being implemented. The primary advantage of the Policy Delphi process lies
in its high transparency, its ability to solicit both quantitative and qualitative information to
support decision-making, and in its flexibility to accommodate institutional-specific contexts
and processes.
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Definitions
The definitions are drawn from the Intergovernmental Panel on Climate Change reports (2001, 2007),
From Impacts to Adaptation (2008) and the Canadian standard “Risk Management: Guidelines for
Decision-Makers” (CAN/CSAQ850-97).

Adaptation
Adaptation is initiatives and measures to reduce the vulnerability of natural and human systems
against actual or expected climate change effects. Various types of adaptation exist, e.g.
anticipatory and reactive, private and public, and autonomous and planned. Examples are
raising river or coastal dikes, the substitution of more temperature-shock resistant plants for
sensitive ones, etc.
Adaptation benefits
Adaptation benefits are the avoided damage costs or the accrued benefits following the
adoption and implementation of adaptation measures.
Adaptation costs
Adaptation costs are the costs of planning, preparing for, facilitating, and implementing
adaptation measures, including transaction costs.
Adaptive capacity
Adaptation capacity is the ability of a system to adjust to climate variability and change to
moderate potential damages, to take advantage of opportunities, or cope with the
consequences.
Barrier
A barrier is any obstacle to reaching a goal, adaptation or mitigation potential that can be
overcome or attenuated by a policy, programme, or measure. Barrier removal includes
correcting market failures directly or reducing the transactions costs in the public and private
sectors by e.g. improving institutional capacity, reducing risk and uncertainty, facilitating
market trans- actions, and enforcing regulatory policies.
Climate change
Climate change refers to any change in climate over time, whether due to natural variability or
as a result of human activity. This usage differs from that in the United Nations Framework
Convention on Climate Change (UNFCCC), which defines ‘climate change’ as: ‘a change of
climate which is attributed directly or indirectly to human activity that alters the composition of
the global atmosphere and which is in addition to natural climate variability observed over
comparable time periods’. See also climate variability.
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Climate scenario
A climate scenario is a plausible and often simplified representation of the future climate,
based on an internally consistent set of climatological relationships that has been constructed
for explicit use in investigating the potential consequences of anthropogenic climate change,
often serving as input to impact models.
Climate projections often serve as the raw material for constructing climate scenarios, but
climate scenarios usually require additional information such as about the observed current
climate. A climate change scenario is the difference between a climate scenario and the current
climate.
Climate variability (CV)
Climate variability refers to variations in the mean state and other statistics (such as standard
deviations, the occurrence of extremes, etc.) of the climate on all spatial and temporal scales
beyond that of individual weather events. Variability may be due to natural internal processes
within the climate system (internal variability), or to variations in natural or anthropogenic
external forcing (external variability).
Event
An event is an incident induced or significantly exacerbated by climate change that occurs in a
particular place during a particular interval of time, e.g. floods, very high winds, or droughts.
Hazard
A hazard is a source of potential harm, or a situation with a potential for causing harm, in terms
of human injury; damage to health, property, the environment, and other things of value.
Hazard identification
Hazard identification is the process of recognizing that a hazard exists and defining its
characteristics.
Impacts (Climate change)
Impacts are the effects of climate change on natural and human systems. Depending on the
consideration of adaptation, one can distinguish between potential impacts and residual
impacts:
Potential impacts: all impacts that may occur given a projected change in climate, without
considering adaptation.
Residual impacts: the impacts of climate change that would occur after adaptation.
Projection
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A projection is a potential future evolution of a quantity or set of quantities, often computed
with the aid of a model. Projections are distinguished from predictions in order to emphasize
that projections involve assumptions concerning, for example, future socio-economic and
technological developments that may or may not be realized, and are therefore subject to
substantial uncertainty.
Residual risk
Residual risk is the risk remaining after all risk control strategies have been applied.
Resilience
Resilience is the ability of a social or ecological system to absorb disturbances while retaining
the same basic structure and ways of functioning, the capacity for self-organization, and the
capacity to adapt to stress and change.
Risk
Risk is the chance of injury or loss as defined as a measure of the probability and severity of an
adverse effect to health, property, the environment, or other things of value.
Risk assessment
Risk assessment is the overall process of risk analysis and risk evaluation.
Risk communication
Risk communication is any two-way communication between stakeholders about the existence,
nature, form, severity, or acceptability of risks.
Risk control option
Risk control option is an action intended to reduce the frequency and/or severity of injury or
loss, including a decision not to pursue the activity.
Risk estimation
Risk estimation is the activity of estimating the frequency or probability and consequence of
risk scenarios, including a consideration of the uncertainty of the estimates.
Risk evaluation
Risk evaluation is the process by which risks are examined in terms of costs and benefits, and
evaluated in terms of acceptability of risk considering the needs, issues, and concerns of
stakeholders.
Risk information library
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A risk information library is a collection of all information developed through the risk
management process. It includes information on the risks, decisions, stakeholder views,
meetings and other information that may be of value.
Risk management
Risk management is the systematic application of management policies, procedures, and
practices to the tasks of analyzing, evaluating, controlling, and communicating about risk issues.
Risk perception
Risk perception is the significance assigned to risks by stakeholders. This perception is derived
from the stakeholder’s needs, issues, and concerns.
Risk scenario
A risk scenario is a defined sequence of events with an associated frequency and consequences.
Vulnerability
Vulnerability is the degree to which a system is susceptible to, or unable to cope with adverse
effects of climate change, including climate variability and extremes. Vulnerability is the
function of the character, magnitude, and rate of climate variation to which a system is
exposed, its sensitivity, and its adaptive capacity.
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Appendix One
Lake Simcoe Watershed Climate Change Vulnerability Assessment Framework
This vulnerability assessment framework is intended for application in the Lake Simcoe watershed. Applications in
other watersheds warrant changes to the framework.

The Lake Simcoe Protection Plan, July 2009, policy 7.11, directs the MOE, MNR and other
partners to develop a Climate Change Adaptation Strategy by June 30, 2011. The strategy is to
identify key recommended adaptation actions needed to: increase the resiliency of the Lake
Simcoe watershed to the impacts of climate change; identify roles and responsibilities for
relevant parties; and identify potential amendments to the Plan to ensure the recommended
actions are undertaken. The policy further prescribes the following tasks to be undertaken as a
minimum:
a. Assess and evaluate the risk from climate change impacts on the watershed.
b. Promote, conduct and support additional research to better understand the impacts of
climate change in the watershed, including impacts on wetlands, aquatic life, terrestrial
species and ecosystems, headwaters, conservation of life cycles, ground water
temperature and levels.
c. Develop an integrated climate change monitoring program to inform decision making
and model the impacts of climate change on the watershed, and
d. Begin the development of climate change adaptation plans and promote the building of
a Lake Simcoe watershed community of practice in adaptation planning.

Policy 7.11 – SA, Lake Simcoe Protection Plan
The following framework constitutes one way in which a team of experts and scientists could
assess the vulnerabilities of a watershed to climate change. The overarching goal of this
framework is to provide guidance on establishing where and how the watershed is vulnerable
to climate change. The later steps (Steps 5 and 6) move towards identifying future risks as a
result of climate change and developing adaptation measures to cope with the impacts of
climate change and to determine how and when to implement such measures. These later riskadaptation steps were not developed as part of the Lake Simcoe Vulnerability Assessment
work, rather they are dealt with in a forum setting and will be further developed through an
ongoing policy Delphi process.
The Lake Simcoe watershed vulnerability framework is based on the NRCan framework as
quoted in Climate Change Impacts and Adaptation: A Canadian Perspective (Natural
Resources Canada, 2004) and is shown graphically below. This framework for vulnerability
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assessments has been modified to fit the context of the Lake Simcoe watershed. It will use
local science and local indicators most appropriate for both climate- and non-climate related
issues. A series of steps help outline the process beginning with the concept of vulnerability,
working through the assessment method and finally arriving at adaptation measures and
implementation.
Figure 2: Steps in the Lake Simcoe Vulnerability
Assessment Framework.
Lake Simcoe VA Framework

Step 1: Build team; engage experts and
identify indicators

Step 2: Assess current vulnerability

Step 3: Estimate future scenarios for
both climate and non-climate stressors

Step 4: Estimate future vulnerability

Step 5: Assess risks from climate change
using Delphi Method

Step 6: Develop risk reducing measures
(adaptation measures)
Warren, Fiona J. 2004. Climate Change Impacts and
Adaptation: A Canadian Perspective Natural
Resources Canada, p.17
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Background
Vulnerability, in the context of climate change, is defined as the degree to which a system is
susceptible to, and unable to cope with, adverse effects of climate change, including climate
variability and extremes. Vulnerability is a function of the character, magnitude, and rate of
climate change and variation to which a system is exposed, the sensitivity and adaptive capacity
of that system.
IPCC, Fourth Assessment Report, Working Group 2: Impacts, Adaptation and Vulnerability,
2007
Step One – Build Team, Engage Experts and Identify Indicators
1) Identify sectors that are pertinent to the vulnerability assessment. These may include areas
such as agriculture, tourism, aquatic habitat, energy generation/distribution, etc. In this
case, the Lake Simcoe Protection Plan outlines the areas of focus. They are listed in column
one of the Indicators chart. In order to gather the necessary knowledge to assess the
vulnerability of the watershed, begin to assemble a list of knowledgeable experts who can
contribute to the process.
2) Each area of focus will have a list of indicators associated with it. These indicators should
have data sets associated with them and when assembled, provide insight into the health in
that focal area. For example, measures of nutrient levels, beach pathogen levels,
suspended solids, and other indicators, when compared to a baseline or desirable levels,
give an indication of focal area health. Indicators must be reliable and provide current
information about how the system component is functioning (climate change aside) in its
natural setting.
3) Metrics and associated parameters must be meaningful and provide information on the
state (improving, declining, degradation, rehabilitation, etc) of the indicator.
4) Targets related to the different indicators help set goals and could determine different
levels of management actions.
Areas of
Focus/Sectors*
Water Quality
(includes groundwater
and surface water
hydrology)
Water Quantity
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Indicator*
1. Nutrient loading
2. Beach pathogen
3. suspended solids
4. etc
5.
1. lake water levels

Metrics*
1. ug/L or ppb
2. E.coli/Total Coliform
3.
4. etc
5.
1.

Parameters*
1. Daily/monthly
2. Weekly
3.
4. etc
5.
1.

Target*

1. <20 ppb
total
phosphorus
2.
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(includes groundwater
and surface water
hydrology)

2. tributary levels
3. aquifer levels
4. aquifer recharge
rate
5. etc

2.
3.
4. permeable surface in
recharge area
5.

2.
3.
4.
5.

Fish/Aquatic Life
Invasive Species
(terrestrial and
aquatic)
Wildlife
Terrestrial Species
Natural Shorelines
Agriculture
Natural Heritage
Protected Areas

Recreation
* Data within the chart are merely examples for explanatory purpose and have not been agreed
upon as acceptable or accurate.

5) Ideally, focal area experts/sector experts would develop their own list of indicators and
populate the chart. This would include experts from government, academic, nongovernment, associations, private sector, etc.
6) Targets could create optimal/sub-optimal functioning ranges through which management
actions would be triggered. For example, if [DO] crosses a threshold from 5mg/L to 4mg/L,
this triggers actions X, Y, Z. This will help in the future consideration of climate
variability/change.
Step Two – Assess Current Vulnerability
1) What do the indicators reveal about the state of each area of interest/sector? Are the Focal
Areas in a state of decline? Undergoing minimal/negligible change? Improving?
2) How has the climate changed within the watershed? Gather monitoring data from various
sources and create the ‘climate story’ to give a sense of what path we have been/are on.
Include as many variables as possible.
3) From what is known (current science and monitoring), has a change in climatic attributes
(temp, precipitation, heat days, water budget, etc) contributed to change in the indicators?
4) To what extent are the indicators exposed and sensitive to these climatic attributes?
5) What adaptive measures have been introduced in the past (whether anticipatory,
autonomous, planned, reactive, etc)? And have they been effective?
6) To what degree are the components of the system resilient (naturally cope with changes in
climate)?
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7) To the extent possible, include local knowledge/observations and ground truth to confirm
climate stories.
In this step, the exercise seeks to identify how climate has changed and how it has contributed
to the decline of the health of the resources. Climate variability/change enhances, extends or
increases existing, non-climatic stresses on a system (population growth, economic
diversification, landscape alterations, etc).

Areas of Focus/Sectors

Indicator

Water Quality
(Hydrology)

1. Nutrient loading
2. Beach pathogen
3. suspended solids
4. etc
5.

Water Quantity
(Hydrology)

1. lake water levels
2. tributary levels
3. reservoir levels
4. evaporation
5. etc.

Current Stresses
on the system
(outside of
weather/climate
stresses)

1. Increasing
population (local
and tourists)
2. Decreased
vegetative cover
3. Warmer water
temperatures

Current Health

(i=improving,
d=declining,
n=negligible)
1. d
2. i
3. d
4.
5.

Historically/
Currently
Vulnerable to
Weather/Climate

1. yes - extreme
events
2. yes – warmer
temperatures
3. yes -

Fish/Aquatic Life
Invasive Species
(terrestrial and aquatic)
Wildlife
Terrestrial Species
Shorelines
Natural Heritage
Protected Areas
Recreation

By identifying the existing, non-climatic stresses on the indicators, we can derive policy and
management actions to improve the non-climate environment. For example, limits to new
development, sustainable growth in tourism, increased tree cover, etc. In order to delineate
the effects of climate change on the indicators, we try to understand the linkage between
climate and non-climate stressors.
The Lake Simcoe Protection Plan outlines measures that will be implemented to control nonclimate stresses within the Lake Simcoe watershed. In order to develop and implement
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adaptive strategies, it is necessary to know to what extent climate will enhance the existing
stresses. If there is no link between climate change and the existing stressor, then future risk
due to climate change may be minimal for that indicator.
Current Stressors (as identified in the Lake Simcoe Protection Plan
Aquatic Life – degraded water quality (phosphorus loads), unsustainable land uses, human
pressures.
Water Quality – urban, rural, recreational and agricultural activities. More specifically,
nutrients, pollutants including heavy metals, organic chemicals, sediments and chlorides
and pathogens.
Water Quantity – increased demand and consumption, decreased supply and
replenishment.
(Natural) Shorelines and Natural Heritage – drought/flooding, changes in species
composition, interference or alteration of biological events such as migration and breeding,
shifts or loss of biodiversity, changes to forest cover and ecosystem functions.
Other stressors – invasive species, climate change, recreational activities
Each Sector/Area of Focus must identify which climatic variables are most important to them.
The choice of which climate variable to include in the assessment is based on the knowledge of
how the system interacts with, or is affected by, adverse weather or climate variability/change.
For example, growing degree days may be an important climate variable for the agriculture
sector but of little interest to people in the tourism sector. Below is a chart of climate
attributes (variables) and associated information. These variables comprise the historical
climate story for the watershed or areas within the watershed. Spatial context is also relevant
in yielding information about the climate of an area. For example, climate station X is located in
City Y but the nearest similar station is located 300km away.

Historic Climate
Variability/Change Attribute*

Monitoring
Location

Graphs/Trends
Produced

Indicator
Relationship

Attribute
Caveats (if any)

Annual average temperature
Seasonal fluxes in temp
(winter/spring warm periods)
1 hour rainfall totals
24 hour rainfall totals
Evaporation (over lake)
Stream flow
Water temperature
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*Note: there are many variations of each climatic variable (e.g. annual average temperatures, seasonal
temperatures, night time temperatures, maximum temperatures, etc). Deciding on which variable to
use may be difficult. The availability of such data may also determine whether or not each variable can
be included and may inform decisions pertaining to monitoring programs.

Step Three – Estimate Future Conditions: Scenarios for Both Climate and Non-Climate Stressors
1) Determine future scenarios for non-climate stressors and review their connection to
climatic factors.
2) Develop future climate scenarios to determine how the key climate attributes may change
into the future.
In areas where it was determined that a strong link exists between non-climate stressors and
climate change, then it is helpful to assess how the non-climate stressors will change into the
future. The creation of socioeconomic scenarios are helpful to give a sense of whether the
climate signal will outweigh the non-climate signal and to what ways climate change will be felt
in the future.
Socioeconomic Scenarios**

Demography and Settlement
Patterns

Socio-econ scenario variables

1.
2.
3.

Composition and Rate of
Economic Growth

1.

2.
Rate and Direction of
Technological Change

1.
2.
3.
4.

The Nature of Governance
Social and Political Values

Etc.

Increases in population
over 20 years
Decreases in population
over 20 years
Population grows to X then
levels
Continued mix of
agriculture, tourism and
manufacturing
Tourism increases with the
loss of manufacturing

Previously
Linked to
Climate Change
1.
2.
3.

no
no
no

1.
2.

yes
no

**From UKCIP, 2001
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Future climate scenarios, as provided by MNR, Environment Canada or OURANOS, are compiled
and shown as graphs. These graphs create the range of plausible futures within which future
vulnerability will be assessed. The scenarios are not predictions and have a degree of
uncertainty associated with them.
Future Climate
Variability/Change Attribute*
Annual average temperature
Seasonal fluctuations in temp
(winter/spring warm periods)
1 hour rainfall totals
24 hour rainfall totals
Evaporation (over lake)
Stream flow
Water (lake/stream)
temperature

Emission
Scenario
1.
2.
1.
2.

A2
B2
A2
B2

Future Time Slice

Model(s)

2020’s, 2050’s

CGCM2

2020’s, 2050’s

EC Ensembles
approach

Step Four – Estimate Future Vulnerability
1) Based on existing stressors, existing vulnerabilities and projections of future climate,
determine vulnerability to future climate variability/change. Use the linkages previously
determined between indicators and current climate stresses.
Existing vulnerabilities to historic and current climate change, combined with existing
socioeconomic stressors reveal current vulnerabilities. When considered alongside future
climate change, enhanced or new vulnerabilities can be identified.
2) Based on the trend of historic climate change, existing system stress, relationship to the
indicator and the sensitivity and exposure of the indicator to changes in climate, begin to
prioritize the existing vulnerabilities.
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Step Five – Assess Risks from Climate Change using the Delphi Method
Based on the previously identified vulnerabilities and the climate projections, determine the
risks posed by future climate change. Risks can be evaluated using economic, environmental,
social, cultural measures. The Delphi method, using expert science and engineering opinion,
will be used to identify areas of high risk from climate change and will seek to prioritize those
risks.
The chart (From Black et. al. 2009) below provides a matrix that aids risk evaluation based on
consequences and probability.

93

Ontario Centre for Climate Impacts and Adaptation Resources (OCCIAR)
Laurentian University/MIRARCO 935 Ramsey Lake Road, Sudbury, ON P3E 2C6 www.climateontario.ca

Moderate

Extreme risk:
Immediate controls
required

High risk: High
priority control
measures required

Low

Moderate risk:
Some controls
required

Low risk: Controls
not likely required

Very Low

IMPACT SEVERITY

Major

Extreme

Figure 3: Risk Evaluation Matrix (Step 5)

Very Unlikely to Happen

Occasional Occurrence

Moderately Frequent

FREQUENCY/PROBABILITY
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Occurs Often

Virtually Certain to Occur

Negligible risk: Do
not require further
consideration
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Step Six – Develop Risk Reducing Measures (Adaptation Measures)
1) Based on highest levels of risk determined in Step 5, create a list of measures that will work
toward reducing the risks associated with climate change. Adaptation measures must
include features of timing, spatial scope, temporal scope, cost and assigning of
responsibility.
2) Based on the results of Step 2 (number 5), comment on historic and current adaptive
capacity and how adaptive capacity could change into the future. Determine whether
adaptation capacity deficits will prohibit or discourage adaptation in any way.
3) If necessary, undertake measures to improve adaptive capacity (increased monitoring,
better climate projections, access to financial capital, training and education etc)
4) Develop and implement an adaptive management approach to decision-making.
Up to this point in the exercise, adaptive capacity has not been discussed. Resilience of the
system or sector has been considered in Step Two. Step Six will develop a ‘shopping list’ of
adaptive measures which can be vetted through filters such as cost, benefit, timing, political
support, etc. The revised list of adaptive measures can then be considered for implementation.

Sectors and Indicators
Most at Risk as a Result
of Climate Change
(using climate trends
and climate scenarios)

Direct Adaptive Measure

Cost (high, medium,
low)

Nutrient loads

1.

medium

2.
3.
Water levels

1.

2.

Capture higher
amount of runoff
following storm
events
Increase impervious
surfaces
Regulate nutrient
application levels
Create water level
zones and regulate
consumption in the
ICI sector
Create water level
zones and regulate
public consumption

Target to
Achieve

Timing of
Implementation

Low

Water temperatures
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The adaptive management approach will include a process by which adaptive decisions are
revisited regularly to review their efficacy. New science, including data, may also contribute to
the decision-making process. Through monitoring, new data may support a change in
adaptation measures.
Facets of adaptive capacity include Access to Information, Social Capital, Economic Wealth,
Knowledge and Skills, Access to Technologies, Infrastructure and Institutions (from Smit et. al,
2003). These and other metrics of adaptive capacity can be evaluated to determine needs for
improvement.
Step Seven – Implementation of Adaptive Measures
1) Decide who is responsible for implementing adaptive measures as well as their geographic
scope.
2) Determine who will fund the adaptation measures.
3) Determine the timing of the launch of the measure.
4) Determine how the adaptation will be measured (targets, thresholds, trends, new policies,
etc)
This step is often the most difficult to achieve. The assessment portions of vulnerability studies
are numerous but there are fewer examples of adaptation implementation. Again, reviewing
the targets produced in Step One (number 4), improvements to the watershed can be
quantified.
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Step by step summary of the Lake Simcoe Vulnerability Assessment Framework.

Step 1:
Build Team, Engage Experts
and Idenify Indicators

Step 2:
Assess Current Vulnerability

Step 3:
Estimate Future Scenarios
for Both Climate and NonClimate Stressors
Step 4:
Estimate Future
Vulnerability

Step 5:
Assess risks from climate
change using Delphi Method

Step 6:

Develop Risk Reducing
Measures (Adaptation
Measures)

Step 7:
Implementation of Adaptive
Measures
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•
•
•
•
•

Build team and engage experts
Identify sectors that are pertinent to the assessment
List indicators associated with each area of focus
List metrics which provide information on the state of the indicator
List targets to the different indicators to help set goals and
determine different levels of management actions

• Determine what the indicators suggest about the state of each
area of focus/sector
• Determine how the climate has changed within the watershed
• Determine if a change in climate contributed to a change in the
indicators
• Establish to what extent indicators are exposed or sensitive to
climate
• Determine what adaptive measures have been introduced in the
past and how effective they were
• Determine how resilient the components of the system are

• Determine future scenarios for non-climate stressors and reivew
their connection to climatic factors
• Develop future climate scenarios to determine how the key climate
attributes may change into the future

• Determine vulnerability to future climate variability/change (based
one existing stressors, vulnerabilities and projections of future
climate)
• Prioritize the vulnerabilities posed by climate change

• Determine the risks posed by future climate change
• Risks can be evaluated using economic, social, cultural, and
environmental measures
• Expert science and engineering used to identify areas of high risk
climate change and to prioritize those risks
• Create a list of measures that will work towards reducing the risks
associated with climate change based on the highest levels of risk
determined in step 4
• Determine whether existing adaptation capacity deficits will
prohibit or discourage adaptation
• Undertake measures to improve adaptive capacity
• Develop and implement an adaptive management approach to
decision-making

•
•
•
•

Decide who is responsible for implementing adaptive measures
Determine who will fund the adaptive measures
Determine the timing of the lauch of the measure
Determine how the adaptative actions will be measured

Appendix Two
Lake Simcoe Climate Change Vulnerability Assessment Survey of Vulnerabilities of the Built
Environment
Thank you for taking the time to complete this short survey.
As part of the Lake Simcoe climate change vulnerability assessment/adaptation process, we are
gathering information about the impact of weather and climate on infrastructure. Perspectives
of historic weather and climate impacts, as well as current and future impacts will be
requested. For the purpose of this survey, climate change includes:
changes to the long term average of temperature and precipitation;
variability in temperature and precipitation (the highs and lows);
changes to intensity and frequency of extreme events such as heavy rain, snow, wind,
freezing rain, etc.
The geographic context for this work will be limited to your municipality or region. Please give
professional perspectives that represent your knowledge of the infrastructure and its
vulnerabilities to climate change within your community.
For the purpose of this survey, we will use the following classes of infrastructure:
transportation (roads, highways, bridges, walkways, rail lines, etc);
buildings (residential - houses, condos, apartments; institutional – schools, libraries,
churches, hospitals, etc; private – businesses);
stormwater/wastewater (sewer lines, waste treatment facilities, catch basins, reservoir,
culverts, settling ponds, etc);
drinking water (source water intakes lines, treatment facilities, pumping facilities,
transportation lines, etc)
IT and communication (cell towers, phone lines, cable lines, fiber optic lines, etc);
power generation and distribution/transmission;
shoreline (if applicable) (docks, berms, ports, harbours, flood control mechanisms, etc)
All information will be kept confidential. Results of the survey will be pooled and presented as
regional or watershed vulnerabilities. Your contact information has been requested in order to
follow up if necessary.
Please contact Al Douglas if you have any questions or comments – 705-675-1151 Ext 1506.
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Contact Information
Name:
Job Title:
Organization Name:
Email Address:
Survey
2. Has your community experienced weather-related events within the last five years?
YES

NO

NOT SURE

Periods of intense/extreme
precipitation
Intense/extreme thunder and
lightning storms
Intense/extreme hailstorms
Extreme wind events
Periods of extreme heat
Warmer average temperatures
(seasonal, annual)
Warmer average winter
temperatures (> 0˚C)
Rain events during winter months
More intense winter storms
Heat waves
Increased periods of drought
Combination of/cumulative
extreme weather events
Other______________________________________
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3. To what extent has any of the above weather-related events (listed in Question 2) impacted
your infrastructure?
No
Impact
1

2

3

4

Large Impact
(damage)
5

4

Large Impact
(damage)
5

4

Large Impact
(damage)
5

NA

Not sure

4

Large Impact
(damage)
5

Large Impact

NA

Not sure

NA

Not sure

NA

Not sure

NA

Not sure

Transportation:
Road
Highway
Bridge
Walkway
Railway line
Other____________
No
Impact
1

2

3

Building:
Residential
Institutional
Private
Other____________
No
Impact
1

2

3

Stormwater/wastewater:
Sewer
Waste Treatment
Facility
Catch Basin
Reservoirs
Culvert
Settling Pond
Other____________
No
Impact
1

2

3

Drinking Water:
Source Water Intake
Treatment Facility
Pumping Facility
Transportation/Distrib
ution
Other____________
No
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Impact
1

2

3

4

(damage)
5

NA

Not sure

4

Large Impact
(damage)
5

NA

Not sure

4

Large Impact
(damage)
5

IT and Communication:
Cell Tower
Phone Line
Cable Line
Fiber Optic
Other____________
No
Impact
1

2

3

Energy:
Power Generation
Power
Distribution/Transmiss
ion
Other____________
No
Impact
1

2

3

Shoreline (if applicable):
Dock
Berm
Port
Harbour
Flood Control
Structure
Other____________

4. Which of the weather-related events, from Question 1, pose the greatest threats to your
infrastructure? List the top 3.
I.
II.
III.

5. On a scale of 1 to 5, where 1 = not vulnerable at all and 5 = extremely vulnerable, indicate
the extent to which these climate events will impact the various classes of infrastructure.
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Shoreline

Energy

IT and
Communication

Drinking water

Storm/Wastewat
er

Building

Transportation
Intense/extreme precipitation
Intense/extreme thunder and
lightning storms
Intense/extreme hailstorms
Extreme wind events
Periods of extreme heat
Warmer average temperatures
(seasonal, annual)
Warmer average winter
temperatures (> 0˚C)
Rain events during winter months
Intense winter storms
Heat waves
Prolonged periods of drought
Combination of/cumulative
extreme weather events
Other________________________

6. Looking into the future, non-climate stressors such as changes to population, demographics
and land usage will also place challenges on infrastructure in certain parts of the watershed.
Considering the list of infrastructure, to what extent will these non-climate stressors impact
the system?
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No impact = little change in stress level
Moderate Impact = average stress but the system will accommodate with good planning
High Impact – large system stress, will require major investments to cope
No
Impact
1

2

Moderat
e Impact
3

2

Moderat
e Impact
3

2

Moderat
e Impact
3

2

Moderat
e Impact
3

4

High
Impact
5

4

High
Impact
5

4

High
Impact
5

4

High
Impact
5

NA

Not
sure

NA

Not
sure

NA

Not
sure

NA

Not
sure

Transportation:
Road
Highway
Bridge
Walkway
Railway line
Other____________
No
Impact
1

Building:
Residential
Institutional
Private
Other____________
No
Impact
1

Stormwater/wastewater:
Sewer
Waste Treatment
Facility
Catch Basin
Reservoirs
Culvert
Settling Pond
Other____________
No
Impact
1

Drinking Water:
Source Water Intake
Treatment Facility
Pumping Facility
Transportation/Distrib
ution
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Other____________
No
Impact
1

2

Moderat
e Impact
3

2

Moderat
e Impact
3

2

Moderat
e Impact
3

4

High
Impact
5

4

High
Impact
5

4

High
Impact
5

NA

Not
sure

NA

Not
sure

NA

Not
sure

IT and Communication:
Cell Tower
Phone Line
Cable Line
Fiber Optic
Other____________
No
Impact
1

Energy:
Power Generation
Power
Distribution/Transmiss
ion
Other____________
No
Impact
1

Shoreline (if applicable):
Dock
Berm
Port
Harbour
Flood Control
Structure
Other____________
7. If climate continues to change (long term changes to average, variability and extremes), will
the classes of infrastructure become more or less vulnerable? Please indicate how
vulnerability in each class will change.
No Change
in
Vulnerability
1

2

Moderate
Change in
Vulnerability
3

4

Very Large
Change in
Vulnerability
5

NA

Not
sure

Transportation
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How?

Building
How?

Stormwater/
Wastewater
How?

Drinking Water
How?

IT and
Communication
How?

Energy
How?

Shoreline
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How?

Other_____________________________________
8. Are there specific locations where infrastructure is currently vulnerable to current weather
hazards (e.g. does the same location flood each time there is a heavy rain event, etc.)?



Yes
No

Comment_______________________________________

9. Does your community intend to develop and implement mechanisms (adaptation) to reduce
climate-related risks?
No



Yes, within 1 year



Possibly within 2-3 years



Possibly within 4-6 years



Not Sure



Comment____________________________________
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Appendix Three
Lake Simcoe Climate Change Adaptation Vulnerability Assessment: Built Systems
The following series of questions moves through the different steps of a vulnerability
framework and attempts to assess current and future vulnerabilities to both climate and nonclimate related stressors. It also attempts to assess the degree of sensitivity and exposure for
each pertinent area and its capacity to adapt to historic and future climate variability and
change.
Following a review of historic and current vulnerability, experts will try to understand how
those system(s) coped with climate variability and change in the past. This assessment of
adaptive capacity gives insight as to how the system(s) will hold up to continued and increased
future climate stresses. The next phase uses projections of future climate, through the use of
scenarios, to assess how the current vulnerabilities will be enhanced and what new climate
stressors will arise. These scenarios also need to include the non-climate factors (projections of
future growth in the watershed). Historic coping mechanisms or adaptive measures can then
be evaluated for efficacy and future vulnerabilities translated into risks.
Consider the following framework and questions in the context of your area of responsibility
(group, branch, division). Focus your thinking on the built infrastructure and policies that
govern their development and use. The geographic scope of this exercise includes the Lake
Simcoe watershed. Scenarios for future growth and future climate will be provided. Temporal
scope will extend to 2050.
A) Built systems face stresses from non-climate related factors including population
increase, economic growth and diversification, land use changes and other external
influences. Please list these factors and state specifically how they may have
contributed to creating vulnerability in the built system(s). Examples include population
growth, land use changes, economic diversification, lifestyle changes, etc. Consider the
infrastructure age, point in lifecycle, maintenance record, capacity and design criteria.
B) In order to fully understand the impacts of climate variability and climate change on
built systems, reveal how the infrastructure been challenged by historic weather
extremes and/or long term changes to average temperature and precipitation? Consider
the following climate factors: periods of extreme precipitation (rain/snow, hail, sleet),
extreme wind events, periods of extreme heat, warmer average temperatures
(seasonal, annual), warm winter days (temp > 0 °C), periods of drought and any
examples of cumulative hazards.
C) The above 2 factors (climate and non-climate stressors) give an indication of historic and
current system vulnerability. Consider how the infrastructure/system(s) has responded
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to these stressors. This gives an indication of carrying/coping capacity of the
infrastructure/system(s) including whether historic methods of coping and adapting
have been sufficient.
D) Given the historic vulnerabilities of the infrastructure/system(s), and given the climate
will continue to change, both through long term average changes and changes to the
extremes, how might the existing vulnerabilities be enhanced? Consider both nonclimate stressors and climate-stressors. To quantify what climate change means,
consider developing scenarios which give a range of plausible futures. We suggest 2
futures – a low climate future would equate to weather functioning more or less within
the range of historic variability with minimal exceedances beyond the traditional coping
zone. A high climate future would see more intense extremes happening more often. It
would also include continued increases in average temperatures with shortening of the
winter season.
E) Given the vulnerability of the system(s), evaluate how these vulnerabilities translate
into future risks. Evaluate the risks based on the impacts to social systems, the
environment and the economy.
These risks then become the basis for developing adaptation responses. Adaptations are
evaluated according to ease of implementation, cost/benefit, political support and a variety of
other factors.
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Other

Combination of/cumulative extreme
weather events

Increased periods of drought

Heat waves

More intense winter storms

Rain events during winter months

Warmer average winter
temperatures (> 0˚C)

Warmer average temperatures
(seasonal, annual)

Periods of extreme heat

Extreme wind events

Intense/extreme hailstorms

Intense/extreme thunder and
lightning storms

Periods of intense/extreme
precipitation

Appendix Four

Question 1: Contact information

Question 2:

Has your community experienced any of the weather-related events listed
below within the last five years?

10
9
8
7
6
5
4
3
2
1
0
Yes

No

Not Sure
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Question 3: To what extent has any of the above weather-related events (listed in Question 2) impacted
your infrastructure?

4

5
Large
Impact
(damage)

NA

Not
sure

Rating
Average

4

1

0

0

1

3.38

2

2

3

1

0

0

3.38

2

1

2

0

2

1

4.25

1

2

2

1

0

0

2

3.63

1

2

0

2

0

1

2

4.13

e) Rail Line

0

1

0

0

0

4

3

5.88

f) Other Transportation

0

1

1

0

0

3

3

5.50

2. Building (in general)

1

3

2

0

0

1

1

3.25

a) Residential

1

2

1

2

0

2

0

3.50

b) Institutional

3

0

2

1

0

2

0

3.13

c) Private

1

2

1

1

0

2

1

3.88

d) Other Building
3. Stormwater/Wastewater (in
general)
a) Sewer

1

0

1

1

0

3

1

4.71

0

2

3

1

1

0

1

3.63

1

1

2

1

0

1

3

4.44

b) Waste Treatment Facility

0

2

2

1

0

1

3

4.56

c) Catch Basin

1

0

4

1

0

0

2

3.88

d) Reservoir

2

0

1

1

0

2

2

4.38

e) Culvert

1

0

4

1

0

0

2

3.88

f) Settling Pond

1

0

2

1

0

1

3

4.75

g) Other Stormwater/Wastewater

1

0

1

0

1

2

2

5.00

4. Drinking Water (in general)

4

1

0

1

0

1

2

3.33

a) Source Water Intake

3

2

0

1

0

1

2

3.44

b) Treatment Facility

3

2

0

1

0

1

2

3.44

c) Pumping Facility

5

0

0

1

0

1

2

3.22

d) Transportation/Distribution

5

0

0

1

0

1

2

3.22

e) Other Drinking Water
5. IT and Communication (in
general)
a) Cell Tower

3

0

0

0

0

2

3

4.50

1

1

1

0

0

1

2

4.33

2

0

1

1

0

1

2

4.14

b) Phone Line

2

0

2

0

0

1

2

4.00

c) Cable Line

2

1

1

0

0

1

2

3.86

d) Fibre Optic

3

0

1

0

0

1

2

3.71

e) Other IT and Communication

2

0

0

0

0

2

2

4.67

6. Energy (in general)

2

0

0

0

0

2

3

5.00

a) Power Generation
b) Power Distribution/
Transmission

0

1

0

0

0

3

3

5.86

0

1

1

0

0

3

2

5.29

1
No
Impact

2

3
Moderate
Impact

1. Transportation (in general)

0

2

a) Road

0

b) Highway

0

c) Bridge
d) Walkway

Answer Options
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c) Other Energy

2

0

0

0

0

2

2

4.67

7. Shoreline (in general)

1

0

1

1

0

2

2

4.86

a) Dock

2

0

0

1

0

2

2

4.57

b) Berm

2

0

0

1

0

2

2

4.57

c) Port

2

0

0

1

0

2

2

4.57

e) Harbour

2

0

0

1

0

2

2

4.57

f) Flood Control Structure

1

0

1

0

1

2

2

5.00

g) Other Shoreline

1

0

0

0

0

1

2

5.25

answered questions
skipped questions

9
0

Comment: We've had extensive residential basement flooding, that is a going concern. Stormwater is
getting into the sanitary sewer and causing backups through the floor drains.
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Question 4:
Which of the weather-related events, from Question 2, pose the greatest threats to your infrastructure? List the
top 3.
1
2
3

Periods of intense/ extreme precipitation
Combination of/ cumulative extreme weather events
Increased periods of drought

1
2
3

Periods of intense/extreme precipitation
Rain events during winter months
More intense winter storms

1
2
3

sudden intense rain
wind storms
winter snow melt

1
2
3

Periods of intense/extreme precipitation
Rain events during winter months
Increased periods of drought

1
2
3

severe wet weather events
severe wind events
severe drought events

1

excessive infiltration and inflow into sanitary sewer system during rain and snowmelt events

1
2
3

intense and extreme precipitation
rain events during winter months
thunder and lightning storms
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Question 5:

Using the drop down menus, indicate the extent to which the weather-related events (listed in left hand column) will
impact the various classes of infrastructure. The scale is 1 to 5, where 1 = NOT VULNERABLE and 5 = EXTREMELY
VULNERABLE.
Transportation
Answer Options

1

2

3

4

5

Periods of intense/extreme precipitation

0

2

2

2

1

Intense/extreme thunder and lightning storms

4

2

0

1

0

Intense/extreme hailstorms

2

2

1

2

0

Extreme wind events

1

4

1

1

0

Periods of extreme heat

3

1

2

1

0

Warmer average temperatures (seasonal, annual)

4

1

2

0

0

Warmer average winter temperatures (> 0˚C)

2

3

2

0

0

Rain events during winter months

0

2

4

1

0

More intense winter storms

0

2

1

3

1

Heat waves

3

1

1

1

1

Increased periods of drought

6

0

1

0

0

Combination of/cumulative extreme weather events

0

3

1

2

1

Answer Options

1

2

3

4

5

Periods of intense/extreme precipitation

1

2

3

1

0

Intense/extreme thunder and lightning storms

0

3

3

1

0

Intense/extreme hailstorms

0

3

3

1

0

Extreme wind events

0

2

2

3

0

Periods of extreme heat

2

1

3

1

0

Warmer average temperatures (seasonal, annual)

3

1

3

0

0

Warmer average winter temperatures (> 0˚C)

5

1

1

0

0

Rain events during winter months

5

1

1

0

0

More intense winter storms

3

1

1

1

1

Heat waves

3

1

1

2

0

Increased periods of drought

4

2

1

0

0

Combination of/cumulative extreme weather events

2

3

0

2

0

Building

Stormwater/Wastewater
Answer Options

1

2

3

4

5

Periods of intense/extreme precipitation

0

0

2

3

1
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Intense/extreme thunder and lightning storms

3

1

0

3

0

Intense/extreme hailstorms

4

1

1

0

0

Extreme wind events

3

2

1

0

0

Periods of extreme heat

3

1

2

0

0

Warmer average temperatures (seasonal, annual)

3

2

1

0

0

Warmer average winter temperatures (> 0˚C)

2

1

2

1

0

Rain events during winter months
More intense winter storms

0

3

2

2

0

2

1

2

2

0

Heat waves

3

1

1

1

0

Increased periods of drought

2

0

3

0

1

Combination of/cumulative extreme weather events

1

1

2

3

0

Answer Options

1

2

3

4

5

Periods of intense/extreme precipitation

1
3
5
3
1
1
2
2
4
1
1
1

2
0
0
1
3
2
1
2
0
2
0
1

3
2
1
2
0
1
2
2
2
0
1
2

0
1
0
0
2
2
1
0
0
3
2
2

0
0
0
0
0
0
0
0
0
1
3
0

Answer Options

1

2

3

4

5

Periods of intense/extreme precipitation

1

2

2

0

0

Intense/extreme thunder and lightning storms

0

1

3

1

0

Intense/extreme hailstorms

0

2

2

1

0

Extreme wind events

0

2

1

2

0

Periods of extreme heat

2

2

1

0

0

Warmer average temperatures (seasonal, annual)

2

1

1

1

0

Warmer average winter temperatures (> 0˚C)

3

1

1

0

0

Rain events during winter months

4

0

1

0

0

More intense winter storms

1

2

0

2

0

Heat waves

3

1

1

0

0

Increased periods of drought

4

0

1

0

0

Combination of/cumulative extreme weather events

1

2

1

1

0

Drinking Water

Intense/extreme thunder and lightning storms
Intense/extreme hailstorms
Extreme wind events
Periods of extreme heat
Warmer average temperatures (seasonal, annual)
Warmer average winter temperatures (> 0˚C)
Rain events during winter months
More intense winter storms
Heat waves
Increased periods of drought
Combination of/cumulative extreme weather events

IT and Communication
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Energy
Answer Options

1

2

3

4

5

Periods of intense/extreme precipitation
Intense/extreme thunder and lightning storms
Intense/extreme hailstorms
Extreme wind events
Periods of extreme heat
Warmer average temperatures (seasonal, annual)
Warmer average winter temperatures (> 0˚C)
Rain events during winter months
More intense winter storms
Heat waves
Increased periods of drought
Combination of/cumulative extreme weather events

2
0
1
0
0
1
3
4
1
1
2
1

2
2
1
3
2
1
0
0
1
1
0
2

1
1
1
0
0
1
2
1
1
1
1
0

0
1
1
1
1
1
0
0
1
0
1
1

0
1
1
0
2
1
0
0
1
2
1
1

Answer Options

1

2

3

4

5

Periods of intense/extreme precipitation

1
4
3
2
3
2
2
2
3
3
2
1

1
0
1
1
1
2
0
1
1
1
0
1

2
0
0
0
0
0
2
1
0
0
1
1

2
1
1
1
1
1
1
1
1
1
2
2

0
0
0
1
0
0
0
0
0
0
0
0

Shoreline

Intense/extreme thunder and lightning storms
Intense/extreme hailstorms
Extreme wind events
Periods of extreme heat
Warmer average temperatures (seasonal, annual)
Warmer average winter temperatures (> 0˚C)
Rain events during winter months
More intense winter storms
Heat waves
Increased periods of drought
Combination of/cumulative extreme weather events

answered question
skipped question
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Question 6:
Looking into the future, non-climate stressors such as changes to population, demographics and land usage will
also place challenges on infrastructure in certain parts of the watershed. Considering the list of infrastructure,
please indicate to what extent will these non-climate stressors impact the system. No impact = little change in
stress level Moderate Impact = average stress but the system will accommodate with good planning High Impact –
large system stress, will require major investments to cope
1
No impact

2

3
Moderate
impact

4

5
High
Impact

NA

Not
Sure

1. Transportation (in general)
a) Road
b) Highway
c) Bridge
d) Walkway
e) Rail Line
f) Other Transportation

0
0
0
0
2
1
0

1
1
1
1
0
2
1

1
1
1
2
1
0
0

1
2
2
1
1
0
0

3
2
1
2
1
0
0

0
0
1
0
1
2
3

1
1
1
1
1
2
2

2. Building (in general)
a) Residential
b) Institutional
c) Private
d) Other Building

0
1
0
1
0

1
1
2
2
0

3
2
2
1
0

0
0
1
1
1

1
1
0
0
0

1
1
1
1
2

1
1
1
1
3

3. Stormwater/Wastewater (in general)
a) Sewer
b) Waste Treatment Facility
c) Catch Basin
d) Reservoir
e) Culvert
f) Settling Pond
g) Other Stormwater/Wastewater

0
0
0
1
0
0
0
0

1
1
1
2
2
2
1
0

1
1
0
1
0
1
0
0

3
2
3
2
3
3
3
2

2
2
2
0
0
0
0
0

0
1
1
0
1
0
1
2

1
1
1
1
1
1
1
2

4. Drinking Water (in general)
a) Source Water Intake
b) Treatment Facility
c) Pumping Facility
d) Transportation/Distribution
e) Other Drinking Water

0
0
0
0
0
0

1
1
1
1
1
0

1
1
1
1
0
0

1
1
1
1
2
0

2
2
2
2
2
1

1
1
1
1
1
2

2
2
2
2
2
3

5. IT and Communication (in general)
a) Cell Tower
b) Phone Line
c) Cable Line
d) Fibre Optic
e) Other IT and Communication

0
0
0
0
0
0

2
1
1
1
1
0

0
1
1
1
1
0

1
1
1
1
1
1

1
0
0
0
0
0

1
1
1
1
1
1

2
3
3
3
3
4

6. Energy (in general)
a) Power Generation
b) Power Distribution/Transmission
c) Other Energy

0
0
0
0

1
2
1
0

0
0
0
0

2
1
1
1

1
1
2
1

1
1
1
1

2
2
2
3

7. Shoreline (in general)

0

1

0

1

0

1

3

Answer Options
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a) Dock
b) Berm
c) Port
e) Harbour
f) Flood Control Structure
g) Other Shoreline

0
1
0
0
1
0

2
1
2
2
0
0

0
0
0
0
0
0

1
1
1
1
2
1

0
0
0
0
0
0

1
1
1
1
1
1

3
3
3
3
3
4

Question 7:
If climate continues to change (long term changes to average, variability and extremes), will the classes
of infrastructure become more or less vulnerable?
4

5
Very
large
change

NA

Not
sure

Rating
Average

Response
Count

3

3

1

0

0

3.71

7

2

3

0

1

0

1

3.57

7

0

1

6

1

0

0

4.00

8

0

0

2

4

2

0

0

4.00

8

IT and Communication

0

2

1

1

1

0

2

4.29

7

Energy

0

1

0

4

1

0

1

4.29

7

Shoreline

0

2

1

1

1

0

2

4.29

7

1
No
change

2

3
Moderate
change

Transportation

0

0

Building

0

Stormwater/Wastewater

0

Drinking Water

Answer Options

answered question
skipped question

8
1

For the rank selected in each of the classes above, please indicate how the vulnerability in each category will
change.
Transportation - vulnerability will increase due to extreme winter storms, winter rain due to icing, and increased
flooding at stream crossing locations. Wastewater - vulnerability will increase during extreme rainfall events due to
increased flows in sewers (potential for basement flooding) and increased flows at treatment plants (flooding,
exceeding approved capacity) due to inflow into sewers. Drinking Water - extreme rainfall events will degrade the
raw water quality, drought conditions will stress groundwater sources for municipal wells.
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Question 8:
Are there specific locations where infrastructure is all ready vulnerable to current
weather hazards (e.g. does the same location flood each time there is a heavy
rain event, etc.)?

37.5%
Yes

50.0%

No
Not Sure

12.5%

Question 9:
Does your community intend to develop and implement mechanisms
(adaptation) to reduce climate-related risks?
0.0%
25.0%
No
Yes, within 1 year

50.0%

Possibly, within 2 to 3 years
Possibly, within 4 to 6 years
Not Sure

12.5%

12.5%

Comments: May not be completed within 1 year but it is being looked at.
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