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11.0 STATE OF CLIMATE CHANGE RESEARCH IN THE LAKE ERIE
SOURCE PROTECTION REGION

Research into the consequences of climate change, modeled as a doubling of COz2, has
been completed in Ontario and the Lake Erie basin with many of the recent studies
incorporating the changes already seen in the Great Lakes regional climate (such as
{Bruce et al., 2006; Chiotti and Lavender, 2008; Kunkel et al., 2009; Zhang et al., 2000).
Research on climate change and water resources in the last decade is thought to be
more reliable than earlier studies, given that recent studies have been able to
incorporate observed changes, and take advantage of better modeling tools (IPCC-
TGICA, 2007). Many recent studies agree that greater and more frequent temperature
and precipitation extremes are expected in the Lake Erie basin. An annual average
increase in both temperature and precipitation are the driving predictions for the
differences in water resources for Ontario and the Lake Erie basin (Kling et al., 2003).
For the Long Point Region subwatersheds, research in the Lake Erie basin is the most
appropriate unit of measurement for local scale impacts of climate change.

Annual average air temperature in the Lake Erie basin (including the Long Point Region
subwatersheds) is expected to increase only slightly; McBean and Motiee (2008)
estimate a 0.8°C increase by 2050. The small increase, however, masks the intra-
annual changes, as seasonal temperatures and diurnal temperatures are expected to
fluctuate more dramatically, resulting in much warmer winter temperatures (Bruce et al.,
2000; Cunderlik and Simonovic, 2004; Jyrkama and Sykes, 2007; Kunkel et al., 2002;
Mortsch et al., 2000). Daily temperatures in the summer are projected to gradually
increase towards 2030, with a more rapid increase occurring to 2100 that could have
daily average summer temperatures 10°C higher than the 1960-1990 average (Kling et
al., 2003).

The projected effects of a doubling of CO2 on precipitation are extensive. Annual total
precipitation is expected to increase over the next 50 years in the Great Lakes basin
(McBean and Motiee, 2008), but the distribution throughout the year will be altered.
Sharif and Burn (2006) estimate that only the months of January, March and October
will have increased monthly precipitation; while-the period between April and
September, when water demands are highest, may see a decrease. Precipitation is
expected to shift from snowfall to rain as winter temperatures rise (Bruce et al., 2000;
Mortsch et al., 2000). The extreme events for precipitation will be of higher intensity and
frequency (McBean and Motiee, 2008), at the expense of more gentle and persistent
rainfall events experienced in the past (Mortsch et al., 2000).
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Warmer winter temperatures are projected to be the most influential change for water
resources in the Long Point Region watershed area. Some of the changes predicted
include more winter precipitation as rain, a smaller snowpack, higher evaporation from
open water bodies that no longer freeze, and an earlier and weaker spring freshet
(Barnett et al., 2005; Bruce et al., 2000; Environment Canada, 2004a; Jyrkama and
Sykes, 2007; Mortsch et al., 2000). Soil moisture will be higher in the spring; but drop
lower in summer due to higher evapotranspiration. This will lead to more frequent
drought occurrences and greater demands on water resources for irrigation (Brklacich,
1990; McBean and Motiee, 2008). Precipitation trends will change to more intense
storms, causing a decrease in infiltration and groundwater recharge (de Loe and Berg,
2006; McLaren and Sudicky, 1993), higher sediment and nutrient loading in the creeks
due to greater erosion (McBean and Motiee 2008), and fewer days with rain or longer
dry periods (Mortsch et al., 2000). Net basin water supplies are projected to decrease,
following overall decreases in runoff, infiltration, higher surface water temperatures and
greater evapotranspiration (Lofgren et al., 2002; Mortsch et al., 2000). Overall, climate
change is expected to shift averages in temperature, precipitation and evaporation,
which will lead to increased variability, and more frequent and intense storm events
(Francis and Hengeveld, {1998} in de Loe et al., 2001).

11.1 Potential Effects of Climate Change on Water Quantity and Quality

The predictions on climate change in the Long Point Region watershed-area have
implications to both water quality and quantity. In terms of water quality, the increase in
air temperature and greater occurrence of extreme precipitation events will lead to
degraded water quality, including lower dissolved oxygen rates and higher stream
temperatures (Bruce et al., 2000; Chiotti and Lavender, 2008; Cunderlik and Simonovic,
2004). Higher sediment and nutrient loading are expected in the creeks due to greater
erosion (McBean and Motiee, 2008), which when coupled with increased in-water
temperature, will allow for an increase in nutrient concentrations and a rise in the
number of cyanobacteria and algal blooms. Algal blooms will lead to more taste and
odour problems in drinking water, a higher risk offrem water-borne diseases, and
increased water treatment costs (Chiotti and Lavender, 2008; Hunter, 2003; de Loe and
Berg, 2006).

Decreases in runoff and baseflows are also important changes with respect to the
dilution of sewage treatment effluent, given that less water will be available for
wastewater assimilation (de Loe and Berg, 2006). The problem of reduced wastewater
assimilative capacity is exacerbated by the projected increase in future populations in
these areas and the ability of the system to meet wastewater discharge criteria (Bruce
et al., 2000; Cunderlik and Simonovic, 2004).

From a water quantity perspective, climate change is expected to shift the timing of
seasonal events. An earlier and lower spring freshet can be expected. Additionally,
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Lake Erie levels are expected to rise and fall one month earlier on an annual basis
because of increased lake surface temperatures (Lenters, 2001; Lofgren et al., 2002;
Millerd, 2006). The longer frost-free periods could lead to increased evapotranspiration
and an increase in drought occurrence (Environment Canada, 2004a; McBean and
Motiee, 2008), meaning that longer, drier and warmer growing seasons will lower soil
moisture and increase demand for irrigation (Brklacich, 1990; McBean and Motiee,
2008). Rainfall is expected to fall with more intensity but on fewer days, leaving longer
dry spells that may exacerbate seasonal water shortages during low flow periods
(Mortsch et al., 2000).

Projected reductions in groundwater recharge leading to drawdowns of between 2 to 7
m will require wells to be drilled deeper, thereby increasing costs to land owners and
municipalities. This could also lead to rural domestic and urban water use conflicts (de
Loe and Berg, 2006; McLaren and Sudicky, 1993). The predicted changes in climate in
the Lake Erie basin could compromise the reliability of water resources. The increased
unpredictability of the hydrologic cycle will demand more planning and adaptation by
water managers (de Loe and Berg, 2006).

11.2 Potential Impacts of Climate Change on Lake Erie Levels

Climate change impacts on Lake Erie will have important consequences. Anticipated
changes in lake levels are a function of the altered water balance of the basin, including
higher precipitation, a decrease in runoff, higher evapotranspiration, and an increase in
lake surface temperature (Jones et al., 2006; Lofgren, 2006; Millerd, 2006). Increasing
water temperature in both summer and winter are projected for Lake Erie, causing large
increases in evaporation especially in winter months. Net basin water supplies will be
diminished (Mortsch, 2006), as increases in precipitation are not expected to overcome
the decreases in water due to increased evapotranspiration (Millerd, 2006).

Winter ice formation on Lake Erie is expected to decrease considerably, and in some
years be non-existent (Lofgren et al., 2002). Typically, Lake Erie freezes over almost
entirely in the months of January and February, which limits lake-effect snowfall (Kunkel
et al., 2009). As a consequence of open water in winter months, the lake-effect storm
season off Lake Erie will be longer (Mortsch et al., 2000); however, more of this
precipitation will fall as rain due to increases in air temperatures above the optimal
ranges for snow (-10°C to 0°C) (Kunkel et al., 2002).

The seasonal variation in Lake Erie levels is also projected to increase, with low levels
occurring more frequently. This is expected to be most pronounced in the shallower
western portion of Lake Erie (Lofgren et al., 2002; Mortsch et al., 2000; de Loe and
Kreutzwiser, 2000). According to the results of 3 Canadian GCM scenarios (Millerd,
2006; Mortsch et al., 2000), the decline in annual Lake Erie levels could be as much as
0.60 m to 1.36 m from the International Great Lakes Datum of 1985 of 173.5 m.

Jones et al. (2006) concluded that Lake Erie is possibly the most vulnerable of the
Great Lakes to the effects of climate change, as it is the most southerly, shallowest and
lowest volume and thus more susceptible to changes in thermal regime and lake levels.
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The impact of decreasing lake levels to the drinking water intakes in Lake Erie would be
costly if dredging or pipe extensions were required. Additionally, with decreasing lake
levels, drinking water intakes will be at shallower depths, making the raw water more
susceptible to degradation.

11.3 Effect of Projected Climate Changes on Assessment Report Conclusions

Climate change has the potential to-ceuld affect the-assessment report conclusions with
respeectpertaining to the groundwater and surface waterereek-sourced drinking water
supplies in the Long Point Region. The Long Point Region Water Budget and Local
Area Risk Assessment (Tier 3 study) identified a significant water quantity risk for the
Simcoe water supply system during all groundwater risk scenarios (see Section 10 for
more detail).

The location and shallow, 0.9 metre depth of the Port Rowan water supply intake make
it more vulnerable to declining Lake Erie levels than other Lake Erie intakes. The Port
Dover water supply intake, at a depth of 2.9 metres is somewhat less vulnerable to
declining Lake Erie levels. The Nanticoke water supply intakes, at a depth of 6.5 metres
are less vulnerable to declining Lake Erie levels than other intakes along Lake Erie.
Increasing nutrient loads and water temperatures, combined with shallower Lake Erie
depths, have the potential to increase the occurrence of taste and odour problems,
which are currently noted to be of concern, particularly for the Port Rowan and

Port Dover water supplies.
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12.0 CONSIDERATION OF GREAT LAKES AGREEMENTS

Under the Clean Water Act, 2006, the following Great Lakes agreements must be
considered in the work undertaken in Assessment Reports:

e Canada-United States Great Lakes Water Quality Agreement (GLWQA)

e Canada - Ontario Agreement Respecting-the Great-Lakes Basin-Ecosystemon
Great Lakes Water Quality and Ecosystem Health (COA)

e Great Lakes Charter

e Great Lakes — St. Lawrence River Basin Sustainable Water Resources
Agreement

The Great Lakes Water Quality Agreement and the Canada — Ontario Agreement
generally deal with water quality concerns, while the Great Lakes Charter, the Great
Lakes Charter Annex, and the Great Lakes — St. Lawrence River Basin Sustainable
Water Resources Agreement provide principles for joint water resources management
and water quantity and quality concerns in the Great Lakes Basin.

12.1 Long Point Region Watershed Area and Great Lakes Agreements

The Long Point Region watershed area drains directly into Lake Erie and has the
potential to contribute pollutants to the lake. These pollutants, including sediments and
nutrients, as well as organic and inorganic contaminants, contribute to the overall water
quality of the nearshore of Lake Erie, including, but not limited to the IPZ's of the
Nanticoke, Port Rowan and Port Dover drinking water intakes.

The GLWQA, first signed in 1972 and updated in 2012, is a commitment between the
United States and Canada to protect, restore, and enhance water quality in the Great
Lakes and prevent further pollution and degradation of the Great Lakes Basin
ecosystem (Government of Canada & Government of the United States of America,
2012). in-oerdertoTo contribute to the achievement of water quality goals and objectives
set under the GreatLakes Water Quality-AgreementGLWQA, Canadian and United
StatesU-S- federal governments are addressing Areas of Concern (AOC) through
Remedial Action Plans (RAP). No AOCs were identified in the Long Point Region
watershed area in the GLWQA, and thus no remedial-action-plansRAPs are in place.

Additionalhy-Tthe federal governments of Canada and the United StatesUsS have
developed Lakewide Action and Management Plans (LAMPsLaMP), to support

commltments under the GLWQA meemeneﬂen%aththeﬁrewneee#@ntaﬁeandathe

The Lake Erre LAMP is an ecosystem based strategy to protect and restore water
quallty in Lake Erie and the St. Clalr Detroit Rlver System (ECCC & US EPA 2021)
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establishment in 2000, the Lake Erie LAMPLaMP has focused research and projects on
nutrient management, biodiversity and habitat, emerging Issues, and monitoring.

The Lake Erie Binational Nutrient Management Strategy is an associated project which
was developed in 2011. This strategy is a coordinated response from Canada and the
United States that outlines nutrient management goals, objectives, targets, and actions
to reduce excessive phosphorous loading and prevent further eutrophication of Lake

Erle (Lake Erie LaMP, 2011) A—bt—natrenamutﬁentemanagencmort—strateg%&eu#ently

ThIS strategy |sw+H—be an |mportant foundatlon for future Great Ltakes targets under the
Clean Water Act, 2006. in-particutarFor the period 2003-2016, the Long Point Region
tributaries of Big Creek, Nanticoke Creek, and Lynn River contributed approximately 4%
of Total Phosphorous loading from major tributaries to the Eastern Basin of Lake Erie;
Big Otter Creek-and-Lynn-River contributed approximately 415% of the Ttotal
Phosphorus loading from major tributaries to the CentralEastern Basin of Lake Erie

(Bocaniov et al., 2023)(Polan-and-MeGunagle;2005). Reducing the loads from these

tributaries will be an important focus of long-term water quality objectives for Lake Erie.

The purpose of the 2021 COA is to restore, protect and conserve Great Lakes water
quality and ecosystem health to support the vision of a healthy, prosperous, and
sustainable region (MECP & ECCC, 2021). The work undertaken and described in this
Assessment Report contributes to the achievement of Annex 6: Lakewide Management.
This Annex includes commitments to identify and assess potential threats to the Great
Lakes as a safe drinking water source and undertake early actions to manage risks.
This includes commitments from the Government of Ontario to identify sensitive areas
and mitigate risks to drinking water; provide available datasets to support the
identification and assessment of drinking water issues and threats; and foster education
and outreach opportunities on the protection of drinking water sources.

Many projects to improve water quality in tributaries of Lake Erie in the Long Point
Region watershed area have been undertaken under the GLWQAGreat Lakes \Water
Quality-Agreement and COACanada-Ontario-Agreement. Projects to improve tributary
water quality include tree planting, buffer strips, land acquisition in sensitive areas,
sediment flow monitoring and wetland restoration. One example of a project undertaken
with funding provided under the COACanada-Ontario-Agreement includesd successfully
buffering over 80% of the unbuffered riparian areas in the South Creek subwatershed
and tributaries of Hahn Marsh near the base of the Long Point peninsula.
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The 2005 Great Lakes — St. Lawrence River Basin Sustainable Water Resources
Agreement is a good faith agreement between the 8 U.S. Great Lakes States and the
Provinces of Ontario and Quebec intended to implement the Great Lakes Charter and
the 2001 Great Lakes Charter Annex. The Agreement sets out objectives for the
signatories related to collaborative water resources management and the prevention of
significant impacts related to diversions, withdrawals and losses of water from the Great
Lakes basin (Ontarie-Ministry-of- Natural-ReseurecesGovernment of Ontario, 2005a). The
agreement sets out conditions under which transfers of water from one Great Lake
watershed into another (intra-basin transfer) can occur. The surface water intakes in
Long Point Region are not considered to be intra-basin transfers since wastewater is
discharged back into the Lake Erie watershed.
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13.0 CONCLUSIONS

The Long Point Region Source Protection Area Assessment Report provides a
summary of the results of technical studies undertaken to identify the threats to
municipal drinking water sources in the Long Point Region watershed area. Assessment
Report findings are used to develop policies for a Source Protection Plan to protect the
sources of drinking water for the Elgin, Oxford, Norfolk and Haldimand County water
supply drinking water systems within the Long Point Region Watershed.

13.1 Watershed Characterization

The Long Point Region Source Protection Area is located in southwestern Ontario and
covers an area of approximately 2,900 km? draining to Lake Erie. Much of the land of
the watershed is used for agriculture. The main urban areas are the towns of Simcoe
and Tillsonburg.

Residents in the Long Point Region watershed receive drinking water supplies from
both private and municipal supplies. Groundwater and surface municipal water systems
provide water to the majority of the population in the watershed. In Oxford County,
Tillsonburg and the villages of Dereham Centre, Otterville, Springford and Norwich are
serviced by municipal groundwater wells (note: the communities of Otterville, Springford
and Norwich form the Oxford South water system). In Norfolk County, Simcoe,
Waterford, Courtland and Delhi are serviced by municipal groundwater wells. Port
Rowan and Port Dover are serviced by intakes from Lake Erie. In Haldimand County,
the Nanticoke intake provides water to a number of communities including the
Nanticoke Industrial Park, Jarvis, and Hagersville in the Long Point Region and the
Mississaugas of the New Credit Reserve in the Grand River watershed. In Elgin County
the village of Richmond is serviced by municipal groundwater wells. Municipal water,
from sources outside the Source Protection Area, provide water to residents of the
communities of Mount Elgin, Port Burwell and Vienna.

The geology of the Long Point Region watershed is dominated in the west and central
portions by the Norfolk Sand Plain and in the east by the Haldimand Clay Plain. The
northern portion of the watershed is comprised of low to moderate relief till moraines of
the Horseshoe Moraine/Mount Elgin Ridges.

The Norfolk Sand Plain is characterized as a low-relief, silty sand and gravel sand plain,
rich in water, with high infiltration, high groundwater recharge and good baseflows in the
creeks. It is intensively used as an irrigation source for both mixed farming and cash
crops. Two overburden aquifers are the main source of water for water supplies.
However, since the soils are more permeable, this also allows for superficially applied
chemicals to more easily enter the shallower groundwater aquifers and impact well
supplies.

The Haldimand Clay Plain east of the communities of Waterford and Simcoe is
characterized by heavy clay soils; much of the land is poorly drained and is used
predominantly as livestock pasture and for soybean, corn and hay production. In this
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area, groundwater is generally obtained from the bedrock because sufficient quantities
of water cannot be obtained from the overburden. Groundwater drawn from the bedrock
aquifers in this area is often poor in quality as a result of naturally elevated
concentrations of sulphur, salts and minerals in the water. For this reason, municipal
drinking water supplies have tended in more recent years to be sourced from Lake Erie.

Stream water quality and temperature are influenced by the geology and current land
use. The Haldimand Clay Plain and moraine areas support livestock operations and
general cash crop production. Lack of riparian cover can result in higher water
temperatures and phosphorus concentrations from runoff. The specialty crops and high
irrigation and nutrient application rates in the Norfolk Sand Plain result in elevated
nitrate levels due to infiltration and runoff. However, high groundwater recharge and
discharge rates create sufficient water quality to support cold water fisheries. Nutrient
levels, primarily nitrate, phosphorus and non-filterable residue, are the main surface
water quality concerns throughout the Long Point Region watershed.

13.2 Water Quantity Stress and Risk Assessment

The Long Point Region has among the highest density of Provincial Permits to Take
Water in Southern Ontario. Most of these permits are for agricultural irrigation. Water
demands in the Long Point Region watershed are high. The Tier 2 Water Budget and
Water Quantity surface-watersubwatershed-Sstress Aassessment classifieds eight
subwatersheds as having a moderate potential for surface water stress under existing
conditions (South Otter, Big Creek Above Cement Road, Big Creek Above Delhi,
Venison Creek, Dedrick Creek, Lynn River, Nanticoke Upper and Stoney Creek) and
two subwatersheds as having a significant potential for surface water stress under
existing conditions (North Creek and Young/Hay Creeks).

The Tier 2 Assessment \Water Budgetand-Stress-Assessment-classified four

subwatersheds as having a moderate potential for groundwater stress under existing
conditions (Big Creek Above Delhi, Big Creek Above Mlnnow Creek, North Creek and
Lynn River) A

(—Q%tee@#eek—aﬂ#lseebu%g}—and two subwatersheds as having a S|gn|f|cant potentlal for
groundwater stress under existing conditions (Big Creek Above Kelvin Gauge and
Nanticoke Upper). Three of these six subwatersheds have a municipal drinking water
system located within them. The Tier 3 Water Budget and Local AreaQuantity Risk
Assessment for systems in the Towns of Delhi, Simcoe and Waterford, located in
Norfolk County, these-three-systems-was completed in April 2015. Thise-Fier3
Aassessment identified a “significant” water quantity risk for the Simcoe water supply.

A-technical-study,-also-called-a Risk Management Measures Evaluation Process
(RMMEP) was undertaken and completed in November 2016 to inform the policy

development process. The isprocess- RMMEP wasis used to rank significant -the-water
quantity threats and select-and-evaluate potential WaterQuantity-rRisk mManagement
miieasures(RMM; that could be applied;-using-the-waterbudget-meodel-developed-in
theTter3-Assessmento-delerminewhalbmeasurescanbewsed to manage the water
quantity risks to drinking water.
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13.3 Water Quality Risk Assessment

Aquifer vulnerability was assessed across the watershed using the Surface to Aquifer
Advection Time (SAAT) method. The resulting analysis shows areas of medium and
high aquifer vulnerability over most of the watershed area, roughly coincident with the
shallow, unconfined aquifer of the Norfolk Sand Plain. The northern extents of the
watershed coinciding with the Horseshoe Moraines/Mount Elgin Ridges, and the
eastern portion of the watershed, coinciding with the Haldimand Clay Plain, were
assessed as low vulnerability.

Given that the maximum vulnerability score a Highly Vulnerable Aquifer can receive is a
0, act|V|t|es cannot become S|gn|f|cant threats W|th|n Highly VuInerabIe Aquifers. Ie

Slgnlflcant Groundwater Recharge Areas were dellneated using water budget tools.

A modelbased on groundwater
recharge rates estlmated from the T|er 2 and T|er 3 Assessments. Vulnerability scores
are no longer assigned to Significant Groundwater Recharge Areas, and therefore no
drinking water threats are enumerated for these areas.

Wellhead Protection Areas and Intake Protection Zones were delineated to protect
groundwater and surface water sources supplying municipal drinking water systems in
the Long Point Region Source Protection Area. For each municipal system, a water
quality threats assessment was completed, including an assessment of drinking water
quality issues. Significant water quality threats are enumerated in each municipal
chapter of the Assessment Report.
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