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1. Introduction and Background 

1.1 Study Objectives and Rationale 

A common theme that resonates throughout most, if not all water management programs is the desire to contribute 

to and enhance the environmental, social and economic well being of the watershed through sustainable 

management of the water resource.  Through achieving this, the benefits of the resource can be fully enjoyed by 

present and future generations. 

 

It is to that end, that the objectives of the Trent Severn Waterway - Water Management Improvement Program were 

developed.  The specific objectives include the following: 

 

1. To understand the variables that are critical to effective water management decision making; 

2. To ensure that the Agency and its water management partners have access in an accurate and timely way to 

the appropriate data that allows these variables to be used in making decisions; 

3. To describe the current approach to water management in the form of a “Water Management Manual” that 

describes in considerable detail how water is managed now;  

4. To validate and/or suggest improvements in how water is currently managed such that broad water 

management goals described above are best achieved; 

5. To construct a numerical predictive tool that allows the basic operational model(s) to be readily adjusted in 

response to changes in critical variables; and, 

6. To construct a numerical management tool, linked to real time gauging and data collection systems that allows 

the water manager to: 

a) Understand the current state of water levels and flows throughout the system; 

b) Predict the quantifiable impact of specific water management decisions; 

c) Document when and why specific water management decisions are taken; and, 

d) Provide agencies and individuals with internet-accessible, real time information that contributes to their 

operations and enjoyment of the Trent Severn Waterway and its associated reservoir lakes. 

 

The Trent Severn Waterway: Water Management Study addresses the first four of these program objectives. 

 

The competition for the water of the Trent Severn Waterway has always been a condition of the system‟s operation.  

However, in recent decades, the stakeholders and variables at play as part of that competition have increased and 

subsequently so to have the demands and complexities of the operating environment.  The following examples 

highlight some of the operational considerations within the Waterway: 

 

 The Haliburton Lakes have become one of the most significant cottage regions in the province; and more 

recently there has been a shift toward year round residency on these lakes; 

 Shoreline properties have increased in value, and with that the demands to maintain the levels of the reservoir 

lakes have increased; 

 Cities and Towns have developed along the shorelines and have infrastructure demands to draw water from the 

system; 

 The shores are home to thousands of businesses that rely on those that live in and visit the area; 

 The societal awareness of and desire to protect the natural environment is increasing; 

 There are legitimate concerns about global warming and the potential impacts of climate change; and 

 Growing environmental concern has led to an interest in the potential for hydro electric power generation as a 

source of renewable energy. 
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These issues have been recently documented by the Panel on the Future of the Trent Severn Waterway in, It’s All 

About the Water, and a study of the past, present and future of the waterway completed in 2007 by Ecoplans 

Limited.   

 

This study is intended to build upon this work toward ensuring that water management personnel have the tools 

necessary to assist them in making water management decisions.  These tools must ensure that management 

decisions are; timely, information and science based, reflect a thorough understanding of the variables, and achieve 

an optimal and appropriate balance of the overall water management goals. 

 

This study represents the first phase of what could be a multi-phase endeavour towards achieving the vision and 

objectives of the overall Water Management Improvement Program.   

 

This study has been organized into four components that directly correspond to the specific objectives of the Water 

Management Improvement Program: 

 

 Data Collection and Management Guide 

 Review of Water Management Systems and Models 

 Water Management Manual – Description of the Current Approach to Water Management 

 Evaluation of the Current Approach to Water Management 

 

This component of the study, titled “Evaluation of the Current Approach to Water Management” has been developed 

to evaluate the current approach to water management while considering the potential impacts of climate change on 

water management and increasing requirements to better balance the water management goals and objectives. 

 

1.2 The Trent Severn Waterway 

The Trent Severn Waterway (TSW or Waterway) is a 386km inland navigation route crossing south central Ontario, 

from Trenton on the Bay of Quinte to Port Severn on Georgian Bay with a total drainage area of 18,690km
2
 (Figure 

1-1).  It comprises several navigable lakes and their interconnecting channels as well as many reservoir lakes.  

There are two watersheds within the Waterway: the Trent River Watershed and the Severn River Watershed.  

Although this Study concentrates only on the Trent River Watershed, both are characterized below.     

 

The Trent River Watershed is the eastern watershed, with an area of 12,530km
2
 draining to Lake Ontario.   It lies in 

the rolling farmlands of southern Ontario.  This watershed contains three (3) sub-watersheds: 

 

 The Haliburton Reservoir Lakes (3,320km
2
) to the north consists of forty-four (44) lakes in the northern shield 

area that have been dammed to collect Spring runoff.  Water from these lakes is released over the summer to 

supply the Trent component of the Waterway.  These lakes are on the tributaries of the Gull, Burnt and 

Mississauga rivers, as well as Nogies, Eels and Jack creeks.   

 The Kawartha Lakes and the Otonabee River (4,862km
2
) that drain to Rice Lake including: Katchewanooka, 

Clear, Stony, Lovesick, Lower Buckhorn, Buckhorn, Chemong, Pigeon, Sturgeon, Scugog, Cameron and 

Balsam Lakes.  These lakes are south of the Canadian Shield in rolling countryside, where rainfall runoff is 

usually slow and evaporation losses in the summer are high.   

 Rice Lake and the Trent River (4,348km
2
) that drain to the Bay of Quinte (Lake Ontario), including the Crowe 

River (1,894km
2
) sub-watershed that drains to the Trent River at a confluence downstream of Rice Lake. 

 



�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

���������

	

�
�
�

�
�
��
��
�
�

��
���� ������

�����

����������

�
��������������������������������������

�������������

���� ��������

������������
�����������

�����������

��� ���������

������ �����

�������� ���

�����

�����������

��
�
�

��
��
��

������������

������� �

����

 ������
���

����

BellevilleBelleville

PeterboroughPeterborough

TrentonTrenton

CobourgCobourg

LindsayLindsay

BancroftBancroft

Port HopePort Hope

CampbellfordCampbellford

Port PerryPort Perry

����������

������������

	���
�	���
�

����������

��������������

��������������

��
��
���
��
�

��
��
����
��
��

����������������

���
�����
�����
�
����
�
�

	��������	��������

�
��������
�������

������������������

	
�������	
�������

 ����
��� ����
���

������������������

����
���������
�����

	����!����	����!����

�����
��������
���

"�����#���"�����#���

	������
���	������
���

$����������$����������

������������������������

���������$�
�����������$�
��

Trent-Severn Waterway: 

Water Management Study

Key Map: Watershed Level (1:4,000,000)

Legend

Figure 1-1
General Location Plan - TSW 

UTM 17
NAD 83 Datum April 2011 1:600,000

0 20 4010
Km

�

Elevation (m)
High : 562

Low : 49

Cities / Towns

O n t a r i oO n t a r i o

Q u e b e cQ u e b e c

��������	��


�������
��	������	��


�������

Lake Ontario
H a l i b u r t o n  H a l i b u r t o n  

R e s e r v o i r  R e s e r v o i r  

L a k e sL a k e s

Gu l l  R iv e rGu l l  R iv e r

Burn t  R iv e rBurn t  R iv e r

Nog ies ,  M i ss i ss auga ,Nog ies ,  M i ss i ss auga ,
Ee l s  &  J ac k  R i v ersEe l s  &  J ac k  R i v ers

C r o w e  R i v e rC r o w e  R i v e r

K a w a r t h a  L a k e s  K a w a r t h a  L a k e s  
&  &  

O t o n a b e e  R i v e rO t o n a b e e  R i v e r

R i c e  L a k e  R i c e  L a k e  
&&

T r e n t  R i v e rT r e n t  R i v e r

Rivers

Lake Ontario

Georgian
Bay

S e v e r n  R i v e rS e v e r n  R i v e r

W a t e r s h e dW a t e r s h e d

Major Roads

Bay of Quinte

Navigable Waterway

Severn River Watershed

Georgian
Bay

Reservoir / Lake

Trent River Subwatersheds



AECOM Parks Canada Trent Severn Waterway: Water Management Study 
Evaluation of the Current Approach to Water 
Management 

 

 4  

The Severn River Watershed lies immediately to the west of the Trent Basin and drains to Georgian Bay.  This 

6,160km
2 
drainage area has three (3) sub-watersheds:  

 

 The Lake Simcoe and Lake Couchiching sub-watershed, including the Talbot River.  Most of the drainage 

area for this sub-watershed is in rolling farmland with deeper soils.  As a result, water runoff is slow and 

evaporation losses from both land and lake surfaces are high.  Only about 25% of the precipitation falling on this 

watershed eventually appears as runoff flows. 

 The Black River sub-watershed feeds into the Severn River downstream of Lake Couchiching.  This sub-

watershed is characterized by the thin soils and rock of the Precambrian Shield.  It is virtually unregulated and 

produces rapid runoff from precipitation while evaporation losses are lower.  Consequently, even though the 

Black River sub-watershed is less than half of the area of the Simcoe-Couchiching basin, its long-term average 

flow is comparable.  The Black River also has high peak flows during the spring period. 

 The Severn River below Washago, including Sparrow Lake, Six Mile Lake Tea Lake, and Gloucester Pool.  The 

natural watercourses of the Black and the Severn Rivers are constrained by numerous narrow reaches and 

constrictions, which are prone to increased water levels in the river and upstream flooding during high flows. 

 

The area influenced by management of the TSW includes more than 120,000 properties as identified in a recent 

study (Ecoplans 2007): 

 

 Approximately 35,000 shoreline properties in the reservoir lakes; 

 More than 400 commercial operations; 

 Six Conservation Authorities; and  

 Several tiers of government, including: 6 First Nations; 2 regional municipalities; 3 municipalities; 1 district 

municipality; 5 counties; 5 cities; 4 towns; and, 26 townships. 

 

1.3 Goals and Objectives of the Trent Severn Waterway 

Construction of the Trent Severn Waterway began in the late 18
th
 century with the building of small dams and water 

powered mills at numerous locations throughout south-central Ontario.  In the early 19
th
 century, dams and timber 

slides were added to support a growing logging industry by facilitating transportation of logs from the interior of 

Upper Canada to the United States and Great Britain.   

 

Key early goals for management of the Waterway were to provide navigation and to protect public safety and 

property.  By the mid-19
th
 century, architects of the Waterway realized that a reservoir system was required to feed 

water to the system in order to maintain navigation through the summer months.  A series of dams in the northern 

part of the TSW were transferred from the Province to the Federal government in 1905 and 1906.  This transfer 

formally recognized the need for a reservoir system and provided the means to manage and control flow from a 

number of water bodies that collectively could be used as a reservoir lake system.  The Orders-in-Council that 

transferred these works explicitly acknowledged that the transfers were to benefit operation of the TSW.  The 

Orders-in-Council also designated the water in the listed lakes and rivers as reservoirs for the Waterway.   

 

When the reservoir lakes were conceived, there was very little permanent settlement in the Haliburton region.  Since 

the 1930s, the Haliburton lakes have grown to become one of the most important cottage areas in Ontario.  

Furthermore, a recent shift from seasonal to permanent, year-round residency in the Haliburton lakes region is 

occurring.  Associated changes in the operating environment of the Waterway include increasing trends in uses 

other than through navigation, economic development and commercial operations along the Waterway, as well as 

increasing value placed on natural ecosystems and habitats.  Finally, meteorological changes have also been 

observed (as discussed in the “Evaluation of the Current Approach to Water Management”), including: increased 

number of heavy rainfall events of shorter duration, increasing annual precipitation in some regions and decreasing 
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annual precipitation in others, regional warming in some areas resulting in increased water temperatures, life cycle 

impacts to aquatic and wetland species and habitat changes. 

 

These changes in the operating environment of the Trent Severn Waterway are reflected in a recent study 

(Ecoplans, 2007) which indicates that the present-day array of expectations and obligations are unprecedented in 

the history of the Waterway operations. Six Water Management Goals and associated Objectives were developed in 

this study to capture these expectations and enhance operations. These goals and objectives are listed in Table 1-1. 

 

Table 1-1 - Water Management Goals and Objectives of the Trent Severn Waterway 

Water Management Goals Objectives 

Reducing threats to public safety and negative impacts to public and private 

infrastructure from over-bank flooding, ice damage, extreme water level 

fluctuations, and high volume flows  

 Mitigate Flooding  

 Protect Infrastructure 

 Provide for Public Safety 

Contributing to the health of Canadians through the availability of drinking 

water for residents, cities and towns throughout the watershed  

 Manage for Water Supply (agricultural 

and municipal)  

 Manage for Water Quality (human health 

and aquatic life) 

Providing safe boating and navigation along the marked navigation channels 

of the Trent Severn Waterway  
 Provide Navigation  

Protecting significant aquatic habitats and species  
 Protect Natural Environment (wetlands, 

fish, wildlife, invasive species, species at 

risk)  

Optimizing the enjoyment of the water throughout the watershed by shoreline 

residents and visitors  

 Enhance Aesthetics  

 Optimize Recreation 

 Optimize Cultural Resources 

 Provide Public Access (physical access, 

access to information) 

Allowing hydroelectric generation plants to operate at plant capacity and meet 

demand for renewable energy insofar as possible  
 Optimize Water Power Generation  

 

1.4 Introduction to the Water Management Process  

The management of the Trent Severn Waterway to achieve these goals and objectives requires consideration of a 

variety of different factors, including the Waterway‟s mandated requirements, scientific objectives, regulatory 

impacts, environmental impacts, political and public concerns, as well as the day-to-day and long-term operation of 

the Waterway.  A Water Management Process was developed through this study as a way to address this 

complexity and to consider the interests of the many different stakeholders.  The Water Management Process is 

displayed in Figure 1-2, and describes the steps required to implement decisions with respect to the operation of the 

Waterway. 
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Figure 1-2 - Water Management Process for the Trent Severn Waterway 

The Operational Management Process shown on the left side of Figure 1-2 describes the core activities of Parks 

Canada staff in the operations of the TSW.  These activities are implemented on a continual basis and consist of the 

day-to-day operations of the locks, dams and other water control structures to manage the flows and water levels in 

the Waterway through regular monitoring, the balancing of water between the different components of the Waterway 

(i.e., the Haliburton Reservoir Lakes and the Kawartha Lakes/Trent River), and the communications with staff to 

implement management decisions.   

 

The Constraint Management Process shown on the right side of Figure 1-2 describes the activities undertaken to 

establish the constraints, or “Management Ranges”, that define the range of water levels and flows on all lakes with 

the aim of satisfying the goals and objectives of the Waterway in a comprehensive and balanced manner.  This 

process includes the evaluation of a diverse array of variables that impact the goals and management of the 

Waterway.  The frequency that the Constraint Management Process is undertaken depends on the data being 

evaluated; for example, the review of historic flood events and levels need only be completed once to establish the 

historical record, and then updated only when new events occur.   

 

In both the Operational and Constraint Management Processes, there are three primary activities: 

 

 Data Collection.  The gathering of information that is applicable to either the operations (i.e., operational 

variables) or management ranges (i.e., constraint variables) of the Waterway.   

 Processing.  The use of processing and optimization tools to interpret the collected data and produce results 

appropriate for effecting operational or management/constraint changes. 

 Decision Making.  The evaluation of processing results to make operational decisions or to establish new 

management ranges throughout the Waterway. 
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These activities result in an Implementation decision with respect to the operation of the Waterway (i.e., increase or 

decrease water levels or flows at certain locations), or the establishment of a Management Range to consider in the 

processing of operational data (i.e., minimum water levels or flows for navigation in summer or fish spawning in fall).  

 

Through the continual application of this management process, the Waterway can be effectively managed to achieve 

the goals and objectives of the TSW, giving due consideration to the wide range of stakeholders and users that 

make the Waterway the dynamic entity it is today. 

 

1.5 Document Map 

The Water Management Process introduced in Section 1.4 provides a context upon which each of the four reports 

in the Water Management Study is presented.  Figure 1-3 overlays a Document Map on the management process 

(Figure 1-2), highlighting the different components of the Waterway Management Process that are described in this 

component of the study. 

 

The Evaluation of the Current Approach to Water Management encompasses all aspects of the Water 

Management Process, as illustrated in the Document Map.  Through the evaluation of current operations, 

recommendations are developed to enhance operational procedures and to better represent each of the Water 

Management Goals through the day-to-day activities of Parks Canada staff.  There is a particular focus on the 

impacts of climate change (Section 2 to Section 4) and the goal to protect significant aquatic habitats and species 

(i.e., natural environment, Section 5).   

 

 

 
Figure 1-3 - Trent Severn Waterway: Water Management Study - Document Map 
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2. Assessment of Current Climate 

The goal of this project component is to understand if there have been significant changes in regional weather 

patterns along the waterway that might suggest changes in water management decision making would be 

appropriate.  

Climate stations needed to be selected to conduct the Assessment of the Impacts of Climate Change, outlined in 

Section 4.  These climate stations were chosen to be representative of the climate in the three main regions of the 

watershed.  For each region, the temperature and precipitation data sets for the past eighty years from weather 

stations were analyzed. 

The relevant regions in the Trent River Watershed for the Trent Severn Waterway Water Management Study are the 

following: 

 the Haliburton Reservoir region (i.e., Haliburton Sector), 

 the Kawartha Lakes / Otonabee River sub-watershed region (i.e., North/Central Sector); and 

 the Rice Lake / Lower Trent River sub-watershed region (i.e., South Sector). 

2.1 Climatological Data 

2.1.1 Selection of Representative Climate Stations 

The climate stations selected to be representative of these regions are presented in Table A-1, in Appendix A and 

summarized in Table 2-1.  Figure A-1 (Appendix A) shows the Trent River Watershed and the selected stations 

location. 

For a specific location, climate data often needs to be from several different climate stations in order to produce a 

complete set of data.  All climate stations available from Environment Canada in the vicinity of this specific location 

and installed to a similar elevation may be selected to complete the data set.  The aggregated data set of these 

stations is called a “combo” station; the combo stations used in this study are shown in Table 2-1. 

In each sub-watershed region, two “combo” climate stations are proposed.  They are selected based on their period 

of record and completeness of the data set (no or few missing data). 

The selected stations are the following: 

 In the Haliburton Reservoir Lakes Region: Haliburton and Minden combo stations, 

 Kawartha Lakes and Otonabee River Region: Lindsay and Peterborough, 

 Rice Lake and Lower Trent River Region: Trenton (Belleville, outside the watershed, is used for temperature) 

and Peterborough. 

The first “combo” station in each region/sector (designated as the Rank 1 station) covers more than 80 years of 

historical records and has one station which is still active.  An active station provides the opportunity to be used, for 

example, in real-time flood forecasting or any other future use.  An active station also allows future update of the 

Assessment of the Impacts of Climate Change. 

The second station in each region/sector (designated as the Rank 2 station) is also considered representative of 

each of the three regions but can only be used to assess past climate trends.  They are also used to confirm the 

representativeness of the first station and may be used to complete some missing data in the first “combo” data set.   

If the second station shows some different climate normals over the last 80 years, each of the two stations are 

considered representative of a portion of the sub-watershed region, as discussed in Section 2.1.3. 
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Table 2-1 - Representative Climate Stations (Environment Canada, reference 0) 

 Climate Station Record Comment on 
Data Set ID Name Period Length 

(years) 

Haliburton Reservoir Lakes Region 

1
st

 

Statio

n 

6163170 Haliburton 2 1949-1955 7 to complete the 2 other stations 

6163171 Haliburton 3 1987-2010 22 2007, 2010 are incomplete 

6163156 Haliburton A 1889-1992 104 lot of missing data before 1950 

Combo HALIBURTON Total 121  

2
nd

 
Statio

n 

6165195 Minden 1956-2006 51 good 

6165197 Minden Forestry 1948-1955 8 many missing data 

Combo MINDEN Total 60   

Kawartha lakes / Otonabee River Sub-Watershed Region 

1
st

 
Statio

n 

6166416 Peterborough 1867-1970 104 good 

6166418 Peterborough A 1969-2005 34 good 

6166420 Peterborough AWOS 2004-2010 6 good 

Combo PETERBOROUGH Total 144  

2
nd

 
Statio

n 

6164430 Lindsay 1881-1971 91 good 

6164432 Lindsay Filtration Plant 1964-1990 27 good 

6164433 Lindsay Frost 1974-2006 33 good 

Combo LINDSAY Total 126  

Rice Lake / Lower Trent River Sub-Watershed Region 

1
st

 

Statio

n 

6158875 Trenton A 1953-2010 57 good 

6158885 Trenton Ont Hydro 1915-1992 77 no temperature data 

6150689 Belleville 
(1)

 1866-2006 140 temperature data to complete Trenton 

6150717 Belleville Par Lab 
(1)

 1929-1959 31 temperature data to complete Trenton 

Combo TRENTON Total 95  

2
nd 

Sta. 
Combo PETERBOROUGH (same as 

above)  

Total 144 Representative for Rice Lake Region 

(1)
 Belleville stations are outside the watershed (east of Trenton), but temperature dataset is complete and used to assess climate trends over 

the last 80 years for the Lower Trent area. 

 Station still in operation (at the end of 2010)
 

 
2.1.2 Climate Normals for the Three Regions 

The climate normals (annual mean precipitation and temperature) obtained from Environment Canada for the 

selected stations are presented in Table A-2 (Appendix A) and summarized in Table 2-2. 

Table 2-2 - Climate Normals – Mean Annual Precipitation and Temperature for the period 1971-2000 (Env. 

Canada, reference 0) 

Region 
Station Mean Annual 

Rank Name Temperature (°C) Precipitation (mm) 

Haliburton Reservoir Lakes Region 
1 Haliburton 4.90 1009 

2 Minden 5.17 1045 

Kawartha Lakes and Otonabee River 
Region 

1 Peterborough 5.93 840 

2 Lindsay 6.31 882 

Rice Lake and Lower Trent River 
Region 

1 
Trenton 6.93 894 

Belleville 
(1)

 7.72 892 

2 Peterborough (same as above) 
(1)

 Belleville station is outside the watershed (east of Trenton), but temperature data set is complete and used to assess 
climate trends over the last 80 years for the Lower Trent area. 
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2.1.3 Summary of Climate Data  

2.1.3.1 Haliburton Reservoir Lakes Region 

There are only two “combo” stations having a long set of climate data in this region for temperature and precipitation: 

Haliburton and Minden. The climate normals (Table 2-2) for the two stations are similar for temperature as well as 

for precipitation, and are considered equally representative of the Haliburton Reservoirs Region. 

Since the two stations are close to each other and since the Minden station only covers 60 years (with many missing 

data) and is not active anymore, the “combo” station Haliburton, which covers 120 years has been selected to 

represent the Haliburton reservoir lakes region. 

However, the Haliburton “combo” has too many missing data from 1921 to 1950, (only 13 complete years having 30 

missing daily values or less) and therefore past climate trends cannot be assessed in the Haliburton Reservoir Lakes 

region.  The Minden station has been used to complete some of the missing data in the Haliburton data set. 

2.1.3.2 Kawartha Lakes / Otonabee River Sub-Watershed Region 

In this region, two stations have a long set of climate (data for more than 100 years) for temperature and 

precipitation: Peterborough and Lindsay.  The climate normals (Table 2-2) for the two stations show similar 

temperatures, but mean annual precipitation for Peterborough is 5% less than for Lindsay. 

Since the Peterborough station is still active and is located closer to most of the Kawartha Lakes, it is considered to 

be more representative of the Kawartha Lakes / Otonabee River Sub-watershed Region and has been chosen to be 

the first station.  The second station, Lindsay, is used to complete some missing data in the Peterborough dataset. 

2.1.3.3 Rice Lake / Lower Trent River Sub-Watershed Region 

In the Lower Trent River, the Trenton station is the only station having a long and complete data set in addition to 

still being active.  The Trenton station has been chosen to be the first (i.e., Rank 1) “combo” station.  However, 

before 1950 there are no temperature data; the Belleville station, located outside the watershed approximately 13km 

East of Trenton, has been also selected for past climate trends assessment. 

Development of the second “combo” station (i.e., Rank 2) faced several challenges.  The only other station having a 

relatively long data set is Stirling (6158050-51-52), but this station only has a complete set of data from 1941 to 

1968.  After 1968, there is no temperature data and much of the precipitation data is missing.  Moreover, this station 

is located approximately 20 km north of Trenton near Glen Ross and this region is already represented by the 

Trenton “combo” station.  The west part of the region (i.e., Rice Lake area), would benefit from better climate 

representation. 

In the Rice Lake area, no station having a long and complete data set is available.  The stations at Campbellcroft 

(6151135-36) and Gores Landing (6152950-51) were considered but there are no data available after 1997 and 

there is a significant amount of missing data.  The other stations are sparse, do not cover a long observation period 

or do not have temperature data.  The closest station that meets the criteria is the Peterborough station, already 

selected to represent the Otanabee River region.  This station is located approximately 20 km North-West of Rice 

Lake. 

However, the climate normals for Peterborough show that temperature and precipitation are lower than those for 

Lindsay or Trenton, which suggest that Peterborough may be a microclimate.  This appears to be confirmed by the 

the mean annual precipitation at Hastings (6168525-616C3P9), located at the downstream end of Rice Lake (30 km 

east of Peterborough), which is about 900 mm based on 12 complete years of data between 1989 and 2009.  This is 

approximately equivalent to the precipitation normals at Trenton. 
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Therefore, the Trenton station is considered representative of a large portion of the Rice Lake / Lower Trent region, 

while the Peterborough station can only be considered representative of the west end of Rice Lake and is not 

selected as representative of the entire Rice Lake / Lower Trent region.  

2.2 Analysis of Climate Data and Past Climate Trends 

An analysis was carried out on historic climate data at the three “combo” stations representing the three main 

regions in the Trent River Watershed. The analysis was conducted for two periods of 30 years, set 50 years apart: 

the past period 1921-1950 and the reference period 1971-2000.  The analysis results are presented in Appendix A. 

For the Haliburton region, there are significant amounts of missing precipitation data for the past period (only 13 

years have 30 missing daily values or less). Therefore, because missing precipitation data induce a bias, no analysis 

was carried out on precipitation for this region. 

Monthly mean precipitation and temperatures were calculated for the past period and the reference period for the 

three regions, allowing the changes in mean temperatures and precipitations to be determined.  The results for the 

past climate change analysis are summarized in Table 2-3 and plotted in Figure 2-1. 

Table 2-3 - Past Climate Change by Month for Temperature and Precipitation between the Past Period (1921-

1950) and the Reference Period (1971–2000) 

 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual 

Δ Surface temperature (°C) -0.1 

Haliburton -0.6 0.5 0.2 0.6 0.5 -0.2 0.0 0.0 -0.3 -0.4 0.1 0.3 0.1 

Peterborough -1.1 -0.2 0.0 0.2 -0.2 -1.0 -1.0 -1.7 -2.0 -1.5 -0.3 -0.2 -0.8 

Trenton (Belleville) 0.0 1.2 0.5 0.8 1.1 0.3 0.3 0.2 0.0 0.1 0.5 1.2 0.5 

Δ Precipitation (%) 6 % 

Peterborough -15% -19% -2% 10% 18% 20% -7% 27% 2% 14% 16% 13% 6% 

Trenton -21% -21% -6% 20% 0% 30% -15% 28% 28% 12% 17% 10% 6% 

 

Temperature 

The change in mean annual temperature is small for the 3 stations (less than ± 1°C) but shows different changes 

seasonally: 

 During winter months, Haliburton and Belleville show a small increase while Peterborough does not show any 

significant temperature change; and 

 During the summer months, Haliburton and Belleville do not show any significant change while Peterborough 

show a clear temperature decrease of 1 to 2°C. 

Therefore, there is no significant clear temperature change between the past period (1921-1950) and the reference 

period (1971-2000). 

For the temperature analysis, as outlined previously, there is no temperature data for the Trenton station for the past 

period.  To facilitate the comparison between the past and reference period, it is necessary to use the same climate 

station and therefore the Belleville station is used for Trenton, even though it is located outside the watershed. 
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Precipitation 

For precipitation, the results show an increase in average annual precipitations of about 6% for both Peterborough 

and Trenton between the two periods, and monthly changes for the two “combo” stations are comparable.  The 

following observations were shown in the results: 

 An average decrease of 19% was noted for January and February; and 

 An average increase of 26% was noted for June and August, but July shows a decrease of 11 %. 

Figure 2-1 - Past Climate Change by Month for Temperature and Precipitation between the Past Period 

(1921–1950) and the Reference Period (1971–2000) 
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In order to extract the past climate trends for the Trent River Watershed from the previous results, it is important to 

understand that climate differences from season to season or from a station to another can be explained by all or 

part of the following for Canadian climate stations (Atmospheric Environment Services, AES): 

1. Rainfall measurement errors: these errors may be due to the instrument shape or type, that can vary from an 

instrument to another, which may be the case from a climate station composing the “combo” station to another, 

and which certainly occurred during the last 90 years; as an example, the MSC rain gage used since about 

1920 by the AES was changed in the early 1970‟s by the Type-B rain gauge; 

2. Snowfall measurement errors: prior to 1960, all AES stations relied on snow ruler measurements to estimate 

fresh snowfall precipitation and the snowfall water equivalent is then estimated assuming the density of fresh 

snow to be 100kg/m³, while Goodison and Metcalfe (1981) estimated that fresh snowfall densities ranged from 

70 to 165kg/m³ with average densities of 71 to 84kg/m³ across Canada; this can lead to substantial errors, 

resulting in a 20% overestimation of winter precipitation for the past period (1921-1950) and may explain the 

decrease of about 20% for January and February in the results. 

 

Also, the past climate monthly changes can be fluctuations due to natural climatic variability within each period 

rather than clear climate trends between the past period and the reference period. 

 

2.3 Summary of Past Climate Trends 

For all the reasons outlined above, climate trends between the past period (1921-1950) and the reference period 

(1971-2000) in the Trent River Watershed are summarized as follows: 

 There is no clear changing trend in temperature; and 

 The average annual precipitation shows an increase of about 6% at both Peterborough and Trenton. 

Since climate trends are similar for Peterborough and Trenton, both stations can be used to assess future climate 

changes and their impacts on the water management of the Watershed.  For the purposes of this study, the 

Peterborough station is selected to represent the climate for the Trent River Watershed because it is located in the 

centre of the Watershed. 

The past climate trends along with future climate trends, outlined in Section 3, are assessed to understand if future 

climate changes might suggest changes in water management decision making (Section 4). 
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3. Future Climate Trends 

3.1 Climate Variability and Climate Change in Canada 

3.1.1 Climate Change in Guidelines and Literature 

The CDA Dam Safety Guidelines contains the following observation about climate trends in its Hydrotechnical 

Considerations section: 

“A gradual increase in the temperature of the planet has been observed over the past century, and is 

expected to continue into the future, at least for some decades; however, the pattern is far from being 

uniform. The consequences of this temperature change on river runoff patterns and quantities are not yet 

clearly determined. Rainfall and evaporation patterns (spatial and temporal) will be modified and it is 

expected that the variability of extreme events (floods and droughts) will increase, but it is not possible to 

quantify this change. 

 

All these changes are quite recent and intense research is active in that domain but thus far, no generally 

accepted methodology exists to evaluate the effect of climate change on flood frequencies. Until the 

scientific community defines safe practices, high and extreme floods should be evaluated with a (realistic) 

degree of conservatism and flood frequency estimates should be updated as frequently as possible, when 

new information becomes available, for example after the occurrence of a very large flood or when new 

advances on climate modeling become available.” 

 

In the Guidelines on Extreme Flood Analysis (Alberta Transportation), the following is found in the Climate Variability 

and Climate Change section: “global warming over the 20
th
 century was apparently greater than expected on the 

basis of long-term natural variability, and accelerated in the final decades of the century. Some scientific forecasts of 

future warming and sea-level change are alarming, while others are more cautious.” 

It is often speculated that higher mean temperatures will be accompanied by a greater range of extremes in climatic 

parameters, and it is sometimes claimed that a wider range has in fact been observed.  Such claims are difficult to 

prove on the basis of climatic and hydrologic records usually lasting only a few decades.  With respect to storm 

precipitation in Canada, Zhang et al. (2001) state: “For the country as a whole, there appear to be no discernible 

trends in extreme precipitation (either frequency or intensity) during the last century”.  Referring to the Prairie 

Provinces as a whole, Hopkinson (1999) states: “For the period 1953 to 1998, there is no evidence of a significant 

trend in maximum persisting dew point or in precipitable water derived from upper air soundings of the atmosphere.” 

3.1.2 Climate Change in the Engineering Community 

The need to consider climate change is becoming a more widespread recommendation among the engineering 

community.  References that support this position are presented below. 

3.1.2.1 Public Infrastructure Engineering Vulnerability Committee (PIEVC) 

The Vulnerability Committee was created to conduct an engineering assessment of the vulnerability of Canada's 

public infrastructure to the impacts of climate change.  It is co-funded by Natural Resources Canada (NRCan) and 

Engineers Canada.  In the Vulnerability Committee Overview on the PIEVC website, the following was reported: 

“Regardless of the causes, our climate is changing and it will increasingly affect infrastructure over time, 

exposing Canada's infrastructure to conditions it was not originally designed to withstand. This can reduce 

its useable lifespan and may result in economic loss, disruptions to the lives and daily routines of 

Canadians, and increased risks to public health and safety. Engineers have a responsibility to prevent 
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and/or minimize such disruptions and reduce risks by designing, building and maintaining resilient 

infrastructure that can adapt to the impacts of a changing climate. 

 

(…) 

 

Engineers have traditionally relied upon historical data to design long-lasting, safe and reliable infrastructure, 

but now they must develop new design and operational practices to withstand new weather conditions - both 

extremes and gradual changes.” 

 

3.1.2.2 PIEVC Engineering Protocol for Climate Change 

From the Infrastructure Canada website and drawn from the report “Adapting Infrastructure to Climate Change in 

Canada's Cities and Communities: A Literature Review”: 

“In order to ensure that public infrastructure such as roads, bridges, communications structures, water and 

wastewater infrastructure, border crossings, energy transmission networks, and public buildings can safely 

provide essential services and support economic activities, they must continually be adapted to the impacts 

of climate change.“ 

 

3.1.2.3 Environment Canada 

From the Environment Canada website and drawn from the report “Climate Information to Inform New Codes and 

Standards”: 

“Since almost all of today’s infrastructure has been designed using climatic design values derived from 

historical climate data, any changes in future climates will require modifications to how structures are 

engineered, maintained and operated. As infrastructure built in current times is intended to survive for 

decades to come, it is important that adaptation options for the changing climate be developed today and 

that future climate changes be incorporated into infrastructure design whenever possible. 

 

(…) 

 

In support of these interim approaches, Environment Canada and the Canadian Commission on Building 

and Fire Codes are updating and improving more than 6000 specific climatic design values used in the 

National Building Code of Canada and by many Canadian Standards Association (CSA) national standards.” 

 

3.2 Analysis of Climate Change for the Trent Severn Waterway 

An analysis was carried out by OURANOS as part of the Trent Severn Waterway Water Management Study.  

OURANOS is a research consortium focusing on regional climatology and adaptation to climate change.  It is a joint 

initiative from the Québec Government, Hydro-Québec and the Meteorological Service of Canada, with the 

participation of UQAM, INRS, Laval and McGill universities. 

The study report from OURANOS presents an analysis of climate change projections for the Trent Severn Waterway 

region.  The complete report from OURANOS is presented in Appendix B. 

This section presents a summary of the methodology and the study results of the climate change analysis. 
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3.2.1 Methodology 

The emission of atmospheric greenhouse gases (GHG) is inducing a series of climatic changes, most notably an 

increase in global mean temperatures and an intensification of the global hydrological cycle (Meehl et al., 2007a). To 

assess the magnitude of those changes and understand their impact on climate, modelling teams around the world 

have created coupled numerical models of atmospheric circulation, the ocean and surface processes.  Given an 

initial climatic state and the evolution of GHG concentrations, these Global Climate Models (GCM) simulate the 

Earth‟s climate over hundreds, if not thousands of years.  

Typically, models contributing to the Intergovernmental Panel on Climate Change (IPCC) 4
th
 Assessment Report 

have a horizontal resolution of about 250 km.  It is clear that local weather specificities, for example related to 

proximity to the Great Lakes, cannot be adequately reproduced by GCMs.  Rather, GCMs strive to reproduce 

accurately climate statistics, e.g. the large scale mean state and seasonal cycle of climatic variables (Randall et al., 

2007). 

Climate change studies typically use a large number of simulations to ensure clear climate change signals are 

extracted rather than random fluctuations due to natural climatic variability.  For example, an exceptionally warm 

year is a manifestation of this natural climatic variability, while a gradual increase in mean temperatures over 30 

years is a signal of underlying climate changes.  To simulate the climate over the next century, modellers need to 

specify GHG emission scenarios for the future.  Three scenarios are generally used in most simulations: SRESA2 

(called A2 hereafter), SRESA1B (A1B) and SRESB1 (B1).  For the reference period, models use a scenario called 

20C3M, which represents observed GHG concentrations. 

For the purpose of this study, all GCM simulations with data available for precipitation and temperatures during the 

control (1961–1999) and future (2041–2070) periods were selected.  An ensemble of 23 global climate models and 

136 global climate model simulations, driven by three future greenhouse gas emission scenarios A2, A1B and B1, 

and 55 simulations driven by the 20
th
 century scenario 20C3M, is used to estimate changes in temperatures and 

precipitations. 

For more details on the analysis carried out by OURANOS, see Appendix B. 

3.2.2 Results 

The results of the climate change analysis carried out by OURANOS are summarized in Table 3-1 and plotted in 

Figure 3-1. All climate change results by month for the 136 simulations are presented in Appendix C. 

Table 3-1 - Ensemble Averaged Climate Change by Month for Temperature and Precipitation between the 

Future Period (2041–2070) and the Reference Period (1961–1999) 

 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual 

Δ Surface temperature (°C) 

Mean 3.03 2.68 2.52 2.31 2.24 2.23 2.42 2.60 2.44 2.48 2.46 2.82 2.52 

Standard Deviation 1.02 1.07 1.16 0.87 0.76 0.62 0.77 0.84 0.75 0.71 0.84 0.97 0.67 

Δ Precipitation (%) 

Mean 11.2 11.1 10.6 11.0 5.8 1.3 2.3 4.1 2.0 1.5 9.2 11.1 6.1 

Standard Deviation 9.6 10.2 10.3 10.8 9.1 8.2 10.6 12.3 12.9 10.7 10.9 9.5 3.6 
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Figure 3-1 - Ensemble Averaged Climate Change by Month for Temperature and Precipitation between the 

Future Period (2041–2070) and the Reference Period (1961–1999) 

  

Temperatures 

The results show a clear increase in average annual temperatures of about 2.5 ± 0.7°C in 2041–2070 with respect to 

20
th
 century conditions.  

The past climate analysis showed no clear temperature change signal between the past period (1921-1950) and the 

reference period (1971-2000), as outlined in Section 2.3. 

Precipitation 

The results are less clear for annual precipitations, with an increase of just 6 ± 4% of the mean reference value.  

Projections for winter (Dec., Jan., Feb.) precipitations are more conclusive with an increase of 11 ± 6%. 
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The lack of a clear climate change trend for summer precipitation is consistent with IPCC results. 

The past climate analysis also showed an increase of annual precipitations of about 6% between the past period 

(1921-1950) and the reference period (1971-2000), as outlined in Section 2.3. 

 

3.3 Conclusions on the Climate Change Analysis 

As outlined in the OURANOS climate change report (Appendix B), an important caveat to consider is that the 

resolution of GCMs is very coarse compared with the area under study.  Local climatic features therefore cannot be 

adequately represented by GCMs.  This is especially relevant the case of the Trent River Watershed, as it is 

surrounded by the Great Lakes whose influence on weather is significant.  Regional Climate Models (RCMs) are 

expected to perform better in this respect, since they resolve features at a scale of about 50 km (Laprise, 2008). 
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4. Assessment of the Impacts of Climate Change 

As outlined in the OURANOS report (Appendix B), climate change impacts on the hydrological regime are generally 

made using downscaled precipitations (Maraun et al., 2010).  Downscaling refers to methods that adjust coarse 

scale model output to point or local scales using observed time series.  Downscaled precipitations can then be used 

as inputs in hydrological models to assess modifications in the hydrological cycle, such as changes in the 

occurrence of floods and low-flows.  The biases typically found in climate model precipitation make this downscaling 

correction critically important for hydrological studies. 

4.1 Methodology 

To assess the impacts of climate change on the monthly flows along the Waterway, downscaled datasets of 

precipitation and temperature were developed for the Trent River Watershed for the future period (2041–2070) and 

for the reference period (1971–1999).  The downscaled datasets of precipitation and temperature are then used as 

input data in a hydrological model developed and calibrated based on the Watershed physical characteristics to 

generate runoff for the future period and the reference period. 

The hydrological model used is the SSARR watershed model (Streamflow Synthesis and Reservoir Routing).  The 

model was developed and calibrated for the Trent River Watershed Hydro-Technical Study in 2010 (AECOM). 

The SSARR model is comprised of a generalized watershed model and a streamflow and reservoir regulation model: 

 The watershed model: simulates rainfall-runoff, snow accumulation and snowmelt-runoff.  Algorithms are 

included for modeling of snowpack cold content, liquid water content and seasonal conditioning for melt.  

Interception, evapotranspiration, soil moisture, baseflow infiltration and routing of runoff into the stream system 

are accounted for. 

 The river system and reservoir regulation model: routes streamflows from upstream to downstream points 

through channel and lake storage and reservoirs under free flow or controlled-flow modes of operation.  Flows 

may be routed as a function of multivariable relationships involving backwater effects from reservoirs.  

Diversions and overbank flows may be simulated. 

For the present study, in order to estimate runoff only (inflows to the system without considering routing effect of the 

reservoirs), all reservoirs were removed from the river system and reservoir regulation model. 

For more details on the model development and calibration, see the Trent River Watershed Hydro-Technical Study 

and Dam 1 Dam Safety Review – Phase II, Hydro-Technical Study – Flood Flows Estimation Study Report (AECOM, 

2010). 

4.2 Development of Downscaled Sets of Precipitations and Temperatures 

First, a dataset of daily precipitation and temperature representing the study area for the reference period (1970–

1999) was selected.  The Peterborough station was chosen because it is located in the centre of the Trent River 

Watershed. 

For each simulation for the future period (2041–2070), the averaged climate change by month for temperature and 

precipitation between the future period and the reference period, as estimated by OURANOS and presented in 

Appendix C, are applied to the daily temperature and precipitation values over the entire reference period (30 years 

of daily data) to generate a set of downscaled future climate data for that specific scenario. 

Results from 136 simulations for the future period were provided by OURANOS.  Running the hydrological model 

using 136 sets of daily temperatures and precipitations over 30 years would require a tremendous amount of data.  It 

is therefore desirable to reduce the number of climate change simulations to use in order to reduce the number of 
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hydrological model runs and results.  From the 136 global climate model (GCM) simulations, a single simulation was 

randomly selected for each of the 23 GCMs to represent the future period.  Table C-1 in Appendix C highlights the 

23 selected simulations. 

Figure 4-1 shows the mean annual climate change for the 136 simulations between the future period and the 

reference period and Figure 4-2 shows the mean annual climate change for the selected 23 simulations. 

Figure 4-1 - Mean Annual Climate Change for the 136 Simulations for Temperature and Precipitation between 

the Future Period (2041–2070) and the Reference Period (1961–1999) 

 

Figure 4-2 - Mean Annual Climate Change for the Short Selection of 23 Simulations for Temperature and 

Precipitation between the Future Period (2041–2070) and the Reference Period (1961–1999) 

 

From Figure 4-1 and Figure 4-2, it appears that the ensemble average and dispersion for the “short selection” of 23 

simulations are comparable to those for the complete set of simulations.  The short selection is therefore considered 

representative of the complete set of 136 GCM simulations. 
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4.3 Estimation of Future Runoff 

Runoff for the reference period and for the 23 GCM simulations for the future period is estimated with the SSARR 

model of the Watershed.  As outlined in Section 4.1, reservoir routing is not considered in the hydrological model 

because it requires water management decisions on a day-to-day basis over the 30 years of simulations and may 

vary from one scenario to another.  Therefore, outputs from the hydrological simulations are runoff flows, 

representing inflows to the system, and do not correspond to historic flows, allowing the different time periods of 

simulation to be compared equally without impact from Waterway operations.   

Figure 4-3 shows the mean daily runoff flows for the reference period and for the 23 future scenarios for the Dam 1 

at Lock 1 location, the most downstream dam in the Trent River Watershed. 

Figure 4-3 - Mean Daily Runoff for the 23 Future Scenarios (2041–2070) and for the Reference Period (1970–

1999) 

 

However, because the future GCMs are used to extract the climate change trends, the 23 future scenarios used to 

assess the climate change impacts on flows cannot be interpreted separately but as an ensemble.  Therefore, in 

order to extract the future trends of the impacts of climate change, all scenarios results are averaged to obtain daily 

runoff flows for the future period. 

Figure 4-4 shows the daily runoff for the reference period (1970–1999) and Figure 4-5 shows the projected runoff 

for the 2050 horizon based on estimated climate changes. 
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Figure 4-4 - Daily Runoff for the Reference Period (1970–1999) 

 

Figure 4-5 - Daily Runoff for the Future Period (2041–2070) 
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The comparison of daily runoff flows for the reference period (Figure 4-4) and for the future period (Figure 4-5) 

shows that: 

 A larger variability of future runoff flows is noted during winter months, i.e., more winter floods (December to 

February); this is due to snow melt or more frequent rainfalls, thus reducing the snow cover and therefore water 

input to spring freshet; 

 The variability of future runoff flows is reduced during the spring freshet (March to May); 

 The future summer-fall runoff flows (June to November) are similar for both average flow and variability; 

 The spring freshet covers a longer period and shows, in general, smaller peak runoff flows; and 

 The 3 largest maximum annual runoff flows are similar, leading to the conclusion that climate change impacts 

may not affect floods having a return period of 10 years or more. 

4.4 Climate Change Impacts of Future Runoff 

Figure 4-6 shows the ensemble average mean daily runoff of the 23 simulations for the future period (2041-2070) 

along with the mean daily runoff for the reference period (1970-1999). Comparison of the two curves shows that, for 

the 2050 horizon: 

 The magnitude of the spring freshet is reduced; 

 Winter flows increase; 

 Summer-fall flows remain the same; and 

 The mean annual peak runoff flow occurs 17 days sooner than for the reference period. 

An analysis was carried out on the dates of the annual peak runoff flow.  The average number of days of difference 

per scenario (over 30 years of estimated runoff flows) is estimated at an average is 17 ± 11 days sooner for the 

future scenarios than for the reference period.  The Gaussian distribution of the number of days separating the peak 

runoff flows for the future period and for the reference period is shown on Figure 4-6. 
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Figure 4-6 - Ensemble Average Mean Daily Runoff for the Future scenarios (2041–2070) and Mean Daily 

Runoff for the Reference Period (1970–1999) 

 

Table 4-1 and Figure 4-7 present a summary of the ensemble averaged runoff change by month between the future 

period and the reference period. 

Table 4-1 - Ensemble Averaged Runoff Change by Month between the Future Period (2041–2070) and the 

Reference Period (1970–1999) 

 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual 

Average Runoff (m³/s) 

Reference Period 100 111 245 490 169 65 50 50 56 72 120 113 137 

Future Period 168 189 292 338 116 57 47 48 53 64 114 143 135 

D Runoff 67 78 46 -151 -53 -8 -3 -2 -3 -8 -6 30 -1 

Δ Runoff (%) 

Mean 67.0 69.8 18.9 -30.9 -31.2 -11.8 -5.1 -3.9 -5.4 -11.3 -4.9 26.9 -0.8 

Standard Deviation 21.4 27.2 12.0 16.0 14.2 11.1 8.7 12.4 15.8 17.5 16.1 19.8 10.1 
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Figure 4-7 - Ensemble Averaged Runoff Change by Month between the Future Period (2041–2070) and the 

Reference Period (1970–1999) 

 

The results show a clear increase in runoff flows of 38 ± 14% during the winter months (December to March) and a 

clear reduction in runoff flows of 31 ± 15% during the spring freshet (April and May) in 2041–2070 with respect to 

20
th
 century conditions

1
. 

The results are less clear for annual runoff, with a reduction of just 1 ± 10% of the mean reference value. 

The impact of climate change on the mean annual runoff of -1% is consistent with the trends estimated for the 

province of Québec as outlined in Savoir s’adapter aux changements climatiques, where the evolution of flow regime 

varies from about +15% in the north of the province to +1% in the south-east of the province, close to the Trent River 

Watershed, as shown on Figure 4-8. 

                                                      
1 The uncertainty given here corresponds to the standard deviation of climate change signals among models, and not the inter-annual 

variability within models. 
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Figure 4-8 - Evolution of Flow Regime for the 2050 Horizon – Increase of Mean Annual Flow 

 

4.5 Summary of Future Runoff Flows Trends 

Results of the analysis of climate change impacts on runoff flows for the 2050 horizon can be summarized as 

follows: 

 The increase of the mean winter temperatures causes partial melting of the snow cover between snowfalls 

and/or more precipitation in the form of rainfall; this would lead to runoff flows increase of 20 to 70% from 

December to March; 

 The spring peak runoff flow would occur 17 days sooner than for the reference period, from end of April for the 

reference period (1970-1999) to the beginning of April for the 2050 horizon; 

 The magnitude of the spring freshet runoff flows (April and May) would be reduced by 31%, due to smaller snow 

cover at the beginning of the snowmelt; 

 The increase of the summer-fall temperatures would also increase the evapotranspiration on the watershed, 

leading to a flow reduction of 7% (June to November), in spite of the increasing precipitations; and 

 The overall impact of climate change would be a reduction of 1% of the mean annual runoff. 

Therefore, the impacts of climate change on the runoff flow distribution throughout the year would be more 

significant than impacts on mean annual runoff flows or on peak runoff flows during large floods. 

It is important to mention that impacts of climate change on runoff flows only took into account the mean monthly 

climate change trends.  It did not take into account possible impacts of climate change on synoptic systems 

generating heavy precipitations, therefore the change in occurrence, magnitude or duration of heavy rainfall leading 

to large floods cannot be assessed. 

Trent River 

Watershed 
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4.6 Possible Impacts of Climate Changes on Water Management 

Since mean annual runoff volume in the Trent River Watershed would remain almost the same for the 2050 horizon, 

the possible impacts of climate change on water management are mainly due to the availability of the water resource 

throughout the year.  Therefore, large spring floods should be managed in the same manner.  However, general 

impacts on water management may be the following: 

 Summer-fall runoff volume reduction of about 7% may lead to difficulties in feeding the waterway for the 

navigation period with current reservoir lakes storage capacities or management rules; and 

 The smaller snow cover during winter months would lead to a spring freshet having a smaller volume, requiring 

addition of stoplogs sooner during winter months, or would require eventually to reduce the storage capacity (by 

adopting higher winter stoplogs settings) to assure complete filling of the reservoirs. 
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5. Characterization of the Natural Environment 

5.1 Introduction 

The Trent Severn watershed accommodates vast ecosystems with diverse aquatic and terrestrial species.  The 

Waterway passes through the large transition zone of biota and ecosystems of southern/central Ontario with 

elements of Northern Ontario, referred to as “The Land Between”.  Overlapping ecodistricts include 6E and 5E: 6E-6, 

6E-9, 6E-8, 5E-8, and 5E-11, representing a wide range of habitats and community associations from remnants of 

Carolinian species in the southern portions of the system to more northern species on the Precambrian Shield.  The 

Trent Severn Watershed has one of the highest levels of biodiversity in the province and contains 35 species at risk 

under Committee On the Status of Endangered Wildlife in Canada (COSEWIC) and similar numbers of provincially 

endangered and threatened species.  The centre of distribution for several Species At Risk (SAR) is focussed on this 

transitional zone, such as Golden-winged Warbler. In addition, the Waterway includes a significant assemblage of 

wetland habitats (over 230 Provincially Significant Wetlands) and supports a number of rare community types 

including prairies, savannahs, alvars and sand barrens. 

 

The portion of the Trent Severn Waterway evaluated in this project has been divided into three general regions: the 

Haliburton Reservoirs (Haliburton Sector of the TSW), the Kawartha Lakes (North and Central TSW sectors), and 

Rice Lake and the Trent River (South Sector of the TSW). Geology and landscape features vary across these 

regions. Lakes in the TSW can be characterized generally into a few types that support characteristic fish wildlife 

and vegetation species.  

 

This chapter describes the natural environment of the TSW within the study area, shows the distribution of key 

indicator species, and identifies their key life history requirements and sensitivities with respect to water level 

management within the Waterway. 

 

5.1.1 Haliburton Reservoirs  

The Precambrian rock of the northern part of the study area consists of predominantly felsic igneous intrusives and 

derived metamorphic rock and metasediments and is often associated with till-covered uplands and ice contact 

deposits, e.g. esker kame complexes.  Sand is the most prevalent material class occurring as a shallow mantle of 

sandy or silty sand over bedrock.  

 

The Haliburton Reservoirs in the north part of the TSW serve the downstream parts of the Waterway. They are 

located predominantly on the Precambrian Shield and exhibit relatively low surface area to volume ratios. 

Productivity in these relatively deep lakes is comparatively low and many of these lakes are populated with Lake 

Trout, a slow growing, late maturing fish that prefers cold, deep waters.  A glacial waterway connected Georgian Bay 

to the Champlain Sea near Ottawa, and remnant populations of Atlantic Coastal Plain species, often associated with 

the modern lakes and watercourses, persist.  The Haliburton Reservoir area is shown in Figure 5-1. 

 

5.1.2 North and Central Sectors  

The south portion of the Haliburton region and the northern portions of the Kawartha region characterize a transition 

from Precambrian Shield geology of thin acidic soils, forest and wetlands to Quaternary geology of thin tills which 

overlie sedimentary rocks:  The Land Between. These areas support forests, wetlands and some agricultural land 

use. Balsam Lake receives drainage from areas comprising thin till plains and from Gull River which carries 

Precambrian Shield runoff by way of Moore Lake. 
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The Kawartha Lakes are relatively shallow and productive, located in a landscape characterized by rolling terrain 

and numerous wetlands and large lakes.  The glacial soils vary from thin to thick where they support a substantial 

base of mixed agricultural use. Some of the larger lakes include Balsam, Pigeon, Buckhorn and Chemong, and 

Stoney Lakes. Balsam and Cameron Lakes receive approximately 25% of their flow as local drainage from mixed 

agricultural, wetland and forested areas and substantial (75%) drainage from the Precambrian Shield to the north by 

way of the Gull and Burnt Rivers. Walleye are found in the deeper parts of these lakes and some of the connecting 

channels support Muskellunge, Smallmouth and Largemouth Bass in the warmer, shallower areas.  The North and 

Central Sectors are shown in Figure 5-2. 

 

5.1.3 South Sector 

In the southern portion of the Waterway, softer, sedimentary limestones, shales and sandstones overlying the more 

ancient Precambrian bedrock originated as marine sediments of marl, clay and sand.  Overall, the diverse geological 

formations throughout the watershed create a heterogeneous physical environment in which many ecological 

communities have developed. Lake Scugog and Rice Lake are shallow, marshy lakes in the system, both elevated 

by dams. Typical fish in these lakes include Muskellunge, Smallmouth and Largemouth Bass. 

 

This interconnected system passes through numerous jurisdictions including five cities, three towns, five counties 

and five regional municipalities.  Along the watercourse there are also six First Nations, six Conservation Authorities, 

five Ontario Ministry of Natural Resources Districts and hundreds of conservation and landowner associations.  

Actions taken for development, review and approval can include all levels of government and involve numerous 

agencies and organizations.  The South Sector is shown in Figure 5-3. 
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5.1.4 General Ecosystem Types 

Aquatic habitat characteristics can be linked to suitability of support functions required for key species, and are also 

associated with water level management in the Waterway. Although aquatic species utilize flowing water and lakes 

throughout the system, this study focuses primarily on the lakes because they seem most sensitive to changes in 

water levels for fish species. 

 

The shallow and intermittent littoral zone refers to the area defined by the <2m depth at low water. Frequency, 

duration and depth of inundation maintain the structure and composition of riparian plant communities. Most fish 

species spawn in the littoral zone and this zone also serves as a nursery area for growth and refuge for young fish. 

Some species of turtles, frogs and benthic invertebrates either hibernate or find over-winter refuge in shallow areas. 

Some Lake Trout spawn in water depths as shallow as 0.3m. Groundwater inputs in the shallow littoral areas can 

prevent localized freezing thus supporting over-wintering populations. Habitat functions in the littoral zone that 

support over-wintering activities are sensitive to water level changes after early October.  

 

Deep water habitat refers to the area deeper than the 2m contour at low water. Although they spawn in the littoral 

zone, fish such as Walleye, Smallmouth and Largemouth Bass, Muskellunge, and Lake Trout spend most of their 

adult life in deep water habitat. Spawning and nursery functions provide a link between the shallow and deep parts 

of lakes. In the temperate climate of the TSW, Lake Trout spend summer months at depths below the thermocline 

where water temperatures are cooler, thus they require lakes deep enough for stratification to occur. Maintaining 

stratification in Lake Trout lakes is an example of a water level management objective supporting natural 

environment goals for the Waterway. Eastern Musk Turtles and Northern Map Turtles hibernate in deep, well 

oxygenated water (COSEWIC, 2002), thus these species can be sensitive to water fluctuations occurring during the 

winter months. 

 

5.2 Aquatic Habitat and Indicator Species 

Due to the unique location of the Trent Severn Waterway through “The Land Between”, there is greater biodiversity 

and   a corresponding greater concentration of Species at Risk (SAR).  SAR are designated by the Committee on 

the Status of Endangered Wildlife in Canada (COSEWIC) based on reviews of the health of the population in Ontario 

and across Canada.  Species listed by COSEWIC are subject to the requirements of the federal Species at Risk Act.  

Many of them are also subject to the Ontario Endangered Species Act as designated by the Committee on the 

Status of Species At Risk in Ontario (COSSARO). In order to evaluate the potential water management effects that 

may create an impact to aquatic species, a number of species were selected with critical portions of their life cycle 

determined by water depths, and for which data were available.  

 

5.2.1 Data Sources 

Fish were used as indicators to identify potential aquatic ecosystem and hydrologic conditions within the TSW and 

potential effects of present water management within the waterway on biota and habitat. Indicator species show 

sensitivity to littoral zone fluctuations; plant community and nutrition; and thermoclines.  

Information on species distributions and life history requirements were obtained from: 

Fish Atlases – used to develop species distribution maps for indicator species: 

 MNR. 2006. Inland Lakes Designated for Lake Trout Management. Ministry of Natural Resources. 

 MNR. 2002. Atlas of Lake Sturgeon Waters in Ontario. Ministry of Natural Resources, 

 MNR. 1990. Atlas of Largemouth Bass Lakes in Ontario. Ministry of Natural Resources. 

 MNR. 1987. Atlas of Muskellunge Lakes in Ontario. Ministry of Natural Resources. 
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 MNR. 2001. Atlas of Muskellunge Streams and Rivers in Ontario. Ministry of Natural Resources. 

 MNR. 1987. Atlas of Smallmouth Bass Lakes in Ontario. Ministry of Natural Resources. 

 MNR. 1987. Atlas of Walleye Lakes in Ontario. Ministry of Natural Resources. 

 MNR. 2004. Atlas of Walleye Streams and Rivers in Ontario. Ministry of Natural Resources. 

 NHIC. 2011. Element Occurrences for Species at Risk. 

 

Life History Requirements – used to develop spawning and key habitat requirements for indicator species: 

 Cook, M.F. and R.C. Solomon. 1987. Habitat Suitability Index Models: Muskellunge. U.S. Fish and 

Wildlife Service Biology Report 82(10.148). 33 pp. 

 Edwards, E.A., G. Gebhart, and O.E. Maughan. Habitat Suitability Information: Smallmouth Bass. U.S. 

Department of the Interior, Fish and Wildlife Service FWS/OBS-82/10.36. 47 pp. 

 Marcus, M.D., W.A. Hubert, and S.H. Anderson. 1984. Habitat Suitability Index Models: Lake Trout 

(exclusive of the Great Lakes). U.S. Fish and Wildlife Service. FWS/OBS-8210.84). 12 pp. 

 Scott, W.B., and E.J. Crossman. 1973. Freshwater Fishes of Canada. Bulletin 184. Fisheries Research 

Board of Canada, Ottawa, 1973. 

 Stuber, R.J., G. Gebhart,and O.E.  Maughan, Habitat Suitability Index Models: Largemouth Bass. 

FWS/OBS-82/10.16 July 1982. 

 

Agreements: 

 Ecoplans. 2007a. A Study of Past, Present and Future of Water Management on the Trent Severn 

Waterway National Historic Site of Canada: Obligations and Expectations. Ecoplans Limited. May 31, 

2007. 

 Ecoplans. 2007b. A Study of Past, Present and Future of Water Management on the Trent Severn 

Waterway National Historic Site of Canada: Consultation Report. Ecoplans Limited. May 31, 2007. 

 TSW and MNR. 1987. Guidelines for the Trent Severn Waterway: Water Level Management to Assist 

the Sport Fishery in Lindsay District of the Ministry of Natural Resources. Trent Severn Waterway, 

Environment Canada – Parks, and Ministry of Natural Resources, Lindsay District. May 1987. 

 

5.2.2 Fish Indicator Species and Life History Requirements 

The Trent Severn Waterway traverses diverse landscape.  The lakes and connecting channels of the TSW support a 

rich variety of aquatic species.  Historically TSW management has focused on navigation and safety throughout the 

waterway, and some natural environment objectives in a few localities.  More recently canal operators have been 

challenged with meeting natural environment and additional goals throughout the waterway.  In this section fish 

species have been identified that serve as indicators of key life cycle and habitat requirements in various parts of the 

TSW. These indicator species are selected because their life cycle and habitat requirements are influenced directly 

by water management in the TSW and increasing the environmental suitability for these species will increase the 

environmental suitability for suites of other species as well.  The distribution of fish species within the Waterway is 

displayed on Figure 5-4.  Relevant life history information for indicator species is recorded below and summarized in 

Table 5-2 at the end of this section. 

Lake Trout (Salvelinus namaycush) prefer cold water temperatures, 11-12°C for optimum growth, and typically are 

found in relatively deep lakes with small surface area to volume ratios. 

This species spawns in the fall and occurs most often over large 

boulder or rubble at depths shallower than 12m and as shallow as 0.3m 

in some inland lakes. Shallow-spawning individuals are susceptible to 

desiccation of incubating eggs if water level decreases from late 

September to April when eggs typically hatch. 
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Walleye (Sander vitreus) prefer cool water, approximately 22°C for optimum 

growth, in the 3 to 10m depth range and are most abundant in water bodies 

greater than 100ha. Spawning habitat includes clean wind-swept shoals in 

lakes, rocky white-water streams and flooded marshes. Spawning occurs in 

the spring and walleye are susceptible to water level reductions below the April 

1
st
 water level when spawning begins and mid to late May when fry emerge. 

Muskellunge (Esox masquinongy) prefer water 

temperatures from 24-25°C for optimum growth. Lakes 

most suitable for Muskellunge are typically larger than 

100ha, with 25-50% area coverage with emergent or 

submergent vegetation. Spawning typically occurs in 

shallow, vegetated areas 1-2m deep and are known to 

spawn in water as deep as 9m. Muskellunge are 

susceptible to drops in water level from spawning in late April through the embryo and larval stages in mid to late 

May. 

Smallmouth Bass (Micropterus dolomieu) prefer relatively warm water, 

approximately 28°C, and are well distributed throughout the lakes and 

connecting channels of the TSW. Males of this species construct and guard 

the nests. Typically spawning occurs over gravel in flowing water or over 

rocky areas of lakes at depths of 5-7m when water temperatures reach 20-

25°C.  

Largemouth Bass (Micropterus salmoides) prefer water temperatures of 

approximately 30°C, slightly warmer than the Smallmouth Bass and is found 

over soft bottoms and in marshes of shallow parts of lakes and small to large 

rivers. Like the Smallmouth Bass, male Largemouth Bass construct and guard 

nests. Spawning occurs from May to June at water temperatures of 16-23°C.  

Smallmouth and Largemouth Bass are not particularly vulnerable to present TSW canal operations, however they 

represent suitable indicator species owing to their wide distribution throughout the Waterway and their position in the 

food web. 
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5.2.3 Species at Risk 

Key habitat and life history characteristics are presented for several SAR that occur in parts of the TSW. The use of 

these species as integrative indicators of general ecosystem conditions or to inform general water management 

practice is limited because of their limited distribution in the Waterway.  Nevertheless, knowledge of their locations, 

life cycle and habitat characteristics is useful for local water management decision making.  In addition, the 

Waterway operators may be obligated under the Endangered Species Act of Ontario and/or the Species at Risk Act 

(SARA, Federal) to ensure that SAR are not “harmed, harassed or killed” as a result of TSW operations.  Their 

occurrence has been noted here, but further investigation would be required to satisfy the Acts. 

Lake Sturgeon (Acipenser fulvescens), listed Special Concern in Ontario under SARA, have been identified in the 

Trent River, Rice Lake, and Sturgeon Lake (MNR 2002). This species is 

typically found in large rivers and lakes over mud, clay, sand or gravel in 

waters 5-10m deep. Lake Sturgeon typically spawn in shallow, flowing 

water, less than 1m deep in some locations, from May to June when 

water temperatures range from 13-18°C. Given the shallow spawning 

areas used by Lake Sturgeon, this species is susceptible to decreasing 

water levels during spawning and egg incubation periods. 

River Redhorse (Moxostoma carinatum), listed Special Concern under SARA, 

has been identified at Lock 3 (Glenn Miller), Lock 4 (Batawa), and Lock 7 

(Glenn Ross).  Pools and swift runs in medium to large rivers are suitable for 

this species where it is found over gravel, cobble, and rubble or bedrock 

substrate. The River Redhorse typically spawns in riverine locales in late May-

June over rocky substrates at water temperatures ranging from 16-20°C. River 

Redhorse in the Trent River spawn at water depths ranging from 0.2 to 1.2m 

and are susceptible to reductions in water depth over this period. 

Channel Darters (Percina copelandi), listed Threatened under 

SARA, occur at Lock 1 (Trenton), Lock 3 (Glenn Miller), and 

Lock 7 (Glenn Ross). This species typically occurs in warm 

waters of pools and margins of riffles over sand and gravel 

substrate in small to medium size rivers, and over sand and 

gravel beaches in lakes. Spawning occurs in June and July when 

water temperatures reach 19-22°C over rock and gravel substrates in riverine locations at depths typically less than 

1m. Given the shallow spawning areas used by Channel Darter, this species is susceptible to decreasing water 

levels during spawning and egg incubation periods. 

 

5.3 Wildlife 

Due to the unique location of the Trent Severn Waterway through “The Land Between”, there is greater biodiversity 

than elsewhere in Ontario and a corresponding greater concentration of Species at Risk (SAR).  SAR are designated 

by the Committee on the Status of Endangered Wildlife in Canada (COSEWIC) based on reviews of the health of the 

population in Ontario and across Canada.  Species listed by COSEWIC are subject to the requirements of the 

federal Species at Risk Act.  Many of them are also subject to the Ontario Endangered Species Act as designated by 

the Committee on the Status of Species At Risk in Ontario (COSSARO). In order to evaluate the potential water 

management effects that may create an impact to wildlife, a number of species were selected with critical portions of 
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their life cycle determined by water depths, and for which data were available.  Due to the rarity of SAR in the 

watershed, it was important to also choose representative species more commonly found.   

 

5.3.1 Data Sources 

The Natural Heritage Information Centre (NHIC) provided baseline data to map Species at Risk within the Trent 

Severn Waterway.  Joan Chamberlain, TSW, provided additional mapping, and passed on comments from Doug 

Williams, First Nation Elder (Chemong, Pigeon and Buckhorn Lake areas).  Jeff Beaver provided valuable insight 

into conditions in the Rice Lake and Trent River region.  

 

Data were also derived from: 

 Ecoplans, Inc. 2007b.  A Study of the Past, Present and Future of Water Management on the Trent- Severn 

Waterway National Historic Site of Canada Consultation Report. Parks Canada Agency 

 Gartner Lee Limited In Association With French Planning Services Inc., 2002.  Shoreline Environmental Studies 

in Support of Official Plan Policies.  The Corporation of the City of Kawartha Lakes 

 Ontario Nest Record Study housed at the Royal Ontario Museum, and we thank Mark Peck for making these 

records available to the study. 

5.3.2 Mammals, Birds and Herptile Indicator Species and Life History Requirements 

The following species were chosen because they are valuable components of the Trent Severn ecosystem and 

represent the biodiversity of the system and have a portion of their life cycle dependent on water level management.  

Many are also listed species by COSEWIC and/or OSSARO. 

 

Table 5-1 - Non-fish Indicator Species for TSW Water Management 

Plants Birds Herptiles (Turtles and Amphibians)* Mammals 

 Wild Rice 

 Atlantic Coastal Plain 

Species 

 

 Common Loon 

 Marsh Wren (colonial 

nester) 

 Virginia Rail 

 Sora 

 Least Bittern (Threatened) 

 Pied-billed Grebe 

 Black Tern (colonial nester) 

 Northern Map Turtle (Threatened) 

 Eastern Musk Turtle (Threatened) 

 Blanding‟s Turtle (Threatened) 

 Spotted Turtle (Endangered) 

 Frogs:  Northern Leopard, Bullfrog, 

Green Frog 

 Beaver 

 Muskrat 

*many of these species hibernate communally (several to many individuals over-wintering in one area = hibernaculum) and are therefore disproportionately 

vulnerable to water management impacts 

5.3.3 Species Descriptions 

Each species or species group is described below with respect to the critical portion of the life cycle that is 

susceptible to water level fluctuation.  The rationale for water level management is provided.  Guidance is based on 

capturing the majority of reproductive effort and/or hibernation, but is not inclusive of the full range of dates over 

which the activity occurs.  Table 5-3 provides a summary of the sensitivity, guidance and the relative level of 

concern for three indicator lakes within the three representative regions in the study area. 
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5.3.3.1 Plants 

Wild Rice 

This native, aquatic grass sprouts annually from seed.  It grows best in quiet bays or slow moving streams on 

organic soil with a mixture of silt or clay where there is some water movement.  The seeds require light to germinate, 

so shallow water is important in the spring.  An ideal depth is 0.3m; however it will grow in depths ranging from 

0.15m to 1.5m.  By June the leaves are floating on the surface of the water making that a stage sensitive to water 

level fluctuation.  It is well distributed throughout the TSW and occurs in large virtual monocultures in Pigeon, 

Mitchell, Sturgeon and Bald Lakes.  Ironically it is quite restricted in Rice Lake due to historical changes in water 

depth. 

 

Sensitivity:   

Wild Rice is susceptible to water level fluctuations at the germination stage and at the floating leaf stage in June. 

 

Guidance: 

Maintain water levels within 0.2m of spring maxima until mid-July. 

 

Atlantic Coastal Plain Species 

During the retreat of the last glaciation, there was a period approximately 11,000 years ago when the Champlain 

Sea extended up the valley of the St. Lawrence as far as Ottawa.  Plants typical of the Atlantic Coast were able to 

colonize far inland, and even extended west along the ancient watercourse that connected the inland sea to the 

glacial lake engulfing what would become Georgian Bay.  Remnants of this community of plants that favour the 

saturated sandy soils of the coast remain and occur on some of the Reservoir Lakes.  Meadow Beauty is an 

example of one of these eastern relicts. 

 

Sensitivity: 

The community depends on moderate water level fluctuation to provide the disturbance to maintain this community.  

Extreme fluctuations would result in flooding or alternatively, desiccation of the community.  A Recovery Plan is in 

place as many of these species are rare in Ontario.  Their distribution is restricted to only a few Reservoir Lakes. 

 

Guidance: 

Drawdown up to 0.3m starting in mid-May. 

 

5.3.3.2 Birds 

Common Loon (Gavia immer) 

Breeding evidence is found throughout the Trent Severn Watershed and the population within Ontario are generally 

considered stable (Atlas of Breeding Birds of Ontario „ABBO‟ 2001-2005).  This species was listed (Blue List 1981 

82; Local Concern 1986) on the basis of vulnerable nesting habitat.  Overall, flooding of the nests due to mortorboat 

wash is likely a bigger concern than drawdowns (M.Peck, Pers. Comm.).  However, from a water management 

perspective, allowing water levels to rise during nesting could be fatal to the eggs.  Loons cannot walk on land due to 

the location of the legs well back on the body.  Therefore, a drawdown that made nest access more difficult not only 

makes the birds more vulnerable to predation, but increases the chances that the eggs will be knocked from the nest 

during struggles to reach it.  Nest building occurs in May and June with chicks hatching in late June or early July 

(McIntyre 1988, Breeding Bird Atlas of Ontario, 2008). If the nest is lost early enough in the season, re-nesting can 

occur (McIntyre 1988, Campbell et al. 1990). Breeding pairs rear only one brood each year of one or two chicks.  

Nests are formed of simple vegetative mats located at the water‟s edge on marshy shorelines or islands.  Nest data 
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(ONRS) indicate eggs as close as 3cm to the lake, but also note the use of muskrat houses and low scrapes at the 

water‟s edge.  Nesting occurs from late May through early July (incubation from 26 to 31 days), and the chicks, while 

immediately active, remain at the nest after hatching. 

 

Sensitivity: 

Naturally nesting loons on shorelines/islands are significantly susceptible to fluctuating water levels, affecting nesting 

success that may contribute to the decline of populations.  Lakes with fluctuating water levels may constitute an 

ecological trap for this species. 

 

Guidance: 

Stable water levels should be maintained in May through early July during nesting (6 weeks). 

 

Marsh Wren (Cistothorus palustris) 

Breeding evidence is found throughout the Trent Severn Watershed with higher concentrations focused along Lake 

Ontario (around Kingston).  Breeding occurs predominantly in shallow to deep water cattail marshes.  Large shallow 

water emergent marshes with good interspersion tend to support larger populations (ABBO 2001-2005).  Nests are 

domed structures using woven vegetation and are either spherical or elliptical in shape, conspicuous early in the 

season.  Ontario records (ONRS) indicate that the nests occur as close as 10 cm above the water and are active 

from late May to early July.  Incubation requires 12 to 16 days and the young fledge 13 to 16 days later. 

 

Sensitivity: 

Nesting above water typically in cattails, water level increases could inundate nests while drawdown may expose the 

supporting plants to damage and desiccation.  

 

Guidance: 

Water level as of late May should be maintained throughout to the end of June (3½ to 4½ weeks). 

 

Black Tern (Chlidonias niger) 

Breeding colonies are most frequently encountered in The Land Between, along the Waterway, but not in the 

Reservoir Lakes.  Significant declines in probability of observations were noted throughout its range as compared to 

the previous atlas.  Egg laying occurs typically between May 31 and June 21 although the ONRS records eggs as 

early as May 18 and as late as June 28.  Its preferred nesting habitat is a wetland with a ratio of 50:50 of emergent 

vegetation and open water.  Black Tern nests are relatively small and flimsy, found to be nearly flush with the water 

surface.  They are typically built on upturned cattail root, floating vegetation mat or a patch of mud.  Eggs require 

incubation for 19 to 21 days and up to 21 days for the young to leave the nest.  Several Royal Ontario Museum 

records show that nests were located between 5cm and 20cm above the water surface. 

 

Sensitivity: 

Due to their proximity to the water, nests are highly susceptible to water fluctuations during egg laying and 

incubation. 

 

Guidance: 

No increase to water levels from May 25 to July 25 to avoid flooding the nest and downy young.  Drawdown may 

increase exposure of eggs and young to predators. 
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Least Bittern (Ixobrychus exilis) 

The breeding range is concentrated in The Land Between but records are scattered throughout southern Ontario, 

but largely absent from the Reservoir lakes.  It is most commonly found in marshes of at least 5 ha in size (James 

1999, in the ABBO). Breeding sites typically are found in cattail (Gibbs et al. 1992b), but other vegetation including 

bulrushes, grasses, horsetail and willow have been used.  Nests are usually found close to the edge of vegetation or 

near muskrat trails.  They can be up to 45m away from the water‟s edge (Peck and James 1983). The nests are 

constructed on a platform of vegetation 0.2-0.7m above the water surface and water as deep as 1m.  An ONRS 

record found a Least Bittern nest 0.2m above the water surface over 0.6 m water depth and dates range from June 7 

to July 4.  Incubation occurs over 19 to 20 days followed by care at the nest for another 25 days. 

 

Sensitivity: 

Nests occur on vegetation platforms typically in cattails, 0.2-0.7m above the water surface making them susceptible 

to flooding. 

 

Guidance: 

No increase in water levels from June 15 to July 31 to avoid flooding nest and young.  Drawdown may increase 

exposure to predation. 

 

Pied-billed Grebe (Podilymbus podiceps) 

Breeding evidence is found throughout central and southern Ontario including the Reservoir lakes and the TSW.  

Nesting occurs primarily in marshes dominated by cattails or bulrushes and less frequently among burreeds, spike-

rushes, and arrowheads (ABBO, 2001-2005).  The nesting locations are predominantly associated with larger 

marshes and open water, though they do occur on small ponds and beaver ponds, where shrubs instead of 

herbaceous emergent plants are found around the edges (Chabot and Francis, 1996).  ONRS records indicate that 

nesting occurs mid May (one record in April) to mid-June.  Nests are typically a floating platform of decaying 

vegetation among emergent vegetation in 0.3m to 1.0m of water (Glover ,1953; Peck and James, 1983) and 

confirmed by ONRS data noting that some nests failed due to flooding.  Incubation occurs for 23 days and the young 

immediately leave the nest.  Least Bittern are visual feeders, therefore maintenance of clear water is important. 

 

Sensitivity: 

The nests occur at water level therefore susceptible to flooding.  This species also selects for habitat that includes 

shrubs requiring that water level fluctuation is limited to 0.2m. 

 

Guidance: 

To maintain shrub cover, limit water level fluctuation to 0.2m above and below spring maximum.  No increase in 

water levels from mid May to late June. 

 

Sora (Porzana carolina) 

Although distributed throughout Ontario, breeding more typically occurs in southern Ontario but they do occur in the 

Reservoir lakes in emergent marshes of almost any type.  They require enough exposed damp substrate for 

gathering invertebrate food for their young.  They will breed in wetlands as small as 0.5ha and prefer water depth 

somewhat greater than Virginia Rail.  Nests are built about 0.15m above the water from mid-May to late June (Meyer 

2006) and eggs are incubated for 18 to 20 days.  The young leave the nest soon after hatching and fledge in about 

25 days. 
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Sensitivity: 

Nests in marshes and needs enough exposed damp substrate to gather invertebrate food for their young therefore 

flooding or desiccation would make feeding the young more difficult and could reduce productivity. 

 

Guidance: 

Maintain stable water levels from May 1 through July 25. 

 

Virginia Rail (Rallus limicola) 

Atlas data indicates that this species is most common in The Land Between and the TSW, however it occurs 

throughout southern Ontario and frequent in the Reservoir lakes, They breed primarily in marshes with dense 

emergent vegetation interspersed with shallow-water pools and mudflats.  The species occurs in wetlands less than 

0.2 ha, however are frequently found in wetlands greater than 1 ha. Nest sites are generally drier than those of Sora, 

but incubation and fledging follows as similar pattern, although adults may move broods from brood-rearing habitat 

as soon as the young are independant. 

 

Sensitivity: 

Nests tend to be located in high marsh areas with drier substrates and therefore more tolerant of flooding and/or 

drawdown. 

 

Guidance: 

Some tolerance to water level fluctuations (± 0.2m) from May 1 through July 6. 

 

5.3.3.3 Herptiles (Turtles and Amphibians) 

 

Aquatic frogs that hibernate under water  

These species include: American Bullfrog (Lithobates catesbeianus), Northern Leopard Frog (Lithobates pipiens), 

Green Frog (Lithobates clamitans), and Mink Frog (Lithobates septentrionalis). 

 

Aquatic hibernating frogs are susceptible to anoxic conditions and freezing.  Typical water quality requirements 

include relatively high levels of dissolved oxygen (7-10ppm), low water temperatures (<4° C) and a bottom substrate 

that remains ice free (Survey Protocol for the Northern Leopard Frog, Alberta Species at Risk Report No.43, 2002).  

Frogs often move from ponds to fast flowing streams and seeps to remain unfrozen and provide adequate oxygen 

for survival (Lamoureux, 1999) occurring during October and November in southern Ontario.  The key factors for 

winter survival include avoidance of freezing solid (unlike terrestrial species the aquatic species are not 

physiologically adapted to freezing), access to dissolved oxygen to allow for gas exchange across their skin, and 

avoidance of predation.  These conditions are found in small, permanent streams, seeps and deep water (Helferty, 

2002).   

 

Sensitivity: 

Drawdown after aquatic frogs have hibernated in the late fall and winter months may result in freezing down to the 

substrate that may also freeze the frogs, resulting in death, or reduced oxygen levels with lethal consequences.  

Exposure also increases predation.   

 

Guidance: 

Avoid drawdown after mid October through April. 
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Shallow water hibernating turtles 

These species include: Snapping Turtle (Chelydra serpentina), Midland Painted Turtle (Chrysemys picta marginata), 

Blanding‟s Turtle (Emydoidea blandingi) and Spotted Turtle (Clemmys guttata). 

 

Turtles in general have a significant ability to tolerate anoxic environments.  Incorporating metabolic and buffering 

mechanisms one study found that the turtles in the lab were able to survive for 3 to 4 months at 3°C with no oxygen 

(Jackson, 2002).  While embedding themselves in mud overwinter provides protection from predators, it is also an 

anoxic environment (Ultsch, 2006).  They appear to return to favourable hibernation sites annually (Carroll, 1991).  

They appear to select sites that are deep enough for survival, but shallow enough to trigger early emergence in the 

spring, therefore winter flooding may create a negative impact.  

 

Midland Painted Turtles are the most tolerant of low to zero oxygen levels.  They occur throughout the study area 

and have also been reported to use muskrat burrows and in water up to a metre deep and embedded in mud up to 

0.45m (Carroll, 1991).  The mud provides insulation which may maintain a critical temperature for successful 

overwintering.  Some evidence suggests that between November and late December they move about under the ice 

in their lake/pond presumably searching out an optimal hibernation spot dictated by site characteristics, as was 

found for two lakes in Algonquin Park (Hollinson et al. 2008). 

 

Snapping Turtles, occurring throughout the study area, are vulnerable to below freezing temperature (ice reaching 

down to the substrate) and predation if exposed, as they hibernate in shallow waters (Brown and Brooks, 1994).  A 

case was reported from Iowa where low water levels resulted in the death of 186 turtles of 5 species due to anoxia 

or freezing; a similar study from Missouri documented the deaths of 144 turtles as a result of drawdown.  Some of 

the turtles tried to find refuge but died from exposure.  In Ontario, Snapping Turtle typically hibernate in shallow 

water (<0.5m) and remained sedentary (Pettit et al., 1995 in Ultsch, 2006) however they have been observed 

moving below the ice.  Hibernation sites were often associated with downed woody debris, and muskrat and beaver 

runs and lodges.  Well oxygenated water increases the potential for survival. 

 

Spotted Turtles hibernate beneath hummocks in swamps as well as shallow water (0.3m to 0.4m) and muskrat 

burrows, often in groups up to 34 individuals (Ultsch, 2006).  The depth may be critical to avoid freezing to the 

substrate (Carroll, 1991).  This species emerges earlier than others in late April and has been reported from the Tri-

Lakes (Trent Severn Waterway Wildlife Fact Sheet).   

 

Blanding‟s Turtles make use of pools and streams, sometimes buried in mud but sometimes exposed on the bottom.  

They may aggregate in hibernacula to which they migrate.  They appear to be less tolerant of anoxia and some may 

overwinter on land.  They are less common but well distributed across the TSW including the Reservoir lakes (TSW 

data). 

 

Sensitivity: 

Drawdown could allow the water to freeze down to the substrate, killing turtles that are unable to move in response 

to this change.  Increasing anoxic conditions might be a greater concern for Blanding‟s Turtles.  Flooding may also 

create a secondary impact by delaying emergence.  This may push the individuals past their tolerance for low 

oxygen resulting in death, or delay breeding and result in a nesting failure for that year. 

 

 

Guidance: 

Avoid drawdown from minimum after October 1
st
 through to mid-May.  Avoid flooding in the same time period, 

although this is likely a less significant issue. 
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Deep water hibernating turtles 

These species include: Northern Map Turtle (Graptemys geographica) and Eastern Musk Turtle (Sternotherus 

odoratus). 

 

Northern Map Turtle is a species of big water, preferring shallow water in large lakes and big rivers.  It occurs in Rice 

Lake and the Trent and Otonabee Rivers with some records in Tri-lakes (TSW data).  They overwinter on the 

bottom, often in hibernacula, in 4 to 8m of water.  In spite of the near zero water temperature, hibernating Northern 

Map Turtles are capable of response when disturbed (Ultsch, 2006). 

 

Eastern Musk Turtle, also known as Stinkpot Turtle, has been recorded from the Tri-Lakes through the Otonobee to 

Rice Lake (TSW data).   It is the least anoxia tolerant of the turtles.  They hibernate in mink and muskrat burrows, 

under over-hanging banks and under rocks, or buried in shallow mud where it can extend its neck out of the mud 

and in to the water column to allow for oxygen exchange. 

 

Sensitivity: 

Hibernacula in the shallow end of the range of water depths could be affected by severe winter drawdown. 

 

Guidance: 

Avoid drawdown from minimum after October 1
st 

through to mid-May. 

 

Turtle Nesting 

Turtle nests are excavated at sites that receive a half day direct sun (Carroll, 1991), often on southwest facing 

slopes (Leadbeater, D. Pers. Obs., Bishop, C., Pers. Comm.).  Snapping Turtles usually nest in pure sand in the 

open without vegetation and field edges.  Heat is critical for egg development and determination of gender.  

Although females often range far and wide to nest, Musk Turtles tend to nest right at the shoreline (Carroll, 1991) or 

on muskrat houses (MacCullough, 2002) making them particularly susceptible to flooding.  Painted Turtle nests have 

been found just above the water line on beaver lodges and they may nest in colonies.  A good example of this exists 

at Serpent Mounds National Historic Site on the north shore of Rice Lake.  Nesting occurs throughout June, with 

incubation typically last approximately 76 days.  In a cool year the eggs may not hatch until the following spring. 

 

Northern Map Turtle hatchlings overwinter in the nest (Ultsch, 2006) as do Midland Painted Turtles (Carroll, 1991).  

They appear to have the capability to withstand partial freezing that they lose as adults.  Snapping Turtles must 

avoid freezing therefore will leave the nest unless the hatchlings can dig below the frost line. 

 

Sensitivity: 

There is a risk that flooding will destroy nests.  This is not only significant for the incubation period, but through the 

first winter for species that overwinter as hatchlings or embryos in the nest, emerging in the spring.   

 

Guidance: 

Avoid flooding June 1 through to May 20. 

 

5.3.3.4 Mammals 

 

Muskrat (Ondatra zibethicus) construct underwater entrances to their houses in the banks of lakes and rivers. 

These mammals spend much of the winter either in their homes or swimming under the ice after freeze-up. The 

depth of the entrance to muskrat houses typically are not modified after early October, thus they are susceptible to 
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flooded houses or frozen entrances if water levels fluctuate more than 0.2m from early October until the spring 

freshet (Beaver, J. Pers.Comm.). 

 

Beaver (Castor canadensis) construct lodges in sufficiently deep water that will not freeze to the bottom. When 

building in a pond, the beavers first make a pile of sticks and then eat out one or more underwater entrances and 

two platforms above the water surface inside the pile. Beaver lodges and entrances are susceptible to freezing if 

water levels in the fall rise or fall after beaver have finalized lodge elevation and entrance holes. 

 

Smith and Peterson (1991) observed that beaver behaviour in reservoirs with fluctuating water levels differed from 

that in stable conditions, and that the impact to the health of the animals was negative.  They recommend that the 

total annual water fluctuation should not exceed 1.5m, and winter drawdown should not exceed 0.7 m. This is 

consistent with observations (Beaver, J., Pers. Comm.) that winter drawdown should be limited to 0.5 m for beaver, 

and even less for muskrat.  Jeff Beaver also noted that when drawdowns occur that freeze muskrat and/or beaver 

into their lodges, that they will chew through the roof and wander about until they die of exposure.  The muskrat 

population on Rice Lake was reduced by an order of magnitude following a severe drawdown in 2009 (Beaver, J., 

Pers. Comm.).  These animals are of particular interest to aboriginal communities. 

 

Sensitivity: 

Both species build lodges for overwintering and cache food that is accessible from the underwater burrows below 

the ice.  Water level fluctuations up until October can be accommodated, but as the lakes and waterways begin to 

freeze their ability to adapt is compromised.   

 

Guidance: 

Do not drawdown from October 1 to April 30. 

 

5.4 Summary of Geographic Distributions, Habitat and Life Cycle Requirements for Aquatic 

Species 

Based on natural environment information available for the Trent Severn Waterway, indicator species sensitive to 

water level management were identified. Table 5-2 shows habitat suitability requirements and general geographic 

distributional abundance for fish species. Similar information for birds, herptiles and mammals appear in Table 5-3. 

Wild Rice, found in greatest abundance in the southern sector, and predominantly in Rice Lake, is sensitive to 

fluctuating water levels from early April when seeds germinate until mid-July (Table 5-4).  

The North and Central sectors of the Waterway support relatively high abundances of Black Tern, Marsh Wren, 

Least Bittern, frogs and turtles that hibernate in deep water. The birds listed above are sensitive to water level 

fluctuations that occur between May and June. The frogs and turtles are sensitive to freezing as a result of water 

level reductions that occur from when they begin hibernation in October to when the emerge the spring – typically 

April and May (Table 5-4). 

All sectors of the TSW (Reservoir Lakes, North, Central and South) support high abundances of the following 

species: Common Loon, Pied-Billed Grebe, turtles hibernating in shallow water, nesting turtles and incubation of 

eggs, Beaver and Muskrat. The Common Loon and Pied-Billed Grebe, found in all sectors of the TSW, are sensitive 

to water level fluctuations from mid-May to late June; Muskrats and Beaver are sensitive to reductions in water levels 

from when they establish winter entrances to their lodges in early October until late April or early May after ice on the 

Waterway has thawed. In warm summers turtle eggs deposited in June will hatch in September and are sensitive to 

flooding only while incubating during the summer months. In cool summers incubating eggs hatch the following 

summer because temperatures are too low for eggs to complete the incubation cycle within a single summer 

season. These eggs can be sensitive to flooding from June when eggs are laid to the following May when they 
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emerge (Table 5-4). Northern Map Turtle eggs typically do not hatch the same summer they are deposited and over-

winter in the nest.  

As a taxonomic group, indicator fish species in the TSW exhibit more regional distribution patterns than the aquatic 

indicator birds, amphibians, reptiles and mammals in the TSW. Lake Trout are found almost exclusively in the 

Reservoir Lakes.  Incubating Lake Trout eggs are sensitive to reductions in water levels that occur after early 

October when they spawn until after fry emerge the following March (Table 5-4).  

Although they occur in low abundance in all sectors, Walleye and Muskellunge are found in highest abundance in 

the North and Central Sectors (Kawartha Lakes) of the TSW. These species typically begin to spawn in May when 

water temperatures reach 4°C (Walleye) or 9°C (Muskellunge) and incubating eggs are sensitive to stranding  and 

desiccation if water levels reduce after spawning occurs and before fry emerge from the eggs (Table 5-4). 

Largemouth and Smallmouth Bass occur in greatest abundance in the North, Central and South Sectors of the 

Waterway. These species typically spawn in May and June when relatively stable water levels are maintained for 

navigation, thus these species are not particularly sensitive to TSW canal operations. Nevertheless attention should 

be paid to these species if future changes in Waterway operations are considered due to their economic interest 

associated with recreational fisheries. 

Lake Sturgeon, River Redhorse, and Channel Darter are listed under federal or provincial Species at Risk 

legislation. These species are found predominantly in the South Sector of the Waterway and are sensitive to water 

level reductions that occur after the onset of spawning in mid-May until after fry emerge in early to mid-July (Table 

5-4). 

This information on species geographic distribution and life cycle sensitivities provides the basis to identify potential 

natural environment impacts from present water level management and canal operations assessed in Section 6, 

and information used to develop new water management ranges and operational constraints in Section 7. 
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Table 5-2 - Typical Habitat and Spawning Requirements 

Adult Habitat Spawning habitat and conditions 

General Suitability 

Haliburton 

Reservoirs 

North/Central 

Sectors  

South 

Sector  

Lake Trout 

 Cold, deep waters of lakes, typically 12 to 18 m 

deep 

 Below the thermocline in summer time 

 Preferred water temperature 9-13°C 

 Substrate: cobble, rubble 

 Season: September to November 

 Water Temperature: 9-14°C 

 Incubation: until fry emerge by March 31
st
 

High Low Low 

Walleye 

 Lacustrine, at depth up 20 m 

 Backwaters and runs of medium to large rivers 

 Preferred water temperature: 19-23°C 

 Lacustrine, riverine 

 Substrate: rocky, boulder to coarse gravel 

shoals 

 Season: April to May 

 Fry emerge in mid to late May 

 Water Temperature: 4-11°C 

Moderate High Low 

Muskellunge 

 Lacustrine: medium to large lakes 

 Marshy areas 

 Preferred Water Temperature: 22-26°C 

 Lacustrine, riverine 

 Season: late April to May 

 Fry emerge in mid to late May 

 Water Temperature: 9-16°C 

Low High Low-

moderate 

Smallmouth Bass 

 Clear, gravel-bottom streams 

 Small to large rivers 

 Shallow (5-7m depth) sandy and rocky areas of 

lakes 

 Water temperature: 20-25°C 

 Lacustrine, riverine 

 Gravel areas 

 Nest-guarders 

 Season: May to June 

 Water temperature: 13-20°C 

Low-

moderate 

High High 

Largemouth Bass 

 Shallow lakes, small to large rivers 

 Marshes often with soft bottom substrate 

 Water temperature: 26-30°C 

 Lacustrine, riverine 

 Nest-guarders 

 Season: May-June 

 Water temperature: 16-23°C 

 High High 

Lake Sturgeon 

 Large lakes and rivers 

 Usually 5-10m deep over mud, clay, sand, gravel 

 Water temperature: 15-17°C 

 Riverine, lacustrine 

 Season: May-June 

 Water temperature: 13-18°C 

Low Low-moderate High 

River Redhorse 

 Pools and swift runs of medium to large rivers 

 Gravel, cobble, boulder, bedrock substrate 

 Water temperature: cool 

 Riverine 

 Rocky substrate 

 Season: May-June 

 Water temperature: 15-24°C 

Low Low High 

Channel Darter 

 Pools and margins of riffles over sand and gravel 

substrate in small to medium size rivers  

 sand and gravel beaches in lakes 

 Water temperature: warm 

 riverine 

 rocks and gravel substrate 

 season: June-July 

 Water temperature: 19-22°C 

Low Low High 
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Table 5-3 - Habitat Sensitivities for Shoreline Plants, Wildlife and Fish 

Indicator Sensitivity to Water Level Fluctuation 
Haliburton 

Reservoirs 

North/Ce

ntral 

Sectors 

South 

Sector 

Wild Rice 

Needs mud substrate and 30 cm min. depth; tolerates fluctuations similar to hydrograph of 

Mitchell Lake Wild Rice is susceptible to water level fluctuations at the germination stage in 

May and at the floating leaf stage in June. 

Low Medium High 

Atlantic 

Coastal Plain 

Species 

The community depends on moderate water level fluctuation to provide the disturbance to 

maintain this community.  Extreme fluctuations would result in flooding or alternatively, 

desiccation of the community.  Recovery Plan is in place as many of these species are rare in 

Ontario.  Restricted to only a few reservoir lakes.  

Medium n/a n/a 

Common Loon 

Naturally nesting loons on shorelines/islands are significantly susceptible to fluctuating water 

levels that affect nesting success may contribute to the decline of populations.  Lakes with 

fluctuating water levels may constitute an ecological trap for this species. 

High High High 

Black Tern 
Due to their proximity to the water, nests are highly susceptible to water fluctuations during 

egg laying and incubation 
n/a High High 

Marsh Wren 
Nesting above water typically in cattails, water level increases could inundate nests while 

drawdown may expose the supporting plants to damage and desiccation.  
Low High High 

Sora 

Nests in marshes and needs enough exposed damp substrate to gather invertebrate food for 

their young therefore flooding or desiccation would make feeding the young more difficult and 

could reduce productivity. 

Low High High 

Virginia Rail 
Nests tend to be located in high marsh areas with drier substrates and therefore more tolerant 

of flooding and/or drawdown. 
Medium High High 

Least Bittern 
Nests occur on vegetation platforms typically in cattails, 0.2-0.7 m above the water surface 

making them susceptible to flooding. 
Medium High High 

Pied-billed 

Grebe 

The nests occur at water level therefore susceptible to flooding.  This species also selects for 

habitat that includes shrubs requiring that water level fluctuation is limited to 20 cm. 
High High High 

Frogs – 

hibernation 

Drawdown after aquatic frogs have hibernated in the late fall and winter months may result in 

freezing down to the substrate that may also freeze the frogs, resulting in death, or reduced 

oxygen levels with lethal consequences.  Exposure also increases predation.   

Moderate  High High 

Turtles – 

shallow water 

hibernating  

Sensitive to drawdown after hibernation mid to late October on shorelines; Drawdown could 

allow the water to freeze down to the substrate, killing turtles that are unable to move in 

response to this change.  Increasing anoxic conditions might be a greater concern for 

Blanding‟s Turtles.  Flooding may also create a secondary impact by delaying emergence.  

This may push the individuals past their tolerance for low oxygen resulting in death, or delay 

breeding and result in a nesting failure for that year. 

High High High 

Turtles – deep 

water 

hibernating  

Sensitive to drawdown after hibernation mid to late October if depths reduced to <2 m; oxygen 

depletion issues. Hibernacula in the shallow end of the range of water depths could be 

affected by severe winter drawdown. 

Do not 

occur 

High 

SAR 

species 

High 

SAR 

species 

Turtle nesting 

and Hatchling 

overwintering 

There is a risk that flooding will destroy nests.  This is not only significant for the incubation 

period, but through the first winter for species that overwinter as hatchlings or embryos in the 

nest, emerging in the spring.   

High High High 

Beaver and 

Muskrat 

Both species build lodges for overwintering and cache food that is accessible from the 

underwater burrows below the ice.  Water level fluctuations up until October can be 

accommodated, but as the lakes and waterways begin to freeze their ability to adapt is 

compromised.   

High High High 
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Indicator Sensitivity to Water Level Fluctuation 
Haliburton 

Reservoirs 

North/Ce

ntral 

Sectors 

South 

Sector 

Lake Trout 

Lake Trout spawn in cobble and rubble substrates at depths as shallow as 1 m. The spawning 

season extends from late September to November when water temperatures achieve 9-14°C. 

Eggs incubate through the winter during which period they are susceptible to reductions in 

water levels. Fry emerge by March 31
st 

after which time they are no longer sensitive to water 

level reductions, unless reductions are sufficient to reduce cold, well-oxygenated deep-water 

habitat substantially. 

High Low Low 

Walleye 

Walleye spawn in lacustrine and riverine environments on suitably located substrates ranging 

from rocky, boulder to coarse gravel shoals. Spawning occurs from April to May at water 

temperatures of  4-11°C and fry emerge in mid to late May. Walleye are sensitive to water 

level reductions from April when spawning begins until mid to late May when fry emerge. 

Moderate High Low 

Muskellunge 

Muskellunge spawn in water depths or 1-2 m and often less than 1 m over muck and sand and 

matted vegetation. Spawning occurs in late April to May shortly after ice-out when water 

temperatures range from 10-15°C and typically leave the spawning areas when water 

temperatures reach 16°C. Because they frequently spawn in water depths of less than 1 m, 

Muskellunge are highly sensitive to water level reductions that occur after spawning until fry 

emerge in May. 

Low High 
Low-

moderate 

Smallmouth 

Bass 

Smallmouth Bass typically spawn in lacustrine and riverine environments over gravel 

substrates at depth greater than 1.5 m. Spawning season occurs in water temperatures 

ranging from 13-20°C and extends from May to June when fry emerge. Smallmouth Bass are 

sensitive to reductions in water levels after spawning begins in May; however water levels 

typically fall below spring time highs before Smallmouth Bass begin spawning.  

Low-

moderate 
High High 

Largemouth 

Bass 

Largemouth Bass typically spawn in lacustrine and riverine environments over soft substrates 

at depth greater than 1.5 m. Spawning season occurs in water temperatures ranging from 16-

23°C and extends from May to June when fry emerge. Largemouth Bass are sensitive to 

reductions in water levels after spawning begins in May; however water levels typically fall 

below spring time highs before Largemouth Bass begin spawning. 

Low High High 

Lake Sturgeon 

Lake Sturgeon typically spawn in riverine, lacustrine and lacustrine environments from early 

May to late June when water temperatures reach13-18°C. Lake sturgeon spawn at depths 

between 0.6 and 4.5 m in fast flowing water typically over clean, coarse substrates such as 

gravel, rubble and broken angular rock. Sturgeon are sensitive to water level reductions after 

spawning begins in May until larvae drift downstream in June; however water levels typically 

fall below spring time highs before Sturgeon begin spawning. 

Low 
Low-

moderate 
High 

River 

Redhorse 

River Redhorse typically spawn in lacustrine habitat at depths of 0.5 to 1 m over rocky 

substrate in May and June when water temperatures reach 15-24°C. River Redhorse are 

sensitive to water level reductions after spawning begins in May until larvae drift downstream 

in June; however water levels typically fall below spring time highs before this Redhorse 

species begins spawning. 

Low Low High 

Channel 

Darter 

Channel Darter spawn in riverine habitat in water depths of approximately 0.5 m over rocks 

and gravel substrate. Spawning occurs in June-July when water temperatures range from 19-

22°C. Channel Darters are sensitive to water level reductions after spawning begins in May 

until larvae drift downstream in June; however water levels typically fall below spring time 

highs before Channel Darters begin spawning. 

Low Low High 
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Table 5-4 - Timing for Life Cycle Requirements Sensitive to Water Level Fluctuations by Sector 

Species Jan Feb Mar April May June July Aug Sept Oct Nov Dec 

Haliburton Reservoirs 

Common Loon                         

Pied-Billed Grebe                         

Turtle hibernation (shallow)                         

Turtle nesting                         

Muskrat                         

Beaver                         

Lake Trout                         

North and Central Sectors 

Common Loon                         

Marsh Wren                         

Black Tern                         

Least Bittern                         

Pied-Billed Grebe                         

Frog Hibernation                         

Turtle hibernation (shallow)                         

Turtle nesting                         

Muskrat                         

Beaver                         

Walleye                         

Muskellunge                         

Smallmouth Bass                         

Largemouth Bass                         

South Sector 

Wild Rice                         

Common Loon                         

Marsh Wren                         

Black Tern                         

Least Bittern                         

Pied-Billed Grebe                         

Frog Hibernation                         

Turtle hibernation (shallow)                         

Turtle nesting                         

Muskrat                         

Beaver                         

Smallmouth Bass                         

Largemouth Bass                         

Lake Sturgeon                         

River Redhorse                         

Channel Darter                         

Non-Specific 

Sora                         

Virginia Rail                         

Note: Species within each Sector reflect those with high sensitivity to water level fluctuations, as described in Table 5-3. 
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5.5 Conclusions 

In this chapter key habitat functions sensitive to water level management in the Trent Severn Waterway were 

identified.  Key management sectors in the TSW and species distributions and SAR that occur within these sectors 

were also identified.  Indicator species were identified and described in terms of habitat suitability and sensitivity to 

water level management in the Waterway and we described an approach to use the life cycle requirements of these 

species as an approach to water level management to support the natural environment goal and objectives.  In 

Section 6 and Section 7 a combination of expert judgement and information found in the scientific literature is 

employed to identify and assess potential impacts of Waterway operations on the life cycle needs and habitat 

requirements of the indicator species identified in this section.  

 

The findings from Section 5 revealed some data gaps and the need for additional investigation described below.  

Some of the additional data and information requirements include: 

 

 Updated and more detailed species distributions to refine lake specific water level management; 

 Flood lines and topographic surveys to delineate potential habitat; 

 Groundwater contributions; 

 Wetted areas in fish spawning locations – especially at control structures; 

 Detailed natural features mapping; and 

 Specific habitat details at locations. 

Additional natural environment investigations could focus on opportunities to mitigate the impacts of the current 

water management practices (e.g., water levels, timing, locations) on the key species and habitats that are most 

vulnerable to these practices.  



AECOM Parks Canada Trent Severn Waterway: Water Management Study 
Evaluation of the Current Approach to Water 
Management 

 

 52  

6. Impacts of Current Approach to Water Management 

This section evaluates the current water control operations of the Waterway, characterized in the report “Water 

Management Manual – Description of the Current Approach to Water Management”, in terms of how well the 

Water Management Process and the Water Management Goals are addressed.  

 

6.1 Impacts of Current Approach to the Water Management Process 

The Water Management Process describes the steps required to make decisions with respect to the management of 

the Waterway.  The Water Management Process is made up of two separate but related processes: 

 

 The Operational Management Process; and 

 The Constraint Management Process. 

These two processes are illustrated again in Figure 6-1.  The Operational Management Process describes the core 

activities of Parks Canada staff in the water control operations of the TSW, while the Constraint Management 

Process describes the activities undertaken to establish the constraints, or “Management Ranges”, which describe 

the desired upper and lower limits for the water levels or flows in a specific lake or river.  The Water Management 

Process was developed as a representative framework under which the activities of the TSW water control activities 

could be organized and enhanced; this process does not necessarily represent the current methodology in the TSW.  

As such, this section attempts to evaluate how the current approach is similar to the proposed Water Management 

Process in order to identify potential areas for enhancement. 

 

 
Figure 6-1 - The Water Management Process 

Each of these processes include steps of Data Collection, Processing and Decision Making, resulting in an 

Implementation decision with respect to the water control operations of the Waterway (i.e., increase or decrease 
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water levels or flows at certain locations), or the establishment of a Management Range to consider in the 

processing of operational data (i.e., minimum water levels or flows for navigation in summer or fish spawning in fall).  

The extent to which the current system operations address the Operational and Constraint Management Processes 

is described in the following sections.  

 

6.1.1 The Current Approach to the Operational Management Process 

The Operational Management Process represents the core activities of the water control operations in the 

Waterway: the day-to-day operations of the locks, dams and other water control structures to manage the flows and 

water levels in the Waterway through regular monitoring, the balancing of water between the different components of 

the Waterway (i.e., the Haliburton Reservoir Lakes and the Kawartha Lakes), and the communications with staff to 

implement management decisions.  The current approach is discussed below in the context of the components of 

the Operational Management Process: 

 

Data Collection 

The first component of the Process is data collection of operational variables (i.e., flow and water level).  The 

collection of water levels and flows throughout the Waterway is a well-established procedure for TSW operators.  

Most lakes in the North, Central and South sectors have automated water level gauges installed, allowing data to be 

automatically downloaded for management purposes.  Most lakes in the Haliburton sector do not have automated 

gauges and require the water level to be recorded from manual gauges at each reservoir which can be time 

consuming and labour intensive.  Meteorological data is not used in a significant way for operations, other than the 

monitoring of snowpack to gain insight into the spring freshet; however, the snowpack monitoring has also 

decreased in recent years, and may be contributing to difficulties with filling the Reservoirs.  

 

The freshet assessment also forms part of the data collection component, and is currently performed by measuring 

the water equivalency in the snowpack at five sites throughout the Waterway.  If the snowpack is found to be smaller 

than anticipated, some of the stoplogs may be placed in the Haliburton Reservoirs to ensure that the lakes are 

completely filled.  However, if the snowpack is larger than anticipated, additional stoplogs will not be removed from 

the reservoirs, since the goal is to fill the lakes, not to mitigate high flows from the freshet.  The freshet assessment 

includes a qualitative assessment of the ground conditions to estimate the proportion of the snow that will runoff into 

the lakes; however, the assessment observes only whether the ground is frozen or unfrozen, and does not assess 

water content or saturation levels, limiting its usefulness in estimating freshet runoff.  

 

Processing and Decision Making 

The second component of the Process is the processing of operational data.  Until recently, a hydraulic model was 

used to determine the required stop log settings in the Haliburton Reservoirs to provide the desired flows in the 

Waterway.  The model was developed in 1973 by Acres, and has been periodically updated as available technology 

has changed.  The hydraulic model calculates the required stop log settings to achieve an equal percentage 

withdrawal of water from the Reservoirs, based on the total available reservoir storage.  The model does not include 

a hydrologic element to predict inflows into the system, which may provide benefit to the optimization of operations.  

In addition, the available modelling does not provide information or strategies on how to accommodate high and low 

flow situations. 

 

Use of the current processing tools (e.g., water levels, model outputs) results in the third component of the 

Operational Management Process: decision making.  The water control engineer evaluates various strategies and 

issues operational instructions to satisfy the Water Management Goals.  However, other than the established 

navigational ranges, much of the consideration of Water Management Goals occurs integrally with the operational 
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decisions, resulting in the potential for inconsistency.  Decisions about optimum water levels or flows to satisfy the 

Water Management Goals should instead be isolated to the Constraint Management Process. 

 

Implementation 

The final component of the Process is the implementation of operational decisions issued by the water control 

engineer.  There are many dams that are controlled with hydraulic gates, allowing a great deal of control over water 

levels, but also many dams, particularly in the Haliburton Sector, that are operated by stoplogs.  Stoplogs require are 

labour intensive to operate and do not permit the same level of control over the water levels in the reservoir; 

however, water control operations could still be optimized given these restrictions.   

 

6.1.2 The Current Approach to the Constraint Management Process 

The Constraint Management Process describes the activities undertaken to establish the constraints for water 

control operations in the Waterway, including the evaluation of a diverse array of variables that impact the goals and 

objectives of the Waterway.  The frequency that this process is undertaken depends on the variable, and specifically 

the data being evaluated; for example, the review of historic flood events and levels need only be completed once to 

establish the historical record, and then updated only when new events occur.   

 

Similar to the Operational Management Process, data collection is the first component of this Process.  There are 

many different variables that can be considered in the Constraint Management Process (detailed in the Data 

Collection and Management Guide), describing data related to hydrology, climate, natural environment and social 

considerations.  Currently, much of these data are not collected or evaluated in a manner that would impact the 

operational water levels (i.e., Management Ranges).   

 

The processing and decision making components of this Process are not completed in a significant way under the 

current operations.  There is no formal process to evaluate new data as it arises and incorporate the results into the 

management ranges.   

 

Several management ranges currently inform water level management in the Waterway, including:  

 

 Navigation ranges on the navigable portions of the Waterway, including maximum navigational flows in key 

areas; 

 Drawdown schedules for the Kawartha Lakes and Haliburton Reservoirs to provide storage for the freshet; 

 Minimum flows for water intakes, wastewater discharges and sustaining lake levels; and, 

 Isolated environmental flow requirements for fish spawning, established through existing MOU‟s with the Ministry 

of Natural Resources. 

The most prominent example of a management range for the current operations is the 25-year minimum and 

maximum water levels.  These water levels are used to assess the lakes and reservoirs, which are generally 

determined to be in an acceptable range if the water levels are within the 25-year minimum and maximum level.  

However, since this range is a moving average, the levels will vary over time as old years are excluded from the 

average and new ones are included, or as years of extreme operations (i.e., droughts or floods) skew the average 

readings.  This drift can be difficult to account for when attempting to audit the performance of Waterway operations.  

However, a benefit of using the 25-year average as a management range is that long-term changes in operational 

conditions, such as climate change, are implicitly accommodated: over time as the climate changes, water control 

operations will adjust to new levels of precipitation and evaporation.   
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Management ranges are more prominent in the navigable portion of the Waterway (i.e., North, Central and South 

Sector), due to the emphasis on maintaining navigational water levels.  There are few water level range 

requirements in the Haliburton Reservoirs, other than the winter settings to accommodate the freshet.  There are 

isolated environmental requirements in the fall to manage water levels in the Reservoirs for fish spawning, but these 

do not form part of the established management range to govern operations.   

 

Many of the considerations that should be integrated into a management range are instead evaluated on a day-by-

day basis during water control operations, resulting in potentially inconsistent operational procedures.  Formalized 

management ranges, established through the Constraint Management Process, would provide operators with water 

level and flow ranges that must be maintained throughout the year.  The ranges implicitly account for the Water 

Management Goals, and thus the Goals do not need to be considered during operations, allowing potential for a 

greater level of optimization to be achieved.   

 

6.2 Impacts of Current Approach to the Water Management Goals 

The Water Management Goals, first described in Section 1.3, were developed to better represent the increased 

expectations that are faced by the current managers and operators and address the complete range of stakeholder 

interests in the Waterway.  These goals are: 

1. Reducing threats to public safety and negative impacts to public and private infrastructure from over-bank 

flooding, ice damage, extreme water level fluctuations, and high volume flows. 

2. Contributing to the health of Canadian through the availability of drinking water for residents, cities and towns 

throughout the watershed. 

3. Providing safe boating and navigation along the marked navigation channels of the Trent Severn Waterway  

4. Protecting significant aquatic habitats and species. 

5. Optimizing the enjoyment of the water throughout the watershed by shoreline residents and visitors. 

6. Allowing hydroelectric generation plants to operate at plant capacity and meet demand for renewable energy 

insofar as possible. 

The current water control operations in the Waterway include consideration of each of these goals, either formally or 

informally.  The following sections describe how the current operations address these goals, and identify potential 

impacts of the current approach to the goals.  

The current approach is not clear regarding the prioritization of the Water Management Goals.  In the case of a 

conflict between one goal and another, there is no protocol for resolution except for reducing threats to public safety, 

which is always of highest priority.   

 

6.2.1 Goal 1 - Reducing Threats to Public Safety and Infrastructure 

Protecting public safety is currently one of the foremost goals of water management.  However, there are several 

limitations to operations that can impact the satisfaction of this goal, including: 

 

 Limited available storage to manage flash floods when lakes are full; 

 No absolute maximum water level for dam safety, typically defined by a Dam Safety Review (DSR); 

 No clear procedures for high water levels; 

 Limited capability to implement water management decisions in some situations (remoteness of lakes, safety of 

management staff, man power, frozen logs, etc.);  

 Limited ability to control flows in some areas; and 

 Limited warning of flows from the Crowe River in the South Sector. 
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When lakes and reservoirs are filled following the spring freshet, there is little additional capacity to accommodate 

event-based floods.  Instead, extensive operations are required throughout the Waterway to adjust dam settings and 

increase flows to mitigate flooding.  There are also no established maximum flows at the Waterway dams for dam 

safety or established procedures to accommodate high flows beyond the extensive operations to pass the flows.  

 

The spring freshet is currently managed only to fill the Haliburton Reservoirs to supplement the navigable portion of 

the Waterway during the navigation season.  The assessment of the freshet is conducted using five snow course 

surveys, estimating a snow pack water equivalency which is then extrapolated to the representative area for that 

site.  The water equivalency is converted to a total runoff volume, assuming that the entire volume will enter the 

Reservoirs.  With improved freshet forecasting methods, it may be possible to manage the Reservoir winter settings 

to not only fill up the Reservoirs each year, but also improve flood mitigation and therefore reduce threats to public 

safety.   

 

There are, however, certain limitations in the Waterway that reduce the ability of water managers to respond to high 

flow events.  These are hydraulic bottlenecks where increases in flows cause potentially large increases in water 

level, and therefore water must be controlled upstream to mitigate flooding, including the Gull River between Norland 

and Coboconk, Cameron Lake and Katchewanooka Lake.  

 

6.2.2 Goal 2 - Contributing to Health of Canadians 

This goal includes managing water to address water supply and water quality (i.e., assimilative capacity for 

wastewater discharge) requirements.  The locations of water intakes and wastewater discharges in the Waterway 

are established and well known to operators.  The requirements specific to these locations, such as water levels and 

flows, form part of the current water control strategy, allowing them to be easily incorporated into new management 

ranges.  Examples of minimum flow requirements in the Waterway due to water supply or quality needs include: 

 Coboconk - 12.7m
3
/s; 

 Peterborough - 22.6m
3
/s; 

 Otonabee River at Peterborough - 17m
3
/s; and  

 Buckhorn Lake (i.e., downstream of Lock #31) - 3m
3
/s. 

 

6.2.3 Goal 3 - Safe Boating and Navigation 

Maintaining appropriate water levels and flows for navigation has long been one of the primary functions of the 

Waterway.  Navigational ranges for water levels and flows are well established throughout the navigable portion of 

the Waterway.  The Haliburton Reservoirs are filled each spring to provide supplementary water to maintain 

navigation in downstream areas, releasing water gradually through the summer to offset evaporation in the large 

Kawartha Lakes.  However, as the lakes and Reservoirs have evolved into one of Ontario‟s foremost cottage 

destinations, and also supporting many permanent residents, there has been increased pressure to balance 

navigation against maintaining higher water levels in the Haliburton Reservoirs.  Although there is a legislated 

mandate to maintain navigation, there may be opportunity to improve the management of the Reservoir storage 

volume. 

 

6.2.4 Goal 4 - Protect Significant Habitat and Species 

6.2.4.1 Existing Water Level Management  

The timing for key life history requirements such as germination, reproduction, over-wintering, and nest-building for 

resident species along the Trent Severn Waterway coincide with some general predictabilities in the timing, 
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magnitude, frequency, rate of change and duration of the natural hydrologic flow regime. The natural flow regime is 

modified from natural conditions owing to normal Waterway operations, thus the Waterway influences habitat 

suitability for resident species in negative ways. 

Owing to natural environmental concerns and observed impacts created to fish habitat resulting from water 

management in the TSW, Parks Canada canal operations and natural resource management agencies have sought 

agreement on the following water management protocols: 

 Prevent  drawdown from stranding fish in shallow waters when oxygen levels may decline; 

 Provide sufficient flow downstream of dams to support migration and spawning of adult fish and maturing young-

of-the-year fishes; 

 Delay drawdown of lakes where fish are highly vulnerable to harvest and over-exploitation;  

 Coordinate major repairs or renovations of waterway structures to avoid sensitive life cycle phases and to 

improve spawning habitat near these structures; and 

 Balance impacts created to users of the system and to plant and animal habitats. 

6.2.4.2 Lake-Specific Water Management Procedures and Agreements 

Cooperation in the form of discussions and informal agreements between Parks Canada and Natural Resources 

Management Agencies, Department of Fisheries and Oceans and Ontario Ministry of Natural Resources, have 

modified some water management procedures to benefit fisheries. These primarily focus on timing of water level 

draw downs on particular lakes. For example: 

 Draw down on Mitchell Lake occurs over a three-week period in November so that fish have sufficient 

opportunity to seek deeper waters in this shallow lake. In addition, some of the valves in the guard gate near 

Balsam Lake are left partially open over the entire winter to allow oxygenated water to flow into Mitchell Lake. 

 Prior to mid-November draw down in Lower Buckhorn and Lovesick Lake is delayed and water levels kept high 

to decrease angling catchability below the control dam at Buckhorn and reduce risk of over-exploitation. After 

mid-November, drawdown is completed by early December so fish have the opportunity to move to deeper 

waters. 

 Rubble generated from dam repairs was placed immediately downstream from the dam at Young‟s Point to 

enhance Walleye spawning habitat. 

 

Some of these agreements are displayed in Figure 6-2. 
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Mitchell and Balsam Lakes 

The major river site for Walleye spawning is at Coboconk immediately downstream of the Gull River control dam 

(MNR – PC 1987). The usual spring flow appears adequate to support the upstream migration of Walleye from 

Balsam Lake and sufficient water coverage over incubating eggs and emerging fry.  

Walleye spawn in numerous locations on rubble deposits in Balsam Lake. Gradual filling of the lake to normal 

summer level during spring, and then maintaining this level through the incubation and emergence of fry, supports 

spawning activity and success. Spring filling of the lake also floods the riparian wetlands and contributes to the 

success of Muskellunge reproduction. 

Mitchell and Balsam Lakes – Operational Constraints 

 Spring (Mar 1 – May 31) 

Walleye (River) Sufficient flow to support migration, incubation and emergent fry. No major change from Apr 1 to mid-May 

Walleye (Lake) Fill gradually to summer level and maintain until fry emerge 

Muskellunge (Lake) Spring fill supports spawning success 

 

Cameron Lake 

The main Walleye spawning grounds are upstream of Cameron Lake, immediately downstream from Rosedale dam 

and also approximately 300 m further downstream (MNR – PC 1987). Aeration of the incubating eggs requires 

steady flow from April 1 to mid-May. If flows are low during the spawning period, minimal flow requirements can be 

met by spilling water through the northern-most sluiceway of the dam. Spring filling also supports Muskellunge 

spawning and fry survival. 

Cameron Lake – Operational Constraints 

 Spring (Mar 1 – May 31) 

Walleye (River) Steady flow from Apr 1 to mid-May. Use north sluiceway to achieve minimum flow if spring flow is low 

Walleye (Lake) Maintain stable water levels until fry emerge 

Muskellunge (Lake) Spring fill and subsequent water level stabilization supports spawning success 

 

Sturgeon Lake 

Walleye spawn at two sites upstream from Sturgeon Lake: one downstream from the falls at Fenelon Falls, and the 

other downstream from the locks and dam in Lindsay. Water flow through Fenelon falls typically is sufficient to 

support Walleye reproductive requirements. While flow from Lake Scugog typically is sufficient to support Walleye 

migration and spawning, flows often decrease significantly or terminate during the incubation and hatching period 

and thus do not support the latter part of the reproductive cycle (MNR – PC 1987). 

Shore and shoal Walleye spawning areas typically receive adequate water cover and aeration as long as water 

levels do not drastically after fish have spawned. Stable water levels also provide reproductive requirements for 

Muskellunge migrating to and spawning in marshes fringing the lake. 

Sturgeon Lake – Operational Constraints 

 Spring (Mar 1 – May 31) 

Walleye (River) Steady flow from Apr 1 to mid-May. Use north sluiceway to achieve minimum flow if spring flow is low 

Walleye (Lake) Maintain stable water levels until fry emerge 
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 Spring (Mar 1 – May 31) 

Muskellunge (Lake) Maintain stable water levels until fry emerge 

 

Lake Scugog and Scugog River (upstream from Lindsay) 

Lake Scugog does not have any known immigration from river Walleye spawning population.  The Lake Scugog 

Walleye population seems dependent on in-lake, shore and shoal spawning Walleye sites for reproduction (MNR – 

PC 1987).  Reproductive success depends on the spring fill and stable lake levels during the reproductive period. A 

major drop in water levels before fry are mobile could significantly reduce the reproductive success of the species. 

Lake Scugog and Scugog River – Operational Constraints 

 Spring (Mar 1 – May 31) 

Walleye (River) No river spawning population 

Walleye (Lake) Maintain stable water levels until fry emerge 

Muskellunge (Lake) No reproductive activity 

 

Pigeon, Buckhorn, Chemong and the Bald Lakes 

Major River spawning site for Pigeon and Buckhorn Lakes is on rubble in the Bobcaygeon River downstream of the 

dam (MNR – PC 1987).  Other spawning locations include: 

 Squaw River mouth in Bald Lakes 

 Sandy Point area of Pigeon Lake 

 Stone along the high span bridge and causeway at Gannon Narrows 

 Island and shore locations in Buckhorn Lake 

Walleye move between Pigeon and Buckhorn Lakes during the spawning period.  Walleye in Chemong Lake appear 

to be a separate population that spawns entirely within the lake, mainly along the easterly shore, shoals and rock 

along the causeway at Bridgenorth. 

Water level management appears adequate for the reproductive requirements of Walleye in the Pigeon, Buckhorn, 

Chemong, Bald Lake complex (MNR – PC 1987).  General filling of these lakes during the crucial March 15 to May 

15 has not caused observable adverse impact to Walleye reproductive success.  As with other Walleye spawning 

areas, sudden decreases in water levels should be avoided during the spawning and incubation period to protect the 

spawn.  This practice will also provide water depth and water level stability to support the reproductive success of 

Muskellunge spawning in the marshy areas. 

Pigeon, Buckhorn, Chemong and the Bald Lakes – Operational Constraints 

 Spring (Mar 1 – May 31) 

Walleye (River) Maintain stable water levels until fry emerge 

Walleye (Lake) Maintain stable water levels until fry emerge 

Muskellunge (Lake) Maintain stable water levels until fry emerge 
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Lower Buckhorn Lake 

Walleye in Lower Buckhorn Lake typically spawn in rubble immediately downstream from the Buckhorn Dam and the 

highway bridge.  Muskellunge utilize the northern shore inlets, and marshes and vegetated sites and marshes in the 

southern portion of Deer Bay (MNR – PC 1987). 

Spring flows through the Buckhorn dam usually are adequate to support fish migration, incubation and hatching of 

Walleye spawn.  Optimal success of Walleye and Muskellunge occurs when water levels inundate Muskellunge 

spawning areas and are maintained at or above levels observed when Walleye and Muskellunge spawn.  

Lower Buckhorn Lake – Operational Constraints 

 Spring (Mar 1 – May 31) 

Walleye (River) Maintain stable water levels until fry emerge 

Walleye (Lake) Maintain stable water levels until fry emerge 

Muskellunge (Lake) Maintain stable water levels until fry emerge 

 

Lovesick Lake 

Walleye spawn on rocky material immediately downstream from the main dam, beside the locks, and below some of 

the smaller dams.  Muskellunge spawn in marshy areas near Black Duck dam, inlets around the perimeter, and in 

the bay on the easterly side of Wolfe Island (MNR – PC 1987). 

Flows should be maintained through the main dam between April1 and May 15 to support Walleye spawn and 

incubation.  As water flow, side dams should be stopped first and flow through main dam should be maintained to 

optimize Walleye spawning success.  Lake levels should be stabilized after the Muskellunge spawn to support 

reproductive success for this species. 

Lovesick Lake – Operational Constraints 

 Spring (Mar 1 – May 31) 

Walleye (River) Maintain stable water levels until fry emerge 

Walleye (Lake) Spawning assumed, details unknown 

Muskellunge (Lake) Maintain stable water levels until fry emerge 

 

Stony and Clear Lakes 

Walleye spawn below Burleigh Falls is exposed when the spring freshet has a large run-off followed by a period of 

low precipitation (MNR – PC 1987).  Options to optimize reproductive success include: 

 Release more water from upstream lakes than normally occurs 

 Sacrifice flow at one of the two dams at Burleigh Falls to support the spawn 

 Lower the spawning rubble to reduce the risk of exposure of incubating eggs 

Stony and Clear Lakes – Operational Constraints 

 Spring (Mar 1 – May 31) 

Walleye (River) Maintain stable water levels until fry emerge. Consider lowering spawning rubble 

Walleye (Lake) Not applicable 

Muskellunge (Lake) Not applicable 
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Katchewanooka Lake 

Walleye from Lake Katchewanooka spawn primarily in the river between Young‟s Point dam and the Highway 28 

overpass, although some shore and shoal spawning may also occur. Muskellunge spawn in several in-lake marsh 

sites. Spring flows through Young‟s Point typically is more than adequate to support incubation and hatching of 

Walleye eggs deposited at this location (MNR – PC 1987). Operational constraints suggest the middle sluices are 

fully opened prior to fully opening the side sluices to reduce the risk of producing strong flows that may prevent 

spawning or wash away deposited eggs. As the freshet reduces, the side sluices should be closed prior to closing 

the middle sluices. Lake level stabilization from April 1 to May 30 provides optimum conditions for the hatch of fry 

from the in-lake areas. 

Lake Katchewanooka – Operational Constraints 

 Spring (Mar 1 – May 31) 

Walleye (River) Open side sluices after middle sluices are fully opened 

Walleye (Lake) Maintain stable levels April 1 to May 30 

Muskellunge (Lake) Maintain stable levels April 1 to May 30 

 

Otonabee River (Upper) and Little Lake 

A relatively small fishery, primarily Bass and Muskellunge, located in the River upstream from Little Lake and in the 

lake appears sustainable (MNR – PC 1987). No specific operational constraints to enhance the fishery are 

recommended. 

 

Otonabee River (Lower), Rice Lake and the Trent River to Hastings 

The area downstream from Lock 19 and its dam (immediately downstream from Lansdowne Street in Peterborough) 

may support the largest and most important Walleye spawning run in the Kawartha Lakes. Many Walleye migrate 

upstream from Rice Lake to spawn at this location. 

Fry production at this site is maximized by maintaining river elevation and flow over the spawn. Large portions of 

spawning rubble exposed, resulting in the loss of many eggs in some years. Recognizing TSW cannot prevent 

changes in water volume at this site and the importance of successful reproduction to support high demands and 

fishing pressure on Rice Lake, MNR examined feasibility of altering the water levels over the spawning areas 

downstream from Lock 19 (MNR – PC 1987). 

Walleye appear to utilize shoals, shoreline and areas around islands for spawning. Muskellunge reproduce in 

flooded marshy areas. These spawning areas further downstream from Lock 19 do not appear adversely affected by 

usual water level and flow fluctuations (MNR – PC 1987). Optimum reproduction occurs in these downstream areas 

for both species, provided reasonable lake and river levels are maintained from April 1 to May 30. 

Otonabee River (Lower), Rice Lake and the Trent River to Hastings – Operational Constraints 

 Spring (Mar 1 – May 31) 

Walleye (River) Little opportunity to control changes in availability of water to control levels 

Walleye (Lake) Reproduction not adversely affected by normal water level fluctuations 

Muskellunge (Lake) Reproduction not adversely affected by normal water level fluctuations  
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Memoranda of Understanding (MOUs) 

A purpose of this investigation was to identify general constraints to provide guidance for establishing water 

management ranges and operational constraints to facilitate the development of an operational water management 

process. Although the purpose was to describe general constraint guidelines and water management ranges for the 

principle management sectors of the TSW, some relatively detailed operational processes in the form of Memoranda 

of Understanding (MOUs) have been in place for particular locations along the Waterway (Table 6-1). Details 

including currency of the agreements, and species use of the area should be updated and documented as required 

in future investigations. 

Table 6-1 - Summary of MOUs between Parks Canada and MNR for locations along the TSW (Ecoplans 

2007a) 

Haliburton Reservoirs 

Location Eagle Lake, below dam 

Parties MNR 

Purpose Provide water for Walleye spawning 

Operational Guideline Provide as much water as possible for the spring Walleye spawn 

Duration Walleye spawning season – inferred 

Performance Criteria Not specified 

Status of Agreement unknown 

Location Big Bob and Kushog Lakes 

Parties MNR 

Purpose Manage water levels to minimize risk of exposing Lake Trout eggs during incubation 

Operational Guideline Begin drawdown of Big Bob and Kushog Lakes on September 1
st
 and continue until September 30

th
. No 

additional draw down after September 30
th
. 

Duration Perform draw down from September 1
st
 to 30

th
. 

Performance Criteria Achieve minimum drawdown by September 30
th
 to minimize risk of exposing Lake Trout spawn. 

Status of Agreement unknown 

South Sector 

Location Lower Lock 19, below dam 

Parties OFAH, MNR 

Purpose Support Walleye spawning 

Operational Guideline Provide flow from Otonabee to cover Walleye spawn downstream from Lock 19  

Duration Throughout spawning period from April 1
st
 to May 31

st
 

Performance Criteria Minimum flow required to avoid exposure of Walleye spawn 

Status of Agreement Unknown 

 

Conclusions – Lake-specific Management Agreements 

While the current operations focus on public safety and navigation, agreements with the Department of Fisheries 

and Oceans and the Ministry of Natural Resources to manage water in the Waterway for environmental purposes 

have been noted and summarized in the previous sections.  These agreements represent good management 

practices to protect sensitive life history requirements for fish based on an understanding of TSW water 

management and physical habitat constraints at the time of writing the agreements. 
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6.2.4.3 Analysis of Impacts 

The existing water management guidelines for the TSW prioritize reducing threats to public safety and infrastructure 

and providing for safe boating and navigation.  As a result, there are potential impacts to the natural environment 

associated with the current approach to water management in each sector of the TSW; these are described in the 

following sections. 

Haliburton Reservoirs 

The hydrograph for Kennisis Lake was used as a reference to assess potential impacts to the natural environment 

from existing water management ranges and operations of the TSW in the Reservoirs (Figure 6-3). The 25-year 

moving average showing water levels in Kennisis Lake indicates that levels in the fall typically are lowest after 

October 1
st
 when minimum winter levels for the year are observed. In some individual years the lowest winter levels 

appear up to 0.3m to 0.5m less that levels observed in early October. In a few years the lowest levels are observed 

around October 1
st
, and it is these few cases that represent ideal conditions for the natural environment. 

As indicated in Table 5-4, several species initiate key activities sensitive to water levels in early October. Lake Trout 

select nests and spawn; their eggs incubate typically from October until the following March. Beaver and Muskrat 

finalize opening to their lodges based on water levels observed in early October. Turtles and frogs select hibernation 

locations in early October as well. 

Reductions in water levels after these activities have begun may lead to exposure of Lake Trout eggs to air, freezing 

of beaver and muskrat entrances and freezing of hibernating frogs and turtles if water freezes to the bottom as a 

result of reduced water levels. Increases in water levels after early October risk flooding beaver and muskrat lodges.  

Common Loon and Pied-billed Grebe are observed in high abundance in the Reservoir Lakes. Water level 

fluctuations during the 6-8-week period from mid-May to late June may impact the nesting sites of aquatic birds, 

which have a limited mobility on land and require nesting sites constructed in the shore-fringe area.  These 

fluctuations come at a time when the Reservoirs are still being filled from the freshet and then subsequently drained 

to augment downstream water levels.  
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Figure 6-3 - Potential Natural Environment Impacts at Kennisis Lake 

North and Central Sector 

The hydrograph for Buckhorn Lake was used as a reference to assess potential impacts to the natural environment 

from water management ranges and operations in the North and Central sectors of the TSW (Figure 6-4). The 25-

year moving average shows a pronounced reduction in water levels from January to late February each year 

followed by an increase in levels from early March to mid- to late April and then relatively stable levels through the 

rest of the year. Some year-to-year variability in the extent of the early spring reduction in water levels is observed, 

however the same pattern is observed each year. 

As indicated in Table 5-4, life history requirements for several indicator species in the North and Central Sectors of 

the TSW are sensitive to water levels during the spring and summer period. Common Loon, Black Tern, Marsh 

Wren, Least Bittern, Sora and Virginia Rail are found in high abundance in the North and Central sector of the TSW. 

These species nest in spring and are sensitive to water fluctuations greater than ±0.1m from early or mid-May to late 

June or early July. Fish indicator species found in high abundance in the North and Central Sectors include Walleye 

and Muskellunge. These species spawn in the spring and are sensitive to reductions in water levels occurring after 

initiation of spawning in early to mid-April until fry emerge from eggs in late May. The existing hydrograph for 

Buckhorn Lake shows increasing water levels through this sensitive period. 
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Figure 6-4 - Potential Natural Environment Impacts at Buckhorn Lake 

Frogs and turtles that hibernate in shallow and deep water are found in high abundance in lakes and connecting 

channels of the North and Central sector of the TSW, as are beaver and muskrat. Frogs and turtles select 

hibernation sites and beavers and muskrats finalize entrances to their lodges in early October. Reductions in water 

levels after these activities have begun may lead to exposure of Lake Trout eggs to air, freezing of beaver and 

muskrat entrances and freezing of hibernating frogs and turtles if water freezes to the bottom as a result of reduced 

water levels. Increases in water levels after early October risk flooding beaver and muskrat lodges. 

South Sector 

The hydrograph for Rice Lake was used as a reference to assess potential impacts to the natural environment from 

water management ranges and operations in the South sector of the TSW (Figure 6-5). The 25-year moving 

average shows an increase in water levels from late March peaking in mid-April followed by steady decline to mid-

May and then variable decline to mid-June. On average water levels are maintained with relatively low variability 

from mid-June until mid- September after which water levels decline to a seasonal minimum in early November. 

Water levels typically begin to rise in early November to levels observed during the summer months in late 

November and then vary between the November minimum to summer levels from December to late march when 

they rise again to annual maximum observed levels. Annual variation in water levels shows that frequent events 

0.3m to 0.5m above the 25-year average occur throughout the year. 
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Wild Rice is found in high abundance in water bodies of the South Sector. This species requires mud substrates with 

a minimum 0.3m water depth and is susceptible to water fluctuations greater than ±0.1m during germination and 

floating leaf stages. Water level sensitivities for Wild Rice extend from early April until mid-July. 

 

Figure 6-5 - Potential Natural Environment Impacts at Rice Lake 

As with the North and Central sector of the TSW, Common Loon, Black Tern, Marsh Wren, Least Bittern, Sora, 

Virginia Rail, Beaver and Muskrat are found in high abundance in the South sector of the TSW. These species are 

sensitive to the same spring water level fluctuations in the South sector as they are in the North and Central sector 

of the TSW.  

Fish species including Walleye and Muskellunge, and species at risk Lake Sturgeon, River Redhorse and Channel 

Darter, are found in the South sector of the TSW. Walleye and Muskellunge spawn in the spring and are sensitive to 

reductions in water levels occurring after initiation of spawning in early to mid-April until fry emerge from eggs in late 

May. Lake Sturgeon, River Redhorse, and Channel Darter begin spawning in early May and are sensitive to water 

level reductions until mid-July when fry emerge. Water levels typically increase through this sensitive period; 

however care should be taken to ensure that plans to maintain or increase water levels during this period are 

included in future water management protocols for the South sector.  
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6.2.5 Goal 5 - Optimize Enjoyment of the Water 

This goal encompasses a number of objectives, including aesthetics, recreation, cultural resources, and public 

access to both the Waterway and information regarding the Waterway.  Current operations focus primarily on 

enjoyment as it relates to navigation, but there is consideration of the residents on the Haliburton Reservoirs through 

the equal-percentage drawdown during the summer, ensuring that the impact is shared equally across all 

Reservoirs.  However, there is no maximum acceptable rate of drawdown defined.  In a typical year this is not an 

issue, but in particularly dry years the Reservoirs may be drawn down very quickly, resulting in an adverse impact to 

shoreline residents and cottagers.   

 

During the summer, there are no threshold minimum water levels established for the Reservoirs other than the 

established winter setting.  In addition, even the winter setting may be breached if more water is required to augment 

navigable flows (if the winter setting is not already at the sill of the Reservoir dam).  This means that there is no 

minimum water level that must be maintained in the Reservoirs through the summer for the purpose of recreation 

and enjoyment of the water.   

 

There are also concerns with the timing of the drawdown in the Reservoirs (winter settings by October) as more 

people become year-round residents of the Haliburton Reservoirs.  Some properties are accessible only by water, 

and drawing down too early can impact access to these properties.  Access is also an issue on the Kawartha Lakes 

during the fall, when navigable water levels are maintained until the winter drawdown in January to allow continued 

access on the Lakes, particularly for residents where road access is not available.   

 

6.2.6 Goal 6 - Optimize Hydroelectric Power Generation 

Hydroelectric generation facilities are present in every sector of the Waterway, although the largest impacts of hydro 

operations are felt in the South Sector where the majority of the generation facilities are located and limited storage 

is available.  24-hour response availability is required in order to adjust to hydro plant operations, which can turn off 

turbines at any time, causing water to rise in upstream areas.  In the South Sector, this may cause localized flooding 

if the TSW dams are not adjusted promptly.  The requirement to maintain this ability to respond causes a strain on 

manpower and scheduling, although on-call staff are required regardless of hydro power operations to attend to 

other emergencies on the Waterway (e.g., over-night precipitation events).   

 

The current approach to water management does not attempt to optimize operations to increase hydro power 

generation.  The hydro power facilities are not owned by Parks Canada, although a portion of the revenue is 

received by Parks Canada.  Optimizing operations to increase power production, while not adversely impacting other 

goals, can potentially increase revenues and provide additional resources to enhance other goals.   

 

6.2.7 Summary of Current Approach to the Water Management Goals 

The potential impacts of the current approach of operations on the Water Management Goals, as described in the 

preceding sections, are provided in Table 6-2.  The impacts identify ways in which the current operations could 

potentially be enhanced.   

 



 

Table 6-2 Potential Impacts of Current Approach to Water Management Goals 

 

Water Management Goal Haliburton Reservoirs North and Central Sector South Sector 

Reducing threats to public safety and 
negative impacts to public and private 
infrastructure from over-bank flooding, 
ice damage, extreme water level 
fluctuations, and high volume flows 

 Limited available storage to manage flash floods 
when Reservoirs are full  

 No absolute maximum water level for dam 
safety, typically defined by DSR  

 No clear procedures for high water levels  

 Freshet forecast only based on snow cover  

 Limited capability to implement water 
management decisions (remoteness, man 
power, frozen logs, etc.)  

 Limited available storage to manage flash floods 
when Lakes are full  

 No absolute maximum water level for dam 
safety, typically defined by DSR  

 No clear procedures for high water levels  

 Freshet forecast only based on snow cover  

 Bottlenecks in the system limit high water 
response (i.e., Cameron Lake, Katchewanooka 
Lake)  

 No absolute maximum water level for dam 
safety, typically defined by DSR  

 No clear procedures for high water levels  

 Freshet forecast only based on snow cover  

 Limited capability to implement water 
management decisions (manpower, etc.)  

 Limited warning of flows from Crowe River  

Contributing to the health of Canadian 
through the availability of drinking 
water for residents, cities and towns 
throughout the watershed  

 The known sites are well established and water 
levels and flows are already identified  

 The known sites are well established and water 
levels and flows are already identified 

 The known sites are well established and water 
levels and flows are already identified 

 

Providing safe boating and navigation 
along the marked navigation channels 
of the Trent-Severn Waterway  

 Assess volume required to augment navigation 
on the Waterway 

 

 Better assess tolerance to navigational ranges 
for summer and fall  

 

 Better assess tolerance to navigational ranges 
for summer and fall  

 

Protecting significant aquatic habitats 
and species  

 Allowing water levels to drop to winter settings 
after October impacts fall spawning species and 
in-water refuge habitat  

 Lake water level fluctuations during the 8-week 
period from mid May to early July impacts 
nesting sites  

 Allowing water levels to drop between early April 
and mid-May  impacts spring spawning species  

 Allowing water levels to drop from late May to 
early July impacts riparian and shallow water 
flora and fauna  

 Allowing water levels to drop between late 
September and late March impacts in-water 
over-winter habitat  

 Fluctuations exceeding 0.1m (from mid June 
level) from mid June to mid July impacts aquatic 
vegetation  

 Allowing water levels to drop between early April 
and late May impacts spring spawning species  

 Prolonged high water levels (above HWL) in 
April impacts aquatic vegetation (i.e., 
germination, etc.)  

 Fluctuations exceeding 10cm (from mid June 
level) from mid June to mid July impacts aquatic 
vegetation  

Optimizing the enjoyment of the water 
throughout the watershed by shoreline 
residents and visitors  

 Rate of Summer drawdown can impact resident 
enjoyment of Reservoirs  

 No maximum acceptable drawdown rate defined  

 No threshold minimum water level established  

 Equal drawdown does not reflect active storage 
volume  

 Extension of navigation water levels past the 
navigation season not included in formal 
management plan  

 

 Water levels typically maintained close to 
navigation range year-round due to low storage 
available in reservoirs 

 

Allowing hydroelectric generation 
plants to operate at plant capacity and 
meet demand for renewable energy 
insofar as possible  

 Operations are not optimized for power 
production  

 

 Operations are not optimized for power 
production  

 Operations are not optimized for power 
production  

 24-hour response to hydro power activities 
(strain to manpower and scheduling, etc.)  
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7. Development of the Constraint Management Process 

7.1 Overview of the Constraint Management Process 

The Constraint Management Process is part of the larger Water Management Process proposed for the Trent 

Severn Waterway, and is shown in Figure 7-1.  The Constraint Management Process involves the processing of 

data relating to the Water Management Goals, defined by constraint variables, for the purpose of establishing 

Management Ranges for the water control operations on the lakes and rivers of the TSW.  This process is intended 

to be undertaken as required to address the evolving conditions in the Waterway, as opposed to the Operational 

Management Process which recurs on a daily basis.  

 

 
 

Figure 7-1 - The Constraint Management Process 

 

The Constraint Management Process begins with the Data Collection phase, involving the characterization of the 

Constraint Variables.  Information regarding the Constraint Variables, including available datasets and how to obtain 

the data, is included in the Data Collection and Management Guide.  Cultivating an understanding of the 

Constraint Variables applicable to each of the Water Management Goals in each sector and season, through the 

Processing phase, will reveal that for each of the goals, there will be an optimal range of water levels or flows for 

each lake and river that will best satisfy that goal, i.e., resulting in the greatest level of utility for the users and 

stakeholders relating to that goal.  Establishing these Goal-Specific Management Ranges is the first step towards 

developing a comprehensive and balanced integrated Management Range that incorporates the considerations of 

each of the goals and objectives.  Goal-Specific Management Ranges are described in Section 7.2, and the range is 

developed for three representative lakes for the goal of protecting significant habitats and species in Section 7.3.  

The representative lakes were selected to illustrate the different management regimes that are inherent with the 

three sector groups, although each lake will have specific concerns that would be included in a Management Range.  

The representative lakes are: Kennisis Lake (for the Haliburton Reservoirs), Buckhorn Lake (for the North and 

Central Sectors) and Rice Lake (for the South Sector).   

 

The Goal-Specific Management Ranges are combined into one range, the integrated Management Range, in the 

final phase of the Process: Decision Making.  The integration incorporates the considerations of each of the Water 
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Management Goals, as well as the seasonal and geographical variations in optimal ranges that are inherent with the 

management of the Waterway.  In some situations, there may be conflicts between the optimal ranges of different 

Goals, wherein no one integrated Management Range can best satisfy all goals.  In these situations, this conflict 

should be resolved through a process of negotiation and conflict resolution to ensure that the concerns of all 

Stakeholders are recognized.  The impact of these discrepancies between different ranges, or residuals, can be an 

important consideration when conducting these negotiations, and can help to prioritize certain Goals depending on 

the season or area of the Waterway.  When certain conflicts are unable to be resolved to the mutual benefit of two or 

more Goals, or when one Goal must be favoured over another given the limitations of the system, mitigation 

measures can be evaluated for the potential to reduce impacts due to the conflict.  These considerations are 

described in Section 7.4.  Integrated Management Ranges for several representative lakes are developed in 

Section 7.5. 

 

The methodology for developing the Management Ranges is anticipated to include the establishment of a Goals & 

Objectives Committee (GOC), responsible for establishing the Goal-Specific Management Ranges and for 

conducting the required conflict resolution and negotiation processes to arrive at the integrated Management Range 

for each lake and river.  The use of the GOC in this process also helps to promote transparency in the development 

of the Management Ranges.  The proposed methodology for developing the Management Ranges, including the use 

of the GOC and other considerations, is described in Section 7.6. 

 

7.2 Goal-Specific Management Ranges 

The process of developing Management Ranges is oriented around the Water Management Goals for the TSW.  

Each goal will have an optimal range of water levels for which it is best satisfied.  For some goals, establishing this 

optimal Management Range is straightforward: for example, in order to satisfy the goal to provide navigation, water 

levels and flows must be kept at established navigational values.  Other goals are not so straightforward to quantify, 

and will require a greater level of evaluation and consultation with stakeholders and experts to establish.  This 

section describes the various considerations and observations that have been developed through this study relating 

to the anticipated optimal water levels for each goal.  In addition, Goal-Specific Management Ranges are developed 

for the goal of protecting significant aquatic habitats and species. 

 

7.2.1 Goal 1 - Reducing Threats to Public Safety and Infrastructure 

The Goal-Specific Management Range to reduce threats to public safety and infrastructure would be oriented 

around the three objectives of the goal: to mitigate flooding, protect infrastructure and provide for public safety.  An 

optimal management range for this goal would consider, at the least: 

 

 Installed infrastructure vulnerable to fluctuating water levels in all lakes and rivers; 

 Impacts to public safety due to rate of change in water levels and flows; 

 Seasonal impacts of operations on public and infrastructure (i.e., impacts due to ice); 

 Impacts of flooding using established assessment procedures; and  

 Potential for and impacts of dam failure at each reservoir, typically as part of a Dam Safety Review (DSR). 

Of particular importance for this goal is the completion of DSR‟s at all of the water control structures that contribute 

to the water management of the TSW.  A dam failure typically incurs the highest risk to public safety downstream of 

the dam, due to the potentially large quantities of water released in a short time.   

 

The resulting Goal-Specific Management Range is anticipated to consist primarily of threshold high water levels or 

flows representing different levels of risk to infrastructure and public safety, for example: 
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 Optimal range – water levels and flows present a negligible risk to public safety and infrastructure, operations 

should strive to maintain water levels within this range. 

 Warning range – high water levels or flows begin to incur a risk to public safety and infrastructure, risk is low to 

medium.  

 Critical range – high water levels or flows present a high risk to public safety or infrastructure. 

Each range would be associated with operational protocols in order to reduce risk due to water levels or flows, such 

as high and low water management plans, which are described further in Section 8.  

 

7.2.2 Goal 2 - Contributing to Health of Canadians 

The goal of contributing to the health of Canadians is comprised of two objectives: to manage for water supply 

(agricultural and municipal) and to manage for water quality (human health and aquatic life).   

 

The first objective to manage for water supply is potentially more straightforward than to manage for water quality, 

since established water demands are typically better characterized than water quality requirements, particularly 

those related to the natural environment.  Some of the considerations that are anticipated to be required to develop 

an optimal management range for water supply include: 

 

 The locations and types (i.e., municipal, agricultural) of water demands throughout the TSW; the Permit To Take 

Water database of the Ministry of Environment may have information on many of these water demands; 

 The intake elevation for each water demand, to establish threshold low water levels; and 

 The criticality of each water demand, to establish threshold low water levels and flows; a greater margin of safety 

in the Management Range would be established for a critical water demand (i.e., municipal drinking water 

supply).  

To establish a Goal-Specific Management Range to manage for water quality, both for human and aquatic health, 

the following considerations are anticipated to be required: 

 

 Locations of water demands where water quality may be critical to the function of the demand (i.e., municipal 

drinking water) and their respective water quality requirements; 

 Areas of sensitive environmental habitat where water quality may impact aquatic species; and 

 Locations and requirements of wastewater discharges (i.e., minimum flow to maintain assimilative capacity).  

Establishing a Management Range for water supply and water quality would consist of ensuring that the supply can 

be maintained, particularly at critical demands, and that sufficient flow is present for water quality concerns.  

Therefore, the range would primarily consist of threshold low water levels and flows, arranged into tiers representing 

varying levels of risk, such as the following examples: 

 

 Optimal range – water levels and flows sufficient to maintain water supply and water quality requirements, 

operations should strive to maintain water levels within this range. 

 Warning range – low water levels or flows begin to impair the function of some non-critical water demands, or to 

create water quality concerns in non-critical areas.  

 Critical range – low water levels or flows significantly impair the function of critical water demand or create water 

quality concerns in sensitive areas. 

Each range would be associated with operational protocols in order to reduce risk due to water levels or flows, such 

as high and low water management plans, which are described further in Section 8.  
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There have been historical concerns, identified through the research associated with this study, with high water 

levels and flows related to this Goal, particularly with respect to increased levels of suspended solids due to high 

flows and the impact on water intakes (i.e., the performance of water treatment systems).  These concerns should 

also be incorporated into the optimal Management Range for this goal.   

 

7.2.3 Goal 3 - Safe Boating and Navigation 

Meeting the requirements for navigation is an established practice in the TSW.  Water levels and flows required for 

navigation have been set for those lakes and rivers that are part of the navigable portion of the Waterway, and form 

part of the published navigational charts for the Waterway.  However, if the Goal-Specific Management Range for 

navigation were to be reevaluated, the following considerations are expected to be required: 

 

 Characteristics of the vessels that navigate along the Waterway; 

 Reassessment of the types of vessels that would be permitted to access the Waterway; and 

 Restrictions to navigation along the navigable portion of the Waterway (i.e., lock sizes, bridges, shallow areas). 

It is anticipated that the existing navigational ranges would be suitable for use as the optimal Management Range for 

the goal of providing navigation, and that no modifications would be required for short-term use.  However, additional 

flexibility in this Management Range may be obtained through an evaluation of boating use trends and vessel 

characteristics with a subsequent revision to the navigational depth that must be provided.  

 

7.2.4 Goal 4 - Protect Significant Habitat and Species 

Numerous species depend on water bodies and watercourses along the Waterway to provide suitable habitat 

conditions and support life cycle requirements.  Activities of fish spawning, nesting birds, turtle and frog hibernation, 

construction of muskrat and beaver lodges are governed by the advance of the seasons and sensitive to water 

levels.  Significant habitat and species in controlled systems are protected when unnatural water level changes are 

minimized during sensitive periods for species along the TSW.  Sector-specific management guidance is provided in 

Section 7.3.  In general aquatic species and habitat are most sensitive to water levels from early spring to early 

summer and in the fall until winter water levels are achieved in the TSW. 

 

7.2.5 Goal 5 - Optimize Enjoyment of the Water 

The goal to optimize enjoyment of the water consists of four objectives: to enhance aesthetics; optimize recreation; 

optimize cultural resources; and to provide public access, both physical access on the Waterway and access to 

information.  The requirements that satisfy these objectives may vary from lake to lake; however, an understanding 

of each lake‟s needs is anticipated to include the following considerations: 

 

 Locations and characteristics of properties that rely on water-based access (i.e., minimum water level required 

for access); 

 Characteristics of lake-based recreation (i.e., seasonal timing, nature of activities, water requirements); 

 Incremental impact to goal satisfaction from changes in water level (e.g., certain lakes may be affected by small 

changes in water level more than others, particularly those with a wide, shallow shoreline that can be easily 

exposed by low water levels); and 

 Presence of significant cultural and tourism resources. 

The resultant Management Range is expected to reflect the optimal water requirements for the various users of the 

Waterway for recreational, cultural and access purposes.  Stakeholder surveys could potentially be used to 
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determine the level of utility that users receive for certain water levels or flows, the results of which can be translated 

into a Management Range based on user satisfaction.  

 

In addition to these considerations, public access to information is also an objective of this goal.  This objective is not 

isolated to specific lakes, but in order to be satisfied should address the information needs of all users of the 

Waterway.  Public access to information does not suggest or require a Management Range; however, the Constraint 

Management Process can help to define the communication requirements to be maintained by water management 

staff, including: 

 

 Frequency of communication updates; 

 Types of information communicated (i.e., water levels, flows, operational logs, forecasts); 

 Staff responsibilities for communication; 

 Protocols for addressing and communicating unusual conditions on the Waterway; and 

 Requirements for public open-houses, stakeholder meetings, educational campaigns, etc. 

7.2.6 Goal 6 - Optimize Hydroelectric Power Generation 

The current operations of the Waterway provide for hydroelectric power generation only in as much that the 

generation facilities can use the flow of the Waterway for generation.  However, under the current operations flows 

will not be intentionally increased or decreased for the purpose of generation (i.e., water will not be released from the 

Haliburton Reservoirs for the purpose of hydro generation).  The Goal-Specific Management Range to optimize 

hydroelectric power generation would consider: 

 

 Flow schedule to optimize production, including an economic analysis (i.e., to account for variable pricing of 

electricity); 

 Characteristics of individual generating facilities (i.e., maximum and minimum flows, intake elevation); and 

 Coordination required by Parks Canada staff for hydro operations (i.e., additional adjustment of dam settings, 

maintenance of hydro facilities).  



AECOM Parks Canada Trent Severn Waterway: Water Management Study 
Evaluation of the Current Approach to Water 
Management 

 

 75  

 

7.3 Goal-Specific Management Ranges for Natural Environment (Representative Lakes) 

7.3.1 Reservoir Lakes 

Maintaining relatively stable water levels from early May until late June in the Haliburton Lakes will support shoreline 

nesting birds such as the Common Loon and Pied-billed Grebe.  By achieving winter water levels in late September 

or early October, to simulate natural conditions, and maintaining these levels until the ice breaks up the following 

spring, entrances to muskrat and beaver lodges will remain at appropriate positions relative to water levels and the 

lodges will not be at risk of freezing.  This achievement of water levels will also protect hibernating turtles and frogs 

from freezing and incubating Lake Trout eggs from freezing or from exposure to air.  Finally, reducing the overall 

amplitude of the overall hydrograph in the Haliburton Lakes will more closely reflect natural conditions and will 

generally benefit aquatic species in the area.  The natural environment Goal-Specific Management Range for 

Kennisis Lake, as representative of the Haliburton Reservoirs, is shown in Figure 7-2. 

 

 
Figure 7-2 - Natural Environment Goal-Specific Management Range for Kennisis Lake 
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7.3.2 North/Central Sector 

Achieving the winter water levels in late September or early October and maintaining these levels will protect 

muskrat and beaver lodges, and hibernating turtles and frogs.  Allowing water level increases in lakes of the North 

and Central sector beginning in early April through mid-May will protect spawning areas for spring spawning species 

such as Walleye and Muskellunge.  By holding water levels steady from mid-May until late June, nesting areas for 

shoreline birds should be protected.  Note that this range accounts only for the optimal natural environment 

conditions, and does not consider the needs of other goals (i.e., to fill the lake for navigation).  The natural 

environment Goal-Specific Management Range for Buckhorn Lake, as representative of the North and Central 

Sectors, is shown in Figure 7-3. 

 

 
Figure 7-3 - Natural Environment Goal-Specific Management Range for Buckhorn Lake 

7.3.3 South Sector 

Achieve winter water levels in late September or early October and minimize water level fluctuations until late March 

to protect beaver and muskrat lodges.  This procedure will also keep lodge entrances ice free and prevent freezing 

hibernating frogs and turtles.  Water levels should rise in late March to mid-April, but maintain peak spring water 

levels within 0.2m of summer levels to promote germination of Wild Rice.  Between early April and late May hold 

minimum water levels to those observed in early April to protect spring spawning species. Allow water fluctuations of 

less than + 0.1m from late April to mid-July to promote growth of Wild Rice during the floating leaf stage. Finally, 

water levels should be maintained within 0.2m of spring maximum until mid-July.  The natural environment Goal-
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Specific Management Range for Rice Lake, as representative of the reservoirs in the South Sector, is shown in 

Figure 7-4. 

 

 
Figure 7-4 - Natural Environment Goal-Specific Management Range for Rice Lake 
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7.4 Integration of Goal-Specific Management Ranges 

The Goal-Specific optimal Management Ranges describe how the individual goals are best satisfied through water 

management activities.  However, to be of use in a comprehensive water management strategy, the Goal-Specific 

ranges must be integrated to produce one inclusive Management Range that reflects the considerations of all goals.  

Given the different requirements for the satisfaction of each goal, it is clear that this integration can be challenging.  

The requirements of each goal can vary from season to season, and from area to area, meaning that the optimal 

water level for one lake may not be the same as another lake, or even for the same lake at a different time of year.  

Additionally, the requirements of one goal may conflict with the requirements for another goal, producing a conflict 

that must be resolved in a way that results in the overall optimal satisfaction of both goals.  This may produce a 

range that satisfies one goal more than another, creating a residual, or difference between that goal‟s optimal water 

level and the overall optimal water level that is produced in the Management Range.  The impact of these residuals 

and their potential mitigation should be an important consideration with resolving the conflicts between goal 

requirements.  The following sections describe these challenges in further detail.  

 

7.4.1 Seasonal and Geographic Variations 

When considering the requirements for each Water Management Goal (i.e., when developing the Goal-Specific 

optimal management ranges), it becomes clear that the requirements for each goal change from season to season 

and from sector to sector (and from lake to lake within a sector).  In addition, some goals are more prominent than 

others in certain seasons or areas, and may require greater consideration when developing the Management 

Ranges. 

 

The most apparent example of the seasonal variation in the prominence of goals is when considering the goal of 

providing navigation in the Waterway.  Navigation is provided exclusively during the summer season (defined as 

mid-May to mid-October to reflect the navigation season) in the North, Central and South sectors, with the Haliburton 

Reservoirs supplying water to augment the other sectors.  Conversely, in the fall, winter and spring there is no 

requirement to provide for navigation, and therefore the range for navigation would not be considered in an 

integrated Management Range.  Related to this example is the difference in satisfying the goal of providing 

navigation among the different sectors.  Satisfying this goal in the North, Central and South sector requires that 

optimal navigational ranges be maintained during the season.  However, satisfying this goal in the Haliburton 

Reservoirs requires that water be released from the Reservoirs to augment flows in the other sectors as required; 

the navigable portion of the Waterway does not extend into the Haliburton Reservoirs, and therefore the satisfaction 

of this goal can only be measured by the success of maintaining navigational ranges in the North, Central and South 

sectors.  

 

Another important example involves managing the water for the goal of protecting significant habitats and species 

(i.e., natural environment).  The requirements of the different species that inhabit the Waterway vary significantly 

from season to season, and the distinct areas of the Waterway each support a different ecological community with 

their own unique requirements.  An example of the varying requirements for natural environment considerations is 

the management for Lake Trout in the Haliburton Reservoirs.  Lake Trout spawn in the fall, choosing relatively 

shallow portions of cold-water lakes in which to deposit their eggs, which will remain in those spawning beds until the 

following spring before hatching.  Since the eggs are placed in shallow waters, decreases in water level can 

potentially expose the eggs, causing them to be lost.  Therefore, the optimal Management Range for Lake Trout in 

the Haliburton Reservoirs that support them would require that the minimum water level for the winter be attained 

prior to Lake Trout spawning (i.e., approximately mid- to end-September).  During the summer months, when the 

Lake Trout are not spawning, there are no specific water level or flow requirements to manage for their habitat and 

thus the integrated Management Range will not need to consider potential impacts.  Similar seasonally variable 



AECOM Parks Canada Trent Severn Waterway: Water Management Study 
Evaluation of the Current Approach to Water 
Management 

 

 79  

natural environment considerations can be found in the other sectors, as well.  This topic was discussed in detail in 

Section 5, and was summarized in Table 5-4.  

 

Table 7-1 and Table 7-2 describe some of the seasonal variations in goal requirements for the Haliburton 

Reservoirs and North/Central/South Sectors, respectively (i.e., navigable and non-navigable portions of the 

Waterway), providing a general indication of the water management needs of each season.  Note that the tables 

describe Goal-Specific requirements that are optimal to their satisfaction, i.e., they do not necessarily reflect current 

practice.  The development of integrated Management Ranges should consider the seasonal variations in Goal-

Specific requirements for individual lakes, in order to reflect each lake‟s unique needs as accurately as possible.   

 

Table 7-1 - Haliburton Reservoirs - Goal-Specific Seasonal Requirements 

Goals Winter Spring Summer Fall 

Reducing threats to 

public safety and 

infrastructure 

 Establish threshold high 

water levels that impact 

public safety 

 Provide storage for the 

spring freshet to mitigate 

flooding 

 Establish threshold high 

water levels that impact 

public safety 

 Provide storage for the 

spring freshet to mitigate 

flooding 

 Establish threshold high 

water levels that impact 

public safety 

 Adjust flows as required 

to respond to public 

safety threats 

 Establish threshold high 

water levels that impact 

public safety 

 Adjust flows as required 

to respond to public 

safety threats 

Contributing to health of 

Canadians 

 Establish threshold low 

water levels that impact 

water supply and quality 

 Provide flow to maintain 

water quantity and quality 

needs 

 Establish threshold low 

water levels that impact 

water supply and quality 

 Provide flow to maintain 

water quantity and quality 

needs 

 Establish threshold low 

water levels that impact 

water supply and quality 

 Provide flow to maintain 

water quantity and quality 

needs 

 Establish threshold low 

water levels that impact 

water supply and quality 

 Provide flow to maintain 

water quantity and 

quality needs 

Safe boating and 

navigation 

 No requirement to 

provide for navigation 

 Fill Reservoirs to provide 

water supply for 

navigation 

 Provide flow when 

required to maintain 

navigation 

 No requirement to 

provide for navigation 

Protect significant 

habitats and species 

 Maintain relatively stable 

water levels 

 Allow water levels to rise 

during the freshet 

 Hold lake water levels for 

8 weeks from early May 

to late July 

 Achieve winter water 

levels by October 1 and 

hold as minimum levels 

until April 

Optimize enjoyment of the 

water 

 Minimize water level 

fluctuations to mitigate 

impact on winter 

activities 

 Fill Reservoirs to provide 

for recreational needs 

 Maintain water levels for 

recreation and lake 

access 

 Maintain water levels for 

recreation and lake 

access 

Optimize hydroelectric 

power generation 

 Provide flows to optimize 

hydroelectric generation 

 Provide flows to optimize 

hydroelectric generation 

 Provide flows to optimize 

hydroelectric generation 

 Provide flows to optimize 

hydroelectric generation 

 

 

Table 7-2 - North/Central/South Sector - Goal-Specific Seasonal Requirements 

Goals Winter Spring Summer Fall 

Reducing threats to 

public safety and 

infrastructure 

 Establish threshold high 

water levels that impact 

public safety 

 Provide storage for the 

spring freshet to mitigate 

flooding 

 Establish threshold high 

water levels that impact 

public safety 

 Adjust flows as required 

to respond to public 

safety threats 

 Establish threshold high 

water levels that impact 

public safety 

 Adjust flows as required 

to respond to public 

safety threats 

 Establish threshold high 

water levels that impact 

public safety 

 Adjust flows as required 

to respond to public 

safety threats 
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Goals Winter Spring Summer Fall 

Contributing to health of 

Canadians 

 Establish threshold low 

water levels that impact 

water supply and quality 

 Provide flow to maintain 

water quantity and quality 

needs 

 Establish threshold low 

water levels that impact 

water supply and quality 

 Provide flow to maintain 

water quantity and quality 

needs 

 Establish threshold low 

water levels that impact 

water supply and quality 

 Provide flow to maintain 

water quantity and quality 

needs 

 Establish threshold low 

water levels that impact 

water supply and quality 

 Provide flow to maintain 

water quantity and 

quality needs 

Safe boating and 

navigation 

 No requirement to 

provide for navigation 

 No requirement to 

provide for navigation 

 Adjust water levels as 

required to maintain 

navigational depths 

 No requirement to 

provide for navigation 

Protect significant 

habitats and species 

 Hold water levels 

between late September 

and late March to protect 

in-water over-winter 

habitat 

 Allow low winter water 

levels to increase after 

late April to promote Wild 

Rice germination and 

growth 

 Hold water levels 

between early April and 

mid-May  to protect 

spring spawning species 

 Reduce peak in water 

levels in mid-April to 

promote germination of 

Wild Rice 

 Hold water levels from 

late May to early July to 

protect riparian and 

shallow water flora and 

fauna 

 Hold water levels with + 

10 cm from late April to 

mid-July 

 Maintain summer water 

levels within 20 cm of 

spring peak 

 Achieve winter water 

levels by late September 

or early October 

Optimize enjoyment of the 

water 

 Minimize water level 

fluctuations to mitigate 

impact on winter 

activities 

 Maintain water levels for 

recreation and lake 

access 

 Maintain water levels for 

recreation and lake 

access 

 Maintain water levels for 

recreation and lake 

access 

Optimize hydroelectric 

power generation 

 Manage water levels and 

flows to optimize 

hydroelectric generation 

 Manage water levels and 

flows to optimize 

hydroelectric generation 

 Manage water levels and 

flows to optimize 

hydroelectric generation 

 Manage water levels and 

flows to optimize 

hydroelectric generation 

 

As demonstrated in the tables, most of the goals are applicable to all seasons of operations, except for the goal of 

providing navigation, which is generally only applicable during the summer.  However, the specific requirements of 

each goal may vary from season to season, particularly when considering the protection of significant habitats and 

species (see Section 5).   

 

7.4.2 Conflicts between Goal-Specific Management Ranges 

The integration of Goal-Specific Management Ranges may yield conflicts wherein the optimal ranges for two goals 

for a specific lake and time of the year inherently conflict, i.e., there is no single Management Range that can 

optimally satisfy both goals.  Through this study it has become apparent that the management of water in the 

Waterway cannot optimally satisfy all of the goals at all times.  In these situations the requirements of one goal must 

be selected over the other in order to produce the integrated Management Range.  This requires the different goals 

to be prioritized depending on location and season, and for a conflict resolution process to be implemented to assist 

with the compromise between goals.   

 

The prioritization of the six Water Management Goals is a challenging undertaking; however, there are several 

considerations that can assist in this process: 
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 The goal of reducing threats to public safety and infrastructure would be the highest priority when resolving 

conflicts between optimal Management Ranges; there are no situations in which an increase in threat to public 

safety would be acceptable in order to better satisfy one of the other goals. 

 The goal of contributing to the health of Canadians would also be a high priority goal when resolving optimal 

range conflicts, since many people rely on the Waterway for drinking water, and to safely assimilate wastewater 

discharges.   

 Under the current water control operations, the goal of optimizing hydroelectric generation is of a relatively low 

priority, since the facilities only have access to the water that is available in the Waterway (i.e., run of the river) 

and additional water will not be released from the Haliburton Reservoirs to augment flows for hydro generation.  

In addition, most of the hydroelectric stations are located in the South Sector where there is less potential to 

store volume upstream of the stations to increase generation, due to the general lack of reservoirs.  

The satisfaction of the first two goals – reducing threats to public safety and infrastructure, and contributing to the 

health of Canadians – will tend not to elicit many conflicts.  This is due to the nature of their anticipated optimal 

Management Ranges.  Threats to public safety are typically associated with high water levels (i.e., flooding) and the 

damage that can accompany the high water levels, whereas the requirements of water supply and water quality are 

typically associated with maintaining a minimum flow, with low water levels having an adverse impact on the goal.  

Therefore, the goals naturally complement each other, and will likely determine the upper and lower critical water 

levels for the Management Range in many areas throughout the year.   

 

After considering that these three goals will typically be prioritized in this manner, there are the remaining three 

Water Management Goals which may yield conflicts in optimal ranges: 

 

 Providing for navigation; this goal has traditionally been a high priority for the TSW, due to the history of 

legislation that establishes the operational mandate of the TSW as providing for navigation. 

 Protecting significant habitats and species; this goal has become more prominent through the development of 

MOU‟s (as described in Section 6) and other agreements to manage the Waterway to benefit fish spawning. 

 Optimizing enjoyment of the water; this goal has become more prominent as development throughout the 

Waterway has increased, particularly in the Haliburton Reservoirs.  

The Waterway is open for navigation during the summer months, between the Victoria Day and Thanksgiving 

holiday weekends.  As such, there is no required navigation-specific Management Range outside of this period, and 

thus no potential for a direct conflict with other Goal-Specific Management Ranges (with the exception of the need to 

fill the Haliburton Reservoirs during the spring to provide for navigation, discussed below).  In addition, during the 

navigation period, maintaining water levels at a range suitable for navigation will tend to satisfy the requirements of 

aquatic habitat protection and enjoyment of the water in the navigable portion of the Waterway (i.e., North, Central 

and South Sector).   

 

To maintain water levels at the navigational range requires water to be withdrawn from the Haliburton Reservoirs in 

most years, since the natural inflows into the Kawartha Lakes and Trent River are typically insufficient to offset 

evaporation and the natural outflow into Lake Ontario.  These withdrawals cause water levels in the Haliburton 

Reservoirs to decline during the summer when the majority of cottagers and other residents of the Reservoirs make 

use of their properties.  The goal of optimizing enjoyment of the water, which is the primary goal to reflect the 

satisfaction of residents in the Haliburton Reservoirs, is typically best satisfied through maintaining consistently high 

water levels; fluctuations and declines in water levels over the summer impact the enjoyment of the water by the 

residents.  This creates a conflict between the need to provide for navigation in the North, Central and South sectors, 

and the need to optimize enjoyment of the water in the Haliburton Reservoirs.  The protection of aquatic habitat can 

also incur conflicts in the Management Ranges outside of the navigation period when considering the need to 

optimize enjoyment of the water, evidenced from the discussion in Section 7.3.  
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The resolution of these conflicts is anticipated to be a significant phase in developing the integrated Management 

Ranges, following the creation of the Goal-Specific Management Ranges.  A potential methodology to effectively 

manage these conflicts and produce integrated ranges is described in Section 7.6, including the use of the 

dedicated Goals & Objectives Committee to steer the Constraint Management Process. 

 

7.4.3 Impact and Mitigation of Management Range Residuals 

The conflicts between the Goal-Specific Management Ranges, described in the previous section, occur when there 

are differences in the optimal water levels required to satisfy each goal.  The resolution of these conflicts when they 

occur will invariably satisfy one or more of the goals in a less than optimal manner.  In these situations, and when 

considering how to implement a compromise between the goals, the impact of less than optimally satisfying each 

goal must be evaluated.  The difference between the optimal range for a goal and the actual integrated Management 

Range is called the residual; this section discusses the potential impact of these residuals and opportunities to 

mitigate the impacts.   

 

There are several situations in which a residual is anticipated to occur when developing the integrated Management 

Ranges, including the following as examples for discussion: 

 

 Winter drawdown in the Kawartha Lakes to provide storage for the spring freshet; 

 Summer drawdown in the Haliburton Reservoirs to provide for navigation in North, Central and South Sector; 

and 

 Optimizing hydro power generation, which typically requires daily water level fluctuations. 

Winter Drawdown in the Kawartha Lakes 

Each winter the Kawartha Lakes in North and Central Sector are drawn down to provide storage to accommodate 

the spring freshet, related to the satisfaction of the goal to reduce threats to public safety and infrastructure.  As 

discussed in Section 6.2.4, water level fluctuations in the Kawartha Lakes between October and March can 

adversely impact wildlife, including beavers, muskrats and hibernating frogs and turtles.  To satisfy the goal of 

protecting aquatic habitat, the Kawartha Lakes would be drawn down in the late summer or early fall, similar to the 

Haliburton Reservoirs, and the water levels would be maintained at this low level until the freshet filled the lakes 

again in the following spring.  Drawing down the water levels in early fall (following the end of the summer navigation 

season) would adversely impact the goal to optimize enjoyment of the water, since the Kawartha Lakes still receive 

regular use well into the fall season.  When integrating these Goal-Specific Management Range requirements, one 

of these goals will as a result be less than optimally satisfied: less storage would be available to accommodate the 

freshet; over-wintering wildlife would be impacted; or enjoyment and use of the Kawartha Lakes in the fall would be 

affected.   

 

To effectively integrate these ranges, the residuals related to less than optimally satisfying each goal must be 

determined and evaluated.  The residuals could be defined by factors such as: 

 

 Benefit to over-wintering wildlife of a drawdown in early fall as opposed to during the winter; 

 Amount of water use during the fall by local residents, cottagers, businesses and other users; and 

 Benefit of additional storage in accommodating the spring freshet (i.e., if the additional volume provides a small 

or negligible benefit, drawdown may be mitigated). 

During the evaluation of these factors, it may be found that few people actually make use of the Waterway after the 

navigation season, and these users may be able to be accommodated with the lower water levels after the 

drawdown.  In this case, drawing down the water levels in early fall may be an acceptable solution to the conflict and 
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there would be only minor impacts from the residuals.  On the other hand, it may be found that the residuals 

associated with each of the three goals incur a significant impact: the additional storage may be critical to freshet 

management; the winter drawdown of water levels may be disastrous to native over-wintering species; and 

significant use of the water may be important in the fall season.  In this case, the residuals would be evaluated by a 

comprehensive Goals & Objectives Committee and ultimately the integrated Management Range would be 

developed in a way that minimizes the overall impact or risk.  This ability to mitigate the residuals that may occur 

may mean that one goal is less optimally satisfied because it can be mitigated.  

 

Summer Drawdown in the Haliburton Reservoirs 

Water is withdrawn from the Haliburton Reservoirs in the summer to provide for navigation in the North, Central and 

South Sectors, as discussed in Section 7.4.2.  In addition, drawing down the Reservoirs provides storage to capture 

the spring freshet and mitigate flooding.  However, residents of the Reservoirs typically desire a continually high 

water level during the summer, or at least a mitigation of rapid water level drawdown, to optimize their enjoyment of 

the water.  Similar to the winter drawdown in the Kawartha Lakes, several factors would be evaluated to determine 

the impact of less than optimally satisfying each of these goals: 

 

 Benefit of additional storage in accommodating the spring freshet (i.e., if the additional volume provides a small 

or negligible benefit, drawdown may be mitigated), and actual volume requirement to effectively manage the 

freshet; 

 Benefit of higher or more stable water levels to residents and cottagers in their enjoyment of the water; and 

 Actual water requirement in North, Central and South Sector to maintain navigation in a typical year. 

The potential difference between the volume required to manage the freshet and the volume required to provide for 

navigation is illustrated in Figure 7-5, reflecting current practices.  This preliminary evaluation demonstrates that 

there may be distinctly different volumes required to satisfy each goal. 
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Figure 7-5 - Storage Depth Requirements in the Haliburton Reservoirs - Horseshoe Lake Example 

 

If the volume required to manage the freshet and to provide for navigation are mismatched, the risk of being unable 

to satisfy either goal increases:  

 

 If the volume to manage the freshet is larger than the volume required to provide for navigation, water is 

released from the Reservoirs at the end of the summer even though it is not required in downstream areas; and 

 If the volume to manage the freshet is smaller than the volume required to provide for navigation, there is a 

possibility that the Reservoir will not be completely filled in the spring if the freshet is unusually small. 

Once these factors are determined, a Management Range that satisfies these requirements may be developed in a 

context that supports the enjoyment of local residents and cottagers, for example through minimizing or regulating 

the rate of drawdown.   

 

Optimization for Hydro Power 

The optimization of water levels for hydro power would depend on the specific operations of each generation facility, 

but would typically include daily fluctuations in water levels to produce more generating potential at certain times to 

take advantage of variable electricity pricing.  Water level fluctuations generally impact the other Water Management 

Goals adversely and incur a higher level of operational effort to manage: gradual changes and stable water levels 

are typically preferred for other Goals.  However, maintaining high water levels would typically provide more 
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generating potential than the alternative of low water levels, and may be considered to optimize hydro power 

generation.  Hydro requirements remain relatively consistent from season to season, unlike most of the other goals, 

which may also incur conflicts and residuals as the seasons change.   

 

Mitigation of Residuals 

In many situations where Goal-Specific Management Ranges are integrated into a single Management Range, there 

will be residuals wherein some goals are not optimally satisfied.  The impact of these residuals may be small, but in 

extreme situations could be significant.  In all cases where there is an impact that cannot be accommodated within 

the integrated Management Range, opportunities to mitigate this impact should be explored.  Mitigation can include: 

 

 Monitoring of the impact; 

 Development of special management zones to accommodate the impact; and 

 Physical changes to the Waterway (i.e., creation of aquatic habitat in new locations). 

Mitigation in these forms is most commonly associated with natural environment impacts, and is typically referred to 

as Adaptive Environmental Management (AEM).  These principles can be adapted to respond to mitigation 

requirements for any of the Water Management Goals.  

 

The ability to mitigate the residuals of each Goal is an important consideration during the integration of Goal-Specific 

Management Ranges.  If the residual of one Goal can be easily and effectively mitigated, the integrated 

Management Range should more readily accommodate those Goals that cannot be easily mitigated.  

 

7.5 Integrated Management Ranges for Representative Lakes 

Management Ranges for several representative lakes were developed using the considerations described in the 

previous sections.  The representative lakes are: 

 

 Kennisis Lake (as representative of the Haliburton Reservoirs); 

 Buckhorn Lake (as representative of the Kawartha Lakes and the North/Central Sectors); and  

 Rice Lake (as representative of the South Sector). 

 

The development of Management Ranges for these lakes is described in the following sections. 
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7.5.1 Kennisis Lake – Haliburton Reservoirs 

The Management Range developed in this study for Kennisis Lake, as representative of the considerations of the 

Haliburton Reservoirs, is shown in Figure 7-6.  Several key dates are shown on the figure, and described in Table 

7-3, as they indicate times when the Management Range changes due to the changing Goal-Specific ranges from 

season to season.   

 
Figure 7-6 - Integrated Management Range for Kennisis Lake 

 

Table 7-3 - Description of Integrated Management Range for Kennisis Lake 

Date Description of Management Range 

March 1 to May 1 

 March 1 represents the time in a typical year when stoplogs are replaced in the dam to catch the spring freshet.  

 May 1 is the target date for the lake to be completely filled, as shown by the Management Range becoming equal to the 

spill level of the dam. 

May 1 to May 15 

 During this period the lake is targeted to be completely full. 

 Navigation in the Waterway has not yet started and therefore there is typically no demand to augment flows in downstream 

areas.  

May 15 to July 1 
 During this period the optimal Management Range is to maintain the lake near the full level, since demands for flow from 

other sectors is typically low and recreational use is high. 
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Date Description of Management Range 

July 1 to August 15 

 July 1 is the date that is optimal to begin the drawdown towards winter lake settings, in order to address natural 

environment concerns regarding Lake Trout spawning.  The drawdown is executed at 0.5% of maximum lake levels per 

day, as per current operations.  

 The upper limit of the Management Range decreases at a slower rate during this period, since if downstream flow 

demands are low (such as in a wet year), flow releases from Kennisis Lake may be mitigated to provide higher water 

levels to optimize enjoyment of the water for recreation.  However, this requires a quicker drawdown of water levels later in 

the summer, since the same winter water level must be attained.  

August 15 to 

September 20 

 September 20 is the target date to achieve the winter lake water level.  This is done to mitigate impacts on Lake Trout 

spawning, which are vulnerable to water levels dropping after spawning.  Muskrat and beaver finalize entrances to their 

lodges at this time. Water fluctuations after entrance elevations are set risk freezing or flooding the lodges and their 

entrances. 

 The upper limit of the Management Range on September 20 is equal to the minimum winter lake level, so that no further 

decreases in water level are planned. 

 Water levels can be drawn down lower than winter settings, if flow requirements from other sectors is high (such as in a 

dry year), but typically precipitation during the fall will slightly fill the lake back to winter settings.  

September 20 to 

October 15 

 The target for this period is to maintain lake levels as stable as possible. 

 Flow demands from downstream areas may continue during this period, since the Waterway is still open for navigation, but 

it is anticipated that the demands may be reduced due to lower evaporation from the Kawartha Lakes.  Water demands 

from Kennisis Lake during this time should be carefully considered to mitigate impact on Lake Trout spawning and muskrat 

and beaver lodges.  

October 15 to 

December 1 

 October 15 (i.e., when navigation closes in the Waterway) is the target date to achieve winter settings at the Kennisis Lake 

dam. 

 Water levels may rise slightly during this period due to fall precipitation, as well as the reduction of downstream flow 

demands, and the Management Range drifts upwards to account for this. 

December 1 to 

March 1 

 Water levels are maintained at winter settings. 

 The upper limit of the Management Range drifts upwards over this period to account for the possibility of replacing 

stoplogs prior to March 1 if the freshet forecast indicates a small runoff volume. 

 

 

This integrated Management Range reflects the existing long-term average water levels relatively closely, since the 

current water control operations satisfy many of the goals in a typical year.  However, there are some potential 

residuals that may require additional consideration, including: 

 

 The summer drawdown has not been significantly altered, due to the requirement to provide storage for the 

spring freshet, impacting the enjoyment of the water by residents and cottagers.  An evaluation of the volume 

required to manage the freshet and to provide for navigation could mitigate this drawdown; however, this 

evaluation was not completed as part of this study.  

 Similarly, since the volumes required for freshet management and navigation have not been established, there 

may be additional residuals for these goals wherein there is a risk that either insufficient storage will be available 

to manage the freshet (thus increasing flooding), or there will be insufficient water to provide for navigation.   
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7.5.2 Buckhorn Lake – North/Central Sector 

The Management Range developed in this study for Buckhorn Lake, as representative of the considerations of the 

North and Central Sectors (i.e., the Kawartha Lakes), is shown in Figure 7-7.  Several key dates are shown on the 

figure, and described in Table 7-4, as they indicate times when the Management Range changes due to the 

changing Goal-Specific ranges from season to season.   

 
Figure 7-7 - Integrated Management Range for Buckhorn Lake 

 

Table 7-4 - Description of Integrated Management Range for Buckhorn Lake 

Date Description of Management Range 

January 1 to 

March 1 

 Starting January 1 the Kawartha Lakes are drawn down to provide storage for the spring freshet and mitigate flooding in 

the system. 

March 1 to May 1 

 The Lakes are refilled with runoff from the spring freshet. 

 May 1 is the target date for the lake to be completely filled, as shown by the Management Range becoming equal to the 

spill level of the dam. 

May 1 to May 15 
 Lakes are full during this period.  There are few flow demands from downstream areas. Navigation has not yet begun on 

the Waterway. 
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Date Description of Management Range 

May 15 to 

September 20 

 Navigation is the primary activity in the North and Central Sectors during this period.  Lakes are kept at the required 

navigational depths, with flow augmentations from the Haliburton Reservoirs if required.  

September 20 to 

October 25 

 During this period, the Management Range expands slightly to accommodate the reduced flows from the Haliburton 

Reservoirs due to protection of Lake Trout spawning; however, water levels should not be reduced below the minimum 

navigational depth.  

October 25 to 

January 1 

 Water levels are kept close to navigational range to accommodate property access considerations; however, water levels 

could be allowed to decrease slightly to accommodate reduced flow from Haliburton Reservoirs. 

 

 

Similar to the integrated Management Range developed for Kennisis Lake, the range for Buckhorn Lake reflects the 

existing long-term average water levels relatively closely.  Providing water levels in the navigation range for the 

summer and fall seasons satisfy many of the Water Management Goals, and the winter drawdown provides storage 

for the freshet to mitigate flooding.  The primary residual that arises from this Management Range is with the goal of 

protecting aquatic habitat.  As shown in Section 7.3.2, the Goal-Specific Management Range for the natural 

environment at Buckhorn Lake would require the drawdown of the Lake to pre-freshet levels in late summer or early 

fall, so that over-wintering wildlife would be protected.  However, in this preliminary analysis, it was anticipated that 

such a change in the drawdown timing would not be feasible in the short-term, and would incur an unacceptable 

impact on the remaining goals during the fall season.  Other alternatives not considered in this study may provide a 

Management Range that better mitigates this residual, or the implementation of adaptive management procedures 

could likewise be used.   
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7.5.3 Rice Lake – South Sector 

The Management Range developed in this study for Rice Lake, as representative of the considerations of the 

reservoirs in the South Sector, is shown in Figure 7-8.  Several key dates are shown on the figure, and described in 

Table 7-5, as they indicate times when the Management Range changes due to the changing Goal-Specific ranges 

from season to season. 

 

 
Figure 7-8 - Integrated Management Range for Rice Lake 

Table 7-5 - Description of Integrated Management Range for Rice Lake 

Date Description of Management Range 

March 1 to May 1  Spring freshet runoff from upstream areas is accommodated during this period.  Limited storage capacity in Rice Lake. 

May 1 to May 15  Lakes are completely filled during this period to prepare for the start of navigation.  

May 15 to July 7 
 Water levels maintained at navigational depths. 

 Water level fluctuations are mitigated to promote growth of wild rice.  

July 7 to 

September 20 
 Management Range expands to accommodate greater flexibility in operations, following establishment of wild rice.  

September 20 to 

March 1 

 Water levels are maintained near navigational levels, but permitted to fluctuate to a greater degree to accommodate 

upstream flows.  

 Fluctuations are mitigated during this period to protect muskrat and beaver lodges. 
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The integrated Management Range for Rice Lake is developed primarily around the constraints of the Lake itself.  

There is little storage capacity to accommodate changes in flows, and only a narrow range in water levels between 

the minimum (i.e., sill) and maximum (i.e., spill) levels.  Therefore, water levels are maintained close to the 

navigation range year-round, satisfying the majority of the goals and creating few residuals.  The primary concern at 

this Lake is the management of high flows, particularly during the freshet, that result in water levels well above the 

spill level.  TSW staff have a limited capability to manage these flows, relying on upstream areas to throttle high 

flows appropriately, and the appropriateness of a Management Range that requires flows at or below the spill level 

should be evaluated.  

 

7.6 Proposed Methodology for the Development of Management Ranges 

The development of Management Ranges is the ultimate product of the Constraint Management Process, illustrated 

at the beginning of this Chapter in Figure 7-1.  Although this process is shown to be linear, the results are intended 

to be reviewed on an ongoing basis, and the entire process repeated as necessary to revise the Management 

Ranges and respond to changing conditions (i.e., operational methods, climate change).  Through this Chapter, the 

individual stages in the development of the Management Ranges have been described; this section details how 

these stages can be coordinated to effectively complete the process.  The proposed methodology consists of the 

following stages: 

 

1. Formation of the Goals & Objectives Committee (GOC) and Study Team 

2. Background Review and Data Collection 

3. Development of the Goal-Specific Management Ranges 

4. Integration of Goal-Specific Management Ranges 

5. Public Communication and Engagement 

 

These stages are described in the following sections.  

 

7.6.1 Formation of the Goals & Objectives Committee and Study Team 

The Constraint Management Process has the task of considering each of the six Water Management Goals and 

integrating the various requirements into a single Management Range to guide the water control operations of the 

Waterway.  Because of the diverse nature of the Water Management Goals, as has been demonstrated extensively 

through this study, a similarly diverse and comprehensive study team is anticipated to be required to appropriately 

represent each of the Goals.  The study team is divided into two components: the GOC, responsible for 

representation of the Water Management Goals; and the study facilitator, responsible for guiding the Constraint 

Management Process and ultimately producing integrated Management Ranges.  

 

The following representatives/stakeholders are anticipated to form the GOC: 

 

 Waterway operations and water management expertise, likely represented by the TSW water control engineer, 

operations supervisors and other staff; 

 Representatives from hydro power utilities; 

 Natural environment scientists (fisheries, terrestrial ecology, wildlife ecology); 

 Agency representatives: Department of Fisheries and Oceans, Environment Canada, Ministry of Environment, 

Ministry of Natural Resources, Conservation Authorities;  

 Municipal representatives; and 

 Citizen group representatives (i.e., local cottage-owners associations). 
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In relation to the existing Water Management Advisory Committee (WMAC), it is recommended that the GOC be an 

independent technical body, and that the WMAC serve as an oversight committee to the Constraint Management 

Process.  The GOC would be expected to present the results of the Process to the WMAC as they progress, such as 

the Goal-Specific and integrated Management Ranges.  The WMAC in turn would review the study results and 

provide recommendations to Parks Canada for implementation.  

 

The study facilitator is anticipated to consist of an external party with capabilities appropriate to this process, 

including: 

 

 Understanding of the technical components of the Trent Severn Waterway; 

 Coordination of public processes; and 

 Stakeholder group facilitation, including consensus building and conflict resolution. 

The study facilitator is required to have an understanding of the technical components of the Waterway since they 

will be ultimately responsible for the production of the integrated Management Ranges, albeit with the input and 

consensus of the GOC.  However, this technical knowledge must accompany skill in facilitating groups as 

comprehensive and diverse as the GOC, so that the collaboration required to produce the Management Ranges can 

be effective. 

 

7.6.2 Background Review and Data Collection 

The members of the study team (i.e., GOC and study facilitator) will be required to develop an understanding of the 

water control operations and needs (as detailed in the Water Management Manual developed as part of this study), 

as well as an appreciation for the previous studies that have been completed regarding Waterway management.   

 

All information and data required to develop the Goal-Specific Management Ranges is also collected at this stage.  

The Data Collection and Management Guide developed as part of this study contains information on the available 

data that could be used for this process.   

 

7.6.3 Development of the Goal-Specific Management Ranges 

The study team analyses and evaluates the data collected during the background review stage, and proceeds to 

develop the Goal-Specific Management Ranges, the water levels from season-to-season and Sector-to-Sector that 

best satisfies each of the Water Management Goals.  The development of these ranges is described in Section 7.2.   

 

At this stage in the process, the representatives of the GOC function relatively independently, albeit in cooperation 

with the study facilitator who oversees the process.  The members of the GOC responsible for each Water 

Management Goal (there may be several assigned to each Goal) develop their respective Goal-Specific 

Management Range and provide them to the rest of the study team to prepare for the next stage.  

 

It may be necessary to augment the GOC with increased technical capabilities or increased local representation, 

depending on the nature of the Goal being evaluated.  In these situations, it is anticipated that the study facilitator 

(e.g., a consulting firm) would possess the necessary capabilities, whether a technical understanding of the 

Waterway or the ability to effectively solicit public input, to enhance the GOC.   
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7.6.4 Integration of Goal-Specific Management Ranges 

The integration of the Goal-Specific Management Ranges, described in Section 7.4, involves the consideration of 

geographic and seasonal differences in operational priorities, the resolution of conflicts between the different Water 

Management Goals, and the mitigation of residuals that may occur when a Goal is less than optimally satisfied by 

the resulting integrated Management Range.   

 

The importance of the multi-stakeholder GOC and study facilitator becomes apparent at this stage of the process, 

where the potentially divergent Goal-Specific Management Ranges must be integrated.  Representation of all the 

Goals at this stage is crucial to achieve the transparency necessary for public approval of the integrated 

Management Ranges.  

 

7.6.5 Public Communication and Engagement 

The final stage of the Constraint Management Process involves the communication of the results to the public.  

Public interests should be represented through the GOC (i.e., through cottage-owners associations, etc.), and thus 

the resultant integrated Management Ranges should reflect the considerations of the public.  This stage will begin 

the process of ongoing transparency in operations and engaging the public in Waterway matters. 

 

Note that it is anticipated that it would also be beneficial to present the study methodology to the public prior to the 

study commencing.  Public input into the process may reveal certain key considerations that are potentially 

overlooked in the process.  In addition, public understanding and buy-in of the process can help to improve 

acceptance and approval of the final product, the Management Ranges.    
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8. Development of the Operational Management Process 

The Operational Management Process is part of the larger Water Management Process proposed for the Trent 

Severn Waterway, shown in Figure 8-1. The Operational Management Process involves the day-to-day activities of 

the operational staff to manage the water levels and flows in the Waterway.  This process is undertaken on an on-

going basis with the goal of maintaining water levels and flows within the defined Management Ranges.  This 

process is also intended to respond to situations when the water levels or flows are outside the Management 

Ranges.  

 

Figure 8-1 - The Operational Management Process 

A benefit of the Water Management Process is the ability to effectively audit the performance of the system, since 

there are established water level ranges for each season and sector that is optimal to be within.  It is anticipated that 

an annual review and report of operational performance (i.e., level of service) would be beneficial to the TSW to 

demonstrate transparency and accountability in water management decisions, and to develop public support and 

engagement in the Waterway operations.  

 

The components of the Operational Management Process illustrated in the figure are described in the following 

sections.  

 

8.1 Data Collection 

As described in detail in the Water Management Manual – Description of the Current Approach to Water 

Management, flow and water levels are collected throughout the waterway on a daily basis.  This information is 

processed and used in the decision making toward the implementation of the necessary operational strategy.  In the 

spring, snow pack data and the winter stoplog settings in the Haliburton Sector also contribute to the information that 

is available for decision making. 

 

The strength of the Operational Management Process relies on the accuracy and reliability of the data collected in 

this stage of the process.  As shown in the Evaluation of Water Management Systems and Models, contemporary 

water management systems obtain this level of data integrity through extensive and comprehensive data collection 

efforts, taking advantage of many different existing sources of data and supplementing it with internal data collected 
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and managed with appropriate technology.  With respect to the TSW, an operational data collection strategy would 

include the following components, each of which is described further below: 

 

 Internal Data - Consistent, accurate and reliable recording of water levels and flows at all lakes, reservoirs and 

rivers, as well as freshet runoff volumes, including field staff with expertise in data collection; 

 External Data - Collection of applicable data from external agencies, particularly meteorological data 

(Environment Canada); 

 Data Management - Management of all data in an appropriate database that allows backups, automatic 

linkages, and efficient manipulation and analysis of all data; and  

 Staff Capabilities - Sufficient expertise to support such a data collection and management system. 

Internal Data 

Consistent, accurate and reliable recording of water levels and flows can be achieved through implementation of 

effective monitoring technologies at required locations or key indicator sites.  Many locations in the TSW, particularly 

in the North, Central and South Sectors, currently use extensive automated water level gauges; however, the 

Haliburton Reservoirs are still largely monitored using manual staff gauges.  While staff gauges are not necessarily 

less accurate than automated gauges, and while automated gauges require ongoing maintenance and calibration to 

ensure reliability, the collection of data from manual gauges is resource-intensive and difficult to integrate with an 

automated data management system.  

 

In addition to water levels and flows, accurate assessment of the freshet volume is critical to mitigate flooding 

impacts and to ensure that Reservoirs are filled prior to the summer.  An effective operational data collection 

strategy for the freshet volume would include the following: 

 

 Evaluate freshet volume and estimated peak flow using proven techniques and modelling tools; 

 Estimates should include both an optimistic (i.e., for flood management) and conservative (i.e., to fill the 

Reservoirs) freshet forecast; 

 The use of a hydrological model to include spring rainfall, water content of snow cover and antecedent and 

future temperatures in order to estimate freshet volume, peak flow, time to beginning of runoff and time to peak 

flow. 

 

With respect to freshet volume estimation in the TSW, there are several items that may improve the current process, 

including: 

 

 Additional snow course observation stations in the headwater areas that have significant storage capabilities to 

better identify potential runoff volumes; 

 Automated/remote snow sensors can be a solution for stations located in difficult to reach areas; and 

 The use of a hydrologic model is required for flood management (snow course observation can only estimate the 

freshet volume, not anticipate flood impacts). 

 

External Data 

There are several external agencies that collect data that would be useful to TSW operations, most notably 

Environment Canada which distributes meteorological forecasts that are of interest to water managers interested in 

mitigating weather-related risks.  Developing data sharing agreements with these external agencies has the potential 

to greatly expand the data resources available for TSW staff to make effective operational decisions.  For example, 

meteorological forecast data supplied by Environment Canada could be input into a hydrologic model of the TSW to 

determine the potential impact of precipitation events on the water levels and flows in the system.  Using a risk-

based approach, operations could then be adjusted to mitigate impacts from flooding or low water (i.e., if forecast is 
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for drought).  This use of external data is currently implemented by the Rio Tinto Alcan hydro electric system in the 

Lac St-Jean region of Quebec, to great effect.   

 

Data Management 

The power and usability of consistent, reliable and accurate data, both internal and external, is greatly diminished 

without the proper management tools, such as a database.  An effective data management tool would automatically 

process and store data as it is collected, perform some general quality assurance checks (e.g., identifying data gaps 

for later review by TSW staff), and allow easy manipulation of stored data for decision making.  The database could 

be used to develop inputs into a hydrotechnical decision making model/tool, or to provide data for public 

communication purposes (i.e., water level graphs that update automatically on the internet).  

 

Staff Capabilities 

With the increasingly technical and specialized nature of data collection and management, as well as the use of that 

data for decision making, it is important for the TSW to have access to staff with capabilities to support the data 

system.  Although the current TSW operations staff have extensive experience with the management of the 

Waterway, it is anticipated that additional staff would be required to effectively manage the data system to the 

extents described in this study.  

 

8.2 Processing and Decision Making 

Data processing and decision making are done on a daily basis during the navigational season and as required 

throughout the rest of the year.  Currently, the collected data is recorded and compared to the previously recorded 

data, and decisions are made for the implementation of the operational strategy throughout the system based on 

lake-by-lake comparisons to the 25-year average water levels (rule curves).  When data collection and management 

improvements as described in the previous section are adopted, there will be a greater availability and usability of 

data, permitting the use of more advanced processing and decision making tools for water management decisions, 

including: 

 

 Hydrologic modelling for runoff forecasting; 

 Hydraulic modelling to enhance system operations; and 

 Decision making modelling to assist with the optimization of operations. 

 

Hydrologic Modelling 

Hydrologic modelling provides TSW staff the ability to forecast runoff flows given meteorological inputs (i.e., from 

Environment Canada data sharing agreements) and existing hydrotechnical conditions, allowing information on the 

potential impacts of precipitation and freshet events to be obtained.  This information offers the potential to conduct 

water control operations on a proactive basis if required, although the long lag time for operational changes to affect 

the system conditions would remain a barrier to proactive operations.   

 

Several potential hydrologic models have been evaluated in the Evaluation of Water Management Systems and 

Models report developed in this study, ranging in levels of complexity, cost and level of effort required to maintain 

and use.  It is anticipated that a hydrologic model developed for the TSW would not require a high level of 

complexity, and thus would likely not be high in cost or level of effort, although the appropriate staff capabilities 

would be required to effectively implement the model.  At a minimum, the model would be required to contain 
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reservoir storage relationships and travel times through the system, while incorporating hydrologic routines to 

estimate runoff from meteorological conditions.   

 

Hydraulic Modelling 

Hydraulic modelling would provide the capability for TSW staff to identify stoplog/gate settings at dams to achieve 

the desired water levels and flows throughout the system.  This model would be best integrated with a hydrologic 

model in an integrated hydrotechnical model, allowing runoff flow predictions to guide potential operational 

alternatives to achieve Management Ranges.  The hydraulic component of this model would be similar in function to 

the current model developed by Acres (1973) that determines stoplog settings in the Haliburton Reservoirs to 

achieve desired flows at the Lakefield dam, and can potentially be developed from this legacy model.   

 

Decision Making Modelling 

Decision making modelling could be used to assist with the optimization of operational activities, for example, to 

determine dam settings that best meet Management Ranges throughout the system, or that meet Management 

Ranges while minimizing required operations, or other similar measure of efficiency and effectiveness.  This model 

could be used to evaluate different operational scenarios or alternatives and determine the implications and 

performance of each scenario, potentially using forecasted meteorological and hydrological conditions to evaluate 

decisions before implementation. Simulations could also be run to evaluate impacts of climate change to the 

watershed hydrology and water levels during operations.  

 

The decision making model is anticipated to be best integrated with the hydrotechnical model, so that the model 

results can be directly evaluated, but could also incorporate real-time monitoring data from the system to assist with 

daily decision making.   

 

8.3 Implementation 

Within the current management process, operational decisions are implemented when changes to the stoplog or 

dam settings are required.  This implementation process can be completed within hours in the North, Central and 

South Sectors, but can take up to several days to complete dam setting adjustments in the Haliburton Sector.  The 

current implementation methods generally meet the requirements of the Operational Management Process, since 

there are established roles, staff and communications that implement water management decisions.  However, there 

are two items that are recommended to enhance the effectiveness of the operations group: 

 

 The role of the water control group should be expanded and revised within the context of the Water 

Management Process; and 

 Functional controls in the Haliburton Reservoirs should be enhanced. 

In addition, increased communication of water control activities and decisions will increase transparency and help to 

develop public support for the system management.   

 

Role of the Water Control Group 

To effectively implement water management decisions and in the context of the Water Management Process (i.e., 

related to activities of managing the water), the water control group should be focused solely on water control, which 

consist largely of maintaining water levels and flows within the determined Management Ranges.  There are a 

number of other roles that the current water control group is required to fulfill, such as maintenance of Waterway 

structures and equipment; however, these tasks have not been evaluated in this study.  
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The benefit of this role clarification is the separation of the development of Management Ranges from the actual 

Waterway operations, leading to a more consistent performance and measurable level of service.  While 

representatives from the water control group are recommended to be part of the Goals & Objectives Committee 

during the Constraint Management Process, the day-to-day water control activities would not be concerned with 

issues related to the Water Management Goals.  Instead, the Management Ranges establish water levels and flows 

for each season and lake wherein the Goals are satisfied, and through maintaining these water levels the water 

control group implicitly satisfy these Goals.   

 

The current water control group is integrated within a larger operations group, which is also responsible for a large 

number of tasks on the Waterway, including the maintenance of dams and other structures, operation of navigation 

locks, upkeep of equipment, etc.  Within the context of this larger group, the effective implementation of water control 

activities may benefit from additional staff capabilities, including: 

 

 Data collection and management staff; 

 Hydrotechnical (i.e., modelling) staff; and 

 Media/public relations staff. 

These capabilities would be required to implement the recommendations contained in this study, and are anticipated 

to be of great benefit to the effectiveness, transparency and accountability of future TSW operations.   

 

Functional Control in the Haliburton Reservoirs 

The ability to exercise a greater level of control over water levels in the Haliburton Reservoirs would provide benefit 

in the management and distribution of water throughout the system, as it relates to satisfying Management Ranges.  

Currently, the dams in the Reservoirs are controlled with 12-inch stoplogs, meaning that water level adjustments can 

only be implemented in increments allowed by a 12-inch stoplog.  Increasing the functional control of the Reservoir 

dams may be as straightforward as including a 6-inch stoplog at each dam to allow water level changes in smaller 

increments, and recognizing these smaller stoplog increments in the hydrotechnical model.  

 

Winter operations in the Haliburton Reservoirs has traditionally been a challenge for the operations group, given the 

difficulty of access to some of the lakes and the risk associated with stoplog changes compared to summer 

operations.  However, greater adaptability and capability to implement stoplog changes in winter months will 

increase the likelihood that all Reservoirs are filled during the freshet more often.  The methods to improve this 

adaptability may include specialized training and equipment for winter operations or modified dam control structures.  

Potential implications to manpower requirements and operational costs would have to be considered.  

 

The need for this adaptability becomes apparent particularly when considering the potential impacts of climate 

change, discussed in Section 2 to Section 4 in this report.  Although the overall volume of the freshet is not 

anticipated to significantly change, the snowpack will melt earlier, and more precipitation will fall as rain during the 

winter.  If the ability to implement winter stoplog changes and provide operational control is not enhanced, there will 

be an increased probability of not capturing enough of the freshet runoff to fill the Reservoirs in a typical year.   

 

Public Communication 

In its role as a heritage site and significant recreational destination, public support and engagement in the TSW is 

critical.  To enhance this support, it is important that water control operations be transparent to the greatest extent 

possible, so that operational decisions are understood and no “black-box” elements of the system exist that may be 

confusing or misunderstood.  Regular operational communications would include updates on navigation and storage 

levels, warnings of impending water level drawdowns or increases, and notification of stoplog manipulations for 
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Reservoirs with significant population or concerns.  The Management Ranges for each lake would also be publically 

available.  

 

It may be beneficial to develop dedicated staff capabilities in public communication, whether through cross-training 

or new hires, that are specific to communication of technical material to non-technical audiences, as well as on 

effective strategies to ensure transparency of water control operations is achieved.   

 

The TSW currently displays water levels at each lake on its website, but these levels must be manually updated by 

the Water Control Engineer, and there are no Management Ranges displayed to provide context to the water level, 

other than the 25-year minimum and maximum levels which do not necessarily provide an accurate representation of 

future operations.  The navigation ranges are also displayed for the navigable lakes, which again do not necessarily 

represent the true operating range.   

 

Operational communications would also include an annual public forum to foster stakeholder relationships and 

provide results on the past year‟s performance.   

 

8.4 Operations outside of Management Ranges  

The Management Ranges are developed to reflect the water levels and flows at which the Water Management Goals 

are optimally satisfied (as much as possible); however, there is an understanding that there will be circumstances 

that cause water levels to move out of the Management Range, such as drought, flood, or operational requirements 

(i.e., to allow for maintenance of a dam).  Protocols for these critical situations, both high and low water level, should 

be developed to mitigate the potential impacts of being outside of the Management Ranges.  These management 

plans do not approve or condone these critical situations, merely acknowledge the inevitability of their occurrence 

and provide a means to return water levels to the Management Range with the least possible impact.  

 

8.4.1 High Water Level Management Plan  

The High Water Level Management Plan should be developed and implemented to mitigate the impact of floods, 

high water levels and high flows, typically associated with the goal of reducing threats to public safety and 

infrastructure.   

 

This may lead, for example, to having winter water levels in the Haliburton Reservoirs decrease below winter 

settings (by removal of stoplogs) after a freshet forecast indicates a potential large flood.  This may negatively 

impact the natural environment (i.e., fish spawning), but may be a less severe impact than the results of more 

significant flooding during the freshet.  The impacts to each of the goals would be evaluated when considering the 

need to implement this plan; however, a high water level management plan would typically involve the goal of 

reducing threats to public safety, which is the highest priority goal for Waterway operations regardless of the season 

or Sector.   

 

In this critical situation management plan, the maximum number of stoplogs to be removed per day to lower the 

Reservoirs should be determined in order to not create high flows in downstream areas which can also lead to 

increasing flood risk.  It may be that the most effective way to mitigate risk due to high water is to instead place logs 

in the lakes to retain more water.  It is recommended to better define this critical situation management plan, which 

could be conducted in parallel to the development of Management Ranges and/or hydrotechnical model.  
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8.4.2 Low Water Level Management Plan  

The Low Water Level Management Plan should be developed and implemented to mitigate the impact of drought, 

low water levels and low flows, typically associated with the goals of contributing to the health of Canadians (i.e., 

water quantity and quality), navigation and recreation.   

 

This may lead, for example, to having water levels in the Kawartha Lakes during the navigation season to the lower 

limit of the Management Ranges, but since it is still within the Management Range the Water Management Goals 

are being satisfied.  This will help to avoid being below the lower limit of Management Ranges in the Haliburton 

Reservoirs.  The plan would explicitly balance the impact of being low within the Kawartha Lakes Management 

Range with dropping below the Haliburton Reservoirs Management Range.  
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9. Operational Case Studies 

The review of the Operational and Constraint Management Processes has suggested several modifications or new 

elements that might be considered in future operations, including: 

1. Management Ranges for all lakes, reservoirs and waterways in the system; 

2. Enhanced collection, management and utilization of data from a variety of internal and external sources; 

3. Hydrotechnical modelling tools for runoff forecasting and optimal hydraulic management of water levels and 

flows, including enhanced snowpack, water equivalent and runoff assessment during the spring freshet; and 

4. Increased communications with watershed residents. 

 

As part of the Water Management Manual, two operational case studies were evaluated for potential causes of high 

flows and water shortages in the system (1991 and 1999, respectively).  To complement this evaluation, the case 

studies are presented again with consideration of the potential impacts of implementing the recommendations in this 

report, particularly the points listed above.   

 

9.1 Case Study #1 – 1991 – High Flows 

The spring of 1991 saw very high flows through the Burnt River system, causing record-high water levels in some 

downstream lakes (e.g., Buckhorn Lake, Rice Lake).  The excess water came from a large precipitation event in 

early April. 

With regards to high flows, there are two factors that have a significant influence on the impact that TSW operations 

can have on flood levels:  

1. The magnitude of storage that is available within the system can impact operational control during flood events 

since the outlet controls were never developed for flood control but rather as a means to regulate for low flow 

augmentation for log-drives and navigation; and  

2. Typical practice for reservoir operations states that discharges should not be conducted to create storage in 

the face of forecasted rainfall due to the following potential impacts: 

a) the rainfall may never come and the future low flow augmentation capability may be compromised; 

and  

b) the discharge may increase risk of downstream flooding.    

 

It was apparent, as stated in the 1991 Burnt River Flood Investigation (MacLaren), that the storage capacity of the 

reservoirs was quickly exceeded due to the magnitude of the rainfall event and that operations at the time appeared 

to maximise any flow reduction that could be achieved with the minimal storage available.  

When evaluated in the context of the integrated Management Ranges developed in Section 7 of this report, the 

Reservoirs appeared to fill appropriately along the ideal Management Range during April, after a slightly low start in 

February and March.  However, the water level graph representing the Reservoirs, shown in Figure 9-1, displays 

Kennisis Lake, which is on the Gull River system whereas the major flooding occurred on the Burnt River system.  

Although, unless the precipitation was extremely localized to the Burnt River watershed, it is likely that the Gull River 

Reservoirs also experience high flows.  Regardless, Kennisis Lake filled up to its maximum storage level and 

experienced no abnormally high water levels that may have caused impacts to shoreline property or infrastructure.   
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Areas of the TSW downstream of the Reservoirs, represented through Buckhorn Lake (Figure 9-2) and Rice Lake 

(Figure 9-3), did experience abnormally high water levels due to the precipitation, and potentially exacerbated by 

stoplog removals in the Reservoirs.   

After a typical winter drawdown in Buckhorn Lake (and the rest of the Kawartha Lakes), water levels began to rise in 

March as the snowpack melted.  The extreme precipitation at the beginning of April quickly caused water levels to 

rise to a new 25-year high, approximately 50cm above the spill elevation of the dam.  Although the water levels 

returned close to the long-term average by the beginning of May, there is the potential that the high water levels in 

April incurred impacts to adjacent property and infrastructure.  A similar situation was found in Rice Lake, with water 

levels almost 55cm above the spill elevation of the dam, all the more significant considering the very small range of 

water level control available at the Rice Lake dam (13cm).   

This uneven exceedance of the Management Ranges between the different sectors of the TSW would have been 

cause for concern.  Ideally, as lakes in the system begin to exceed their Management Ranges, measures would be 

taken in the other areas of the system to mitigate this impact.  Small exceedances in more lakes is generally 

anticipated to be desirable to large exceedances in only one or two lakes, since a small exceedance would likely 

have a negligible impact to public safety.  Considerations such as this would also form part of the development of 

Management Ranges, as well as the High and Low Water Management Plans (described in Section 8).  

The use of hydrotechnical modelling tools could have allowed a more comprehensive understanding of the impacts 

of the extreme precipitation, including more effective management scenarios to accommodate the flooding, such as 

attempting to retain more water in the Reservoirs.  In addition, the implementation of enhanced data collection and 

management systems could have improved the ability of TSW staff to respond to the event, providing the most 

accurate information for the hydrotechnical model in a timely manner.  Although responding to extreme precipitation 

events is a difficult task in a system as large and complex as the TSW, these tools would have provided the 

resources necessary to mitigate risk due to the high flows, within the capabilities of the system.   

An established public communication medium regarding water control operations would have provided a means of 

informing shoreline residents of the potential impacts of the precipitation, for example by presenting summary results 

from the hydrotechnical model, further reducing the potential for impacts to public safety.   

The April 1991 high flows create a useful case study to develop Management Ranges and hydrotechnical tools for 

improved water management on the TSW, and should be considered during future studies.  
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Figure 9-1 - Kennisis Lake Levels - 1991

Max/Min Observed 1991 Precipitation Average Precipitation 1991 SPWE

Average SPWE Average 25 Year Level Sill Level Spill Level

1991 Water Level Max & Min MR Ideal MR

0

30

60

90

120

150

180

210

240

27044.6

44.9

45.2

45.5

45.8

46.1

46.4

46.7

47.0

47.3

P
re

c
ip

it
a
ti

o
n

 /
 S

n
o

w
 P

a
c
k
 W

a
te

r 
E

q
u

iv
a
le

n
c
y
 (

m
m

)

L
a
k
e
 W

a
te

r 
L

e
v
e
l 

(m
)

Month

Figure 9-2 - Buckhorn Lake Levels - 1991

Max/Min Observed 1991 Precipitation Average Precipitation 1991 SPWE

Average SPWE Average 25 Year Level 1991 Water Level Sill Level

Spill Level Max & Min MR Ideal MR
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Figure 9-3 - Rice Lake Levels - 1991

Max/Min Observed 1991 Precipitation Average Precipitation 1991 SPWE

Average SPWE Average 25 Year 1991 Water Level Sill Level

Spill Level Max & Min MR Ideal MR
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9.2 Case Study #2 – 1999 – Low Flows 

An average snowpack and well-below average precipitation during February, March and April of 1999 created a 

water shortage and caused record-low water levels in some Reservoirs.  However, these conditions are only partially 

responsible for the water shortages in the Reservoirs; many also had record-low water levels during the fall months 

of 1998 which were never corrected prior to the 1999 freshet.  The water levels in Kennisis Lake (Figure 9-4) were 

between 0.3m and 0.4m lower than the long-term average over the winter of 1998-99.   

 

The rest of the TSW did not experience low water levels, as shown in Figure 9-5 and Figure 9-6 for Buckhorn Lake 

and Rice Lake, respectively.  Buckhorn Lake, and the remaining Kawartha Lakes, were drawn down over the winter 

and filled during March and April, staying close to the long-term average water levels.  Through the end of April and 

into May, water levels were at the spill level of the Buckhorn Lake dam.  There was no impact due to low water 

levels when the navigation season opened.  

 

Similar to the 1991 case study, this difference in Management Range divergences would have been a cause for 

concern.  Developing hydrotechnical tools and enhanced data collection and management would have provided 

water managers with a more comprehensive understanding of the system and allowed the water to be potentially 

better balanced between the different sectors.  The balance of low water levels throughout the system is also the 

primary consideration for a Low Water Management Plan, recommended to be developed as part of the Operational 

Management Process.  

 

The most significant impact that the recommendations of this study would have had on this scenario is the 

management of water levels in the fall of 1998, when levels fell well below the minimum Management Range.  The 

potential for these water levels to create water shortages the following spring would have been recognized and 

corrected over the winter months, if possible, or the water levels would never have been drawn so low, especially so 

late in the season when flow augmentation in the Kawartha Lakes is no longer required for navigation.  Although 

there was the potential for the snowpack and regular winter/spring precipitation to fill the Reservoirs as per usual, the 

drawdown of the Reservoirs below the Management Range (or long-term average) created an unacceptable level of 

risk that the Reservoirs would not be filled, a risk that was only mitigated by above-average precipitation in June of 

1999.  
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Figure 9-4 - Kennisis Lake Levels - 1999

Max/Min Observed 1999 Precipitation Average Precipitation 1999 SPWE

Average SPWE Average 25 Year Sill Level Spill Level

1999 Water Level 1998 Water Level Max & Min MR Ideal MR
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Figure 9-5 - Buckhorn Lake Levels - 1999
Max/Min Observed 1999 Precipitation Average Precipitation 1999 SPWE

Average SPWE Average 25 Year 1999 Water Level Sill Level

Spill Level Max & Min MR Ideal MR
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Figure 9-6 - Rice Lake Levels - 1999

Max/Min Observed 1999 monthly P average monthly P 1999 monthly SPWE

average monthly SPWE Average 25 Year 1999 water levels Sill Level

Spill Level Max & Min MR Ideal MR
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10. Recommendations for an Improved Water Management 
Strategy 

The primary recommendation of this study is to incorporate the proposed Water Management Process, described in 

each of the study reports and shown in Figure 10-1, into the water control operations of the Trent Severn Waterway.  

In particular, it is recommended that the following concepts be identified and developed: 

 

 An Operational Management Process that involves data collection, processing, decision making and 

implementation for the optimization of the TSW resources for the benefit of all users in the TSW system; and 

 A Constraint Management Process that results in “Management Ranges” for all of the lakes, reservoirs and 

rivers of the TSW. 

 

 
Figure 10-1 - Water Management Process for the Trent Severn Waterway 

The protocols and terms of reference required to successfully implement each process are also to be developed to 

establish the roles and responsibilities for those involved in each process, for example: 

 

 The Constraint Management Process establishes Management Ranges through the systematic evaluation of all 

considerations related to the six Water Management Goals for all lakes, reservoirs and rivers of the TSW.  

 The Operational Management Process executes water control activities that maintain water levels and flows 

within the Management Ranges and accommodates high and low flow conditions in the TSW. 

The remaining study recommendations relate to either the Operational or Constraint Management Processes, as 

described in Table 10-1. 
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Table 10-1 - Recommendations Related to the Proposed Water Management Processes 

Operational Management Process Recommendations Constraint Management Process Recommendations 

 Expand and revise the role of the current water control group 

 Enhance freshet forecasting procedures 

 Increase functional control in the Haliburton Reservoirs 

 Enhance the collection of operational data 

 Develop a hydrologic model for runoff forecasting 

 Develop a hydraulic model to improve system operations 

 Develop operational protocols for high- and low-water conditions 

 Increase communication of operational activities 

 Establish a Goals & Objectives Committee and study team 

 Identify Goal-Specific requirements 

 Establish Management Ranges for all Lakes and Reservoirs 

 Establish adaptive management protocols to revise Management 

Ranges as conditions evolve 

 

 

These recommendations are described in greater detail in the following sections.  

 

10.1 Recommendations to Develop the Constraint Management Process 

The Constraint Management Process involves the task of developing Management Ranges on all lakes and rivers of 

the Waterway that reflect the consideration of the six Water Management Goals.  An evaluation of the current 

approach to the tasks associated with the proposed Constraint Management Process is described in Section 6, and 

the considerations and methodology for incorporating this process into the TSW management is described in 

Section 7.  The recommendations in this section are focused around incorporating the Constraint Management 

Process into the current water control strategy, following the proposed methodology presented in Section 7.6. 

 

Establish a Goals & Objectives Committee and Study Team 

 

It is recommended to establish a Goals & Objectives Committee (GOC) to guide the implementation of the 

Constraint Management Process.  The GOC would contain representation for each of the six Water Management 

Goals, for a total of six to eight members, including but not limited to the following expertise: 

 

 Waterway operations and water management expertise, likely represented by the TSW water control engineer, 

operations supervisors and other staff; 

 Hydro power; 

 Natural environment science (fisheries, terrestrial ecology, wildlife ecology); 

 Agency expertise and representation: Department of Fisheries and Oceans, Environment Canada, Ministry of 

Environment, Ministry of Natural Resources, Conservation Authorities, etc.;  

 Municipal representation; and 

 Citizen group representation (i.e., local cottage-owners associations). 

 

The specific composition of the GOC may vary within the Waterway, as Management Ranges are developed for the 

different sectors and areas.  Given the diverse array of representation recommended for the GOC, and the 

recommended size of six to eight people to maintain effective working relationships, it is anticipated that GOC 

members may have to fulfill more than one representation role. 

 

In relation to the existing Water Management Advisory Committee (WMAC), it is recommended that the GOC be an 

independent technical body, and that the WMAC serve as an oversight committee to the Constraint Management 

Process.  The GOC would be expected to present the results of the Process to the WMAC as they progress, such as 

the Goal-Specific and integrated Management Ranges.  The WMAC in turn would review the study results and 

provide recommendations to Parks Canada for implementation.  
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The GOC is recommended to form part of a larger study team to include a facilitator, who is anticipated to consist of 

an external party with capabilities appropriate to this process, including: 

 

 Understanding of the technical components of the Trent Severn Waterway; 

 Coordination of public processes; and 

 Stakeholder group facilitation, including consensus building and conflict resolution. 

 

The study facilitator is required to have an extensive understanding of the technical components of the Waterway 

since they will be ultimately responsible for the production of the integrated Management Ranges and will be 

required to contribute technical expertise to the GOC to augment the development of Management Ranges.  

However, this technical knowledge must accompany skill in facilitating groups as comprehensive and diverse as the 

GOC, so that the collaboration required to produce the Management Ranges can be effective.   

 

Identify Goal-Specific Requirements 

 

It is recommended to identify water level and flow requirements, as well as acceptable/unacceptable rates of change 

in water level or flow, to optimally satisfy the requirements for each Water Management Goal in the different seasons 

and geographies of the Waterway (i.e., Goal-Specific Management Ranges).  This is considered one of the primary 

tasks of the GOC and study team, and as such, this recommendation relies on the formation of the GOC and study 

team prior to implementation.   

 

At this stage in the process, the representatives of the GOC function relatively independently, albeit in cooperation 

with the study facilitator who oversees the process.  The members of the GOC responsible for each Water 

Management Goal (there may be several assigned to each Goal) develop their respective Goal-Specific 

Management Range and provide them to the rest of the study team to prepare for the next stage.  

 

It may be necessary to augment the GOC with increased technical capabilities or increased local representation, 

depending on the nature of the Goal being evaluated.  In these situations, it is anticipated that the study facilitator 

(e.g., a consulting firm) would possess the necessary capabilities, whether a technical understanding of the 

Waterway or the ability to effectively solicit public input, to enhance the GOC.   

 

Establish Management Ranges for all Lakes and Reservoirs 

 

It is recommended to develop integrated Management Ranges for all lakes, reservoirs and rivers in the TSW using 

the Goal-Specific Management Ranges developed by the GOC and study team.  The integration of the Goal-Specific 

Management Ranges involves the consideration of geographic and seasonal differences in operational priorities, the 

resolution of conflicts between the different Water Management Goals, and the mitigation of residuals that may occur 

when a Goal is less than optimally satisfied by the resulting integrated Management Range.  Representation of all 

the Goals at this stage is crucial to achieve the transparency necessary for public approval of the integrated 

Management Ranges. 

 

As part of this recommendation is the communication of the results to the public.  Public interests should be 

represented through the GOC (i.e., through cottage-owners associations, etc.), and thus the resultant integrated 

Management Ranges should reflect the considerations of the public.  Note that it is anticipated that some level of 

public communication would have occurred throughout the process, and that this stage consists primarily of the 

communication of results, not the solicitation of feedback.   
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Establish Adaptive Management Protocols to Revise Management Ranges as Conditions Evolve 

 

It is recommended to develop an adaptive management process by which the Management Ranges can be revised 

within the context of TSW management, and particularly through operation of the Waterway.  This process will help 

to ensure that the needs of the various users and stakeholders of the Waterway, as represented through the six 

Water Management Goals, will continue to be satisfied as operational conditions change and as an improved 

understanding of the system requirements is achieved.   This will include facilitate the ability to take climate change 

into consideration.  An additional benefit of an adaptive management protocol is the ability to re-evaluate and re-

develop the Management Ranges based on the results of audits regarding the level of service provided by Waterway 

operations, which is an important component of ongoing transparency and effectiveness of operations. 

 

10.2 Recommendations to Develop the Operational Management Process 

The Operational Management Process concerns the activities of the water control group and the efforts to maintain 

water levels and flows within the Management Ranges established by the Constraint Management Process.  The 

evaluation of the current approach to water control operations is described in Section 6, and potential 

enhancements to this approach, consistent with the adoption of the formalized Operational Management Process, is 

described in Section 8.  This portion of the Water Management Process is currently better established in the day-to-

day activities of the TSW staff when compared to the Constraint Management Process, and therefore the 

recommendations in this section are primarily enhancements to current water control operations, with the goal of 

increasing the effectiveness, efficiency and accuracy of water control decisions.  

 

Expand and Revise the Role of the Current Water Control Group  

 

To effectively implement water management decisions, the water control group should be focused solely on water 

control activities, which consist of maintaining water levels and flows within the determined Management Ranges 

and accommodating high and low flow conditions.  The anticipated benefit of this role clarification is more consistent 

performance and measurable level of service in water control activities.  The effective implementation of water 

control activities may benefit from additional staff capabilities, including: 

 

 Data collection and management staff; 

 Hydrotechnical (i.e., modelling) staff; and 

 Media/public relations staff. 

These capabilities would be required to implement the recommendations contained in this study, and are anticipated 

to be of great benefit to the effectiveness, transparency and accountability of future TSW operations.   

 

Enhance Freshet Forecasting Procedures 

 

Accurate assessment of the freshet volume is critical to mitigate flooding impacts and to ensure that Reservoirs are 

filled prior to the summer.  An effective data collection strategy for the freshet volume is recommended to include the 

following: 

 

 Enhanced data collection of freshet-related information, including: 

 Additional snow course observation stations in the headwater areas, and other areas as found 

necessary, that have significant storage capabilities; and 

 Automated/remote snow sensors for stations located in difficult to reach areas. 

 Evaluate freshet volume and estimated peak flow using proven techniques and modelling tools; 

 Both optimistic (i.e., for flood management) and conservative (i.e., to fill the Reservoirs) freshet forecasts; 
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 The use of a hydrological model to include spring rainfall, water content of snow cover and antecedent and 

future temperatures in order to estimate freshet volume, peak flow, time to beginning of runoff and time to peak 

flow.  The use of a hydrologic model is required for mitigation of high water levels, since snow course 

observation can only estimate the freshet volume, not anticipate flood impacts. 

 

Also recommended to be developed are protocols for water control changes based on the results of the freshet 

forecast, particularly in the Haliburton Reservoirs, to ensure that the greatest chance of filling the Reservoirs with the 

freshet flows is maintained throughout the winter.  This may require a greater level of water control operations in the 

winter months, which would require enhancements in the Haliburton Reservoirs, as discussed in the following 

section.  

 

Increase Functional Control in the Haliburton Reservoirs 

 

The ability to exercise a greater level of control over water levels in the Haliburton Reservoirs would provide benefit 

in the management and distribution of water throughout the system, as it relates to satisfying Management Ranges.  

Currently, the dams in the Reservoirs are controlled with 12-inch stoplogs, meaning that water level adjustments can 

only be implemented in increments allowed by a 12-inch stoplog.  Increasing the functional control of the Reservoir 

dams may be as straightforward as including a 6-inch stoplog at each dam to allow water level changes in smaller 

increments, and recognizing these smaller stoplog increments in the hydrotechnical model.  

 

Winter water control operations in the Haliburton Reservoirs has traditionally been a challenge for the operations 

group, given the difficulty of access to some of the lakes and the risk associated with stoplog changes compared to 

summer operations.  However, greater adaptability and capability to implement stoplog changes in winter months will 

increase the likelihood that all Reservoirs are filled during the freshet in more years, particularly as the impacts of 

climate change begin to occur.  The methods to improve this adaptability may include specialized training and 

equipment for winter operations or modified dam control structures to reduce the amount of manual labour required 

to implement stoplog changes.  Potential implications to manpower requirements and operational costs will have to 

be considered.  Note that winter operations typically carry a higher level of risk to operations staff, compared to 

summer operations, and increased activities in the winter months should consider these risks. 

 

Enhance the Collection of Operational Data 

 

The collection and management of data required for water control operations is recommended to be enhanced in 

four different categories: 

 

 Internal Data - Consistent, accurate and reliable recording of water levels and flows at all lakes, reservoirs and 

rivers, as well as freshet runoff volumes; 

 External Data - Collection of applicable data from external agencies, particularly meteorological data 

(Environment Canada); 

 Data Management - Management of all data in an appropriate database that allows backups, automatic 

linkages, and efficient manipulation and analysis of all data; and  

 Staff Capabilities - Sufficient expertise to support such a data collection and management system. 

Consistent, accurate and reliable recording of water levels and flows, and therefore more consistent, accurate and 

reliable water control decisions, can be achieved through implementation of effective monitoring technologies at 

required locations.  Many locations in the TSW, particularly in the North, Central and South Sectors, currently use 

extensive automated water level gauges; however, the Haliburton Reservoirs are still largely monitored using 

manual staff gauges, which is resource-intensive and difficult to integrate with an automated data management 
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system.  It is important that data be representative of the unique conditions in the Trent Watershed, which is 

particularly important given the size and potential climatic variability throughout the Watershed.  

 

There are several external agencies that collect data that may be of use to TSW operations, most notably 

Environment Canada which distributes meteorological forecasts that are of interest to water managers interested in 

mitigating weather-related risks.  Developing data sharing agreements with these external agencies has the potential 

to greatly expand the data resources available for TSW staff to make effective operational decisions.  Additional 

sources of external data are described in the Data Collection and Management Guide developed under this study. 

 

The power and usability of consistent, reliable and accurate data, both internal and external, is greatly diminished 

without the proper management tools, such as a database.  An effective data management tool would automatically 

process and store data as it is collected, perform quality assurance checks, and allow easy manipulation of stored 

data for decision making.   

 

With the increasingly technical and specialized nature of data collection and management, as well as the use of that 

data for decision making, it is recommended that the TSW have access to staff with capabilities to support the data 

system.  Although the current TSW operations staff have extensive experience with the management of the 

Waterway, it is anticipated that additional staff or staff capabilities would be required to effectively manage the data 

system to the extents recommended in this study.  

 

Develop a Hydrologic Model for Runoff Forecasting 

 

It is recommended that a forecast tool for runoff flow prediction be developed.  Hydrologic modelling provides TSW 

staff the ability to forecast runoff flows given meteorological inputs (i.e., from Environment Canada data sharing 

agreements) and existing hydrotechnical conditions, allowing information on the potential impacts of precipitation 

and freshet events to be obtained.   

 

Several potential hydrologic models have been evaluated in the Evaluation of Water Management Systems and 

Models report developed in this study, ranging in levels of complexity, cost and level of effort required to maintain 

and use.  It is anticipated that a hydrologic model developed for the TSW would not require a high level of 

complexity, although the appropriate staff capabilities would be required to effectively implement the model.  At a 

minimum, the model would be required to contain hydrologic routines to estimate runoff into the system from 

meteorological conditions. 

 

Develop a Hydraulic Model to Improve System Operations 

 

It is recommended to develop a hydraulic model that at a minimum identifies stoplog/gate settings at lakes and 

reservoirs that meet downstream flow requirements (i.e., Management Ranges).  The hydraulic model would be 

integrated with the hydrological model to allow forecasting of flows and water levels within the system.  It is 

anticipated that this model can be based at least in part on the work completed by Acres (1973).   

 

The integrated hydrotechnical model could be used as a decision making tool to assist with the optimization of 

operational activities, for example, to determine dam settings that best meet Management Ranges throughout the 

system, or that meet Management Ranges while minimizing required operations, or other similar measure of 

efficiency and effectiveness.  This model could be used to evaluate different operational scenarios or alternatives 

and determine the implications and performance of each scenario.  
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Develop Operational Protocols for High- and Low-Water Conditions 

 

The Management Ranges are developed to reflect the water levels and flows at which the Water Management Goals 

are optimally satisfied; however, there will be circumstances that cause water levels to move out of the Management 

Range, such as drought, flood, or operational requirements (i.e., to allow for maintenance of a dam).  Protocols for 

these critical situations, both high- and low-water level, are recommended to be developed to mitigate the potential 

impacts of being outside of the Management Ranges.  The protocols would identify risk thresholds outside of the 

Management Ranges, criticality of exceedances, and clear water control strategies in the event of the exceedances.  

These management plans do not approve or condone these critical situations, merely acknowledge the inevitability 

of their occurrence and provide a means to return water levels to the Management Range with the least possible 

impact.  

 

Increase Communication of Operational Activities 

 

It is recommended to increase communication of operational water control activities through varied media coverage.  

As a heritage site and significant recreational destination, public support and engagement in the TSW is critical.  To 

enhance this support, it is important that operations be transparent to the greatest extent possible, so that water 

control decisions are understood and no “black-box” elements of the system exist that may be confusing or 

misunderstood.  Communications would include updates on navigation and storage levels, warnings of impending 

water level drawdowns or increases, notification of stoplog manipulations for reservoirs with significant population or 

concerns and explanations for significant water control changes.  The Management Ranges for each lake would also 

be publicly available. 

 

The Water Control Engineer currently performs much of the public communication activities, but it may be beneficial 

to develop staff capabilities, whether through cross-training or new hires, that are specific to communication of 

technical material to non-technical audiences, as well as on effective strategies to ensure transparency of operations 

is achieved.   

 

Operational communications are also recommended to include an annual public forum to foster stakeholder 

relationships and provide results on the past year‟s performance.   
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Table A-1  -  Climate Stations (Environment Canada) 

  CLIMATE STATION LOCATION ELEVATION RECORD TYPE 
OF 

DATA 

COMMENT ON 
DATA SET LATITUDE N LONGITUDE W  PERIOD LENGTH 

ID NAME ° ' ° ' m   years 

HALIBURTON RESERVOIR LAKES REGION 

1
s
t  

S
ta

ti
o

n
 6163170 HALIBURTON 2 45 0.3 78 29 320 1949-1955 7 daily to complete the 2 others. 

6163171 HALIBURTON 3 45 1.8 78 31.8 330 1987-2010 22 daily 2007, 2010 are incomplete 

6163156 HALIBURTON A 45 0 78 34.8 320 1889-1992 104 daily missing data before 1950 

Combo HALIBURTON     Total Record Length 121    

2
n

d
 

S
ta

ti
o

n
 6165195 MINDEN 44 55.8 78 43.2 274.3 1956-2006 51 daily good 

6165197 MINDEN FORESTRY 44 45 78 42 304.8 1948-1955 8 daily many missing data 

Combo MINDEN     Total Record Length 60     

KAWARTHA LAKES AND OTONABEE RIVER SUB-WATERSHED REGION 

1
s
t  

S
ta

ti
o

n
 6166416 PETERBOROUGH 44 16.8 78 19.2 193.5 1867-1970 104 daily good 

6166418 PETERBOROUGH A 44 14 78 22 191 1969-2005 34 daily good 

6166420 PETERBOROUGH AWOS 44 14 78 22 191 2004-2010 6 daily good 

Combo PETERBOROUGH         Total Record Length 144    

2
n

d
 

S
ta

ti
o

n
 6164430 LINDSAY 44 21 78 45 266.7 1881-1971 91 daily good 

6164432 LINDSAY FILTRATION PLANT 44 21 78 43.8 254.5 1964-1990 27 daily good 

6164433 LINDSAY FROST 44 20 78 44 262.1 1974-2006 33 daily good 

Combo LINDSAY         Total Record Length 126    

RICE LAKE AND LOWER TRENT RIVER SUB-WATERSHED REGION 

1
s
t  

S
ta

ti
o

n
 

6158875 TRENTON A 44 7 77 32 86.0 1953-2010 57 daily good 

6158885 TRENTON ONT HYDRO 44 8 77 36 88.4 1915-1992 77 daily no temperature data 

6150689 BELLEVILLE 
(1)

 44 9 77 23 76.2 1866-2006 140 daily temperature data to 
complete Trenton 6150717 BELLEVILLE PAR LAB 

(1)
 44 10 77 21 88.4 1929-1959 31 daily 

Combo TRENTON         Total Record Length 95    

2
n

d
 

S
ta

ti
o

n
 

Combo PETERBOROUGH (described above)  Total Record Length 144   considered 
representative for Rice 
Lake Region 

(1)
  Belleville stations are outside the watershed (east of Trenton), but temperature dataset is complete and used to assess climate trends over the last 80 years for the 

Lower Trent area. 
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Table A-2  -  Climate Normals (Env. Canada) – Monthly Mean Precipitation and Temperature (1971-2000) 

Month 

HALIBURTON RESERVOIR 
LAKES REGION 

KAWARTHA LAKES AND 
OTONABEE RIVER REGION RICE LAKE AND LOWER TRENT RIVER REGION 

Haliburton Minden Lindsay Peterborough Trent Belleville Smithfied 

Daily Average Temperature (°C) 

Jan -10.9 -10.2 -8.9 -8.9 -7.5 -7.10 -7.40 
Feb -9.2 -8.7 -7.3 -7.7 -6.3 -5.90 -6.00 
Mar -3.6 -2.9 -1.9 -2.0 -1.0 -0.60 -0.70 
Apr 4.4 4.6 5.8 5.7 6.1 6.70 6.50 
May 11.7 11.7 12.8 12.4 12.7 13.70 12.70 
Jun 16.0 16.3 17.4 16.8 17.6 18.70 17.20 
Jul 18.9 18.8 20.1 19.4 20.5 21.60 20.60 
Aug 17.8 17.8 18.9 18.2 19.4 20.6 19.70 
Sep 13.2 13.2 14.2 13.5 14.8 15.9 15.20 
Oct 6.9 7.1 7.9 7.3 8.3 9.3 8.80 
Nov 0.6 0.7 1.8 1.7 2.6 3.2 3.10 
Dec -7.0 -6.4 -5.1 -5.3 -4.0 -3.5 -3.60 

Year 4.90 5.17 6.31 5.93 6.93 7.72 7.18 

Precipitation (mm) 

Jan 85.3 94.0 67.6 58.5 70.1 74.0 87.3 
Feb 66.4 63.1 47.5 50.6 54.0 56.4 74.7 

Mar 76.8 74.2 58.4 65.0 72.4 73.3 94.4 
Apr 70.2 74.3 62.5 68.8 77.1 74.6 83.1 
May 92.8 92.7 81.9 73.2 71.6 74.3 75.4 
Jun 86.8 90.3 83.9 76.7 79.5 70.9 62.0 
Jul 78.0 82.7 73.4 66.7 56.1 52.7 53.9 
Aug 85.5 87.8 89.7 83.2 77.1 80.7 74.4 

Sep 86.6 96.0 91.7 78.4 87.6 86.4 90.7 
Oct 89.4 91.5 72.9 70.0 76.0 76.0 79.8 
Nov 98.1 102.1 84.1 79.0 91.8 87.3 89.2 

Dec 92.9 96.0 67.9 70.3 80.4 85.2 117.4 

Year 1009 1045 882 840 894 892 982 
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Table A-3  -  Results of Analysis on Climate Data – Monthly Mean Precipitation and Temperature (1921-1950 and 1971-2000) 

Climate Station Period 
Number of 
Valid Years 

(1)
 

Months 
Annual 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Monthly Average Temperature (°C) 
             

Haliburton 

1921-1950 21 -10.1 -9.7 -3.7 3.7 10.9 16.4 18.8 17.7 13.5 7.4 0.4 -7.1 4.9 

1971-2000 30 -10.7 -9.2 -3.4 4.3 11.5 16.1 18.8 17.7 13.2 7.0 0.5 -6.8 5.0 

Δ Temperature (°C) -0.6 0.5 0.2 0.6 0.5 -0.2 0.0 0.0 -0.3 -0.4 0.1 0.3 0.1 

Peterborough 

1921-1950 25 -7.8 -7.5 -1.9 5.5 12.6 17.8 20.4 19.8 15.6 8.8 2.0 -5.0 6.8 

1971-2000 30 -8.9 -7.7 -1.9 5.7 12.4 16.8 19.4 18.2 13.5 7.3 1.7 -5.3 6.0 

Δ Temperature (°C) -1.1 -0.2 0.0 0.2 -0.2 -1.0 -1.0 -1.7 -2.0 -1.5 -0.3 -0.2 -0.8 

Trenton 
(Belleville) 

1921-1950 29 -7.1 -7.1 -1.1 5.9 12.6 18.3 21.3 20.3 15.9 9.2 2.7 -4.7 7.3 

1971-2000 30 -7.1 -5.9 -0.6 6.7 13.7 18.7 21.6 20.6 15.9 9.3 3.2 -3.5 7.8 

Δ Temperature (°C) 0.0 1.2 0.5 0.8 1.1 0.3 0.3 0.2 0.0 0.1 0.5 1.2 0.5 

Monthly Average Precipitation (mm) 
             

Haliburton  Too many missing data (only 13 years have 30 missing daily values or less) 
 

Peterborough 

1921-1950 26 69.2 62.2 66.3 62.8 62.2 63.9 71.8 65.6 77.3 59.8 68.1 62.5 792 

1971-2000 30 58.7 50.3 65.0 68.8 73.2 76.7 66.7 83.2 78.7 68.4 79.0 70.3 839 

Δ Precipitation (%) -15% -19% -2% 10% 18% 20% -7% 27% 2% 14% 16% 13% 6% 

Trenton 

1921-1950 29 89.4 68.3 77.1 64.4 71.7 61.2 66.2 60.4 68.7 68.2 78.4 73.3 847 

1971-2000 30 70.6 54.0 72.9 77.1 71.4 79.7 56.1 77.2 87.6 76.5 91.5 80.7 895 

Δ Precipitation (%) -21% -21% -6% 20% 0% 30% -15% 28% 28% 12% 17% 10% 6% 
(1)

 A valid year is a year having 15 missing daily values or less. The valid years for precipitation data for the combo stations Peterborough and 

Trenton have no missing data. 
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1 Background on climate change analysis

The emission of atmospheric greenhouse gases (GHG) concentration is induc-

ing a series of climatic changes, most notably an increase in global mean tem-

peratures and an intensification of the global hydrological cycle (Meehl et al.,

2007a). To assess the magnitude of those changes and understand their impact

on climate, modeling teams around the world have created coupled numerical

models of the atmospheric circulation, the ocean and surface processes. Given

an initial climatic state and the evolution of GHG concentrations, these Global

Climate Models (GCM) simulate the Earth’s climate over hundreds, if not thou-

sands of years.

This requirement of producing long term simulations imposes severe con-

straints on the model, most notably on the model resolution. Each GCM defines

a three dimensional grid over the Earth and computes climatic variables (tem-

perature, pressure, wind speed, humidity, etc) at each grid point, based on the

values stored at the last time step and the physical equations describing their

evolution through time. The higher the resolution, the more equations to solve,

the longer the model takes to reach a solution. Typically, models participat-

ing in the Intergovernmental Panel on Climate Change (IPCC) 4th assessment

report have an horizontal resolution of about 250 km. To illustrate the limita-

tions imposed by the coarse resolution, Figure 1.1 shows the horizontal grid

of the CCCma climate model (CCCma, 2010). It is clear that local weather

specificities, for example related to proximity to the Great Lakes, cannot be

adequately reproduced by GCMs. Rather, GCMs strive to reproduce accurately

climate statistics, eg. the large scale mean state and seasonal cycle of climatic

variables (Randall et al., 2007).

Coarse grid resolution is not the only source of uncertainty affecting GCMs.

Due to the sheer complexity of the climate system, a number of processes are

left unaccounted for, such as ice sheet dynamics, or are known to be poorly

represented, eg. aerosols effect on cloud properties (Solomon et al., 2007a).

These modeling uncertainties are unavoidable, but they tend to decrease as re-

search provides new insight about these processes, and novel ways to simulate

them.

Another source of uncertainty is, however, irreducible: natural climatic vari-

ability. Natural climatic variability can be understood as large scale variations

of the climate that arise due to its chaotic nature. For example, an exceptionally

warm year is a manifestation of this natural climatic variability, while a gradual

1



2 Background on climate change analysis

increase in mean temperatures over 30 years is a signal of underlying climate

changes. Due to this intrinsic variability, two simulations, started with nearly

identical initial conditions, will diverge and eventually become completely in-

dependent. While these simulations end up projecting different sequences of

weather events, their long term climatic averages are similar (Murphy et al.,

2009). This is one of the reasons why climate change studies typically use

large number of simulations: to make sure we extract climate change signals

rather than random fluctuations due to natural variability.

The current trend observed in global air and sea temperatures cannot be ex-

plained by this natural climate variability. According to Solomon et al. (2007a),

greenhouse gases forcing has very likely caused most of the observed global

warming over the last 50 years. To simulate the climate over the next century,

modelers hence need to specify GHG emission scenarios for the future. These

emission scenarios are based on different economic, social and technological

projections. These scenarios and the rationale behind each one are described

in the Special Report on Emission Scenarios (SRES) (Nakicenovic and Swart,

2000). While the document defines six main future scenarios, three are gener-

ally used in most simulations: SRESA2, SRESA1B and SRESB1. The outcome in

terms of global temperature change of each one of these scenarios is presented

in Figure 1.2. While scenarios A2 and A1B induce the highest temperatures at

the end of the 21th century, the differences until the 2050s are not that sig-

Figure 1.1: Model grid of the Canadian Center for Climate Modeling and Analysis
(CCCma) global climate model (CCCma, 2010). Notice that the Great Lakes are repre-
sented by only two grid cells.
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Figure 1.2: From (Meehl et al., 2007a, Fig. 10.4): Multi-model means of surface warm-
ing (relative to 1980–1999) for the scenarios A2, A1B and B1, shown as continuations
of the 20th century simulation. Values beyond 2100 are for the stabilization scenarios
(see Meehl et al. (2007a) Section 10.7). Linear trends from the corresponding control
runs have been removed from these time series. Lines show the multi-model means,
shading denotes the ±1 standard deviation range of individual model annual means.
Discontinuities between different periods have no physical meaning and are caused
by the fact that the number of models that have run a given scenario is different for
each period and scenario, as indicated by the colored numbers given for each period
and scenario at the bottom of the panel. For the same reason, uncertainty across sce-
narios should not be interpreted from this figure (see Section 10.5.4.6 for uncertainty
estimates).

nificant. For the reference period, models use a scenario called 20C3M, which

represents observed GHG concentrations.

To account, at least partially, for the various sources of uncertainties (natural

variability, modeling uncertainties, GHG emission scenarios), climate change

scenarios typically use ensembles. Ensembles are made of multiple simula-

tions called members which differ either by the model they use, the model

parameters, the initial conditions or the GHG emission scenario. Averages over

ensemble members are typically more accurate than results from any individual

member, since they average out the different sources of uncertainties.





2 Methodology

2.1 Region definition

The area under study includes the seven watersheds of the Trent Severn Water-

way (TSW) surrounded by a 20km buffer area (Fig. 2.1). For each GCM, all grid

cells lying in totality or in part over the region are included in the areal mean.

The number of values averaged over thus depends on the resolution of each

GCM, and varies from one to six grid cells (see Table 2.1).

0 100 200

km

Figure 2.1: Map of the study area.

2.2 Model selection

The World Climate Research Programme’s (WCRP’s) Coupled Model Intercom-

parison Project phase 3 (CMIP3) multi-model dataset hosts model simulations

from over twenty teams around the world (Meehl et al., 2007b). For the purpose

of this study, all GCM simulations with data available for precipitation and tem-

5



6 Methodology

Table 2.1: Specifications on selected model simulations

Model name Number of selected members Grid
20C3M A2 A1B B1 cells

BCCR BCM 2.0 1 1 1 1 2

CCCMA CGCM 3.1 5 5 5 5 2

CCCMA CGCM 3.1 T63 1 0 1 1 2

CNRM CM 3 1 1 1 1 2

CSIRO MK 3.0 1 1 1 1 2

CSIRO MK 3.5 1 1 1 1 2

GFDL CM 2.0 1 1 1 1 2

GFDL CM 2.1 1 1 1 1 2

GISS AOM 2 0 2 2 2

GISS MODEL E H 3 0 3 0 2

GISS MODEL E R 3 1 2 1 2

IAP FGOALS 1.0 G 3 0 3 3 2

INGV ECHAM 4 1 1 1 0 6

INMCM 3.0 1 1 1 1 2

MIROC 3.2 HIRES 1 0 1 1 5

MIROC 3.2 MEDRES 3 3 3 3 2

MIUB ECHO G 3 3 3 3 2

MPI ECHAM 5 4 3 4 3 2

MRI CGCM 2.3.2A 5 5 5 5 2

NCAR CCSM 3.0 8 4 7 8 2

NCAR PCM 1 4 4 4 2 2

UKMO HADCM 3 1 1 1 1 1

UKMO HADGEM 1 1 1 1 0 2

peratures during the control (1961–1999) and future (2041–2070) periods were

selected. Table 2.1 presents the models, the number of simulations available

for each GHG future emission scenario and the number of grid cells intersect-

ing the study region. In total, there are 55 simulations for the 20th century

(20C3M), 38 simulations for the A2 scenario, 53 for the A1B scenario and 45 for

B1.

2.3 Data analysis

For each simulation and variable (temperature T and precipitation P), values

over grid cells intersecting the study region were averaged spatially. The tem-
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poral average 〈Tm〉, 〈Pm〉 for each month m over all years in the reference pe-

riod (reƒ ) and the future period (ƒt) are then compared to assess changes

in temperatures and precipitations. For temperatures, the difference between

the mean monthly temperatures is computed, while a ratio is used for mean

monthly precipitations:

Δ〈Tm〉 = 〈Tm〉ƒt − 〈Tm〉reƒ , Δ〈Pm〉 = 100
�

〈Pm〉ƒt
〈Pm〉reƒ

− 1
�

. (2.1)

The deltas (Δ) between the future and reference means for all models are pre-

sented in the spreadsheets CC pr and CC tas of the Excel file named results.xls.

The Climate Change spreadsheet provides the statistics (mean and stan-

dard deviation) on the projected climate change combining all three future GHG

emission scenarios. It summarizes the results of spreadsheets CC pr and CC

tas. Results, plotted in Figure 2.2, show a clear increase in average annual

temperatures of about 2.5 ± .7 � in 2041–2070 with respect to 20th century

conditions1. The results are less clear for annual precipitations, with an in-

crease of just 0.16 ± 0.09 mm/d, or about 6 ± 4% of the mean reference value.

Projections for winter (Dec., Jan., Feb.) precipitations are more conclusive with

an increase of 0.24 ± 0.14 mm/d (11 ± 6%).

The lack of a clear climate change signal for summer precipitation is consis-

tent with IPCC results. IPCC Figure 2.3 shows the Great Lakes region lying right

in the transition zone between lower and higher summer precipitation projec-

tions. This line of zero change is projected to lie further north under scenarios

with larger GHG concentrations (Christensen et al., 2007). However, the GHG

emission uncertainty alone does not explain the low summer signal to noise

ratio of Figure 2.2. Indeed, deltas computed from simulation driven by any

given GHG emission scenario (figure not included) show the same large uncer-

tainty for summer precipitation. This means that irrespective of the GHG future

emission scenario, climate models do not agree on expected changes to future

summer rainfall in the Great Lakes region. This underlines the importance of

using the full spectrum of probable changes for impact and adaptation studies,

and not relying uniquely on the mean or median change.

The mean and standard deviation were also computed over the values for

each individual GHG scenario. These results are presented in the spreadsheets

named after the scenarios 20C3M, SRESA2, SRESA1B and SRESB1. Again, the

standard deviation of the ensemble of GCMs represents the uncertainty related

1The uncertainty given here corresponds to the standard deviation of climate change signals
(Eq. 2.1) among models, and not the inter-annual variability within models.
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Figure 2.2: Ensemble averaged climate change by month for temperature and precip-
itation between the future period (2041–2070) and the reference period (1961–1999).

to modeling and the inherent multi-decadal natural variability (Murphy et al.,

2009), not the inter-annual variability within models.
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Figure 2.3: From Christensen et al. (2007, Fig. 11.12): Temperature and precipitation
changes over North America from the multi-model dataset A1B simulations. Top row:
Annual mean, DJF and JJA temperature change between 1980 to 1999 and 2080 to
2099, averaged over 21 models. Middle row: same as top, but for fractional change
in precipitation. Bottom row: number of models out of 21 that project increases in
precipitation.





3 Conclusion and recommendations

Climate changes in the TSW region were assessed for temperature and precipi-

tation using an ensemble of 23 different GCMs and a total of 136 distinct future

simulations driven by three different GHG emission scenarios. Results indicate

an increase of 2.5 ± .7 � in surface temperatures by 2041–2070. Changes for

annual precipitation are not as conclusive, but results suggest a possible in-

crease in winter precipitations of 11 ± 6 % from the current winter conditions.

An important caveat to keep in mind is that the resolution of GCMs is very

coarse compared with the area under study. Local climatic features therefore

cannot be adequately represented by GCMs. This is specially relevant in this

case since the TSW region is completely surrounded by the Great Lakes, whose

influence on weather is important. As illustrated by Figure 1.1, Lake Ontario

and the Georgian Bay are not resolved by the CCCma model, and thus their im-

pact on local temperatures and precipitations is absent in the model. Regional

Climate Models (RCMs) are expected to perform better in this respect, since

they resolve features at a scale of about 50 km (Laprise, 2008).

Finally, climate change impacts on the hydrological regime are generally

made using downscaled precipitations (Maraun et al., 2010). Downscaling refers

to methods that adjust coarse scale model output to point or local scale using

observed time series. Downscaled precipitations can then be used as inputs in

hydrological models to assess modifications in the hydrological cycle, such as

changes in the occurrence of floods and low-flows. The biases typically found in

climate models precipitation fields make this downscaling correction critically

important for hydrological studies.

11



12 Conclusion and recommendations

Acknowledgments

We acknowledge the modeling groups, the Program for Climate Model Diagnosis

and Intercomparison and the WCRP’s Working Group on Coupled Modelling for

their roles in making available the WCRP CMIP3 multi-model dataset. Support

of this dataset is provided by the Office of Science, U.S. Department of Energy.



Bibliography

CCCma (2010), Canadian Centre for Climate Modelling and Analysis,

http://www.cccma.ec.gc.ca/.

Christensen, J., et al. (2007), Climate Change 2007: The Physical Science Basis.

Contribution of Working Group I to the Fourth Assessment Report of the Inter-

governmental Panel on Climate Change, chap. Regional Climate Projections,

in Solomon et al. (2007b).

Laprise, R. (2008), Regional climate modelling, J. Comput. Phys., 227, 3641–

3666, doi:10.1016/j.jcp.2006.10.024.

Maraun, D., et al. (2010), Precipitation downscaling under climate change. re-

cent developments to bridge the gap between dynamical models and the end

user, Reviews of Geophysics, 48, RG3003, doi:10.1029/2009RG000314.

Meehl, G. A., et al. (2007a), Climate Change 2007: The Physical Science Basis.

Contribution of Working Group I to the Fourth Assessment Report of the In-

tergovernmental Panel on Climate Change, chap. Global Climate Projections,

in Solomon et al. (2007b).

Meehl, G. A., C. Covey, T. Delworth, M. Latif, B. McAvaney, J. F. B. Mitchell, R. J.

Stouffer, and K. E. Taylor (2007b), The WCRP CMIP3 multi-model dataset: A

new era in climate change research, Bulletin of the American Meteorological

Society, 88, 1383–1394.

Murphy, J., et al. (2009), UK Climate Projections science report: Climate change

projections, Met Office Hadley Centre, Exeter.

Nakicenovic, N., and R. Swart (2000), Special Report on Emissions Scenarios. A

Special Report of Working Group III of the Intergovernmental Panel on Climate

Change, Cambridge University Press.

Randall, D., et al. (2007), Climate Change 2007: The Physical Science Basis.

Contribution of Working Group I to the Fourth Assessment Report of the In-

tergovernmental Panel on Climate Change, chap. Climate Models and Their

Evaluation, in Solomon et al. (2007b).

Solomon, S., et al. (2007a), Climate Change 2007: The Physical Science Ba-

sis. Contribution of Working Group I to the Fourth Assessment Report of the

13



14 Bibliography

Intergovernmental Panel on Climate Change, chap. Technical Summary, in

Solomon et al. (2007b).

Solomon, S., D. Qin, M. Manning, Z. Chen, M. Marquis, K. Averyt, M. Tignor, and

H. Miller (Eds.) (2007b), Climate Change 2007: The Physical Science Basis.

Contribution of Working Group I to the Fourth Assessment Report of the Inter-

governmental Panel on Climate Change, Cambridge University Press, Cam-

bridge, U.K.



 

 

 

 

Appendix C 

Results of Climate Change 
Analysis in the Trent Severn 
Waterway Region 
 

By: 

 
 



AECOM Parks Canada Trent Severn Waterway: Water Management Study 
Evaluation of the Current Approach to Water 
Management 

 

 1  

Table C-1  -  Mean Annual Climate Change by Simulation – Summary of Tables C-1 and C-2 

 

ID Model Scenario Run Δ Precipitation

(%)

Δ Surface

Temperature

(°C)

1 BCCR BCM2.0 A1B 1 8.66 2.27

2 BCCR BCM2.0 A2 1 11.00 2.36

3 CCCMA CGCM3.1 A1B 1 8.03 3.16

4 CCCMA CGCM3.1 A2 1 9.55 3.06

5 CCCMA CGCM3.1 A1B 2 9.32 2.79

6 CCCMA CGCM3.1 A2 2 9.85 3.22

7 CCCMA CGCM3.1 A1B 3 10.07 2.72

8 CCCMA CGCM3.1 A2 3 12.32 3.12

9 CCCMA CGCM3.1 A1B 4 6.76 2.93

10 CCCMA CGCM3.1 A2 4 9.51 3.02

11 CCCMA CGCM3.1 A1B 5 8.04 3.32

12 CCCMA CGCM3.1 A2 5 8.38 3.28

13 CCCMA CGCM3.1.T63 A1B 1 8.88 3.20

14 CNRM CM3 A1B 1 11.40 2.61

15 CNRM CM3 A2 1 11.09 2.50

16 CSIRO MK3.0 A1B 1 4.71 1.85

17 CSIRO MK3.0 A2 1 7.61 2.37

18 CSIRO MK3.5 A1B 1 8.05 2.66

19 CSIRO MK3.5 A2 1 9.92 2.65

20 GFDL CM2.0 A1B 1 1.47 3.38

21 GFDL CM2.0 A2 1 5.20 3.14

22 GFDL CM2.1 A1B 1 7.87 2.48

23 GFDL CM2.1 A2 1 6.17 2.26

24 GISS AOM A1B 1 7.04 2.32

25 GISS AOM A1B 2 12.64 2.10

26 GISS MODEL E H A1B 1 6.65 1.77

27 GISS MODEL E H A1B 2 8.20 2.02

28 GISS MODEL E H A1B 3 7.56 1.18

29 GISS MODEL E R A2 1 12.36 2.05

30 GISS MODEL E R A1B 2 9.57 1.62

31 GISS MODEL E R A1B 4 11.05 1.62

32 IAP FGOALS1.0.G A1B 1 3.19 2.36

33 IAP FGOALS1.0.G A1B 2 -0.86 2.75

34 IAP FGOALS1.0.G A1B 3 -0.13 1.83

35 INGV ECHAM4 A1B 1 0.65 2.35

36 INGV ECHAM4 A2 1 -0.69 2.42

37 INMCM3.0 A1B 1 -0.33 2.73

38 INMCM3.0 A2 1 -2.97 2.76

39 MIROC3.2.HIRES A1B 1 4.89 4.15

40 MIROC3.2.MEDRES A1B 1 1.78 3.98

41 MIROC3.2.MEDRES A2 1 2.32 3.69

42 MIROC3.2.MEDRES A1B 2 1.86 4.14

43 MIROC3.2.MEDRES A2 2 0.97 3.64

44 MIROC3.2.MEDRES A1B 3 0.70 3.91

45 MIROC3.2.MEDRES A2 3 2.00 3.22

46 MIUB ECHO G A1B 1 2.78 3.48

47 MIUB ECHO G A2 1 2.16 3.71

48 MIUB ECHO G A1B 2 6.94 3.05

49 MIUB ECHO G A2 2 8.50 3.14

50 MIUB ECHO G A1B 3 5.14 3.05
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Table C-1  -  Mean Annual Climate Change by Simulation – Summary of Tables C-1 and C-2 (suite) 

 

ID Model Scenario Run Δ Precipitation

(%)

Δ Surface

Temperature

(°C)

51 MIUB ECHO G A2 3 5.21 3.06

52 MPI ECHAM5 A1B 1 7.10 2.96

53 MPI ECHAM5 A2 1 11.38 2.27

54 MPI ECHAM5 A1B 2 10.64 2.86

55 MPI ECHAM5 A2 2 7.37 2.28

56 MPI ECHAM5 A1B 3 9.16 2.67

57 MPI ECHAM5 A2 3 8.86 2.42

58 MPI ECHAM5 A1B 4 9.34 2.62

59 MRI CGCM2.3.2A A1B 1 4.87 2.30

60 MRI CGCM2.3.2A A2 1 4.21 2.07

61 MRI CGCM2.3.2A A1B 2 9.65 2.53

62 MRI CGCM2.3.2A A2 2 10.72 2.34

63 MRI CGCM2.3.2A A1B 3 2.56 1.96

64 MRI CGCM2.3.2A A2 3 7.89 2.04

65 MRI CGCM2.3.2A A1B 4 5.71 2.22

66 MRI CGCM2.3.2A A2 4 6.81 2.11

67 MRI CGCM2.3.2A A1B 5 9.13 2.40

68 MRI CGCM2.3.2A A2 5 5.13 2.24

69 NCAR CCSM3.0 A1B 1 5.60 3.23

70 NCAR CCSM3.0 A2 1 4.00 3.34

71 NCAR CCSM3.0 A1B 2 8.47 3.31

72 NCAR CCSM3.0 A2 2 13.11 3.31

73 NCAR CCSM3.0 A1B 3 12.93 2.62

74 NCAR CCSM3.0 A2 3 9.28 2.92

75 NCAR CCSM3.0 A2 4 8.41 3.02

76 NCAR CCSM3.0 A1B 5 14.63 2.80

77 NCAR CCSM3.0 A1B 6 2.28 3.53

78 NCAR CCSM3.0 A1B 7 8.16 3.03

79 NCAR CCSM3.0 A1B 9 7.23 3.05

80 NCAR PCM1 A1B 1 3.00 1.81

81 NCAR PCM1 A2 1 6.26 1.81

82 NCAR PCM1 A1B 2 5.83 1.99

83 NCAR PCM1 A2 2 6.08 1.89

84 NCAR PCM1 A1B 3 5.29 2.22

85 NCAR PCM1 A2 3 4.61 1.79

86 NCAR PCM1 A1B 4 2.63 1.83

87 NCAR PCM1 A2 4 0.89 1.74

88 UKMO HADCM3 A1B 1 6.92 3.42

89 UKMO HADCM3 A2 1 4.92 2.33

90 UKMO HADGEM1 A1B 1 2.78 4.46

91 UKMO HADGEM1 A2 1 3.22 4.05

92 BCCR BCM2.0 B1 1 6.43 1.75

93 CCCMA CGCM3.1 B1 1 6.55 2.45

94 CCCMA CGCM3.1 B1 2 6.09 2.21

95 CCCMA CGCM3.1 B1 3 8.25 1.98

96 CCCMA CGCM3.1 B1 4 3.44 2.43

97 CCCMA CGCM3.1 B1 5 6.97 2.61

98 CCCMA CGCM3.1.T63 B1 1 9.04 2.37

99 CNRM CM3 B1 1 9.74 1.93

100 CSIRO MK3.0 B1 1 8.02 1.20
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Table C-1  -  Mean Annual Climate Change by Simulation – Summary of Tables C-1 and C-2 (suite) 

 

ID Model Scenario Run Δ Precipitation

(%)

Δ Surface

Temperature

(°C)

101 CSIRO MK3.5 B1 1 13.96 1.97

102 GFDL CM2.0 B1 1 4.23 2.31

103 GFDL CM2.1 B1 1 5.29 2.04

104 GISS AOM B1 1 5.97 1.86

105 GISS AOM B1 2 5.73 1.61

106 GISS MODEL E R B1 1 6.28 1.43

107 IAP FGOALS1.0.G B1 1 3.25 1.54

108 IAP FGOALS1.0.G B1 2 -0.68 2.32

109 IAP FGOALS1.0.G B1 3 5.95 1.85

110 INMCM3.0 B1 1 -0.26 2.23

111 MIROC3.2.HIRES B1 1 0.48 3.48

112 MIROC3.2.MEDRES B1 1 6.57 3.06

113 MIROC3.2.MEDRES B1 2 5.06 3.07

114 MIROC3.2.MEDRES B1 3 3.13 2.99

115 MIUB ECHO G B1 1 -1.75 2.89

116 MIUB ECHO G B1 2 5.81 2.40

117 MIUB ECHO G B1 3 1.61 2.84

118 MPI ECHAM5 B1 1 8.07 1.97

119 MPI ECHAM5 B1 2 8.64 2.05

120 MPI ECHAM5 B1 3 6.17 2.27

121 MRI CGCM2.3.2A B1 1 4.08 1.67

122 MRI CGCM2.3.2A B1 2 4.35 1.90

123 MRI CGCM2.3.2A B1 3 6.62 1.47

124 MRI CGCM2.3.2A B1 4 5.59 1.95

125 MRI CGCM2.3.2A B1 5 9.31 2.11

126 NCAR CCSM3.0 B1 1 4.96 2.52

127 NCAR CCSM3.0 B1 2 3.45 2.31

128 NCAR CCSM3.0 B1 3 10.46 2.27

129 NCAR CCSM3.0 B1 4 7.65 1.78

130 NCAR CCSM3.0 B1 5 9.50 2.13

131 NCAR CCSM3.0 B1 6 3.88 2.24

132 NCAR CCSM3.0 B1 7 4.78 2.02

133 NCAR CCSM3.0 B1 9 1.64 1.83

134 NCAR PCM1 B1 2 5.74 1.54

135 NCAR PCM1 B1 3 3.62 1.19

136 UKMO HADCM3 B1 1 -0.08 2.33

Average - complete set - 136 simulations 6.13 2.52

Average - short set - 23 simulations 6.27 2.68

8 Simulation selected for hydrological modeling.
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Table C-2  -  Monthly Climate Change by Simulation - Δ Precipitation [%] 

ID Model 

S
c
e
n

a
ri

o
 

R
u

n
 

Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Annual 

1 BCCR BCM2.0 A1B 1 5.43 31.26 27.74 21.75 8.27 -1.24 6.86 4.66 -8.50 -6.65 24.74 7.27 8.66 

2 BCCR BCM2.0 A2 1 6.86 29.26 15.94 11.08 28.05 -2.00 14.96 7.06 -1.01 -6.01 27.07 11.81 11.00 

3 CCCMA CGCM3.1 A1B 1 22.66 21.14 19.48 22.52 4.31 -4.22 -7.17 -6.53 -18.93 -4.09 26.35 32.99 8.03 

4 CCCMA CGCM3.1 A2 1 5.22 12.89 32.70 13.93 8.44 -4.72 -11.61 -4.25 -5.36 12.84 30.56 32.61 9.55 

5 CCCMA CGCM3.1 A1B 2 29.60 17.15 24.24 18.61 12.11 -0.71 0.55 -9.46 1.30 -8.58 22.69 13.96 9.32 

6 CCCMA CGCM3.1 A2 2 34.80 37.37 13.89 21.04 12.31 -9.94 -8.68 -1.71 4.74 -1.14 28.60 6.60 9.85 

7 CCCMA CGCM3.1 A1B 3 25.16 15.47 16.07 21.99 14.53 4.55 -8.89 -2.19 -7.89 17.11 16.19 15.32 10.07 

8 CCCMA CGCM3.1 A2 3 18.40 35.26 29.09 15.07 17.93 -2.00 -8.93 -7.43 -10.37 16.67 33.45 21.51 12.32 

9 CCCMA CGCM3.1 A1B 4 22.44 4.46 26.57 9.53 2.55 -8.62 1.78 -2.87 0.22 0.63 18.86 14.75 6.76 

10 CCCMA CGCM3.1 A2 4 33.42 0.38 24.88 17.56 14.45 -9.48 0.81 -9.06 1.66 -2.57 14.00 35.99 9.51 

11 CCCMA CGCM3.1 A1B 5 29.09 5.30 28.46 22.46 6.40 -1.94 -7.33 1.64 -5.67 -2.03 13.37 17.71 8.04 

12 CCCMA CGCM3.1 A2 5 21.87 10.31 38.92 22.99 11.75 -13.79 -5.18 5.53 -3.07 5.06 6.48 16.02 8.38 

13 CCCMA CGCM3.1.T63 A1B 1 29.60 8.79 51.52 19.36 8.34 -8.23 -12.24 2.41 -12.85 5.33 26.70 7.34 8.88 

14 CNRM CM3 A1B 1 4.61 15.78 17.54 13.95 2.05 4.26 6.76 7.18 26.19 19.42 10.88 19.89 11.40 

15 CNRM CM3 A2 1 -4.25 24.47 17.90 18.56 -3.57 8.30 -0.38 15.96 19.78 11.20 23.62 16.08 11.09 

16 CSIRO MK3.0 A1B 1 9.31 11.83 8.62 2.22 -5.74 5.30 0.45 2.34 2.64 5.83 3.45 15.61 4.71 

17 CSIRO MK3.0 A2 1 9.32 12.50 10.07 10.12 6.36 -0.10 6.69 4.71 6.00 0.83 8.91 18.16 7.61 

18 CSIRO MK3.5 A1B 1 8.18 16.00 5.61 14.61 21.89 10.45 14.20 21.51 -2.36 -5.65 -14.67 6.57 8.05 

19 CSIRO MK3.5 A2 1 24.08 25.07 15.07 15.29 12.23 12.52 3.19 -2.86 15.54 -7.80 -6.86 3.95 9.92 

20 GFDL CM2.0 A1B 1 18.33 0.47 11.72 2.08 -0.58 -5.14 -6.61 -19.06 -1.45 -3.67 17.21 13.07 1.47 

21 GFDL CM2.0 A2 1 7.32 12.10 23.31 13.74 -0.04 9.74 -12.39 -30.87 -3.41 10.44 10.00 35.67 5.20 

22 GFDL CM2.1 A1B 1 10.84 -7.42 14.11 21.84 14.93 7.02 -0.46 3.22 13.00 13.55 2.55 4.90 7.87 

23 GFDL CM2.1 A2 1 13.83 3.57 3.49 25.81 12.47 3.33 -14.51 7.74 0.51 6.01 10.45 9.57 6.17 

24 GISS AOM A1B 1 20.44 13.57 6.03 9.62 9.33 6.38 1.87 4.26 5.71 10.56 2.13 -0.93 7.04 

25 GISS AOM A1B 2 15.31 22.00 24.17 -6.28 19.02 11.98 10.90 11.16 16.17 6.38 8.65 19.48 12.64 

26 GISS MODEL E H A1B 1 -3.69 15.99 23.72 20.63 10.17 6.76 -3.75 -6.94 -8.14 4.79 23.00 19.91 6.65 

27 GISS MODEL E H A1B 2 -5.14 -6.35 10.75 21.97 11.95 12.43 10.96 2.01 8.72 -2.11 16.42 7.72 8.20 

28 GISS MODEL E H A1B 3 0.15 2.72 14.63 7.65 23.03 0.34 -5.29 4.44 11.84 10.01 12.48 26.05 7.56 

29 GISS MODEL E R A2 1 31.84 8.88 6.68 34.24 25.53 -4.36 4.66 3.48 5.17 16.77 11.40 41.71 12.36 

30 GISS MODEL E R A1B 2 0.60 -11.93 13.46 48.57 18.26 11.28 3.98 -6.96 -7.73 20.21 25.15 12.17 9.57 

31 GISS MODEL E R A1B 4 10.35 -5.51 15.20 25.53 15.81 7.87 9.55 0.83 -2.71 27.09 27.16 7.41 11.05 

32 IAP FGOALS1.0.G A1B 1 0.11 3.37 -7.99 8.32 -3.39 4.12 4.89 17.19 -7.91 8.47 4.22 11.23 3.19 

33 IAP FGOALS1.0.G A1B 2 -0.74 9.60 0.18 11.59 -10.06 6.26 5.40 -1.41 -4.15 -16.67 -1.15 -10.66 -0.86 

34 IAP FGOALS1.0.G A1B 3 -2.97 -5.12 15.12 -2.57 4.23 -6.49 -11.84 0.67 -1.12 -4.91 2.71 8.43 -0.13 

35 INGV ECHAM4 A1B 1 3.65 5.37 -6.36 -1.10 8.55 -0.42 6.06 7.45 -6.92 -6.89 12.46 -12.52 0.65 

36 INGV ECHAM4 A2 1 1.00 -3.83 6.88 -5.03 1.45 -1.85 -2.22 10.83 -6.59 -12.32 -2.68 3.92 -0.69 

37 INMCM3.0 A1B 1 10.02 13.69 9.19 2.00 -13.63 -10.58 -3.47 0.69 -6.96 -23.36 -3.96 11.66 -0.33 

38 INMCM3.0 A2 1 5.58 16.75 -1.79 -12.69 -19.23 -1.48 -3.42 6.21 -6.75 -11.09 -4.70 -1.12 -2.97 

39 MIROC3.2.HIRES A1B 1 22.06 21.19 18.77 8.34 -5.48 -9.12 -19.36 2.48 -8.86 15.01 4.83 21.33 4.89 

40 MIROC3.2.MEDRES A1B 1 7.74 7.51 10.71 13.73 12.67 -8.21 -9.74 -13.45 -17.87 12.36 -2.04 21.77 1.78 

41 MIROC3.2.MEDRES A2 1 9.76 -0.97 22.80 13.09 12.45 -7.86 -3.36 -8.44 -10.94 -10.44 4.35 16.55 2.32 

42 MIROC3.2.MEDRES A1B 2 -2.13 13.80 30.74 12.48 3.37 0.75 -9.51 -16.76 -13.77 11.03 -2.79 7.06 1.86 

43 MIROC3.2.MEDRES A2 2 -0.91 23.09 26.79 1.68 10.66 -6.79 -1.16 -10.39 -32.96 -1.23 5.35 9.43 0.97 

44 MIROC3.2.MEDRES A1B 3 6.66 17.19 1.20 10.97 5.49 -12.51 -17.51 -17.52 -11.28 6.46 17.10 16.72 0.70 

45 MIROC3.2.MEDRES A2 3 13.38 4.97 2.81 14.77 4.40 -2.44 -4.77 -5.86 -22.48 8.78 8.78 7.66 2.00 

46 MIUB ECHO G A1B 1 9.91 20.58 11.21 13.85 -2.39 5.05 -10.95 -2.94 1.18 -12.30 -0.57 17.60 2.78 

47 MIUB ECHO G A2 1 19.11 16.75 13.56 14.85 -17.86 -6.55 -6.70 -5.83 3.06 -5.79 5.01 22.66 2.16 

48 MIUB ECHO G A1B 2 14.18 28.71 21.05 27.33 1.99 -4.75 2.49 -6.31 -8.61 1.42 7.57 18.75 6.94 

49 MIUB ECHO G A2 2 20.14 21.88 11.71 21.32 6.45 3.86 15.69 -8.22 4.64 0.39 3.11 12.19 8.50 

50 MIUB ECHO G A1B 3 12.72 9.48 7.36 10.93 8.31 5.52 -0.55 -8.15 -9.12 1.71 10.82 22.56 5.14 
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51 MIUB ECHO G A2 3 14.74 6.33 8.32 13.74 11.96 1.55 0.36 -4.70 -13.54 7.04 15.35 9.43 5.21 

52 MPI ECHAM5 A1B 1 12.78 15.42 -4.77 -2.47 2.54 1.48 20.89 -1.66 17.23 0.67 21.99 9.39 7.10 

53 MPI ECHAM5 A2 1 25.19 13.47 18.90 12.95 17.25 -6.54 9.94 4.21 7.07 18.04 7.78 16.07 11.38 

54 MPI ECHAM5 A1B 2 24.66 23.07 -10.56 11.38 13.46 26.82 4.54 -2.46 16.61 -5.67 17.38 13.99 10.64 

55 MPI ECHAM5 A2 2 6.42 22.98 -3.46 7.12 6.58 16.76 8.43 2.19 9.42 -3.95 17.39 1.85 7.37 

56 MPI ECHAM5 A1B 3 28.04 13.77 3.44 32.27 13.89 8.37 10.23 6.12 -7.73 -4.25 4.35 7.70 9.16 

57 MPI ECHAM5 A2 3 15.56 5.82 3.26 31.50 5.16 12.79 15.92 0.04 -5.50 5.30 11.30 9.33 8.86 

58 MPI ECHAM5 A1B 4 8.81 32.34 -0.58 -1.17 0.94 13.77 1.76 3.68 3.77 28.12 7.91 23.52 9.34 

59 MRI CGCM2.3.2A A1B 1 13.71 17.64 9.25 -14.91 6.97 -2.21 0.22 4.36 27.74 1.52 7.93 3.25 4.87 

60 MRI CGCM2.3.2A A2 1 12.59 17.54 5.61 -8.51 -4.14 -7.02 -3.34 16.47 18.82 4.58 -1.72 21.05 4.21 

61 MRI CGCM2.3.2A A1B 2 -1.83 14.80 19.71 23.66 -2.29 3.91 8.34 7.05 11.31 8.95 17.54 9.70 9.65 

62 MRI CGCM2.3.2A A2 2 -9.85 31.71 18.26 10.95 7.68 10.42 -1.37 17.13 17.20 -1.34 26.74 12.21 10.72 

63 MRI CGCM2.3.2A A1B 3 12.82 0.47 5.60 19.53 9.16 -6.91 -18.70 13.10 5.38 -4.41 -1.93 6.63 2.56 

64 MRI CGCM2.3.2A A2 3 14.75 13.64 10.81 19.35 8.12 -3.70 -4.55 16.08 -0.98 -1.07 23.85 9.31 7.89 

65 MRI CGCM2.3.2A A1B 4 23.07 -6.14 -4.72 13.62 15.07 -0.98 -8.14 15.08 8.84 2.17 11.85 2.05 5.71 

66 MRI CGCM2.3.2A A2 4 14.15 4.26 -0.78 -6.00 15.97 0.10 -5.72 9.12 22.83 19.62 9.86 4.53 6.81 

67 MRI CGCM2.3.2A A1B 5 8.25 12.84 -2.18 18.22 11.57 0.02 5.36 2.13 18.44 8.87 7.70 20.38 9.13 

68 MRI CGCM2.3.2A A2 5 15.61 2.36 -3.23 9.58 3.42 -5.43 5.19 8.67 11.50 -1.22 14.92 1.93 5.13 

69 NCAR CCSM3.0 A1B 1 11.45 4.11 9.50 2.55 -9.98 4.52 11.75 13.02 6.00 1.91 18.63 -3.85 5.60 

70 NCAR CCSM3.0 A2 1 10.31 11.92 13.82 4.78 -16.77 5.16 6.60 23.13 2.84 -20.92 6.54 3.43 4.00 

71 NCAR CCSM3.0 A1B 2 26.52 2.04 16.60 3.62 -1.96 -16.45 32.70 10.66 34.62 -12.19 10.25 12.93 8.47 

72 NCAR CCSM3.0 A2 2 20.59 0.84 17.84 10.81 -3.46 -1.08 40.61 20.17 25.94 24.37 -0.39 20.92 13.11 

73 NCAR CCSM3.0 A1B 3 13.49 24.49 19.65 10.43 -10.40 11.54 19.61 38.75 -3.74 2.28 19.11 10.30 12.93 

74 NCAR CCSM3.0 A2 3 13.98 21.85 9.91 5.68 3.91 16.28 11.62 36.74 9.09 -18.76 -1.43 13.97 9.28 

75 NCAR CCSM3.0 A2 4 6.14 6.22 3.13 -0.41 13.44 -0.85 32.05 28.77 11.48 -14.87 5.02 23.20 8.41 

76 NCAR CCSM3.0 A1B 5 3.58 0.52 9.57 8.72 9.58 7.67 34.94 45.20 51.25 -11.48 30.56 9.34 14.63 

77 NCAR CCSM3.0 A1B 6 8.87 14.75 14.54 -5.22 -11.56 -3.83 11.01 11.61 -4.85 -14.61 -5.13 13.49 2.28 

78 NCAR CCSM3.0 A1B 7 16.20 11.69 7.16 9.56 1.75 -1.51 20.94 14.69 2.29 -10.27 10.04 12.61 8.16 

79 NCAR CCSM3.0 A1B 9 12.89 0.62 13.21 -6.37 -1.57 5.09 5.49 15.53 21.39 2.13 10.81 17.02 7.23 

80 NCAR PCM1 A1B 1 -10.29 12.95 0.69 5.40 5.02 12.22 6.23 5.58 4.03 -13.54 -9.41 8.95 3.00 

81 NCAR PCM1 A2 1 1.65 11.68 3.95 10.40 10.76 3.63 11.37 6.91 -4.34 3.15 5.24 3.86 6.26 

82 NCAR PCM1 A1B 2 9.96 5.70 5.52 11.24 8.16 -11.53 0.74 6.18 14.94 16.07 17.02 -0.50 5.83 

83 NCAR PCM1 A2 2 -0.23 0.76 2.21 19.93 6.25 6.09 9.67 -0.10 0.38 -6.78 10.10 13.10 6.08 

84 NCAR PCM1 A1B 3 -4.30 10.89 -2.80 4.20 1.28 10.40 2.75 6.99 15.44 14.74 -2.19 13.42 5.29 

85 NCAR PCM1 A2 3 3.11 9.61 13.18 1.75 2.18 -1.22 9.46 1.90 7.49 7.09 -6.76 15.01 4.61 

86 NCAR PCM1 A1B 4 8.95 6.06 19.03 7.10 4.24 -2.30 -9.74 7.41 -4.58 -8.65 10.66 -7.41 2.63 

87 NCAR PCM1 A2 4 9.14 22.94 -3.68 3.74 0.51 -2.61 1.13 -5.30 -20.70 -2.36 6.51 3.96 0.89 

88 UKMO HADCM3 A1B 1 12.69 14.34 24.44 13.31 26.78 7.34 7.98 -5.86 -8.06 -1.42 4.91 -5.73 6.92 

89 UKMO HADCM3 A2 1 26.31 -3.50 8.22 6.61 -4.65 1.71 0.41 -5.75 11.15 15.74 10.32 -4.78 4.92 

90 UKMO HADGEM1 A1B 1 27.75 6.25 -2.29 -4.54 6.58 -2.21 -8.32 -21.58 1.88 -3.68 16.47 24.94 2.78 

91 UKMO HADGEM1 A2 1 14.70 13.18 14.85 10.28 1.61 -16.24 -19.71 -11.23 -15.76 7.21 22.88 22.83 3.22 

92 BCCR BCM2.0 B1 1 9.74 15.97 9.20 4.16 13.60 0.39 6.82 2.69 2.36 7.05 7.75 3.21 6.43 

93 CCCMA CGCM3.1 B1 1 0.86 1.22 13.67 19.27 15.18 -2.42 -5.96 -2.04 -4.21 -4.07 10.62 38.36 6.55 

94 CCCMA CGCM3.1 B1 2 17.58 21.72 -1.52 38.97 5.65 -9.06 -8.46 -7.12 -6.36 8.84 21.55 3.17 6.09 

95 CCCMA CGCM3.1 B1 3 13.43 34.87 12.30 6.03 7.04 8.66 -12.27 -8.01 5.34 11.98 7.55 24.47 8.25 

96 CCCMA CGCM3.1 B1 4 12.14 3.26 16.83 8.88 -5.45 -4.73 6.37 -2.54 8.94 -11.24 0.98 17.89 3.44 

97 CCCMA CGCM3.1 B1 5 20.86 10.51 29.73 19.69 12.12 -12.20 -3.26 8.90 -3.08 -9.02 13.10 9.59 6.97 

98 CCCMA CGCM3.1.T63 B1 1 19.44 3.15 8.41 10.38 -0.75 5.00 -8.06 4.05 3.14 5.89 48.81 16.59 9.04 

99 CNRM CM3 B1 1 8.54 27.19 9.19 20.42 3.49 -1.73 -2.04 7.08 16.30 22.20 12.46 12.65 9.74 

100 CSIRO MK3.0 B1 1 12.90 14.47 22.49 10.82 2.58 8.54 5.31 2.20 7.96 0.42 2.53 7.16 8.02 
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101 CSIRO MK3.5 B1 1 8.20 25.49 15.50 8.74 10.22 30.86 14.85 42.05 18.31 12.08 -9.53 1.41 13.96 

102 GFDL CM2.0 B1 1 7.59 6.88 15.57 10.49 -0.29 12.73 6.53 -6.30 -11.26 -11.88 8.76 15.80 4.23 

103 GFDL CM2.1 B1 1 8.70 -12.48 11.29 21.50 14.32 -3.19 2.07 -3.64 -1.13 9.42 15.97 4.05 5.29 

104 GISS AOM B1 1 25.67 4.85 13.38 5.38 3.54 8.41 -1.29 2.70 8.73 2.57 0.90 2.29 5.97 

105 GISS AOM B1 2 13.71 19.81 -2.56 0.80 2.32 2.18 7.26 -0.01 12.28 6.28 4.69 6.09 5.73 

106 GISS MODEL E R B1 1 8.97 -9.41 1.79 42.18 10.62 -1.64 0.98 -0.83 5.22 27.28 0.82 5.67 6.28 

107 IAP FGOALS1.0.G B1 1 10.24 -5.09 8.47 14.53 -1.65 3.05 2.61 10.37 -11.29 3.53 -2.54 6.01 3.25 

108 IAP FGOALS1.0.G B1 2 -6.06 4.07 3.90 0.84 4.95 -2.03 1.13 -7.52 1.09 -5.47 -6.31 1.71 -0.68 

109 IAP FGOALS1.0.G B1 3 0.45 8.49 18.34 17.08 8.08 -7.58 -5.56 13.63 8.65 8.58 5.10 -1.01 5.95 

110 INMCM3.0 B1 1 10.32 5.77 5.49 4.69 -19.40 -4.66 3.93 18.31 -0.36 -17.58 -2.54 -5.22 -0.26 

111 MIROC3.2.HIRES B1 1 9.96 12.69 21.80 3.97 1.86 -2.27 -14.85 -7.18 -18.79 -9.17 5.73 12.28 0.48 

112 MIROC3.2.MEDRES B1 1 8.60 3.17 11.67 21.60 18.19 -0.96 -0.09 7.41 -2.77 3.01 6.45 7.04 6.57 

113 MIROC3.2.MEDRES B1 2 8.92 16.50 17.14 3.56 31.36 12.01 -2.03 -3.40 -11.94 0.98 -13.16 6.84 5.06 

114 MIROC3.2.MEDRES B1 3 10.87 12.79 0.24 17.78 -2.66 -9.13 3.52 3.29 -5.66 -4.19 4.98 11.57 3.13 

115 MIUB ECHO G B1 1 -1.58 12.06 9.00 5.02 -1.55 -4.83 -8.56 -9.86 4.85 -13.99 -13.27 14.52 -1.75 

116 MIUB ECHO G B1 2 9.38 13.46 13.99 9.18 2.89 3.96 6.99 -1.78 6.77 -5.74 10.97 7.02 5.81 

117 MIUB ECHO G B1 3 23.40 -3.90 1.56 26.01 -2.26 -7.50 -1.05 -5.06 -0.38 -9.08 -4.28 9.73 1.61 

118 MPI ECHAM5 B1 1 19.82 19.40 1.21 -5.60 9.75 -2.71 21.32 0.82 -11.06 19.05 34.08 3.33 8.07 

119 MPI ECHAM5 B1 2 2.69 10.17 -2.57 6.05 11.40 16.08 5.42 2.86 20.32 4.51 26.07 5.25 8.64 

120 MPI ECHAM5 B1 3 18.75 7.87 -12.23 34.89 12.72 16.90 11.79 0.86 -20.65 -8.49 6.24 10.90 6.17 

121 MRI CGCM2.3.2A B1 1 27.00 27.31 12.27 0.94 7.26 7.19 -7.73 -4.95 16.44 -11.37 1.72 -2.92 4.08 

122 MRI CGCM2.3.2A B1 2 -12.92 25.39 3.35 10.24 0.28 0.19 -5.46 9.40 4.55 -4.40 28.57 1.96 4.35 

123 MRI CGCM2.3.2A B1 3 0.27 -1.05 12.42 8.89 13.23 -0.01 -5.84 18.80 9.15 14.19 1.79 6.38 6.62 

124 MRI CGCM2.3.2A B1 4 11.18 3.91 -5.20 18.42 7.54 5.69 0.97 4.06 5.31 0.71 4.52 9.12 5.59 

125 MRI CGCM2.3.2A B1 5 7.04 5.56 11.13 14.67 4.42 1.44 6.23 7.27 17.22 3.57 13.08 24.33 9.31 

126 NCAR CCSM3.0 B1 1 18.29 21.03 10.45 -1.66 -6.70 8.95 4.80 8.55 -0.89 -15.32 13.56 -1.22 4.96 

127 NCAR CCSM3.0 B1 2 12.09 -4.07 4.09 4.95 -7.36 -9.66 14.41 18.21 15.04 -15.46 6.96 11.68 3.45 

128 NCAR CCSM3.0 B1 3 8.52 17.18 16.91 -0.25 5.41 11.36 9.32 26.75 -7.51 15.07 8.88 15.15 10.46 

129 NCAR CCSM3.0 B1 4 -1.85 10.29 6.22 15.30 10.78 -4.33 19.37 40.44 0.12 -9.58 3.79 10.07 7.65 

130 NCAR CCSM3.0 B1 5 7.71 8.61 4.78 4.12 -2.33 9.44 22.20 37.37 43.71 5.54 1.58 2.74 9.50 

131 NCAR CCSM3.0 B1 6 4.27 18.53 7.10 -14.20 4.07 10.91 19.55 18.20 -10.89 7.51 -2.96 -5.79 3.88 

132 NCAR CCSM3.0 B1 7 9.76 -3.10 -0.31 0.83 9.04 2.58 2.89 2.49 -3.80 6.45 6.18 22.16 4.78 

133 NCAR CCSM3.0 B1 9 10.15 11.34 -4.78 1.91 -2.17 2.84 -3.28 6.02 -6.10 -1.73 -4.03 9.57 1.64 

134 NCAR PCM1 B1 2 16.85 13.35 10.52 8.19 11.69 -2.56 0.52 1.02 8.57 6.75 -3.82 5.68 5.74 

135 NCAR PCM1 B1 3 -1.66 3.52 8.44 0.03 7.22 10.28 2.91 12.94 -17.81 -0.34 -8.10 21.45 3.62 

136 UKMO HADCM3 B1 1 1.41 8.83 -5.39 12.47 20.80 -11.51 -7.62 -8.44 -23.33 -5.77 14.49 7.60 -0.08 

Average 11.18 11.11 10.60 11.02 5.78 1.34 2.28 4.12 1.99 1.53 9.19 11.15 6.13 

Standard Deviation 9.59 10.25 10.35 10.82 9.18 8.21 10.67 12.37 12.99 10.74 10.96 9.57 3.58 
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Table C-3  -  Monthly Climate Change by Simulation - Δ Surface Temperature [°C]  
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1 BCCR BCM2.0 A1B 1 3.33 1.57 2.22 2.09 3.51 1.77 1.73 2.04 2.23 1.81 1.46 3.49 2.27 

2 BCCR BCM2.0 A2 1 2.77 1.93 2.35 2.56 3.76 1.24 2.33 1.96 1.80 1.91 1.83 3.84 2.36 

3 CCCMA CGCM3.1 A1B 1 4.53 4.35 3.35 3.12 3.30 3.13 3.15 2.60 2.77 2.53 2.20 2.94 3.16 

4 CCCMA CGCM3.1 A2 1 3.55 3.39 3.58 3.19 3.52 2.89 3.16 2.97 2.62 2.95 2.57 2.39 3.06 

5 CCCMA CGCM3.1 A1B 2 3.12 3.51 2.76 2.34 2.85 2.24 2.00 3.32 3.43 2.93 2.60 2.41 2.79 

6 CCCMA CGCM3.1 A2 2 3.87 4.74 3.05 2.90 3.16 2.76 2.56 3.08 2.94 3.45 2.53 3.62 3.22 

7 CCCMA CGCM3.1 A1B 3 3.27 3.41 2.69 2.86 2.33 2.72 2.63 2.93 2.31 2.66 2.21 2.67 2.72 

8 CCCMA CGCM3.1 A2 3 3.79 4.40 2.94 2.54 2.95 2.92 3.09 3.12 2.93 3.25 2.75 2.72 3.12 

9 CCCMA CGCM3.1 A1B 4 3.87 3.91 2.16 3.18 2.72 2.57 2.95 3.06 2.35 2.23 2.92 3.20 2.93 

10 CCCMA CGCM3.1 A2 4 3.64 4.23 3.57 3.26 2.60 2.76 3.12 3.05 2.38 2.65 2.18 2.83 3.02 

11 CCCMA CGCM3.1 A1B 5 5.18 3.26 3.69 3.42 3.38 2.49 3.19 2.51 3.25 3.86 2.05 3.51 3.32 

12 CCCMA CGCM3.1 A2 5 4.78 4.69 3.25 2.78 3.21 2.59 3.00 2.85 3.22 2.97 2.40 3.59 3.28 

13 CCCMA CGCM3.1.T63 A1B 1 4.13 4.50 3.70 3.56 3.02 2.69 2.97 3.09 3.21 2.85 2.21 2.51 3.20 

14 CNRM CM3 A1B 1 3.47 1.65 1.19 2.27 2.10 2.74 2.89 3.22 3.35 2.33 2.21 3.87 2.61 

15 CNRM CM3 A2 1 3.05 2.68 1.29 1.94 2.06 2.46 2.71 3.03 2.99 2.03 1.90 3.91 2.50 

16 CSIRO MK3.0 A1B 1 3.09 3.30 1.70 0.75 1.14 1.24 1.32 2.10 1.29 1.72 1.40 3.12 1.85 

17 CSIRO MK3.0 A2 1 3.73 5.56 1.93 1.17 1.40 1.06 1.62 2.58 1.21 1.80 2.48 3.94 2.37 

18 CSIRO MK3.5 A1B 1 2.40 2.11 2.36 3.45 3.66 2.61 3.22 2.57 2.68 2.67 1.90 2.30 2.66 

19 CSIRO MK3.5 A2 1 2.08 1.72 1.91 3.11 4.33 2.53 2.97 3.09 3.08 2.37 2.38 2.24 2.65 

20 GFDL CM2.0 A1B 1 3.80 2.19 4.07 2.19 2.31 2.68 4.34 5.60 4.63 2.28 2.95 3.56 3.38 

21 GFDL CM2.0 A2 1 2.63 2.13 4.73 2.82 1.81 2.46 3.77 4.89 4.16 2.08 2.55 3.67 3.14 

22 GFDL CM2.1 A1B 1 1.98 1.65 2.37 2.84 2.03 1.63 3.16 4.35 2.87 2.54 2.04 2.32 2.48 

23 GFDL CM2.1 A2 1 2.18 1.23 1.52 2.60 1.37 1.57 2.16 3.76 2.76 2.34 2.31 3.31 2.26 

24 GISS AOM A1B 1 3.97 3.26 2.33 2.23 2.00 2.15 1.93 1.89 1.70 1.61 1.70 3.03 2.32 

25 GISS AOM A1B 2 3.55 2.73 1.47 1.65 2.16 1.89 2.11 1.91 1.56 1.73 1.83 2.60 2.10 

26 GISS MODEL E H A1B 1 1.85 0.71 1.10 1.95 2.15 2.06 1.50 1.95 1.76 2.03 1.47 2.67 1.77 

27 GISS MODEL E H A1B 2 2.64 1.51 1.70 2.15 2.17 2.18 1.83 1.66 2.34 2.08 1.96 2.00 2.02 

28 GISS MODEL E H A1B 3 1.42 0.14 0.45 1.47 1.67 1.48 1.33 1.65 1.24 1.29 0.42 1.53 1.18 

29 GISS MODEL E R A2 1 2.12 2.56 2.39 1.77 1.97 2.05 1.63 1.99 2.23 1.73 1.75 2.38 2.05 

30 GISS MODEL E R A1B 2 1.69 0.81 1.23 2.15 2.22 2.00 1.58 1.28 1.49 1.86 1.40 1.65 1.62 

31 GISS MODEL E R A1B 4 2.22 1.16 1.07 1.73 2.36 1.71 1.55 1.42 1.86 2.29 1.71 0.40 1.62 

32 IAP FGOALS1.0.G A1B 1 3.77 2.12 2.15 2.40 2.54 1.93 2.05 1.83 2.22 2.71 1.60 2.98 2.36 

33 IAP FGOALS1.0.G A1B 2 3.06 3.56 2.95 1.81 1.69 1.94 2.57 2.61 3.03 2.82 3.56 3.41 2.75 

34 IAP FGOALS1.0.G A1B 3 0.23 1.82 1.75 2.57 2.06 2.12 1.81 2.37 2.02 2.62 1.55 1.06 1.83 

35 INGV ECHAM4 A1B 1 2.56 1.37 2.22 2.75 1.81 2.38 2.30 2.47 2.38 2.05 3.10 2.78 2.35 

36 INGV ECHAM4 A2 1 2.59 2.77 2.01 2.61 2.02 2.36 2.39 2.90 2.15 2.62 2.53 2.08 2.42 

37 INMCM3.0 A1B 1 3.09 2.22 2.55 3.38 1.47 1.89 3.13 3.25 2.63 2.78 2.64 3.71 2.73 

38 INMCM3.0 A2 1 3.94 3.11 3.42 2.70 1.32 2.31 2.64 2.93 2.20 1.72 3.05 3.75 2.76 

39 MIROC3.2.HIRES A1B 1 4.86 4.82 5.08 3.81 4.08 3.55 3.69 3.60 3.81 4.30 4.37 3.87 4.15 

40 MIROC3.2.MEDRES A1B 1 4.41 4.41 5.95 4.74 3.17 2.97 3.44 3.83 4.14 3.44 3.56 3.72 3.98 

41 MIROC3.2.MEDRES A2 1 3.67 4.00 5.73 4.53 3.12 2.58 3.18 3.21 3.06 3.67 3.65 3.88 3.69 

42 MIROC3.2.MEDRES A1B 2 4.75 5.10 6.56 4.75 3.77 3.02 4.08 3.54 3.28 3.29 3.84 3.69 4.14 

43 MIROC3.2.MEDRES A2 2 4.62 4.69 6.27 4.22 2.66 2.29 3.25 3.67 3.32 3.01 2.25 3.40 3.64 

44 MIROC3.2.MEDRES A1B 3 5.19 4.22 4.43 4.26 3.43 3.44 3.69 3.76 4.04 3.71 3.32 3.45 3.91 

45 MIROC3.2.MEDRES A2 3 3.97 3.28 3.47 3.26 2.64 3.15 3.16 2.89 3.14 3.49 3.22 2.95 3.22 

46 MIUB ECHO G A1B 1 4.44 3.42 2.90 2.92 3.05 2.85 3.14 3.48 3.26 3.82 3.84 4.63 3.48 

47 MIUB ECHO G A2 1 4.56 3.85 3.55 3.04 3.21 3.47 3.33 3.86 3.69 3.53 3.89 4.57 3.71 

48 MIUB ECHO G A1B 2 4.27 3.21 1.19 2.20 2.41 3.10 3.28 3.27 3.46 3.46 3.51 3.23 3.05 

49 MIUB ECHO G A2 2 4.30 3.81 2.31 2.42 2.63 2.63 2.26 3.11 3.03 2.97 3.91 4.31 3.14 

50 MIUB ECHO G A1B 3 3.99 2.07 1.61 1.40 2.46 3.03 3.80 3.79 3.23 3.53 3.34 4.38 3.05 
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51 MIUB ECHO G A2 3 3.64 2.50 2.47 2.75 2.66 2.79 3.03 3.33 2.66 3.04 3.59 4.22 3.06 

52 MPI ECHAM5 A1B 1 3.47 3.66 1.89 3.35 3.30 2.14 3.10 3.00 2.68 2.85 3.17 2.85 2.96 

53 MPI ECHAM5 A2 1 3.14 1.92 1.58 1.21 2.48 1.95 2.59 2.77 2.41 2.07 2.61 2.46 2.27 

54 MPI ECHAM5 A1B 2 3.54 3.95 2.23 2.27 2.03 2.20 2.59 3.05 3.18 3.04 3.05 3.17 2.86 

55 MPI ECHAM5 A2 2 1.73 2.72 1.49 2.10 1.75 2.01 2.75 2.03 2.23 3.05 3.09 2.38 2.28 

56 MPI ECHAM5 A1B 3 2.78 2.68 1.74 2.24 2.26 2.48 2.46 3.34 3.31 3.81 2.75 2.22 2.67 

57 MPI ECHAM5 A2 3 2.45 2.94 2.86 1.96 2.59 2.45 2.19 2.94 2.45 2.83 1.77 1.62 2.42 

58 MPI ECHAM5 A1B 4 3.07 3.78 2.91 2.66 2.61 2.23 2.64 2.82 2.46 1.85 1.77 2.63 2.62 

59 MRI CGCM2.3.2A A1B 1 4.22 3.04 1.85 1.96 1.84 2.19 1.95 2.00 1.60 2.42 1.93 2.63 2.30 

60 MRI CGCM2.3.2A A2 1 3.14 2.23 2.28 1.78 1.18 2.25 1.51 2.29 1.71 2.07 2.04 2.40 2.07 

61 MRI CGCM2.3.2A A1B 2 2.33 2.64 2.66 2.38 2.20 2.14 2.18 2.80 2.39 3.04 3.01 2.57 2.53 

62 MRI CGCM2.3.2A A2 2 2.09 2.99 2.31 2.52 1.98 1.99 1.83 2.48 2.04 3.10 2.51 2.19 2.34 

63 MRI CGCM2.3.2A A1B 3 1.48 1.78 2.21 1.42 1.62 1.95 2.12 2.74 1.98 2.23 2.20 1.75 1.96 

64 MRI CGCM2.3.2A A2 3 1.58 2.33 2.59 1.58 1.77 2.14 1.92 2.52 2.23 2.26 2.14 1.47 2.04 

65 MRI CGCM2.3.2A A1B 4 2.68 2.27 1.29 2.32 0.75 2.18 2.22 2.21 1.97 2.95 3.02 2.77 2.22 

66 MRI CGCM2.3.2A A2 4 3.39 2.45 0.87 1.50 1.54 2.11 1.99 1.45 1.70 2.75 2.62 2.99 2.11 

67 MRI CGCM2.3.2A A1B 5 3.05 2.56 2.34 2.13 1.49 2.39 1.78 2.58 2.77 2.33 2.61 2.76 2.40 

68 MRI CGCM2.3.2A A2 5 2.90 2.95 1.50 1.57 1.61 2.28 1.83 1.95 1.69 2.35 2.75 3.54 2.24 

69 NCAR CCSM3.0 A1B 1 3.75 3.01 3.39 3.05 3.38 3.10 2.71 3.10 3.23 3.47 3.18 3.36 3.23 

70 NCAR CCSM3.0 A2 1 3.61 2.80 3.63 2.91 2.45 3.02 3.18 2.87 4.00 3.99 3.31 4.27 3.34 

71 NCAR CCSM3.0 A1B 2 4.77 2.25 3.93 2.86 3.29 3.12 2.99 3.72 2.05 2.86 3.54 4.32 3.31 

72 NCAR CCSM3.0 A2 2 4.40 3.07 3.74 2.29 2.48 3.08 3.12 3.34 2.78 3.49 3.08 4.90 3.31 

73 NCAR CCSM3.0 A1B 3 3.16 2.31 2.73 1.97 1.29 1.63 3.25 3.01 2.96 3.17 3.19 2.74 2.62 

74 NCAR CCSM3.0 A2 3 3.81 2.49 2.18 2.43 1.85 2.47 3.91 3.27 2.68 3.43 3.63 2.85 2.92 

75 NCAR CCSM3.0 A2 4 3.17 3.11 2.95 2.53 2.83 3.09 2.95 3.38 2.71 2.50 3.78 3.19 3.02 

76 NCAR CCSM3.0 A1B 5 3.37 3.03 1.55 1.79 2.37 2.56 2.65 2.11 2.46 2.74 4.77 4.24 2.80 

77 NCAR CCSM3.0 A1B 6 4.01 3.01 3.40 2.73 3.83 3.49 3.70 3.28 3.79 3.22 3.61 4.33 3.53 

78 NCAR CCSM3.0 A1B 7 3.03 3.29 2.46 2.65 2.50 3.44 3.51 2.98 2.98 2.60 3.19 3.69 3.03 

79 NCAR CCSM3.0 A1B 9 3.48 2.88 3.61 2.48 2.88 3.08 3.35 2.88 1.97 2.73 3.85 3.37 3.05 

80 NCAR PCM1 A1B 1 2.18 3.16 1.71 0.73 1.76 1.74 1.53 1.67 1.62 2.35 1.31 1.90 1.81 

81 NCAR PCM1 A2 1 3.49 3.00 1.90 0.74 1.48 1.49 1.22 1.41 1.64 1.57 1.23 2.59 1.81 

82 NCAR PCM1 A1B 2 3.14 0.77 2.82 1.25 1.49 1.98 1.90 1.74 2.19 1.58 1.55 3.42 1.99 

83 NCAR PCM1 A2 2 2.75 1.29 2.28 1.13 1.56 2.17 1.71 1.65 2.14 2.00 1.26 2.74 1.89 

84 NCAR PCM1 A1B 3 2.90 3.77 3.12 1.40 1.25 1.97 1.41 2.24 2.39 1.80 2.09 2.30 2.22 

85 NCAR PCM1 A2 3 2.87 2.76 2.60 1.13 1.04 1.55 1.15 1.47 2.18 2.58 0.60 1.60 1.79 

86 NCAR PCM1 A1B 4 2.02 1.76 2.73 1.05 1.97 1.46 1.80 2.19 2.17 1.06 1.98 1.79 1.83 

87 NCAR PCM1 A2 4 1.65 3.02 1.74 0.63 1.40 1.19 1.30 1.54 2.60 1.52 2.38 1.97 1.74 

88 UKMO HADCM3 A1B 1 4.06 4.00 4.41 2.71 3.09 2.89 3.59 3.95 3.55 2.91 3.17 2.68 3.42 

89 UKMO HADCM3 A2 1 2.20 1.27 1.94 2.88 2.82 2.22 2.22 2.73 2.99 2.54 2.35 1.78 2.33 

90 UKMO HADGEM1 A1B 1 5.71 3.91 5.10 3.76 3.68 3.69 4.39 5.10 2.73 4.06 4.84 6.59 4.46 

91 UKMO HADGEM1 A2 1 5.04 4.61 4.99 3.05 2.91 3.70 4.23 4.63 3.35 3.20 2.98 5.93 4.05 

92 BCCR BCM2.0 B1 1 2.41 0.64 1.56 1.64 2.85 1.43 0.88 1.45 1.34 1.44 1.51 3.83 1.75 

93 CCCMA CGCM3.1 B1 1 3.07 3.19 3.48 3.30 2.59 2.04 2.27 2.86 1.37 1.70 1.75 1.81 2.45 

94 CCCMA CGCM3.1 B1 2 1.85 2.53 2.67 2.05 2.25 1.87 1.76 2.45 2.50 2.71 2.11 1.77 2.21 

95 CCCMA CGCM3.1 B1 3 2.35 2.84 0.83 1.72 1.73 1.94 1.89 2.76 1.58 2.15 2.37 1.61 1.98 

96 CCCMA CGCM3.1 B1 4 2.37 3.45 3.17 2.46 2.30 2.09 2.20 2.61 1.68 2.13 1.68 2.99 2.43 

97 CCCMA CGCM3.1 B1 5 4.18 3.79 2.60 2.83 2.30 1.76 2.59 2.10 2.41 2.41 1.82 2.48 2.61 

98 CCCMA CGCM3.1.T63 B1 1 2.56 2.82 2.06 2.37 2.88 2.52 2.54 2.26 2.01 2.10 2.26 2.12 2.37 

99 CNRM CM3 B1 1 3.18 0.93 1.01 1.78 1.81 1.34 2.20 2.18 2.42 1.92 1.62 2.72 1.93 

100 CSIRO MK3.0 B1 1 1.89 3.03 1.34 0.74 0.88 0.56 0.60 1.17 0.04 0.79 1.38 1.92 1.20 
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101 CSIRO MK3.5 B1 1 1.46 1.93 1.48 2.06 3.11 2.09 2.02 1.51 2.25 2.06 1.71 1.97 1.97 

102 GFDL CM2.0 B1 1 2.18 1.16 2.49 1.85 1.83 1.94 2.91 3.89 2.87 1.98 1.94 2.66 2.31 

103 GFDL CM2.1 B1 1 2.19 0.58 1.00 2.55 1.26 1.21 2.81 2.90 2.35 2.54 2.57 2.50 2.04 

104 GISS AOM B1 1 2.75 1.46 2.01 2.10 1.94 1.54 1.54 1.52 1.80 1.66 1.60 2.37 1.86 

105 GISS AOM B1 2 2.58 2.01 1.50 1.91 1.68 1.39 1.49 1.32 1.47 1.05 1.19 1.76 1.61 

106 GISS MODEL E R B1 1 1.37 1.12 1.76 1.54 2.09 1.38 1.39 1.51 1.04 1.30 1.00 1.58 1.43 

107 IAP FGOALS1.0.G B1 1 1.57 0.69 1.72 2.26 2.05 1.66 1.66 1.38 1.68 1.74 0.99 1.12 1.54 

108 IAP FGOALS1.0.G B1 2 3.97 2.57 2.40 1.44 1.41 1.55 1.57 1.94 2.21 2.62 3.34 2.81 2.32 

109 IAP FGOALS1.0.G B1 3 1.45 3.21 2.82 2.15 1.59 1.57 1.29 1.31 1.54 1.96 1.32 1.97 1.85 

110 INMCM3.0 B1 1 3.31 2.12 2.41 2.64 1.02 1.45 2.51 2.17 2.20 1.84 2.30 2.77 2.23 

111 MIROC3.2.HIRES B1 1 3.98 4.02 4.99 3.55 2.55 2.74 2.94 3.00 3.13 3.82 3.60 3.45 3.48 

112 MIROC3.2.MEDRES B1 1 3.17 3.73 3.35 4.02 2.55 2.14 2.36 2.69 3.03 3.37 3.41 2.84 3.06 

113 MIROC3.2.MEDRES B1 2 4.16 3.25 4.80 3.46 2.62 1.82 2.67 3.12 2.69 2.78 2.46 2.98 3.07 

114 MIROC3.2.MEDRES B1 3 4.28 3.55 3.34 3.30 2.22 2.66 2.59 2.60 2.99 2.61 2.97 2.80 2.99 

115 MIUB ECHO G B1 1 3.30 3.34 1.99 2.55 2.70 2.72 2.89 3.02 2.94 2.93 2.73 3.52 2.89 

116 MIUB ECHO G B1 2 3.35 2.14 1.38 1.72 2.33 2.30 2.56 2.84 2.74 2.43 2.76 2.27 2.40 

117 MIUB ECHO G B1 3 3.54 1.97 2.51 3.06 1.92 2.99 2.63 2.98 2.56 3.27 2.60 4.02 2.84 

118 MPI ECHAM5 B1 1 2.56 2.41 1.58 1.57 2.40 1.64 1.76 1.84 2.25 1.74 2.16 1.77 1.97 

119 MPI ECHAM5 B1 2 1.87 1.81 1.11 2.13 1.70 2.15 1.80 2.07 1.61 2.30 3.14 2.91 2.05 

120 MPI ECHAM5 B1 3 2.32 2.18 1.79 1.71 2.15 2.33 2.12 2.91 2.46 2.62 2.28 2.42 2.27 

121 MRI CGCM2.3.2A B1 1 3.01 1.44 1.17 1.49 1.18 1.38 1.74 1.75 1.67 1.96 1.38 1.91 1.67 

122 MRI CGCM2.3.2A B1 2 1.96 2.52 2.48 1.94 1.46 1.61 1.51 1.78 1.71 2.03 2.14 1.61 1.90 

123 MRI CGCM2.3.2A B1 3 1.01 2.01 1.52 1.01 1.33 1.90 1.55 2.07 1.13 1.20 1.80 1.15 1.47 

124 MRI CGCM2.3.2A B1 4 2.89 1.61 1.40 1.69 1.26 2.16 2.03 1.09 1.73 2.16 2.38 3.02 1.95 

125 MRI CGCM2.3.2A B1 5 2.36 1.74 1.39 1.92 1.29 2.07 1.90 2.11 2.16 2.73 2.81 2.89 2.11 

126 NCAR CCSM3.0 B1 1 3.28 2.99 2.29 2.79 1.86 2.32 2.33 1.78 2.51 2.58 2.41 3.16 2.52 

127 NCAR CCSM3.0 B1 2 1.81 1.44 3.42 1.46 1.70 2.47 2.59 2.68 2.04 2.26 2.95 2.93 2.31 

128 NCAR CCSM3.0 B1 3 2.24 2.82 2.72 1.66 1.17 1.86 2.51 2.51 2.30 2.73 2.31 2.35 2.27 

129 NCAR CCSM3.0 B1 4 1.21 1.29 1.81 1.81 1.83 2.30 2.10 2.23 1.39 1.51 2.18 1.71 1.78 

130 NCAR CCSM3.0 B1 5 2.53 2.65 1.61 1.52 2.48 1.97 1.48 1.11 2.08 1.44 3.76 2.98 2.13 

131 NCAR CCSM3.0 B1 6 2.32 2.66 2.36 2.40 2.40 1.65 2.30 1.87 1.95 2.38 2.69 1.86 2.24 

132 NCAR CCSM3.0 B1 7 2.20 2.05 1.45 1.19 1.24 1.94 2.60 2.07 2.62 1.81 1.94 3.15 2.02 

133 NCAR CCSM3.0 B1 9 1.28 2.71 2.42 1.47 1.90 1.79 2.57 1.80 1.34 1.52 2.28 0.91 1.83 

134 NCAR PCM1 B1 2 2.30 1.29 2.62 0.50 1.41 1.23 1.36 1.60 1.31 1.53 1.02 2.33 1.54 

135 NCAR PCM1 B1 3 1.61 2.26 0.97 0.16 0.33 0.86 1.04 1.73 1.85 1.37 1.06 1.02 1.19 

136 UKMO HADCM3 B1 1 2.20 1.27 1.94 2.88 2.82 2.22 2.22 2.73 2.99 2.54 2.35 1.78 2.33 

Average 3.03 2.68 2.52 2.31 2.24 2.23 2.42 2.60 2.44 2.48 2.46 2.82 2.52 

Standard Deviation 1.02 1.08 1.16 0.87 0.76 0.62 0.77 0.84 0.75 0.72 0.84 0.97 0.67 

 

 


	
	
	
	
	
	

	
	

