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1.0 Introduction 
The Clean Water Act 2006 outlines specific rules and requirements to protect the source of 
drinking water in Ontario.  This includes preparing Water Budgets for the watersheds of Ontario.  
As part of the Water Budget work, consideration of climate change, and possible changes to the 
components of the Water Budget is to be included. 
 
This report looks at previous climate data, and the predictions of climate change models, to 
provide some possible consequences of climate change in the Cataraqui Source Protection Area 
(CSPA). 
 
Since the Industrial Revolution, humans have been adding greenhouse gases (GHG) to the 
atmosphere, largely through burning of fossil fuels, releasing carbon dioxide (CO2) as a by-
product of combustion.  These GHGs act to trap a larger amount of the sun’s radiation within the 
lower atmosphere, having an overall warming effect on the atmosphere.  But the increase in 
temperature then has a direct effect on other climatic variables such as winds, air pressure, 
precipitation, humidity, and ocean currents. 
 
The term “Global Warming” is not an accurate descriptor of the phenomenon, as there are some 
places that consequently cool down as well.  In addition, the increased temperature can allow 
more moisture to be held in the air, which in turn can increase precipitation in some places.  At 
the same time, some places are also expected to experience decreases in precipitation, resulting 
in a drier climate.   
 
In any case, most scientists agree that climate change is happening, temperature and precipitation 
are changing, and are changing much more rapidly that has occurred in the past, and this is a 
direct result of human activity.  
 
These changes will directly affect the Drinking Water Sources of the Province of Ontario, and 
the Cataraqui Source Protection Area (CSPA).  This report is intended to provide some analysis 
of the projected changes in climate, how the changes might affect the CSPA, and what could be 
done to mitigate, or adapt to the changes.  Similar work is being done by other Source Protection 
Areas/Regions, such as the reports prepared by Oblak (2009) for the Mississippi-Rideau Source 
Protection Region, and TCC (2009) for the Trent Conservation Coalition. 
 
Much work has been done on predicting the changes due to Climate change, and this report is 
intended to summarize some of them, but not recreate them.  Then, this report will go on to 
consider the specific effects of Climate change on the Water Budget in the CSPA, and the 
drinking water sources in the CSPA. 
 

2.0 Previous Review of CSPA Climate 
The Interim Watershed Plan (CRCA, 1983), at that time, summarized the broad climatic region 
in which the CSPA is located as a cool, humid climate, moderated by Lake Ontario.  The mean 
summertime maximum temperature was 24.1 °C in July while the mean wintertime minimum 
temperature was -12.5 °C in January.  The mean annual precipitation for the watershed fell into 
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three bands: the St. Lawrence River shoreline received 910 to 970 millimeters (36 to 38 inches); 
the middle band received 790 to 910 millimeters (31 to 26 inches); and the northern townships 
received 810 to 860 millimeters (32 to 34 inches). 
 
The Leeds-Grenville Groundwater Study (Dillon, 2001) notes that the climate of the United 
Counties of Leeds & Grenville is continental with associated warm summers and cold winters.  
Communities along the St. Lawrence, such as Gananoque and Brockville, experience slightly 
more moderate temperatures as a result of their more southerly location and the proximity to the 
buffering effect of Lake Ontario and the St. Lawrence River.  
 
An assessment of the climate was performed to provide input for the estimation of the amount of 
precipitation available for infiltration into the subsurface to become groundwater.  A review of 
historical weather data at Ottawa and Kingston was performed, with the assumption that Ottawa 
would be more typical of weather conditions along the northern, more landlocked portions of the 
United Counties, while Kingston would have a climate similar to the communities in the 
southern half of the study area that are closer to the St. Lawrence.  Information was provided 
from two Environment Canada weather stations: Ottawa International Airport (1961 to 1990) and 
Kingston Airport (1961 to 1990). 
 
Normal statistics for the Kingston station showed a daily mean temperature of 6.7°C and an 
annual precipitation of 963.9 mm.  Weather data for Ottawa indicates a slightly cooler daily 
mean temperature of 5.8°C and slightly lower annual precipitation of 910.5 mm.  The warmer 
average temperature in Kingston is attributed to the temperature moderating effects of Lake 
Ontario.  More detailed descriptions and up to date climate analyses are available in the CSPA 
Water Budget documents.  
 
The CSPA Conceptual Water Budget Report (CRCA, 2009), used an average precipitation of 
953 mm, and an average annual temperature of 7 °C based on work done by McKenney at al. 
(2006a, 2006b).  The average January and July temperatures are -8 °C and 21 °C, respectively, 
based on the same data set.  Similar variation (precipitation and temperature rise towards the 
south) was seen across the CSPA in this data as was seen by the above-noted reports. 
 
These analyses essentially confirm the general description given above, as well as those 
complied by Fisheries and Environment Canada (1978), MNR (1984) and Moin & Shaw (1985), 
as shown in Figures 2-1 to 2-3. 
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Figure 2-1: Annual Precipitation Map from Fisheries and Environment Canada (1978) 
(Not to scale) 

 
 
 

 
 

Figure 2-2: Annual Precipitation Map from MNR (1984) 
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Figure 2-3: Annual Precipitation Map from Moin & Shaw (1985) 
(Not to Scale) 

2.1 Climate Stations 
There are 54 historical climate stations in and around the CSPA (Table 2-1), based on the 
Environment Canada archive.  These gauges recorded data from as early as 1860 to the present 
day.  Only seven are in operation as of July, 2009. 
 

Table 2-1:  Local Environment Canada Climate Stations 

Station Number Period Data Recorded 

Picton Airport 6156535 1956-1961 P, R, S, T, MaT, MiT, SD 

Picton 6156533 1915-1995 P, R, S, T, MaT, MiT, SD 

Deseronto 6152007 1882-1905 P, R, S, T, MaT, MiT 

Glenora RS 6152837 1958-1969 P, R, S, T, MaT, MiT 

Napanee 615NNPL 1987-2001 P, R, S, T, MaT, MiT, SD 

Parma 6156251 1895-1907 P, R, S 

Centreville** 6151309 1985-2009 P, R, S, T, MaT, MiT, SD 

Sandhurst 6107434 1993-2002 P, R, S, T, MaT, MiT, SD 

Cressy 61519JM 1966-2002 P, R, S, T, MaT, MiT, SD 

Morven IHD 6155496 1967-1976 P, R, S, T, MaT, MiT 

Bellrock 6100720 1957-1978 P, R, S, T, MaT, MiT 
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Wooler 6159652 1895-1912 P, R, S 

Harrowsmith Bracken 6103366 1978-1983 P, R, S, SD 

Hartington IHD* 6103367 1967-2009 P, R, S, T, MaT, MiT, SD 

Hinchinbrooke 6103470 1961-1973 P, R, S 

Stella-Amherst 6158012 1978-1982 P, R, S, T, MaT, MiT 

Godfrey 6102857 1981-2003 P, R, S, T, MaT, MiT, SD 

Cataraqui TS 6101265 1960-1995 P, R, S, T, MaT, MiT, SD 

Crow Lake 6101920 1972-1991 P, R, S, SD 

Kingston Airport** 6104146 YGK 1930-2009 P, R, S, T, MaT, MiT, SD 

Sydenham 6108195 1903-1917 P, R, S 

Kingston N & C Gas 6104160 1965-1977 P, R, S, T, MaT, MiT 

Wolfe Island 6109558 1986-1996 P, R, S, T, MaT, MiT, SD 

Kingston Beverley St. 6104147 1960-1966 P, R, S 

Kingston 6104145 1947-1949 P, R, S, T, MaT, MiT 

Kingston Queen’s U 6104185 1872-1957 P, R, S, T, MaT, MiT 

Kingston Ont Hydro 6104165 1945-1971 P, R, S, T, MaT, MiT 

Glenburnie 6102808 1972-1999 P, R, S, T, MaT, MiT, SD 

Kingston Climate* 6104142 2008-2009 P, R, S, T, MaT, MiT 

Kingston Pumping Station 6104175 1960-2007 P, R, S, T, MaT, MiT, SD 

Kingston Marine 6104153 1939-1967 P, R, S, T, MaT, MiT 

Westport 6109458 1895-1920 P, R, S 

Rideau Canal Wolfe Lake 6107119 1954-1961 P, R, S 

Rideau Canal Upper 
Brewers 

6107105 1954-1967 P, R, S 

Rideau Canal Narrows 6107087 1954-1969 P, R, S 

Rideau Canal Jones Falls 6107045 1954-1969 P, R, S 

Gananoque 6102662 1969 P, R, S 

Portland 6106677 1953-1958 P, R, S, T, MaT, MiT 

Delta 6101986 1969-1994 P, R, S, SD 

Lyndhurst Shawmere 6104725 1976-2006 P, R, S, T, MaT, MiT, SD 

Outlet 6106123 1969-1970 P, R, S 

Lansdowne (North) 6104347 1895-1910 P, R, S 
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Lansdowne (South) 6104348 1965-1967 P, R, S, T, MaT, MiT 

Athens 6100375 1969-1978 P, R, S 

Mallorytown Graham Lake 6104880 1961-1989 P, R, S, SD 

Mallorytown Landing 6104882 1977-1991 P, R, S, T, MaT, MiT, SD 

Grenadier Island*** 6103024 WGH 1997-2009 P, R, S, T, MaT, MiT, SD 

Lyn 6104723 1960-1969 P, R, S 

North Augusta 6105678 1971-1972 P, R, S 

North Augusta Mahoney 6105679 1973-1980 P, R, S, T, MaT, MiT 

Brockville 6100969 1871-1980 P, R, S, T, MaT, MiT, SD 

Brockville Climate* 6100970 2008-2009 P, R, S, T, MaT, MiT, SD 

Brockville PCC* 6100971 1965-2009 P, R, S, T, MaT, MiT, SD 

Maitland 6104840 1953-1954 P, R, S, T, MaT, MiT 

* Active Station, **Active Station, but sporadic collection of data, ***Active Station, but seasonal only. 

P – Precipitation, R-Rain, S-Snowfall, T – Mean Temperature, MaT - Maximum Temperature, MiT – Minimum 
Temperature, SD – Snow Depth 
 
There are also precipitation gauges operated by the CRCA at most of the hydrometric station 
sites.  These have been in place since the late 1980s and are located at the Wilton Creek, 
Millhaven Creek, Collins Creek, Lyn Creek and Buells Creek hydrometric stations.  In 2006 
gauges were installed at Sydenham on Millhaven Creek and at Lyndhurst on Lyndhurst Creek.  
In 2008, a precipitation gauge was installed at Little Cataraqui Creek, West Branch, in the City 
of Kingston.  These gauges are tipping bucket rain gauges (with the exception of the Lyndhurst 
Creek gauge, which is a weighing gauge), so are not as accurate for longer term precipitation 
records as the gauges at Environment Canada climate stations.  The maintenance and upkeep of 
the CRCA gauges is also not as optimal as it should be, and the locations are too close to 
obstacles such as trees and buildings.  As such, the data available for the CRCA operated 
precipitation gauges has large periods of suspect information, and has not been used for this 
analysis. 
 
In addition to the CRCA stream gauge precipitation gauges, tipping bucket precipitation gauges 
have been added to two of the PGMN well locations.  The Napanee and Cooligan Creek PGMN 
wells had precipitation gauges added in 2007.  As such, there is not enough data to use in 
comparable fashion to the Environment Canada stations. 
 
Air temperature sensors have been added to the stream gauge sites at Millhaven Creek (both 
sites) and Lyndhurst Creek.  Sensors have also been placed at six of the seven PGMN wells 
(excluding Frontenac Park) as well as the main CRCA Administration Office.  These sensors 
have not been in place long enough to have a good period of record, but can be used to compare 
temperatures across the CSPA. 



CSPA Climate Change for the Water Budget                                                    November 23, 2009 

 7

3.0 Climate and Meteorological Trends 
Section 2 details the general description of the climate of the CSPA, as do Figures 2-1 to 2-3.  In 
addition, the CSPA Conceptual Water Budget (CRCA, 2009) provides a more detailed 
description of the possible climate trends across the watershed. 
 
Zhang et al. (2000) noted that there has been a statistically significant rise in precipitation (12%) 
in southern Canada (south of 60N) over the 20th century (that equals 114 mm for the CSPA), as 
did Mekis & Hogg (1999) for the southern Ontario area close to the Great Lakes/St. Lawrence 
River (11%).  McKenney et al. (2006a, 2006b) found a statistically insignificant increase of only 
18 mm (that equals 2% for the CSPA) across almost the same area (south of 55N).  Zhang et al. 
(2000) also found statistically significant trends in daily minimum temperature which increased 
slightly (1.5C), and daily temperature which decreased slightly (1C).  McKenney et al. (2006b) 
did not find a statistically significant increase in temperature.   
 
In particular, these studies found that winter temperatures were rising, while other seasonal 
temperatures were staying closer to normal.  This will presumably increase the amount of 
precipitation as rain vs. snow, without necessarily changing the overall annual precipitation 
values.  However, the change from snow to rain would mean less water available for runoff 
during spring freshet, which would in turn mean less water in the lakes for discharge through the 
warmer months, and less water available to recharge to groundwater.  This is expected to result 
in lower stream and groundwater levels over the warmer summer months. 
 
Interestingly, Metcalfe et al. (1997) found that due to changes in measurement and equipment 
variability (trace precipitation, capture, wetting loss, wind-induced error, etc.) of gauges over the 
years, some of the trends seen in precipitation may in fact be more accountable to that variability, 
rather than actual climate change.  The variability of temperature data is not thought to be quite 
as extensive. 
 
Of the above noted journal articles, only Mekis and Hogg (1999) specifically make reference to 
the Metcalfe et al. (1997) article, and modifications made to their data to account for the long-
term variation.  Zhang et al. (2000) does note that the Mekis & Hogg (1999) corrected data was 
used for analysis.  McKenney et al. (2006b) note that the Mekis & Hogg (1999) corrected data 
was specifically not used in their analysis.  The differences in use of the same data set may 
explain some of the differences in the results, and the conclusions. 
 
Vincent and Mekis (2006) provide additional climate change predictions, based on the updated 
data set to that time.  They predict: 

 A statistically significant decrease in the number of cold events, 
 A statistically significant increase in the number of warm events, 
 A statistically significant increase in night time temperatures, 
 A statistically significant change in snow depth, a decrease in many locations, but an 

increase in Eastern Canada, 
 A statistically significant increase in the number of days of precipitation, specifically 

days of rain, however this may be an overestimate due the varying method of 
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measurement for “trace” precipitation, and there is also a prediction for, on average, a 
lower intensity in the precipitation events, 

 An increase in extreme events, but not a statistically significant one, 
 A decrease in the maximum length (number of days) of dry spells, and 
 That the changes in climate from 1900-2003 are similar to the changes from 1950-

2003, in general. 
 
AMEC (2006) also looked at the climate change question, and they found no consistent trends in 
extreme precipitation, or rather that any trends seen were not statistically significant.  They also 
found that historic changes in temperature and precipitation have not been consistent across 
Ontario in the past, so there is no reason to expect them to be consistent in the future.  This future 
inconsistency with climate data in general is noted by Milly et al. (2008).  They also forecast a 
possible 1 m drop in water levels in Lake Ontario by 2100.  With no ice cover, and stronger 
winter winds, this could also result in larger Intake Protection Zones (IPZs). 
 
This report predicts no decreases in temperature for the Lake Ontario basin, but that the 
maximum and mean temperatures are holding or increasing (based on Metcalfe (1997) dataset), 
while the minimum temperature is showing the greatest increase.  There is also a mixed trend 
seen in precipitation in the Lake Ontario basin, there has been a significant increase in 
precipitation at Kingston, and in particular, an increase in snow depth. 
 
Conservation Ontario (2009) includes a summary appendix by J.P. Bruce pertaining to the 
impact of climate change on flooding.  He references much of the same base material as has been 
referenced here, including the conflicting changes of extreme precipitation events. 
 
Bruce et al. (2000) notes than Zhang et al. (1999 for Environment Canada) (Zhang et al., 2001 as 
journal article) found a trend of decreasing annual flow since 1967, but that records that include 
data before 1967 have shown an increase in flow.  This suggests that the period of record 
analyzed may have happened to start at a low point in the records.  He also noted that the 
summer is the period of the greatest decline, when low flows occur. 
 
Lehman and Gilbert (2008) compiled data (measured and anecdotal) for the Township of 
Addington Highlands (northwest of the CRCA).  They found a trend toward milder, shorter and 
less snowy winters; hot and dry summer conditions occurring more regularly; and, a general 
increase in windiness with more frequent microbursts of destructive high winds. 
 
Egginton and Lavender (2009) come to very similar conclusions for the Mississippi Valley 
Conservation Authority jurisdiction, which also includes much of the Addington Highlands area. 
 
Work completed for the Quinte Source Protection Region has also estimated increases in both 
mean precipitation and mean temperature, with greater precipitation change in the summer 
months, and greater temperature change in the winter months.  These estimates are presented in 
Schroeter (2009) and are based on the work of Boyd et al. (2001) from the Grand River 
watershed.  
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The U.S. Climate Change Science Program has identified very similar trends across much of 
North America, though definite regionalization has been seen, as well as parameters and areas 
that do not appear to be changing in the expected, or rumoured, way (CCSP, 2008b). 

3.1 Ministry of Natural Resources, Climate Change 
The Ministry of Natural Resources has looked into climate change scenarios for the next 100 
years (Colombo et al., 2007).  The study is based on work by Natural Resources Canada, similar 
to the climate data used for the Conceptual (CRCA, 2009) and Tier 1 (XCG, 2009) Water Budget 
work.  The official report, as well as a web-based map browser, is available online (see 
reference).  The study looked at three time periods, 2011 to 2040, 2041 to 2070, and 2071 to 
2100, and two different climate change scenarios, higher greenhouse gases (A2 scenario) and 
lower greenhouse gases (B2 scenario).  The study compares the most recent climate normal 
period (1971 to 2000) to the future scenarios.  The A2 scenario assumes greenhouse gas (GHG) 
concentrations rising to 1320 ppm CO2-eq (equivalent of CO2) by the year 2100 (pre-industrial 
levels were about 330 ppm CO2-eq).  The B2 scenario assumes GHG rises to 915 ppm CO2-eq 
by 2100.  The current (2005) GHG concentration is approximately 500 ppm CO2-eq (IPCC, 
2007a).  See Figure 3-1. 
 

 
Figure 3-1: Historic and Projected GHG Concentrations for the A2 and B2 scenarios (from 

Figure 2, Colombo et al., 2007) 

 
Through examination of the maps for the CSPA area, it is seen that precipitation is predicted to, 
in most cases, fall between 0 and 10 percent, which is minimal.  Some small areas are predicted 
to rise, again between 0 to 10 percent.  Statistically speaking, this may well be within the 
uncertainty of the data and model, and may in fact be statistically insignificant.  The temperature 
is predicted to rise a few degrees, more for the A2 scenario, and more for the winter months.   
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If we consider evapotranspiration (ET), which is a combination of the evaporation from surface 
water bodies and soil with the transpiration of water moisture from plants, the expected outcome 
is drier summer periods.  ET is greater when the temperatures are higher. 
 
If temperatures in the winter are rising, precipitation will fall as more rain as opposed to snow 
(combined with a possible increase in precipitation overall).  This will cause ET to go up, having 
more water available, as well as higher temperatures to drive the process.  This means less water 
available for runoff (if precipitation stays the same or falls) and less water for plants, which 
could then lead to a change in species (CCSP, 2008a).  Further, if the precipitation remains the 
same or falls, but ET rises, then that ET comes from earlier in the year, which means much less 
water available to go to surface and groundwater storage, and a generally drier climate, and 
possibly more and longer drought conditions. 
 
Some cautionary notes, the data are based on the Canadian Coupled Global Circulation Model 
(CGCM2), which is different than other climate change models throughout the world.  All the 
models give slightly different numbers, though the CGCM2 model is typically in the mid-range 
of all global models for temperature and precipitation projections (Dove, D., personal 
communication, 2007).  The accuracy of climate change models in general is also disputed, and 
there is no definitive prediction to what the climate of the future may be, as too many variables 
are needed to maintain accuracy.  Even further to that, the 1971 to 2000 period that is being 
compared happens to include some of the wettest years in the last 100, which will most definitely 
influence the overall comparisons (Hogg, B., 2007).  CCSP (2008a) also notes that the most of 
the U.S. has experienced increases in precipitation and streamflow during the second half of the 
20th century.  Woodhouse and Overpeck (1998) also note that the 20th Century was a much 
wetter period of time than much of the previous 2000 years.  If the same is true in Canada, then 
comparing to this period of a higher average is misleading. 
 
The climate change predictive maps are available from the MNR web-based map browser, and 
are included in Appendix C of the Cataraqui Source Protection Area Watershed Characterization 
Report (CRCA, 2008). 

3.2 IPCC, Climate Change 2007  
The United Nations Intergovernmental Panel on Climate Change released a Synthesis Report 
(IPCC, 2007a) on the science and research findings of climate change work all over the world.  
The work is largely summarized for the global unit, but they do provide a section of specific 
continental predictions, and smaller regional areas of the continents.  They use 21 climate change 
models from around the world, and typically present the average conditions for the models. 
 
For the eastern Ontario area, the temperature is expected to increase.  More precipitation (10-
20% increase) is expected in the winter in eastern Ontario (90% of the global models agree on 
the fact that it will be an increase, rather than decrease.).  Summer precipitation changes are less 
certain, as less than 66% of the models agree on whether precipitation will increase or decrease 
(Figure 3-2).  There is a small increase in runoff (2-10%) projected (Figure 3-3).  There is also a 
prediction for more frequent heavy precipitation (Figure 3-4), which could lead to more 
contaminant runoff/infiltration, and as some areas may have more water, that may in fact 
alleviate some drought scenarios. 
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However, the higher temperatures may also mean more drought.  The higher temperatures are 
also expected to lead to higher demand on water, when less is available for use (Figure 3-5).  At 
the same time, higher temperatures may lead to water quality problems such as algal blooms, and 
less snow available to water resources, which means less water available to storage. 
 
The IPCC Working Group I Technical Summary (Solomon et al.,2007), goes into more detail on 
some specifics of the projected climate change.  Globally, 11 of the 12 years from 1995-2006 
ranked in the top 12 warmest years since 1850.  The overall temperature increase over the last 
100 years is 0.74°C ± 0.18°C, with the rate of warming increasing over time (Figure 3-6).  The 
global DTR (diurnal temperature range, difference between night and day temp), has stopped 
decreasing (previously the two were warming at different rates), so days and nights are warming 
equally.  There have been fewer frost days in mid-latitude regions in the last 50 years, with a 
reduction in daily cold extremes, and increases in the number of warm extremes (Figures 3-7, 3-
8).  There has also been an increase in the duration of global heat waves, and an increase in 
growing season (Figure 3-9).  In North America, the precipitation has been increasing, while it 
has been decreasing in other places around the world. 
 
It is likely (>66% probability) that there have been increases in heavy precipitation since 1950, 
but only a few regions have enough data to assess such trends, North America being one (Figure 
3-4).  Snow cover in the Northern Hemisphere has dropped from 1966-2005 in all months but 
November and December (Figure 3-10).  Northern Hemisphere ice cover has also been changing 
in the last 150 years.  Freezeup is occurring later, and breakup earlier.  The dates have shifted by 
almost one week in the last 100 years, this is also noted by CCME (2003).  In addition, the actual 
ice cover thickness has been decreasing in recent years (Great Lakes Environmental Research 
Laboratory, 2009) with expectations that it will continue to decline, and become less safe as 
temperatures increase (Oblak, 2009). 
 
Based on palaeoclimatic data (tree rings, ice cores, and sediment cores) it is very likely (>90% 
probability) that the 2nd half of the 20th century was the warmest 50 yr period in the last 500 
years, and likely (>66% probability) that it was the warmest in the last 1300 years. 
 
The IPCC Working Group I Report, “Climate Change 2007 – The Physical Science Basis” 
(IPCC, 2007b) provides specific North American projected changes in the climate.  The changes 
are summarized by: 
  

“North America: 
The annual mean warming is likely to exceed the global mean warming in most 
areas.  Seasonally, warming is likely to be largest in winter in northern regions 
and in summer in the southwest.  Minimum winter temperatures are likely to 
increase more than the average in northern North America.  Maximum summer 
temperatures are likely to increase more than the average in the southwest.  
Annual mean precipitation is very likely to increase in Canada and the northeast 
USA, and likely to decrease in the southwest.  In southern Canada, precipitation is 
likely to increase in winter and spring but decrease in summer.  Snow season 
length and snow depth are very likely to decrease in most of North America 



CSPA Climate Change for the Water Budget                                                    November 23, 2009 

 12

except in the northernmost part of Canada where maximum snow depth is likely 
to increase.”  (IPCC, 2007b, pp. 850) 

 

 
Figure 3-2: Average Model Projected North American Temperature and Precipitation 

Changes (between 1980-1999 and 2080-2099) (from Figure 11.12 IPCC, 2007b) projected 
over 21 models (bottom row shows number of models out of the 21 that project increases in 

precipitation.) 
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Figure 3-3: Mean Global Simulated Changes in (a) Precipitation, (b) Soil Moisture 

Content, (c) Runoff, and (d) Evaporation (from Figure 10.12, IPCC, 2007b) 
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Figure 3-4: Model Simulated Change in Precipitation Intensity and Dry Days (from Figure 

10.18, IPCC, 2007b) 
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Figure 3-5: Number of Models Projected Increase in Precipitation and increase in 

Precipitation minus Evaporation (from Figure S11.1, IPCC, 2007b) 

 

 

 
Figure 3-6: Eastern North America Temperature Anomalies with respect to 1901-1950 for 

1906-2005 (black) and as simulated (red), and as projected for 2001-2100 (from Figure 
11.11, IPCC, 2007b) 
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Figure 3-7: Observed Trends (days per decade) for 1951 to 2003 in the Frequency of 

Extreme Temperatures, Cold Nights and Days (from FAQ 3.3 Figure 1a & b, IPCC, 2007b) 

 

 

 
Figure 3-8: Observed Trends (days per decade) for 1951 to 2003 in the Frequency of 

Extreme Temperatures, Warm Nights and Days (from FAQ 3.3 Figure 1c & d, IPCC, 
2007b) 
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Figure 3-9: Model Simulated Changes in Global Average Frost Days, Heat Waves, and 

Length of Growing Season (from Figure 10.19 IPCC, 2007b) 
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Figure 3-10: Canadian Regional Climate Model Projected Percent Snow Depth Change in 

March (from Figure 11.13, IPCC, 2007b) 

 
As an update to the most recent IPCC report, since that time, additional analyses have been 
conducted, and have found that some climate parameters are already being measured at the upper 
ranges of the IPCC predictions (Richardson et al., 2009, UNEP, 2009).  In particular, sea level 
rise, Greenland ice sheet melt and ocean temperature rise have all been moving near the upper 
range of predictions.  One of the possible reasons for this is the exponential increase in GHG 
emissions since the original climate change scenarios were created in the 1990’s (UNEP, 2009). 
 
Hulley et al. (2008) summarized the effects of the IPCC predictions on stormwater management 
in southern Ontario.  According to the IPCC report, southern Ontario over the next century can 
expect:  
 average annual temperature increase more than the global average, 
 total annual precipitation increase, 
 marginal increase in number of dry days, 
 possibility of less frequent, more intense rainfall events, 
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 IPCC concludes that global average temperature will increase, 
 temperature increase for Eastern North America (central Ontario to Florida) of 2-5 degrees 

by year 2100, uncertainty increasing with time, 
 annual mean warming likely to exceed global mean warming, 
 seasonal warming likely to be largest in winter, 
 minimum winter temperatures likely to increase, and 
 ratio of annual precipitation to number of wet days to increase, 50% of the models are in 

agreement, with a minimal change in number of drought days, very near the zero mark, 
together these would indicate more intense rain, less frequently. 

 
The use of the descriptor likely in the IPCC reports indicates a 66% probability of occurrence, 
while the descriptor very likely indicates a 99% probability of occurrence. 
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4.0 Drinking Water Source Effects 
The projected climate changes will have an effect on the source of drinking water for the CSPA.  
The effects are expected to be more visible for inland drinking water sources such as private 
wells and the municipal systems (e.g. Villages of Sydenham and Lansdowne).  The Lake Ontario 
and St. Lawrence River sources are still expected to be effected, but the effects may take longer 
to materialize, or may be muted, given the large volume of storage in the Great Lake system. 
 
Some concerns for drinking water in the CSPA include: 
 
 earlier planting available due to a longer growing season, more irrigation water may be 

needed; 
 warmer days in general mean a longer warm season, which means greater available 

conditions for algae (including blue-green algae) and other contaminants to grow which may 
foul treatment systems, as well as cause problems with aquatic habitat, due to lowering of 
dissolved oxygen in the water; 

 warmer water may allow colonization of other pests that foul water treatment intakes/plants 
too, similar to the zebra mussel problems many already experience (UNEP, 2009); 

 more intense precipitation events could mean more contaminants washed off the land and 
into the water.  There has been a link in the US between heavy precipitation events and 
water-borne disease outbreaks (CCSP, 2008b); 

 more runoff could mean more erosion, which in turn could result in more sediment and 
contaminants moving into the water column; 

 warmer temperatures and more precipitation mean more evapotranspiration, which means 
less water available for use from surface and groundwater storage, meaning some systems 
will run dry, and either need to be relocated, or reconstructed (deeper/longer intake pipes, 
deeper wells), there are estimates of Great Lake levels lowering by as much as 1 m due to 
increased ET (AMEC, 2006); 

 a reduction in recharge to groundwater in the CSPA area could be very significant, given that 
lack of storage in the fractured bedrock systems that dominate residential well sources; 

 less snow and fewer cold days may mean less salt and sand application needed on roadways 
and parking lots, which means less contamination from these materials; 

 however, warmer winter temperatures may mean more freezing rain too, which would then 
result in more sand and salt application; 

 warmer days may allow the movement of southern pests further north (CCSP, 2008a, UNEP, 
2009), or make overwintering of existing pests easier (AMEC, 2006, UNEP, 2009), these 
pests may cause degradation of the drinking water source through their natural actions;  

 warmer climate may mean increased population growth, as people stop moving south to find 
warmer weather, and people increase moving north to avoid hot weather; 

 there are stormwater management implications to possible increases in precipitation as well, 
there will be a need to modify current stormwater ponds and management practices to 
incorporate climate change, to maintain both quality and quantity controls;  

 with increased temperatures, particularly in summer, more electricity will be needed to cool 
buildings, this could in turn mean more water through Hydro-dams, which could exacerbate 
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already low lake levels, or river flows, with the water not being stored for use later, but using 
it now; 

 less snow could mean less “toxic flush” of chemicals stored in snow releasing in a short time 
frame when the snow melts (AMEC, 2006); 

 more extreme winter storms, with no ice cover, and stronger winds, could result in more 
erosion/resuspension, and more chemical runoff to water (AMEC, 2006); 

 lower water levels means less ship draft, which could mean more ship groundings, and 
contamination releases.  It could also mean more ships in general, which would increase the 
number of spills; 

 warmer water means a longer shipping season, which could also lead to a higher chance of 
spills; 

 declines in river flows, lake levels, and higher water temperatures have potentially serious 
implication for water supplies, water allocation, waste assimilation, pollution concentrations, 
etc. (Bruce et al., 2000); 

 less water puts groundwater levels and quality under more stress (Bruce et al., 2000); 
 less flow, less recharge, and higher temperature means less water available for water supply 

(Bruce et al., 2000); 
 less flow with the same mass of pollutant means higher concentrations of the pollutant which 

will affect water quality (Bruce et al., 2000); 
 as temperature increased, evaporation was seen to increase substantially during experiments 

at the Ontario Experimental Lakes Area (Bruce et al., 2000); 
 increased temperature means growth in the water, which means possible toxics coming back 

or showing up, which means better barriers and treatment may be needed (Bruce et al., 
2000); and 

 lower water levels leads to more dredging, more sediment resuspended, as well as transport 
of sediment, which may be contaminated (Bruce et al., 2000). 

 
While climate changes may not materialize (for the general public to recognize) in the next 25 
yrs, given the small projected changes in some cases, it is time to start pushing for the lifestyle 
changes that will be necessary to deal with the eventual effects.  These changes include 
conservation of water and energy, both using less and recycling, with the goal that each year 
increases the amount saved, and the slow changes in climate can be offset by the faster changes 
in water and energy use, and lifestyle change. 
 
By promoting adaptation to water conservation, planning and preparedness for floods, renewal of 
monitoring (Federal & Provincial) of water quantity, quality, and climate, we can help to deal 
with climate change effects.  However, the fair allocation of water within basins, provinces and 
between jurisdictions, and in-stream ecosystem needs must be taken into account as well (Bruce 
et al., 2000). 
 
The current data/monitoring is inadequate to properly identify climate change, but also to make 
proper decisions on fighting climate change, or adapting to climate change (Bruce et al., 2000, 
CCSP, 2008a, CCSP, 2008b). 
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5.0 Water Budget Specific Effects 
There are a number of potential effects on the values of the parameters outlined in the Water 
Budget documents. 
 
Conceptual 
 higher temperatures mean more potential evapotranspiration (not necessarily actual ET, as 

there may not be any additional water available), less water available for flow, or infiltration, 
or use; 

 higher temperatures means more use, for irrigation; 
 higher temperatures means more electricity use for cooling, which means more power 

required from hydro stations, which means some lakes may fall faster than in the past, or 
need to be higher in the spring to store more water for use later on; and 

 more ET, less water into ground, less recharge for GW systems. 
 
Tier 1 
 same overall issues as Conceptual, but from a monthly perspective, more flow earlier in the 

year, February and March, rather than March and April; 
 low flows will occur earlier, and last longer, as will need for withdrawals; 
 drop in overall GW levels, drop in overall water levels, as storage is mined; and 
 need to deepen wells or extend intakes. 
 
Tier 2 
 same as Conceptual and Tier 1. 

 
“Stress” 
In general, given that the supply for the “stressed” months will decrease, and the demand will 
increase, the “stress” as defined by the Technical Rules will increase, and many more 
watersheds, subwatersheds and local areas will become “stressed”. 
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6.0 Uncertainties 
There are a number of uncertainties associated with climate change, and the projected effects.  
While it is now undisputed that climate change is happening, and overall the earth is warming, 
there is not enough data to say for certain how it’s happening, or what will ultimately occur.  The 
data is too variable, and too widespread to confirm model results.  Many of the resulting effects 
are very difficult to detect, and have not yet been studied enough to accurately use as indicators.  
It is also very tough to simulate the actual effect of temperature change on many aspects related 
to climate change. 
 
In addition to those uncertainties, there are a number of uncertainties associated with the data 
itself, the period of record available, the changes in collection methods and equipment, and the 
large areas of the earth that have no monitoring data available. 
 
And finally, there are many, many climate change prediction models available to use, and they 
all give varying answers.  While the IPCC did try to include model variability in their overall 
analysis and conclusions, this factor still remains a very large uncertainty in the whole process. 
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7.0 Recommendations 
There are a number of recommendations for the CSPA (as well as the Province and the Country) 
to continue evaluating climate change, as well as to be pro-active in the expected climate change 
results.  These recommendations include: 
 
 water conservation measures to ensure that reduction in storage can be accommodated in 

reduced use; 
 promote water conservation and reuse methods such as rainwater harvesting, grey water 

systems, etc.; 
 monitoring of groundwater levels, groundwater recharge & discharge, groundwater 

movement, streamflow (particularly low flows), precipitation, evaporation, and radiation, to 
name a few.  This monitoring data will help to identify what parameters are changing, and 
how they are changing, allowing for mitigation and/or adaptation.  The requirements of 
modeling for this work are made much more useful by actual data for calibration and 
validation (Silberstein, 2006).  As he states, “we cannot manage what we do not measure.”   

 AMEC (2006) also recommends proper monitoring to learn to adapt to a changing 
environment.   

 CCSP (2008a,2008b) also recommends continued development and maintenance of high 
quality climate obseving system to imporve our ability to monitor and detect future changes 
in climate extremes.   

 CCSP (2008b) also recommends continued analysis of existing data, by multiple independent 
experts to improve our confidence in detecting past changes.; 

 research on groundwater recharge and the movement of water in fractured bedrock geology 
will help to identify where the source water is coming from, as well as how to maintain the 
supply, research will also help to identify when changes to the landscape could influence 
both recharge and movement; 

 delineate recharge areas to wells so that these areas can be protected, and the volume of 
recharge can be maintained; 

 protect the recharge areas to minimize possible contamination of the groundwater that is the 
source for the wells; and 

 reduce climate change by minimizing greenhouse gas emissions, and changing problem 
activities. 

 
Bruce et al. (2000) makes six recommendations for adaptation now, rather than waiting.  They 
are: 
 climate change cannot be avoided, it is already underway; 
 anticipatory and precautionary measures can be more effective and less costly than forced 

last minute emergency response; 
 climate change may be faster than estimates suggest; 
 there are immediate benefits to be had from better adaptation; 
 there are immediate benefits from removing policies and practices that are not good 

adaptation; and 
 climate change brings opportunities as well as threats, if we adapt now we may see these 

benefits and opportunities sooner. 
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Many of the changes needed to adapt to climate change are things needed to maintain/fix the 
water sector regardless of climate change. 
 
Most people agree, the measures needed to fight climate change can’t happen soon enough.  
Even stopping all GHG emissions immediately, while stopping the release of additional GHG, 
can not stop for many years the increase in temperature already occurring. 
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8.0 Conclusions 
Based on the data, analyses of the data done by a variety of people and organizations, climate 
change is irrefutably occurring, and will have some long-lasting, and critical effects on the water 
budget, and the drinking water sources for the CSPA. 
 
Modifications to the lifestyles and attitudes of the people and businesses located in the CSPA 
need to change to accommodate climate change, and modifications to lifestyles and attitudes of 
people and businesses around the world need to change to minimize the extent of climate change. 
 
In addition, the continued and expanded monitoring of climate conditions (and drivers) is 
essential to understanding the cause, effects, and ultimate ramifications of climate change. 
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10.0 Glossary 
 
CGCM2  – Canadian Coupled Global Circulation Model, Version 2 
CO2-eq  – carbon dioxide equivalent of all greenhouse gases 
CCME  – Canadian Council of Ministers of the Environment 
CCSP  – Climate Change Science Program 
CRCA   – Cataraqui Region Conservation Authority 
CSPA   – Cataraqui Source Protection Area 
DTR   – diurnal temperature range 
ET   – Evapotranspiration 
GHG   – greenhouse gas 
GW  – groundwater 
IPCC   – United Nations Intergovernmental Panel on Climate Change 
IPZ  – Intake Protection Zone 
MNR   – Ontario Ministry of Natural Resources 
MOE   – Ontario Ministry of Environment 
PGMN  – Provincial Groundwater Monitoring Network 
ppm   – parts per million 
TCC  – Trent Conservation Coalition 
 

 
 


