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In the spring of 2017, mere months after the outflow  
regulations known as Plan 2014 went into effect, 

extremely wet conditions across the Lake Ontario and 
St. Lawrence River basins caused water levels to rise  
to record heights over the course of a few weeks. Severe 
flooding struck the shoreline of both Lake Ontario 
and the St. Lawrence River, impacting many shoreline 
residents and businesspeople. High water also caused 
major difficulties for Indigenous Nations, boaters,  
commercial shippers, farmers and other interests.  

Flood waters returned in the spring of 2019 with water 
levels breaking the records set just two years earlier, 
disrupting commercial navigation, damaging shore-
lines yet again, and harming most, if not all, water uses 
and interests. The period from late May through the 
beginning of August 2019 was the worst extended 
period of high water since record-keeping began more 
than a century ago. Governments, insurers and pri-
vate parties spent hundreds of millions of dollars on 
recovery and resilience work after the two floods. The 
lives and livelihoods of thousands of people and the 
operations of many businesses, farms and local gov-
ernments were disrupted for weeks and months. Some 
angry parties blamed Plan 2014 for the damaging high 
water, though technical reviews showed that without 
the infrastructure and operations under Plan 2014 
water levels would have been higher. Others pointed 
fingers at the appointed International Lake Ontario-St. 
Lawrence River Board (Board) that can deviate from 
the rules of Plan 2014 when levels are extreme. A few 
claimed the Board unfairly deviated too much to help 
one interest or not enough to help another.  

The Board employed several strategies to try and bal-
ance the interests of different sectors of the lake-river 
system between 2017 and 2020, but no regulation 
of outflows can prevent flooding when the events 
are so extreme. Members believe that the decisions 

Executive summary 

Overview 
 
SNAPSHOT
•  �After two years of damaging high water on  

Lake Ontario and the St. Lawrence River, The 
International Joint Commission (IJC) ordered  
an immediate, expedited review of Plan 2014, 
the outflow regulations for the lake. The Great 
Lakes-St. Lawrence River Adaptive Management  
(GLAM) Committee, established by the IJC, is  
conducting the review.

•  �Phase 1 of that Expedited review, the focus of 
this report, makes significant steps forward for 
the IJC’s International Lake Ontario-St. Law-
rence River Board (Board). The Board oversees 
the operation of Plan 2014 and has the authori-
ty to deviate from the plan’s provisions during 
times of extreme high or low water.

•  �Working on a compressed timetable, the 
GLAM Committee has examined the ways the 
Board has selected deviations in the past, 
gathered considerable data and information 
on the impacts of extremely high water levels, 
and analyzed the Plan 2014 limits from which 
the Board often deviates. The GLAM Commit-
tee has used that information to uncover 
possible new deviation strategies and to 
create an interactive Decision Support Tool 
(DST) to inform Board decision-making.

•  �The DST illustrates the uncertainties and risks 
inherent in the decision process. It provides the 
Board with a wealth of information that reduces 
some of those uncertainties. It also informs  
the Board about tradeoffs —  the benefits and 
harms that changes in water levels and flows 
can bring about for competing interests on Lake 
Ontario and the St. Lawrence River. The DST 
informs the Board’s decision making, but does 
not make decisions for the Board. 
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they made with the information they had available at 
the time were reasonable and warranted. However, 
in the wake of those two high-water episodes, Board 
members have said they could use more information 
on the incremental impacts to interests and regions of 
the deviations they considered, particularly informa-
tion that can inform decisions at the pace with which 
they need to be made. They asked for more insight 
and confidence in the potential consequences of their 
actions. The Great Lakes-St. Lawrence River Adaptive 
Management (glam) Committee, which is conducting  
a two phased  expedited review of Plan 2014, has been 
working to give the Board what it asked for. 

As detailed in this Phase 1 report, the glam Commit-
tee has produced an innovative Decision Support Tool 

(dst) designed to give the Board objective information 
about deviation outcomes. The tool provides broad-
based metrics and up-close data about the potential 
impacts of deviation decisions across interest groups 
and geographic areas. The dst will not give the Board 
the power to eliminate extreme high or low water, nor 
will it make decisions for the Board. The Board will 
continue to have only a modest ability to influence wa-
ter levels. Nevertheless, the dst will inform the Board 
so that it better understands the impacts and uncer-
tainties of deviation options, and thus enables them 
to make effective decisions while maintaining their 
ability to be as fair and impartial as possible within the 
context of the Boundary Waters Treaty (https://www.
ijc.org/en/who/mission/bwt) and 2016 Supplementary 
Order of Approval (https://ijc.org/en/68a). 

The 2017 and 2019-2020 high-water events were  
the result of a confluence of natural occurrences, 

including excessive precipitation in the Lake Ontario 
and St. Lawrence River basins and extreme inflows 
from Lake Erie as well as the Ottawa River, which enters 
the St. Lawrence River at Montréal. No regulation plan 
could have prevented flooding in the face of such ex-
traordinary water supplies beyond the design capacity 
of the St. Lawrence River system. However, the unprece-
dented nature of the high-water events and the possibil-
ity of recurrence, plus a degree of public distrust of Plan 
2014, prompted the ijc commissioners to speed up the 
timetable for a review of the plan by an internal body  
dedicated to such work — the glam Committee. The ijc 
ordered the expedited review in February 2020 and the 
glam Committee was instructed to explore how Plan 
2014 addresses extreme high or low water levels and 
consider whether the plan’s regulatory processes should 
be improved or supplemented to better deal with such 
extreme events. The glam Committee also is consider-
ing whether the assumptions made about future water 
supplies for Lake Ontario and the St. Lawrence River 
should be revisited due to the impacts of climate change.  

To assist the glam Committee with its review, the ijc 
named an 18-member Public Advisory Group (pag), 
made up of representatives of uses and interests from 
throughout the St. Lawrence River and Lake Ontario 
system. The advisory group offered valuable advice 
to the glam Committee during the Phase 1 effort. 
Through their contributions the pag increased trans-
parency in the process, provided a detailed assess-
ment of the Phase 1 engagement process, and gained 
insights and empathy of the impacts and experiences 
of interests across the entire system. 

 The glam Committee undertook a two-phased ap-
proach. Phase 1 of the expedited review had a more 
narrow and urgent purpose as explained below and 
was completed in early November 2021. Phase 2 of the 
expedited review will examine Plan 2014’s response to 
extreme high and low water on a broader basis, gath-
er more information, continue critical research, and 
explore the need for any modifications to the regulatory 
plan. Phase 2 is tentatively scheduled for completion in 
the fourth quarter of 2024.

Why an expedited review of Plan 2014  

https://www.ijc.org/en/who/mission/bwt
https://www.ijc.org/en/who/mission/bwt
https://ijc.org/en/68a
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Amid the clamor over two record-breaking floods  
in a three-year period, and with more high water 

looming, the ijc directed that Phase 1 of the expedit-
ed review focus on a single element: providing Board 
members with more insight when they made deviation 
decisions. At the time the Phase 1 effort began, the lev-
el of Lake Ontario remained high and water was flow-
ing into Lake Ontario from Lake Erie in near-record 
volumes. It seemed possible that water supplies would 
remain perilously high for at least several more years. 
Increasing the level of confidence in deviation deci-
sions was deemed the most expedient way to prepare 
for what was feared could be an imminent recurrence 
of damaging high water. As it turned out, an unusually 
dry period in the Lake Ontario and Lake Erie basins 
in 2020-2021 alleviated the immediate threat of high 
water over that period. 

The focus of Phase 1, then, was on providing the best 
information possible to assist the six-member Interna-
tional Lake Ontario-St. Lawrence River Board (Board),  
an appointed body that oversees the operation of 
Plan 2014. The Board has the authority to change the 
planned outflow, or “deviate” from Plan 2014’s provi-
sions when the water reaches extreme high or low levels.  

Outflow regulation, even in the absence of extreme 
high water, is not a simple task. Lake Ontario’s level 
can be influenced by adjusting the outflow of water 
through the Moses-Saunders Power Dam on the St. 
Lawrence River. Outflow adjustments tend to have a 
moderating effect on Lake Ontario levels, reducing the 
rate or extent of a rise or fall, though levels cannot be 
controlled entirely. The vast lake reacts very slowly to 
changes in outflow, while the St. Lawrence River has 
multiple hydraulic zones, each of which reacts differ-
ently to outflow alterations. When water levels are not 
extremely high or low, Plan 2014’s rule curve governs 
the outflow. When water pushes toward an extreme, 
one of the five limits built into Plan 2014 can govern 

outflows. The limits are intended to protect interests 
on Lake Ontario and the St. Lawrence River such as 
shoreline property owners, hydropower producers or 
commercial shippers. 

If the lake level reaches pre-determined extreme high 
or low “trigger levels,” the Board is authorized to devi-
ate from Plan 2014’s rule curve or limits by ordering 
outflow changes. Per criterion H14 of the 2016 Supple-
mentary Order of Approval, when high level triggers 
are exceeded the works are to be operated so as to pro-
vide all possible relief to riparian owners upstream and 
downstream, and when water falls below the low level 
triggers, the works are to be operated so as to provide 
all possible relief for municipal water intakes, naviga-
tion and power purposes, upstream and downstream. 
These changes are intended to lessen the impact of 
extreme water levels. The Board also can deviate in 
certain other cases as per their directives from the ijc. 
During the high water in 2017, 2019 and early 2020, 
the Board was regularly under deviation authority and 
making decisions that resulted in deviations occurring 
almost half the time from 2017 through the end of 
2020. That is, during these periods of high water, the 
system was managed as often under deviations as it 
was under normal plan operations. Deviations cannot 
eliminate extreme high or low water, but they can make 
a measurable difference in some cases. For example, in 
the summer of 2017, after the Lake Ontario level had 
begun to recede from its peak, the Board was able to 
remove an additional fifteen centimeters (six inches) of 
water from Lake Ontario. But, as happened frequently 
in 2017 and 2019-2020, interests on the river and lake 
sometimes plead with the Board to do more.  

Board members found that during these periods of 
extreme high water they could have made use of more  
information about potential outcomes of their decisions. 
Some of these information gaps pertain to tradeoffs 
— that is, situations in which alleviating the impact of 

The GLAM Committee’s Phase 1 focus: 
Board deviations 
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extreme water levels on one interest or region worsens 
the impact on another interest or region. The Board has 
struggled to weigh respective impacts in these cases, 
which are happening in real time and often are accom-
panied by public outcry from the competing interests. 
As well, the Board members said they could not judge 
long-term impacts of possible deviation strategies 
because of uncertainty about water supplies in the 
coming weeks and months, a challenge exacerbated  
by the changing climate. 

The Phase 1 effort by the glam Committee was aimed at 
finding ways to improve deviation decisions by provid-
ing the Board with better information, including better 
ability to inform real-time decision-making. Working on 
a compressed schedule, the glam Committee conducted 
or sponsored targeted research to address key gaps in 
knowledge, and also developed the dst to consolidate, 
summarize and visualize that information to support 
Board decision-making. 

The GLAM Committee worked to fill information  
gaps and address uncertainties about devia-

tion-decision outcomes. Its data collection and anal-
ysis will inform both the Board and the public of the 
risks and tradeoffs associated with regulating under 
extreme high water. The data was used to create the 
dst and to provide insights into possible new devia-
tion strategies. The dst also can be updated as better 
information and understanding is developed through 
the ongoing research programs.  

Much of the research conducted or sponsored by the 
glam Committee focused on the impacts of extreme 
high water on six identified uses and interests on the 
lake-river complex: municipal and industrial water 
systems; commercial navigation; hydropower produc-
tion; lake and river shoreline properties; lake and river 
ecosystems, and recreational boating and tourism. The 
glam Committee and the ijc also respect and recog-
nize that Indigenous Nations must be included in the 
review of regulation plans, in addition to the six other 
key interests, to ensure that Indigenous knowledge 
and perspectives are part of the plan review process. 
Engagement and fact-finding about impacts of wa-
ter-level changes on these communities began in Phase 
1 of the Plan 2014 expedited review and will contin-
ue in Phase 2. Likewise, public engagement efforts 
initiated through the pag in Phase 1 are important to 
informing critical research.  

Among the Phase 1 research efforts: 

• �The glam Committee identified possible new strategies 
for deviating from Plan 2014’s flow limits by researching 
the history and functioning of the limits throughout the 
extreme water conditions and examining opportunities 
for incremental improvements.

• �The glam Committee commissioned LURA  
Consulting to document the impact of high water  
on municipal and industrial water systems on the  
river and lake. A separate study by Polytechnique 
Montréal examined potential impacts on water  
systems of low wintertime flows on Lake St. Law-
rence, the broad section of the river upstream from 
the Moses-Saunders dam. 

• �A study by the US Army Corps of Engineers’ Institute 
for Water Resources provided independent estimates 
of the impacts of extreme high outflows on the com-
mercial navigation industry. The research examined 
nine navigation-interruption scenarios that could 
result from Board deviations and produced estimates 
of the tons of cargo delayed and financial cost under 
each scenario. The study and a glam Committee 
workshop with navigation industry representatives 
identified how harmful stoppages would be from the 
industry’s perspective. 

Research accomplishments 
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• �A Clarkson University study of winter flows through 
the Moses-Saunders dam found that in some situations 
the Board might be able to deviate more aggressively 
from the I Limit, which promotes stable ice cover on 
critical areas of the St. Lawrence River. Separately, 
River Institute researchers documented that extreme 
reduction of winter water levels in Lake St. Lawrence 
of the sort that might result from more aggressive 
Board deviations could harm a wide range of  
aquatic organisms.  

• �glam Committee members and researchers at  
Environment and Climate Change Canada, the US 
Army Corps of Engineers and other organizations 
collected and analyzed data on the extreme high water 
events in 2017, 2019 and early 2020 including the 
detailed analyses of aerial imagery, municipal damage 
reports, media reports, and questionnaire responses 
from over 3000 shoreline property owners. Research-
ers also conducted detailed analyses of shoreline build-
ing footprints and assessed shoreline impacts against 
the water levels at the time those impacts occurred. 
The work measured impacts on residential and busi-
ness properties, marinas and yacht clubs, municipali-
ties and recreational boaters at many locations. 

• �The glam Committee worked with contractors 
Copticom Stratégies et Relations Publiques, Kennedy 
Consulting, and usace-Buffalo to undertake outreach 
activities to staff from municipalities, conservation 
authorities and other local governments in Ontario, 
Quebec and New York to gather additional shoreline 
impact information. People Plan Community and as-
sociates were also contracted to work with the glam 
Committee to engage First Nations, Tribal Nations 
and the Métis Nation that may be impacted by fluctu-
ating Lake Ontario and St. Lawrence River water lev-
els and listen to impacts, experiences and knowledge. 

• �The US Army Corps of Engineers and the National 
Research Council Canada developed models that cor-
related water levels with the number of buildings that 
would be inundated along the upper St. Lawrence Riv-
er and Lake Ontario shorelines. The impact of waves 
and storm surge were estimated as well. Simulations 
of inundated buildings were also done for the low-
er St. Lawrence River by Environment and Climate 
Change Canada.

A significant Phase 1 accomplishment was  
creation of a working prototype dst to provide the 

Board with new insights into and ways to visualize the 
uncertainties and impacts of possible deviations and the 
tradeoffs associated with them. Interactive tools such 
as this are becoming more common in many fields, from 
sports to health care to water-resource management.  

The computer-based dst allows the Board to test 
the outcome of possible deviation strategies that are 
presented to them by representatives of the agencies 
that support the regulation of outflows from Lake 
Ontario. Until now, information available to the Board 

during extreme conditions was limited, and was 
spread across multiple platforms and output types. 
The approach adopted through the use of the dst is 
to summarize, synthesize, and create visualizations 
of a range of metrics across all interests and across a 
wide range of geographic regions. This information 
is presented through broad-based metrics that show, 
for example, the number of shoreline and near-shore 
buildings on Lake Ontario and the St. Lawrence River 
that could be inundated by the water levels associated 
with a proposed deviation, or show the tons of cargo 
affected and the financial cost if a proposed deviation 
strategy were to cause flows unsafe for navigation 

The Decision Support Tool 
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leading to a temporary closure. Both values are plot-
ted over time.  

Results can also be displayed through location-spe-
cific metrics that define impacts by water level ranges 
known as “impact zones.” These have been developed 
to show on-the-ground impacts of proposed deviations 
for a series of shoreline communities — seven on the 
Lake Ontario shore, two on the upper St. Lawrence 
River and two on the lower river. These metrics reflect 
impacts on residential and business properties; mari-
nas and yacht clubs; recreational boaters; parks, roads 
and other municipal infrastructure, public and private 
water systems and agricultural land on the lower river. 
This approach allows the Board to compare impacts  
of proposed outflow strategies at multiple locations on 
the St. Lawrence River and Lake Ontario and under-
stand the tradeoffs inherent in any deviation decision, 
whether those tradeoffs are between interest groups 
or between geographic regions.  

Along with the challenges of assessing tradeoffs, 
Board members have long faced uncertainty about 
future water-supply conditions, a consequence of 
the fact that long-term weather patterns cannot be 
accurately predicted. This has made it impossible to be 
sure that a deviation will play out the way the Board 
intended increasing the challenges faced by the Board 
when considering the impacts of any outflow strategy. 
The dst addresses that uncertainty by providing a 

range of possible water-supply scenarios and showing 
the associated impacts so the Board can get a sense 
of the short-term and longer-term effect of devia-
tions. The Board may test deviation outcomes using 
the six-month forecast provided by the responsible 
government agencies in Canada and the United States. 
They can test the levels that would occur if there were 
no regulation of outflows or in dozens of other wet or 
dry scenarios based on the historical record. The Board 
may even choose from “more extreme-case” scenarios 
in which the water supply and resulting water levels 
would exceed those of 2017 and 2019. While there is 
no guarantee that any of those scenarios will come to 
pass, the use of variable water-supply scenarios allows 
Board members to judge what effect a possible devia-
tion could have in the coming months. 

Importantly, the dst will not make decisions for the 
Board, and it cannot eliminate the impacts of extreme 
high or low water, nor can it eliminate uncertainty 
associated with such a large, hydrologically dynamic 
system. However the dst does allow for more informed 
decision-making, particularly related to how a decision 
impacts multiple interests across widely separate geo-
graphic regions. Board members have tested the dst and 
found the information it provides to be useful in better 
understanding risks and tradeoffs. The utility of the dst 
will only increase as it incorporates more information 
and as Board members gain more familiarity with it, par-
ticularly during real-time, decision-making situations.

Findings and recommendations  
This first phase of the expedited review of Plan  

2014 serves as a good example of adaptive man-
agement, which draws on new data and research to ad-
just management of a system to changing conditions. 
Information was gathered from people, businesses and 
institutions that were directly impacted by the extreme 
high water in 2017, 2019 and early 2020. Technical 
studies focused on the impact of high water on other 

uses and interests, and also how this information could 
be used by the Board in making decisions around devi-
ations from the Plan 2014 rules and limits. 

Much of this information formed the underpinnings 
of the dst, which will help the Board assess impacts, 
tradeoffs and uncertainties associated with extreme 
high water and the potential outcomes from deviations 
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strategies with the goal of enabling the Board  
to make decisions in future high-water and 
low-water situations that are better-informed 
and more effective. 

Through the Phase 1 effort the glam Committee 
established a number of key findings (see side 
box) that will help frame activities to be carried 
out to further inform Board deviation deci-
sion-making and in setting priorities for Phase 2 
of the expedited review. 

As the Phase 1 effort ended in the fall of  
2021, the glam Committee has identified six 
recommendations to the IJC as the expedited 
review moves into Phase 2.

A. �Indigenous Relations Building continue into 
Phase 2 and beyond.  

B. �Public Outreach and Engagement continue 
in Phase 2 and for the longer-term adaptive 
management process.  

C. �The dst should be considered a dynamic tool 
that needs continual updates and improve-
ments. Resources need to be dedicated to this.  

D. �The Board should use the dst to prepare for the 
next crisis situation. Board members should 
continue learning how to make use of the dst.  

E. �Data gaps should continue to be filled and new 
technologies explored.  

F. �Phase 2 of the Expedited Review should provide 
for a fulsome review of Plan 2014. 

Phase 2 of the expedited review of Plan 2014 will 
include analysis of possible changes to the plan’s 
outflow rules, limits and “trigger levels” for 
Board intervention. It is expected to be complet-
ed in approximately three years.

 
KEY FINDINGS
1.	� Inclusion of Indigenous peoples’ perspectives 

and traditional ways of knowing are important to 
the adaptive management process and the 
on-going review of the regulation plans. (Sections 
2.8 and 4.7) 

2. 	� The Public Advisory Group was integral in the 
development of the DST and has informed 
on-going public engagement. (Sections 3.2.3  
and 6.0) 

 3. 	� Uncertainty in forecasted conditions will remain an 
issue for the Board, especially with climate changes. 
The use of water supply scenario testing can help 
better understand the probabilities and conse-
quences. (Sections 3.2.2 and 5.1) 

 4.	�� The Board needed information on how deviation 
decisions might shift risks/impacts between 
interests and locations. The GLAM Committee’s 
work to characterize the type, breadth and 
severity of impacts across a number of interests 
and geographies is helpful. (Sections 3.2.3 and 5.5) 

 5. 	� New information may allow limits and deviations 
from them to be changed. This provides some 
possible options for deviations in the future as well 
as possible plan alternatives to explore in Phase 2. 
(Sections 3.3 and 4.0) 

6.	� Risk and uncertainty surround Board deviation 
decision-making. Adaptive management  
attempts to identify the risks and reduce the level 
of uncertainty as much as possible through 
on-going monitoring, modeling and verification. 
(Section 5.5) 

 �7.	� The DST better informs the Board by allowing 
them to examine impacts of deviation strategies 
across interests and regions, but it cannot 
eliminate impacts or assure an objective will be 
met. The Board must still make the decision 
consistent with the 2016 Order and IJC Directives. 
(Section 5.0) 

 �8.	� The DST remains a work in progress with a 
number of data  gaps still to be filled including low 
water impacts. (Section 5.4)
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In the face of two years of record-setting high water  
on Lake Ontario and the St. Lawrence River, the 

Great Lakes-St. Lawrence River Adaptive Management 
(glam) Committee was directed by the International 
Joint Commission (ijc) to conduct an expedited review 
of Plan 2014, the outflow management regulations for 
Lake Ontario (see Appendix 2).  

This is the report on Phase 1 of that expedited review. 
This first phase was given a narrow and urgent focus: 
Exploring whether there are new and better ways for 
the International Lake Ontario-St. Lawrence River 
Board (Board) to respond to a repeat of the exceptional 
hydrologic conditions and extreme high water levels 

on Lake Ontario and the St. Lawrence River that caused 
severe impacts in 2017 and 2019. To achieve this, the 
glam Committee has built on existing information and 
compiled a great deal of new information about the 
impact of extreme high water. The glam Committee 
has also worked closely with the Board to learn more 
about the practices it uses to address extreme high-wa-
ter events on Lake Ontario and the St. Lawrence River 
by adjusting outflows, overriding, or deviating from, 
the provisions of Plan 2014. That information has been 
used to produce an innovative interactive tool that will 
provide the Board with valuable insight into potential 
risks and potential benefits when it responds to future 
extreme water events.  

1.0  
Introduction 

The GLAM Committee was established by the  
ijc in January 2015 to systematically review 

outflow management plans from Lake Ontario and 
Lake Superior (ijc, 2015). The committee was given a 
15-year timetable to complete its reviews — but the ijc 
advanced the timetable for the review of the Lake On-
tario-St. Lawrence River outflow regulations, known 
as Plan 2014, because some members of the public and 
some elected officials questioned whether the plan and 
Board had responded appropriately to the repeated 
rounds of extreme high water (glam, 2018; Global 
News, 2020; Auburn Citizen, 2020). 

The decision in February 2020 to focus Phase 1 of 
the expedited review on trying to find more effective 
ways for the Board to deviate to help reduce flooding 

was driven by memory of the two flood years on Lake 
Ontario and the St. Lawrence River. As well, there 
were record or near-record water levels on the upper 
Great Lakes, including Lake Erie, which feeds through 
the Niagara River and the Welland Canal directly into 
Lake Ontario (eccc, 2020). There are no dams on Lake 
Erie or the Niagara River to control the flow into Lake 
Ontario (inbc, 2021). With continued high unregulat-
ed inflow from Lake Erie, there was an elevated risk 
of similar or even worse extreme high water on Lake 
Ontario in coming years. Considering this, the ijc felt 
that the first step it should take was to help the Board 
refine its decision-making as soon as practical in case 
high water were to recur in the near term. 

1.1  
Purpose 
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As Board members told the glam Committee during 
preparation of this report, Board members have felt 
the need for more information on the impacts of their 
deviation decisions during recent high-water years 
and have found it challenging to make these decisions 
without full knowledge of the risks and uncertainties 

associated with their decisions (glam, 2020a). The 
Board members’ concerns about limited information 
are of great interest to the ijc and the various uses and 
interests, particularly given the unprecedented nature 
of the recent flood events and the potential future 
impact of climate change.

Even before Lake Ontario’s  
waters began to recede 

from their peak levels in 2017 
and 2019, the glam Committee 
and its partners had started 
gathering data on the impacts 
of high water on six uses and 
interests throughout the Lake 
Ontario and St. Lawrence River 
system as defined by the ijc in 
the report on Plan 2014 (ijc, 
2014). Detailed information was 
collected on shoreline damage, 
commercial-shipping effects and 
impacts to the river ecosystem, 
hydropower, municipal water 
intakes and recreational boating 
(glam, 2018).  

More recently, the glam Commit-
tee has begun gathering informa-
tion on impacts on Indigenous 
communities on the St. Lawrence 
River and Lake Ontario. The 
glam Committee asked Board 
members what information is 
needed to support decision-mak-
ing. glam Committee members 

and associates studied the regu-
latory framework and explored 
alternative deviation strategies 
that could be employed. A Public 
Advisory Group (pag), made up 
of representatives from a broad 
range of sectors and interests 
(Table 1) on Lake Ontario and 
the St. Lawrence River, was 
established and has provided 
the glam Committee with useful 
advice and input on the effects of 
extreme high water on their con-
stituencies (ijc, 2020b). This new 
data and insight have allowed 
the glam Committee to develop 
an interactive tool that will syn-
thesize and present a wealth of 
objective data to the Board about 
the tradeoffs across interests and 
geographies that are inherent in 
many deviation decisions. The 
Decision Support Tool (dst) will 
systematically provide Board 
members with information that 
will help them compare the 
impacts of possible deviations on 
the various uses and interests. 

1.2  
Research leads to a Decision 
Support Tool 

Table 1: 

LIST OF SIX USES  
AND INTERESTS 
AS IDENTIFIED IN 
ILOSLRSB, 2006  
AND IJC, 2014

Municipal and industrial 
water systems

Commercial  
navigation

Hydropower  
generation

Lake and river  
shoreline properties  
(including agriculture)

Lake river  
ecosystems

Recreational  
boating and tourism

*Indigenous Nations are being 
considered by the GLAM  
Committee in the adaptive 
management process
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Uncertainties about upcoming hydrologic conditions 
can be addressed by testing deviation strategies under 
a variety of possible future water supplies. 

During extreme water-level situations on Lake Ontario 
the flow releases may be set off-regulation plan and 
still be in compliance with the 2016 Order. The Board 
is authorized to use its discretion to set flows in such 
conditions and to deviate from the usual rules and lim-
its in the approved plan to provide relief to the degree 
possible upstream and downstream. Its deviations can 
alter the water level — in the realm of centimeters or 
inches, not meters or feet — by adjusting the flows out 
of Lake Ontario and through the St. Lawrence River. 
Water supply conditions were such that the flow releas-
es were off-plan repeatedly during the recent extreme 
high water; discretionary deviation decisions dictated 
the outflow through the St. Lawrence River for approxi-
mately half of the time from January 2017 to December 
2020 (Figure 1, see more detailed discussion in  
Section 3.0).

While the dst should be an effective aid, it will nei-
ther make deviations decisions for the Board nor give 

the Board new powers to address threatening extreme 
water levels. Often when the Board is called upon to act, 
serious impacts will have already begun (Figure 2). The 
Board has little leeway; it can take steps to lessen those 
impacts slightly but it cannot make them disappear.

Studies1 by the Board (iloslrb, 2017), the glam Com-
mittee (glam, 2018), the ijc and others have shown 
that extraordinarily heavy and persistent precipitation 
and other natural occurrences led to the high water level 
in 2017, 2019 and early 2020 (Figure 3). Those stud-
ies have demonstrated that neither Plan 2014 nor any 
other regulatory plan could have prevented the flood 
damage that occurred.

However, abiding concern about the impacts of ex-
treme high water in 2017 and 2019 caused the ijc and 
the two national governments to reassess the need to 
analyze Plan 2014 in the near term. As a result, Canada 
and the United States provided funding for an expedit-
ed review of the plan. 

In the winter of 2019-2020, continued high inflows 
from Lake Erie and high local Lake Ontario-St. Lawrence 

Figure 1: 
FRACTION OF THE TIME THAT 
PLAN 2014 RULE CURVE OR  
LIMITS WERE APPLIED VERSUS 
THE FRACTION OF TIME THAT 
DEVIATIONS WERE CONDUCTED 
IN 2017 THROUGH 2020 
 •  Plan 2014 Rule Curve  
 •  Plan 2014 Limits  
 •  Major (Criterion H14) Deviations 
 •  Condition J Deviations   
 •  Minor Deviations 

42%
31%

14%8%

4%

1 The International Lake Ontario St. Lawrence River Board and the GLAM Committee produced reports regarding the 2017 event and other 
information from 2019 can be found on the Board website at https://ijc.org/en/loslrb/watershed/2017-and-2019-high-water-events

https://ijc.org/en/loslrb/watershed/2017-and-2019-high-water-events
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Figure 2: Examples of shoreline impacts in 2017 and 2019.  (A) Marina flooding, Lake Ontario, New York (Source: 
Arney’s Marina), (B) Shoreline flooding on the upper St. Lawrence River, Ontario (Source: IJC), (C) Wave action along 
the shoreline, Greece, New York (Source: Rutz), (D) Flooding along Lake St. Louis, Quebec (Source: IJC),   

A B

C

D
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Figure 3: 
LAKE ONTARIO WATER LEVELS 2, 2017-2020  
(Source: International Lake Ontario – St. Lawrence River Board)
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River basin water supplies kept levels of Lake Ontario 
near or above the extreme high water levels and the 
point where Board deviations from Plan 2014 were 
authorized. Favorable weather-driven ice conditions on 
the river enabled deviations from the plan and release 
of extraordinarily high winter outflows from Lake On-
tario that helped keep the winter lake level from rising 
higher. Lake levels began to moderate in March 2020 
and, primarily due to a lack of spring precipitation 
and snowmelt runoff in the basin, lake and river levels 
peaked below the high thresholds in 2020. 

In a telling example of the uncertainty about future 
water supplies that the Board faces, Lake Ontario 
fluctuated through 2021. The lake’s level quickly fell 
below the long-term average in the early part of the 

year and an unusual spring drought began in parts of 
the lake-river basin. Just months after concern had 
centered on possible high water, Lake Ontario levels 
declined to the point that the Board was authorized  
to begin deviating to address low-water conditions.  
In late May 2021, the Board reduced outflow from  
Lake Ontario below those specified by Plan 2014 to 
provide all possible relief from the potential impacts  
on municipal water intakes, navigation and power  
purposes, upstream and downstream. Nonetheless, 
Lakes Michigan, Huron and Erie remained well above 
average in the summer of 2021 and the drought in 
the Lake Ontario basin broke with several months of 
above-average precipitation. In early October, Lake  
Ontario’s level moved back above the long-term aver-
age point (eccc, 2021). 

2 All water level elevations listed in this report are referenced to the International Great Lakes Datum of 1985 or IGLD1985
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In light of this, and given the variability and uncertainty 
in Lake Ontario water supplies and other hydrologic  
factors, the rationale for focusing Phase 1 on the 
Board’s ability to address extreme high water through 
deviations remains well-founded. The low water levels 
in the spring and early summer of 2021 and the rapid 
recovery from those low levels also point to the impor-
tance of adaptive management to address changing 
conditions over the short and long term. The purpose 
of Phase 1 was not to end up with an overall recom-
mendation for how to deviate, nor to provide a system 
optimization. Rather, it was to gather, process and 
present the information needed by the Board to assist 
them with their decision-making. 

A broader exploration of Plan 2014 under both high 
and low water extremes and the need for any modifi- 
cations will be the subject of the Phase 2 report on  
the expedited review of the plan. Work on Phase 2  
of the expedited review is tentatively scheduled to be 
completed in the fourth quarter of 2024. 

More on the expedited review of Plan 2014: 
https://ijc.org/en/glam/expedited-review

https://ijc.org/en/glam/expedited-review
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The Lake Ontario-St. Lawrence River is a complex,  
dynamic system with many unique natural 

features and with engineered structures that are used 
to regulate flows through the interconnected lake and 
river system. The International Joint Commission (ijc) 
and their International Lake Ontario-St. Lawrence 
River Board (Board) serve to manage the outflows of 
Lake Ontario in accordance with Orders of Approval 

issued by the ijc. Outflows are managed under widely 
varying hydrological and climatic conditions, including 
changes in precipitation and temperature, which are 
two primary drivers of water levels in the system. The 
intent of outflow management is to achieve expected 
outcomes in consideration of a wide range of interests, 
and to the benefit of both Canada and the US. 

2.0  
Background on the system,  
the key players, and outflow  
regulation 

2.1  
Lake Ontario and the  
St. Lawrence River 

The Lake Ontario-St. Lawrence River system, for  
the purposes of outflow regulation, extends from 

the lower Niagara River through Lake Ontario and 
as far down the St. Lawrence River as Trois-Rivières, 
Quebec, which is about 140 km (87 mi.) downstream of 
Montréal (Figure 4).

Lake Ontario is the easternmost and lowest of the five 
interconnected Great Lakes (Figure 5); the accumulat-
ed water from the four upper lakes enters Lake Ontario 
through the Niagara River and the Welland Canal. By 

surface area, Lake Ontario is the 12th largest fresh-
water lake on Earth (19,011 km2 or 7,340 mi2), but is 
the smallest of the five Great Lakes. By volume it is 
the fourth smallest, ahead of Lake Erie. Lake Ontario 
is 311 km (193 mi) long and 85 km (53 mi) wide at 
its widest. The border between the United States and 
Canada runs roughly through its center, with 54 per-
cent of its shoreline in Canada (ccglbhhd, 1977).

The Great Lakes represent the largest freshwater 
system in the world. With abundant biodiversity, they 
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are home to approximately 3,500 species of plants and 
animals and provide 20 percent of the world’s fresh-
water supply (noaa, https://www.noaa.gov/education/
resource-collections/freshwater/great-lakes-ecoregion). 

As the traditional territory and Treaty territory for 
diverse Indigenous Peoples including the Anishinaabe, 
the Haudenosaunee, the Wendat, the Métis and others, 
the Great Lakes have always been a center of habitation 
and trade.  

Today, about 8.75 million people live in municipali-
ties that abut Lake Ontario, and tens of thousands of 
households are located on or near the lake shore. The 
greatest concentration of shoreline development is in 
the heavily urbanized Greater Golden Horseshoe region 
stretching from Niagara Falls around the western end 
of the lake through Toronto, Canada’s largest city. 

Rochester, New York, has the largest concentration of 
shoreline residents on the United States side (Figure 4). 

Lake Ontario empties into the St. Lawrence River, 
which by discharge volume is the 13th largest river in 
the world (Benke et al., 2005). The St. Lawrence River 
runs 1,191 km (740 mi) before emptying into the At-
lantic Ocean; the first 450 km (280 mi), from the head 
of the river at Cape Vincent, New York and Kingston, 
Ontario downstream to Trois-Rivières, Quebec, is influ-
enced by changes in outflow from Lake Ontario as ad-
dressed by Plan 2014. The stretch of the St. Lawrence 
River immediately upstream of the Moses-Saunders 
Power Dam located at Cornwall, Ontario and Massena, 
New York is known as Lake St. Lawrence, which was 
created when the Moses-Saunders Dam went into  
operation in 1958. Lake St. Lawrence serves as a fore-
bay for the dam.  

Figure 4:  
MAP OF LAKE ONTARIO AND THE ST. LAWRENCE RIVER
—  Upper Great Lakes Watershed     —  Lake Ontario Watershed     —  St. Lawrence River Watershed    
—  Sub-watershed  of the St. Lawrence River     *  Moses-Saunders Power Dam    
--  Provincial border     --  International border
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https://www.noaa.gov/education/resource-collections/freshwater/great-lakes-ecoregion
https://www.noaa.gov/education/resource-collections/freshwater/great-lakes-ecoregion
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At Montréal, the St. Lawrence River is joined by its  
largest tributary, the Ottawa River, which drains a  
basin more than twice the size as that of Lake Ontario.  
During the spring melt, large quantities of water that  
are stored in the snowpack are released and can com-
bine with rainfall, which can lead to heavy spring flow 
and flooding. This is called a freshet. Generally there 
are two distinct flood peaks on the Ottawa River in the 
spring, about three weeks apart. The first spring flood 
peak in the Ottawa River originates from unregulated 
flows from its southern tributaries. The second peak re-
sults from a combination of high flows from the northern 
tributaries together with flows from headwater areas, 
and is partially regulated. The spring freshet can have a 
big impact on the levels and flows on the lower St. Law-
rence River, however, the ijc has no oversight of that 
river’s flow and does not set conditions for operation of 
the dams in the Ottawa River basin (https://ottawariver.ca). 

Approximately 4.7 million people live in municipali-
ties that border the St. Lawrence River between Cape 

Vincent and Trois-Rivières. The bulk of the shoreline 
lies in Quebec and the dominant population center is 
Montréal, Canada’s second-largest city. The river eleva-
tion naturally dropped roughly 69 m (226 ft) between 
Cape Vincent and Montréal, and originally several rap 
ids in that section of the river had made it impassable to 
large vessels. However, this fall of water offered sub-
stantial hydropower potential. After decades of discus-
sion between officials in Canada and the United States, 
in 1952 the two nations submitted an application for a 
hydroelectric project to the ijc for approval in accor-
dance with the Boundary Water Treaty of 1909. The 
design of the hydropower project that would straddle 
the St. Lawrence River near Cornwall, ON and Massena,  
NY was required to also facilitate the construction 
of the Seaway navigation system that was agreed to 
shortly afterwards by the two Governments. In Octo-
ber 1952 the project was approved (ijc, 1952). 

Also in 1952, in the mid st of flooding on Lake On-
tario, the two national governments asked the ijc to 

Figure 5:  
WATER SURFACE PROFILE OF THE GREAT LAKES SYSTEM (Source: IUGLS, 2012) 
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determine, “having regard for all other interests”, wheth-
er measures could be taken to regulate the level of Lake 
Ontario for the benefit of property owners on the shores 
Lake Ontario, “having in mind the order of precedence to 
be observed in the uses of boundary waters as provided 
in Article VIII of the Boundary Waters Treaty of 1909” 
(ilobe, 1957).  The Lake Ontario monthly average level 
had reached as high as 75.76 m (248.6 ft) in June of 
1952, the historical maximum record.  After several 
years of study, and government concurrence, the ijc ap-
proved a design range of Lake Ontario levels that would 
reduce the peak level by 0.24 m (0.8 ft), provided that 
natural water supplies were no more extreme than those 
experienced in the past (ilobe, 1957).  To enable this re-
duction in Lake Ontario levels for the benefit of shoreline 
property owners required additional dredging in parts 
of the upper St. Lawrence River to increase the outflow 
capacity while allowing safe velocities for navigation to 
be maintained. This added channel flow capacity would 
enable a “considerable decrease” in future Lake Ontario 
shore property damage but not enable all such damage 
to be eliminated (ilobe, 1957), nor would it prevent 
greater shoreline damages if water supplies to the lake 
were more extreme than historical. 

The 7-year construction of the hydropower project 
included the Moses-Saunders dam, the Long Sault 
Dam, the Iroquois Dam, the Massena Intake, and 18 
km (11.2 mi) of dikes (Macfarlane, 2014). The channel 
enlargements in the river required removal of over 
53,500,000 cubic metres (70,000,000 cubic yards) of 
material (Bryce, 1982). The construction of the project 
resulted in the generation capacity of 1,957 megawatts 
of hydropower, enough energy to meet the needs of 
about two million homes. The hydropower project, 
together with the locks and additional channel dredg-
ing of the Seaway project, allowed deep-water vessels 
to navigate the river, thus opening the Great Lakes 
to ocean-going freighters. Outflow regulation was 
enabled by the St. Lawrence hydropower project. The 
increased channel capacity of the upper St. Lawrence 
River together with the dams allowed both higher and 
lower than natural outflows to be released from Lake 
Ontario and provided a measure of flood mitigation.

A visual tour of the Lake Ontario-St. Lawrence  
River system: https://storymaps.arcgis.com/stories/ 
3dfcb1b201cd4a9f9424719976beecf5 
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Montreal, Quebec, Canada
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The ijc was created by the1909 Boundary Waters  
Treaty between Canada and the United States 

and it is now considered one of the world’s oldest inter-
national organizations.  

The ijc’s purpose is to prevent or resolve disputes over 
the uses of the lakes and rivers that either form part of 
the boundary, or cross the boundary, between Canada 
and the United States. In many cases, the ijc has been 
called upon by Governments to set conditions for the 
construction, operation and maintenance of any dam 
or diversion that would affect water levels and flows 
across the international boundary. The ijc has set 
conditions for uses, diversions and obstructions of 
boundary waters and recommended  water apportion-
ment measures on numerous bodies of water along 
the boundary or that cross the boundary between the 
United States and Canada and often maintains over-
sight of water outflows and water uses in those cases.    

On the Great Lakes, the outflow of Lake Superior  
is regulated through dams on the St. Marys River  

and the outflow of Lake Ontario is regulated through  
dams on the St. Lawrence River under ijc supervision. 
The ijc has established boards to oversee the regula-
tions at each of these locations. The ijc’s mission also 
includes ice management and the management  
of flows and levels in the Chippawa-Grass Island pool 
on the Niagara River as well as Great Lakes wa-
ter-quality issues.  

The ijc comprises three members from each country  
that are appointed by their federal governments. The 
ijc has a professional staff in United States and Canada 
numbering about three dozen and also relies on the sup-
port of government partner agencies in both countries.  

The membership of the IJC can be found on the IJC 
website: https://ijc.org/en/who/people/commissioners  

More on the Commission: www.ijc.org

2.2  
The International 
Joint Commission

Moses-Saunders Dam
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The Board oversees the operations of Plan 2014 on  
Lake Ontario and the St. Lawrence River. This 

report has been prepared for use by the Board to help 
it carry out its mission and meet its obligations under 
the 2016 Supplementary Order of Approval (https://ijc.
org/en/68a) and associated directives.  

The Board consists of six members who are appointed 
by the ijc. Each national government nominates one 
member, as do the provinces of Quebec and Ontario 
and the state of New York. To maintain parity a sixth 
U.S. member is appointed by the ijc. All appointees are 
professionals with expertise in water-related matters. 
The Board is aided by an Interim Advisory Group, 
which is meant to ensure that Board members have 
benefit of input from a broad group of stakeholders. At 
present the advisory group comprises six individuals, 
three from the United States and three from Canada, 
who had served on the Board itself until a December 
2020 restructuring. 

The Board supervises the regular workings of Plan 
2014, which responds automatically to fluctuating 
water supplies by increasing or decreasing the outflow 
from Lake Ontario through the Moses-Saunders Power 
Dam and at times of maintenance or to supplement 
flows, a dam at Long Sault on the St. Lawrence River 
(see Figure 10 in Section 2.7.3 for reference). The Board 
reports semi-annually to the ijc on their activities and 
water levels. The Board has a number of sub-committees 
and staff who support it. The roles and responsibilities of 
these groups are outlined on Figure 6 and further  
described on the Board’s website (https://ijc.org/en/loslrb/ 
lake-ontario-st-lawrence-river-regulation).

Much of the time the Board’s role is to monitor outflows 
and water levels as they fluctuate up or down in response 
to inflows from Lake Erie and weather–driven water 
supplies and to ensure that the outflows from Lake  
Ontario are set in accordance with Plan 2014. When 
water supplies are such that the level in Lake Ontario 
rises or falls to pre-determined “trigger levels” that 
are laid out in the Directive on Operational Adjust-
ments, Deviations and Extreme Conditions, (https://
ijc.org/en/loslrb/who/directives/deviations) the works are 
to be operated to provide all possible relief upstream 
and downstream. The Board is authorized to use its 
discretion to set flows under extreme conditions and 
to deviate from the plan to help lessen the impact of 
extreme water levels. (The board that existed under 
the previous regulation plan had similar, though not 
identical, authority.) 

When deviating in times of extreme low water, as it 
did in the spring and early summer of 2021, the 2016 
Supplementary Order of Approval requires the Board 
to give priority to protecting municipal and industrial 
water intakes, commercial shipping and hydropower 
production. When deviating during times of extreme 
high water, the 2016 Order requires the Board to give 
priority to protecting riparians (shoreline property 
owners), with consideration given toward those who 
are upstream along Lake Ontario and the upper St. 
Lawrence River above the dams and downstream along 
the lower St. Lawrence River shore. The high-end “trig-
ger levels” (refer to Figure 3) are the levels that are 
expected to be exceeded 2 percent of the time; the low-
end “trigger levels” are points below which the level is 
expected to fall 10 percent of the time.  

2.3  
The International  
Lake Ontario-St. Lawrence 
River Board 

https://ijc.org/en/68a
https://ijc.org/en/68a
https://ijc.org/en/loslrb/lake-ontario-st-lawrence-river-regulation
https://ijc.org/en/loslrb/lake-ontario-st-lawrence-river-regulation
https://ijc.org/en/loslrb/who/directives/deviations
https://ijc.org/en/loslrb/who/directives/deviations
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The interventions that are taken once “trigger levels” 
are reached are known as major deviations from the 
plan. Major deviations alter the rate of outflow to try  
to bring about a desired change in the water level on 
Lake Ontario or the St. Lawrence River. The Board’s 
authority to deviate from the plan remains active so 
long as the water level of Lake Ontario continues to 
be above the high-water “trigger levels” or below the 
low-water “trigger levels”.  

As extreme water levels ease and there no longer is 
need for a major deviation, the Board is required to 
outline for the ijc its strategy for returning to Plan 
2014 outflows. The Board also must consider whether 
it is beneficial to make outflow changes in the future 
to offset, or “pay back,” the water that was released 
from Lake Ontario beyond what Plan 2014 would have 
specified. (If the Board was dealing with a low-water 

situation, the same applies to any “extra” water that 
was held on Lake Ontario.) The ijc decides, based on 
recommendations from the Board, on a case-by-case 
basis, whether pay-back deviations are needed. This 
is most often based on the current conditions and 
forecasts. As an example, beginning in October, 2021 
the Board increased Lake Ontario outflows by up to 
200 m3/s (7,100 cfs) above the amount set by Plan 2014 
for approximately eight weeks to return Lake Ontario’s 
water level to the level it would have been if the Board 
had not made outflow deviations earlier in the spring/
early summer of that year (late May through mid-Ju-
ly), but had instead strictly followed those specified 
by Plan 2014. The effect of this was to try and reduce 
Lake Ontario water levels by 4 cm by mid-December, 
2021 to offset the amount that had been added to the 
lake as a result of the earlier deviation when the low 
criterion H14 “trigger levels” had been crossed. 

Figure 6:  
ROLES AND RESPONSIBILTIES OF THE INTERNATIONAL LAKE ONTARIO- 
ST. LAWRENCE RIVER BOARD 
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The Board also may engage in short-term “minor” 
deviations that aid one use or interest without unduly 
harming any others. For example, if conditions warrant 
the Board temporarily raises levels for a few days in 
the fall in the forebay of the dam so that boats on Lake 
St. Lawrence can be readily removed for the season.  

Subject to the requirements of the 2016 Order, the 
ijc may also authorize the Board to temporarily make 
minor modifications to the regulated outflows under a 
section of the 2016 Supplementary Order of Approval 
known as Condition J.  These authorizations allow the 
Board to temporarily make minor modifications or 
changes to the regulated outflows from Lake Ontario 
for the purpose of determining modifications or chang-
es in the regulation plan that may be advisable. The 
Board is required to report to the ijc the results of such 
temporary changes or modifications, together with 
any recommendations arising from such, and the ijc 
may accept or reject any such recommendations.  

In the winter of 2019-2020 and 2020-2021, the ijc 
authorized the Board under Condition J to test viabili-
ty of outflows that were greater than the plan’s winter 
operational limits provided they had little or no nega-
tive impact on other interests such as ice formation. 

Deviation under any circumstances can be difficult 
given the complexities and uncertainties of the system. 
For example, increasing outflow to reduce flooding 
impacts on the Lake Ontario shoreline can increase 
the risk of flooding on some parts of the St. Lawrence 
River shoreline downstream of the dams. At the same 
time, those increased outflows can also cause water 
levels to plummet on other parts of the St. Lawrence 
River, such as Lake St. Lawrence. Conversely, large 

reductions in outflows result in large and rapid water 
level rises on Lake St. Lawrence and a corresponding 
drop in levels downstream of the dams (refer to Figure 
27 and discussion in Section 3.2.2).  

The deviation process, then, is a balancing act in  
which the Board must be mindful of the impact of  
its decisions not just on shoreline properties but on 
other uses and interests such as commercial navigation, 
the lake and river ecosystems and the need for stable 
ice cover on sensitive sections of the river as outlined 
in the 2016 Supplementary Order of Approval and 
the Directive on Operational Adjustments, Deviations 
and Extreme Conditions. This delicate give-and-take 
can lead to differences of opinion among parties who 
believe their interest or region was shortchanged by  
a deviation decision.  

As was made clear by the experience in 2017 and 
2019-2020, no deviation strategy or any other regula-
tion action can prevent extreme high water in the face 
of unpredictable excessive precipitation, late snowmelt 
and other confounding factors such as high inflows 
from the Ottawa River in the spring (refer to Section 
3.2.2 for more discussion on factors that complicate 
deviation decisions). 

More on the Board: https://ijc.org/en/loslrb

The Board supervises the regular workings of Plan 2014,  
which responds automatically to fluctuating water supplies  
by increasing or decreasing the outflow from Lake Ontario 
through the Moses-Saunders Power Dam and at times of 
maintenance or to supplement flows, a dam at Long Sault  
on the St. Lawrence River

https://ijc.org/en/loslrb
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The Great Lakes–St. Lawrence River Adaptive  
Management (glam) Committee was created by 

the ijc in January 2015. Through its directive (https://
ijc.org/en/glam/who/directive), the Committee is charged 
with evaluating and supporting the outflow regulation 
plans for Lake Ontario and Lake Superior, and the man-
agement of water levels and flows in the Niagara River 
(specifically the Chippawa-Grass Island Pool). The glam 
Committee reports to the Boards that are responsible 
for those operations. This expedited review of the Lake 
Ontario management plan is the first such review to be 
concluded by the glam Committee. The glam Commit-
tee is made up of nine technical experts from each coun-
try appointed by the ijc, plus supporting secretaries. 

As its name indicates, the glam Committee employs 
adaptive management — an approach that replaces 

static oversight with a dynamic process. The com-
mittee employs monitoring, modeling and analysis of 
new evidence on a continuing, iterative basis to recom-
mend ways to improve the outflow regulation plans 
and adapt them to changing circumstances, including 
climate change. The glam Committee developed a 
short and long-term strategy document (glam, 2020b) 
to guide the adaptive management process and the 
expedited review of Plan 2014. The strategy outlines 
the critical components in the adaptive management 
process as well as the priorities for Phase 1 and Phase 
2 of the expedited review of Plan 2014. The strategy 
was modified to address feedback provided to the 
ijc within the US Government Accountability Office 
report (gao-20-529, July 2020). 

More on the Committee: https://ijc.org/en/glam

2.4  
The Great Lakes-St. Lawrence 
River Adaptive Management 
Committee 

2.5  
Public Advisory Group for 
phase 1 of the expedited  
review of Plan 2014 

In May 2020, the IJC appointed an 18-member Public  
Advisory Group (pag) to help the glam Commit-

tee in Phase 1 of the expedited review of Plan 2014. 
The group’s 18 members, drawn from First Nations, 

https://ijc.org/en/glam/who/directive
https://ijc.org/en/glam/who/directive
https://ijc.org/en/glam


GLAM  Committee  |  Expedited Review of Plan 2014, Phase 1: Informing Plan 2014 Deviation Decisions 18

citizen associations, business and recreational groups, 
environmental advocacy organizations, and local gov-
ernment entities, represent the uses and interests on 
Lake Ontario and the St. Lawrence River. They began 
twice-monthly virtual meetings in June 2020.  

Members serve in a voluntary capacity and have con-
tributed significant time to attend about two dozen 
virtual meetings, many jointly with glam Committee 
and Board staff, and others separately. The pag was 
tasked with advising the glam Committee on the 
information, tools and criteria used to assist the Board 
with deviation decisions. The pag brought trans-
parency to the process and ensured that the Board 
received the most pertinent information to assist it 
with decision-making, something encouraged by the 
US Government Accountability Office in their July 
2020 report (gao-20-529, 2020). The pag did not have 
direct access or influence on the Board’s decisions, but 
its members provided valuable input about the impact 
of high water on the sectors and interests they repre-
sent and aided greatly in the development of the Deci-
sion Support Tool (dst). In the process, they gained a 

greater understanding and empathy for the issues  
and experiences of the other interests and regions  
and the complexity of the Lake Ontario-St. Lawrence 
River system. 

The PAG consisted of people representing the follow-
ing organizations or parties: Ault Island residents 
(Ontario); Beaconsfield Yacht Club (Quebec); Boating 
Ontario Association; Communauté métropolitaine de 
Montréal; Jefferson County Legislature (New York); 
Mohawk Council of Akwesasne; Montreal Port Author-
ity/RUSL; New York Power Authority; Niagara County 
government (New York); Rochester-area shoreline 
residents (New York); St. Lawrence Seaway Pilots As-
sociation; Save our Sodus (New York); Save the River/
Upper St. Lawrence Riverkeeper; The Nature Conser-
vancy; Thousand Islands International Tourism Coun-
cil; Union des producteurs agricoles; United Shoreline 
Ontario; Université du Québec à Trois-Rivières. 

See Section 6.0 of this report for further discussion 
and visit: https://ijc.org/en/glam/expedited-review/ 
public-involvement  

2.6  
Plan 2014 outflow regulation 

An updated regulation plan for Lake Ontario and  
the adjoining portion of the St. Lawrence River, 

known as Plan 2014, was adopted by the ijc following 
concurrence from the Governments of Canada and the 
United States in its December 8, 2016 Supplementary 
Order of Approval. Releases of water in accordance 
with the 2016 Order and Plan 2014 were effective by 
the end of January 2017, and replaced the previous 
regulation plan (Plan 1958-D) which had been in use 
since 1963. Plan 2014, designed to accommodate a 
broader range of hydrologic conditions than its prede-
cessor, was the culmination of over 16 years of study, 
public consultation and revision (ijc, 2014). 

Fundamentally, the plan dictates how much water 
should be released from the Moses-Saunders Power 
Dam and its spillway, the Long Sault Dam, located 
about 160 km (100 mi) downstream of Lake Ontario’s 
eastern end. Plan 2014 is expected to maintain the wa-
ter levels on Lake Ontario and the St. Lawrence River 
for much of the time within the range of water levels 
experienced over the past century. But neither it nor 
any other outflow management action can control wa-
ter levels and prevent serious impacts when excessive 
precipitation, high inflows and other unforeseeable 
natural factors send waters to extreme high levels or 
when drought conditions send waters to extreme lows. 

https://ijc.org/en/glam/expedited-review/public-involvement
https://ijc.org/en/glam/expedited-review/public-involvement
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3 Under Article VIII of the Boundary Waters Treaty, the following order of precedence of uses of boundary waters shall be observed by the IJC when 
considering projects: (1) Uses for domestic and sanitary, (2) uses for navigation, including the service of canals, and (3) uses of power and irrigation purposes.   

Lake Ontario level (IGLD 1985) Pointe Claire level (IGLD 1985) 

< 75.30 m (247.05 ft) 22.10 m (72.51 ft) 

≥ 75.30 m (247.05 ft) and < 75.37 m (247.28 ft) 22.20 m (72.83 ft) 

≥ 75.37 m (247.28 ft) and < 75.50 m (247.70 ft) 22.33 m (73.26 ft) 

≥ 75.50 m (247.70 ft) and < 75.60 m (248.03 ft) 22.40 m (73.49 ft) 

≥ 75.60 m (248.03 ft) 22.48 m (73.75 ft)

Table 2:  
LAKE ST. LOUIS (POINTE CLAIRE) LEVELS CORRESPONDING TO LAKE ONTARIO  
LEVELS FOR LIMITING LOWER ST. LAWRENCE RIVER FLOODING DAMAGES (F LIMIT).

Plan 2014 typically prescribes the outflow from Lake 
Ontario on a week-to-week basis. Lake releases for 
Plan 2014 begin with a sliding rule curve based on the 
pre-project stage-discharge relationship such that as 
Lake Ontario levels or water supplies increase, outflows 
increase and as water levels or supplies decrease, out-
flows decrease (glam, 2018). The rule curve takes into 
account the present-day lake levels as well as the recent 
and estimated near-future supply of water in Lake Ontar-
io. Under historical water supply conditions, the plan gen-
erally keeps the lake and river within the historic range 
of seasonal levels. The plan also was designed to achieve 
certain specific socioeconomic and environmental objec-
tives, such as providing conditions that are beneficial to 
shoreline wetlands and recreational boating, while also 
complying with the Treaty order of precedence of uses3 
and supporting other uses and interests (ijc, 2014).   

The plan contains a series of limits that restrict or 
increase outflow from the lake under certain condi-
tions to address specific uses and interests that can be 
affected by water levels and flows (ijc, 2014 – Annex 
B). These flow limits were developed from those used 
in Plan 1958-D, the former regulation plan, and what 
had been learned through operations with the decades 
of experience with deviations from that plan.

 

Plan 2014 Limits: 
• �The F Limit, which is designed to balance high water 

and the risk of flooding and erosion both upstream on 
Lake Ontario and downstream on the St. Lawrence 
River by adjusting Lake Ontario outflows to target 
increasingly higher water levels downstream at Lake 
St. Louis near Montréal as water levels upstream on 
Lake Ontario also increase (Table 2).

• �The I Limit, which is meant to foster the establishment 
of a stable ice cover on portions of the St. Lawrence 
River in the wintertime. Stable ice cover prevents ice 
jams that can cause localized flooding and restrict 
flow in some areas to the point where municipal water 
intakes might become unusable. 

• �The L Limit, which is meant to keep levels and flow 
velocities in the St. Lawrence River within the range 
needed for safe navigation by commercial freighters 
(refer to Figure 23 in Section 3.1.2). 

• �The J Limit, which, unless another limit takes prior-
ity, restricts the scope of any increase or decrease in 
flow from one week to the next. The limit is meant to 
prevent rapid changes in currents or water levels in 
the St. Lawrence River. 

• �The M Limit, which applies during times of extreme 
low water by balancing levels between Lake Ontario 
and Lake St. Louis much like the F Limit does in times 
of high water. The M Limit acts to protect commercial 
shipping, hydropower production and water systems.
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The limits are looked at collectively. If two limits apply 
at the same time, operations would be such as to respect 
both limits as much as possible. 

As noted in Section 2.3, Plan 2014’s rule curve and 
limits may be deviated from under certain conditions 
as per the 2016 Supplementary Order of Approval and 
Directive on Operational Adjustments, Deviations and 
Extreme Conditions. When Lake Ontario’s water levels 
reach or exceed extreme high “trigger levels” and when 
Lake Ontario’s water levels reach or fall below the ex-
treme low “trigger levels” major deviations are autho-
rized. Other circumstances may necessitate operational 
adjustments or minor deviations. As discussed in the 
next section, the Board is obligated to abide by the con-
ditions laid out in the 2016 Supplementary Order  
of Approval when making deviation decisions. 

Relative to the regulation of Lake Ontario outflows, 
the inflow from the Ottawa River can have a profound 
effect on conditions in the lower St. Lawrence  
River. As noted earlier, the ijc and Board have no  
regulatory authority over the Ottawa River’s flow and 
do not control the dams in the Ottawa River basin. 
However, the Board works closely with the Canadian 
domestic Ottawa River Regulation Planning Board 

(https://ottawariver.ca) to integrate current and fore-
casted flows from the Ottawa River basin into the 
Board’s Lake Ontario outflow strategy.  

While the storage capacity of reservoirs in the Ottawa 
River basin is relatively small compared to the water 
volume during the freshet time, the Ottawa River Reg-
ulation Planning Board takes every measure possible 
to try to optimize discharges from upstream reser-
voirs in order to reduce peak levels and flows along 
the Ottawa River. In doing so, peak flows into the St. 
Lawrence River are also reduced to a certain extent. 
While there is coordination and communication the 
two systems are operated independently. 

More on Plan 2014:   
• �https://ijc.org/sites/default/files/Plan2014_Compendium 

Report.pdf 
•� https://www.ijc.org/sites/default/files/2019-04/Plan2014.pdf  

More on Frequently Asked Questions about Board 
operations:  
https://ijc.org/en/loslrb/causes-2017-high-water-event 

More on the Ottawa River Regulation Planning Board: 
https://ottawariver.ca  

2.7  
The uses and interests  
of Lake Ontario and the  
St. Lawrence River
Plan 2014, like the regulation plan before it,  

considers the needs of the groups of people and 
the business sectors that rely on Lake Ontario and the 
St. Lawrence River and have a strong interest in the wa-
ter levels there. Elements of the plan rule curve and its 
limits were specifically designed to support and protect 

these uses and interests. Plan 2014 was also designed 
to provide for more natural variations of water levels of 
Lake Ontario and the St. Lawrence River relative to the 
previous regulation plan, which are needed to restore 
ecosystem health while continuing to moderate ex-
treme high and low levels (iloslrsb, 2006; ijc, 2014). 

https://ottawariver.ca
https://ijc.org/sites/default/files/Plan2014_CompendiumReport.pdf 
https://ijc.org/sites/default/files/Plan2014_CompendiumReport.pdf 
https://www.ijc.org/sites/default/files/2019-04/Plan2014.pdf
https://ijc.org/en/loslrb/causes-2017-high-water-event
https://ottawariver.ca/
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The loslr Study Board Report (ILOSLRSB, 2006) 
identified six uses and interests in the region that live 
or work along the shore or use the lake and river for 
recreation or business and that potentially would be 
affected by new regulatory rules: (1) coastal devel-
opment, (2) commercial navigation, (3) ecosystems, 
(4) hydropower, (5) municipal and industrial water 
use, and (6) recreational boating. Previous ijc studies 
(iloslrsb, 2006; ijc 2014) developed performance 
metrics to measure the impacts of water fluctuations 
on each of the six uses and interests and developed 
models to test the impacts in a variety of potential 
scenarios, including extreme high and low water levels 
and potential changes from climate change. 

Because the Lake Ontario and the St. Lawrence River 
comprise a dynamic system whose levels ultimately 
are determined by the amounts of water that enter the 
system naturally, uses and interests can find themselves 
at risk from high or low water levels. Water levels and 
flows that benefits one interest can at times disadvan-
tage another. Swimmers may appreciate lower water 
levels and wide sandy beaches, for example, while recre-
ational boaters struggle to access docks or navigate be-
tween marinas and open water. Such situations can lead 
to tensions between the various interests and regions. 

The order of precedence of uses which is followed 
in setting conditions for uses, obstructions and 

diversions of boundary waters dates to the 1909 
Boundary Waters Treaty (https://www.ijc.org/en/who/
mission/bwt) between the United States and Great Brit-
ain on behalf of Canada, which created the ijc. Article 
VIII of the Treaty lists, in order of precedence, three 
uses: domestic and sanitary purposes, navigation, and 
power production and irrigation. The Treaty states 
that “no use shall be permitted which tends materi-
ally to conflict with or restrain any other use which is 
given preference over it in this order of precedence.” In 
a separate paragraph of Article VIII, the Treaty says 
that approval of projects by the IJC is conditional on 
suitable and adequate provision for the protection and 
indemnification of all interests on the other side of the 
line which may  be injured by a project.  

The ijc’s 2016 Supplementary Order of Approval and 
associated directives provide the guidance and criteria 
for the Board to follow when making outflow decisions. 
The 2016 Order respects the order of precedence of 
uses and provides protection of interests as required 
by the Treaty including the requirement for flood pro-
tection identified in the 1956 Order.  

More on the 2016 Supplementary Order of Approval: 
https://ijc.org/en/loslrb/who/orders

21

Swimming and boating on Lake Ontario in Toronto, Ontario, Canada

https://www.ijc.org/en/who/mission/bwt
https://www.ijc.org/en/who/mission/bwt
https://ijc.org/en/loslrb/who/orders


GLAM  Committee  |  Expedited Review of Plan 2014, Phase 1: Informing Plan 2014 Deviation Decisions 22

Numerous municipalities, industrial facilities  
and other private parties draw water from the 

St. Lawrence River and Lake Ontario. The submerged 
intakes through which they pull in water are critical 
assets that are vulnerable to extreme low water levels. 
Some municipal and industrial water infrastructure 
located near the shoreline, such as pump stations and 
water mains, are subject to impacts from extreme high 
water as well (Figure 7). 

The 2016 Supplementary Order of Approval does not 
specifically mention wastewater treatment plants, but 
they are included in this category as well. Treatment 
plants and the underwater outfalls through which they 
discharge wastewater also can be vulnerable to extreme 
high and low water levels.

Plan 2014 was crafted to keep water intakes and waste-
water outfalls well-submerged. During wintertime, the 
I Limit, which primarily is intended to encourage the 
formation of stable ice cover on the St. Lawrence River, 
also prevents levels there from falling below the point 
traditionally believed to hamper operation of the in-
takes. The M Limit prescribes flows to balance low levels 

of Lake Ontario and Lake St. Louis to lessen impacts to 
certain interests including municipal water systems.  

Should the Board be authorized to deviate from Plan 2014  
because the lake level has hit the low “trigger levels”, the 
2016 Supplementary Order of Approval requires the 
works to be operated to make all possible efforts to 
protect municipal water facilities, commercial shipping 
and hydropower production upstream and downstream. 
In that setting, the Board must do everything it possibly 
can to keep levels high enough in the river and the lake 
that the intakes can function properly.  

On occasions when the lake level reaches or exceeds the 
high “trigger levels” as it did in 2017 and 2019-2020, 
the Board is mindful that water-facility infrastructure 
on the shoreline can be placed at risk of flooding. The 
Board also considers the fact that when already-high 
outflows from the Moses-Saunders dam are increased, 
the water level in Lake St. Lawrence just upstream of 
the dam can fall quickly. In those instances, care must 
be taken to protect the water-system intakes in that 
stretch of the St. Lawrence River. 

2.7.1  
Municipal and industrial  
water systems 

Figure 7: Examples of municipal infrastructure flooding. Left - Flooding adjacent to water pump station, 
Edwardsburg-Cardinal, Ontario. Right - Flooded roads and sewers, Greece New York, May 2019 
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Ocean-going and domestic vessels move regularly 
 through the St. Lawrence River and Lake Ontario, 

and can then travel through the Welland Canal into 
Lake Erie and from there into the upper Great Lakes. 
Montréal is a major port on the St. Lawrence River 
(Figure 8); Hamilton and Toronto are major ports on 
Lake Ontario. Oswego in New York, Oshawa and Picton 
in Ontario are among a number of other ports on the 
lake and river that also receive commercial freighters  
(Chamber of Marine Commerce, https://www.marine 
delivers.com/great-lakes-st-lawrence-shipping).

Commercial vessels require water levels that are 
neither extremely low nor extremely high. They also 
require flows in the river to be limited to prevent unsafe 
currents. Extreme low levels could restrict passage 
through parts of the St. Lawrence River. Plan 2014’s 
rules aim to maintain conditions in the river that allow 
commercial navigation to occur: if water levels veer 
toward very high or very low points, the L and M Limits 
built into the plan are meant to maintain conditions in 
the river that allow continued navigation. 

If the Board is deviating because the lake has hit a low  
“trigger level”, the 2016 Supplementary Order of Approv-
al requires the works to be operated to make all efforts to 
keep levels high enough to protect municipal water facili-
ties, commercial shipping and hydropower production. 

If the Board has deviation authority because water 
levels have reached or exceeded a high “trigger level”, 
the Board may direct the increase of  outflows through 
the Moses-Saunders dam beyond what is prescribed 
by the plan and the L Limit to lower the level of Lake 
Ontario to provide all possible relief upstream and 
downstream. In setting flows during periods of crises, 
the Board must be sensitive to the nature and extent of 
the potential adverse effect of its decision. At the same 
time it must take into account the nature and extent of 
the relief it is attempting to provide. On those occa-
sions, however, the Board must take into consideration 
the fact that very high outflows create currents that 
can make navigation by large vessels difficult or impos-
sible on portions of the St. Lawrence River.

2.7.2  
Commercial navigation

Figure 8: Montréal is a major port on the St. Lawrence River

https://www.marinedelivers.com/great-lakes-st-lawrence-shipping
https://www.marinedelivers.com/great-lakes-st-lawrence-shipping
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Three large hydropower facilities located on the  
St. Lawrence River are directly dependent on 

Lake Ontario outflows. The Moses-Saunders Power 
Dam (Figure 9) is located at the foot of Lake St. Law-
rence (Figure 10). The dam is comprised of two adja-
cent power plants, the Saunders Generating Station 
in Ontario and the St. Lawrence-FDR Power Project in 
New York. The power dam, along with the nearby Long 
Sault Dam spillway are the locations at which the Lake 
Ontario outflow can be increased or decreased, and 
where the Board-specified outflows are set. The I Limit 
is intended to restrict flow so that a stable ice cover 

forms in Lake St. Lawrence and at other critical parts 
of the river that, once formed, allows for higher flows 
and prevents ice jams that can cause flooding. The 
Board, if deviating in winter to maximize outflows, is 
cognizant of the ice cover and loss of hydroelectric gen-
eration that an ice jam would cause, along with poten-
tial damages to other local and Lake Ontario interests, 
if the jam is prolonged. 

Further downstream, two additional facilities, Beau-
harnois and Coteau-Les Cèdres, are located near the 
head of Lake St. Louis, a section of the St. Lawrence 

2.7.3  
Hydropower production 

24

Figure 9: Moses-Saunders Power Dam on the St. Lawrence River, 
used to regulate outflows from Lake Ontario
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River just above Montréal (Figure 10). Both are run-
of-river plants, meaning they do not impound water 
upstream of the facility and releases are typically set 
to match those set upstream through the Moses-Saun-
ders dam. Ice forms on the river upstream of the two  
plants and the I Limit was designed to take into account 
the need to form and maintain ice cover there and also 
on Lake St. Lawrence. As well, the L Limit was written 
to safeguard the two facilities; the maximum flow 
allowed by the L Limit in non-navigation season was 
selected because that is the combined physical capacity 
of Beauharnois and Coteau-Les Cèdres. 

When the Board is deviating from Plan 2014 because 
the lake level has hit low-water “trigger levels”, it must 
abide by the requirement that it make all efforts to 
protect municipal water facilities, commercial shipping 
and hydropower production. 

Figure 10:  
MAP OF THE ST. LAWRENCE BETWEEN IROQUOIS, ONTARIO AND LAKE ST. LOUIS, 
QUEBEC INCLUDING MAIN FACILITIES  
—  Dam     —  Lock     --  Provincial border     --  International border
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Thousands of parcels of land line the shores Lake  
Ontario and the St. Lawrence River. Many are 

privately owned and used for year-round or seasonal 
homes by individuals or families, or for businesses 
that range in size from small marinas to nuclear power 
complexes. In some areas, particularly downstream 
adjacent to Lake St. Pierre in Quebec, land adjacent to 
the shoreline is used for agriculture. Municipalities, 
conservation authorities, the provinces of Quebec and 
Ontario, the state of New York and the two federal 
governments own considerable land as well, with much 
of it set aside for recreational purposes (Figure 11). 

Shoreline interests are vulnerable to both very high 
and very low water. The plan’s rules are meant to help 
reduce the frequency and duration of extreme highs 
or lows relative to pre-project channel conditions (i.e. 
if outflows were not regulated). If the water supply 
increases and the water level rises enough, the F Limit 
will govern Lake Ontario outflows in such a way as to 
try and balance flood risk between upstream and down-
stream interests. If the water level is low enough, the M 
Limit does the same for the risk of low water. The Board  

is authorized to deviate from these rules and limits when  
the high or low “trigger levels” are reached. 

When levels reach or exceed the high “trigger levels”, 
the Board deviations are primarily driven by concerns 
about shoreline impacts. The Board also must balance 
risks between different parts of the system, including 
shoreline properties on the lake and those along the 
river as defined in the 2016 Order — which may have 
diverging interests when it comes to how much flow 
should be released.  

Not all shoreline parcels are equally vulnerable to 
extreme high water. Some stretches of Lake Ontario 
and St. Lawrence River shoreline are highly susceptible 
to flooding or erosion by nature of their location and 
the local geology, while others are not. Many but not 
all developed parcels feature revetments, bulkheads or 
other structures meant to reduce flooding and erosion 
impacts, though they vary in effectiveness against ex-
treme high water or large waves. The planning and reg-
ulation of development in vulnerable areas is subject to 
state or provincial as well as local jurisdictions.

2.7.4  
River and lake shoreline  
properties 

Figure 11: Sandbanks Provincial Park, Prince Edward County, Ontario
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A vast interconnected community of mammals,  
fish, birds, reptiles, amphibians, invertebrates, 

microbes, land-based and aquatic plants, algae and 
other organisms live in the ecosystems of Lake Ontario 
and the St. Lawrence River (Figure 12).

The ecosystems appear to have been overlooked in the 
1952 and 1956 Orders as something that could be af-
fected by management of outflows from Lake Ontario 
and the St. Lawrence River. The many organisms that 
live in and around the water were not taken into con-
sideration in the development of the 1952 and 1956 
Orders (ijc, 2014).  

Over time, scientists learned that regulation of Lake 
Ontario outflows was harming the ecosystems of Lake 
Ontario and the St. Lawrence River, primarily by nar-
rowing the natural range of year-to-year fluctuations 
of water levels on the lake and upper river compared to 
what would have occurred naturally (iloslrsb, 2006).  

Research done prior to the development of Plan 2014 
found that about 26,000 hectares (64,250 acres) of 

shoreline wetlands had lost diversity and that unde-
sirable cattail monocultures have become more common 
due to regulation that eliminated the natural occurrence 
of extended periods of lower water (Wilcox, et al. 2005). 
The situation may be exacerbated by regulation that 
encourages lower water levels on Lake Ontario and the 
upper St. Lawrence River in winter and early spring. 
This harms a number of native animal species; one 
of them, muskrats which plays a role in limiting the 
spread of cattails (iloslrsb, 2006).  

Parts of the ecosystem in Lake St. Lawrence haves a 
different problem; large rapid drops in water level can 
cause immediate harm to aquatic organisms especially 
if they are exposed to freezing in the winter. Rapidly 
increasing outflows through the Moses-Saunders or 
Long Sault dams can cause these large drops in levels,  
as can sudden flow restrictions due to changing up-
stream ice conditions. The I Limit, which moderates 
flows and water levels in the St. Lawrence River to 
promote stable ice formation, serves to keep levels on 
Lake St. Lawrence from dipping to extreme lows in the 
winter. During times of extreme high water on Lake 

2.7.5  
St. Lawrence River and Lake 
Ontario ecosystems 
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Figure 12: Great egret hunting in a marsh of the St. Lawrence River
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Ontario when the Board has the authority to deviate 
from the I Limit, its members are mindful of concerns 
that the ecosystem in Lake St. Lawrence can be dam-
aged if levels fall too low. 

Downstream on the lower St. Lawrence River, the 
spring and early summer season is a critical period for 
reproduction for several bird, fish and turtle species. 
Increases in outflows that result in a quick changes in 
levels (e.g. >20 cm (8 in.)) during critical nesting stages 
can risk having detrimental effects on the reproduc-
tion of several groups, especially several endangered 
species (Talbot, 2006). 

During times of very low water on Lake Ontario, the 
Board may feel pressure to further reduce outflow 
to raise the lake level — which could perpetuate the 

damage to shoreline wetlands. This situation, like the 
Lake St. Lawrence winter scenario, and the timing of 
outflows for the lower St. Lawrence River cited above, 
highlight a difficulty in assessing ecosystem impacts: 
In most cases, positive or negative changes to shore-
line wetlands and other ecosystem indicators manifest 
themselves over periods of months or years, long after 
a single deviation has run its course. The Board has had 
little information about how such a deviation can impact 
an ecosystem.  

Plan 2014 was written, in part, to address ecosystem 
degradation by allowing more natural fluctuations in 
water levels. As noted earlier in this section, the Lake 
Ontario and St. Lawrence River ecosystems were rec-
ognized in the 2016 Supplementary Order of Approval.

Recreational boating and shoreline tourism can be  
negatively impacted by both high and low water 

levels. Extreme high water can force closure of mari-
nas, beaches and parks, and can submerge docks and 
boat launches. 

Extreme low water can make docks and boat launches 
inaccessible or unusable. It also can make channels 
that connect dockage with the lake or river difficult if 
not impossible to navigate. These are not-infrequent 
problems on the upper and lower St. Lawrence River. 
Lake St. Lawrence, where high outflows through the 
Moses-Saunders dam lower water levels, has particu-
larly been affected in recent years. 

Major deviations from the F or L limits to increase al-
ready-high outflows could lower the water level enough 

in Lake St. Lawrence to pose problems for boaters 
there. In an example of the difficult tradeoffs that the 
Board often faces, such deviations would lower levels 
on Lake Ontario, which could help boaters and tourism 
there. As noted, recreational boating was first recog-
nized in the 2016 Supplementary Order of Approval. 

2.7.6  
Recreational boating  
and tourism 

Boating along the St. Lawrence Seaway, New York  
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Members of First Nations, Tribal Nations and the  
Métis Nation have lived alongside Lake Ontario 

and the St. Lawrence River for millennia. Interacting with 
the natural world through a spirit of kinship, twinned 
with a sense of responsibility, Indigenous Peoples are 
intertwined with the region’s lands and water. As guard-
ians of the landscape, they have relied on shorelines, riv-
ers and wetlands of the Great Lakes-St. Lawrence River 
region for livelihood through traditional practices such as 
hunting, gathering, subsistence agriculture and fishing4. 

Lake Ontario along with the St. Lawrence River from 
Lake Ontario through to Trois Rivières is a vibrant wa-
tercourse of cultural heritage and economic exchange. 

In total, the glam Committee identified twenty-two 
Indigenous Nations that have interest in the shore-
lines of Lake Ontario and the St. Lawrence River. Out 
of these, there are six communities that reside directly 
along the shoreline and 16 communities with an inter-
est in the shorelines (Table 3).

2.8  
Indigenous Nations 

Figure 13:  
FEDERALLY-RECOGNIZED INDIGENOUS LANDS DIRECTLY ADJACENT TO THE 
SHORELINE LAKE ONTARIO OR THE ST. LAWRENCE RIVER 
•  Federally-recognized Indigenous Lands     *  Moses-Saunders Power Dam 
--  Provincial border     --  International border
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Kanesatake)
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4 The following is from wisdom gained through the GLAM Committee’s Indigenous Engagement Planting a Relationship sessions, particularly from 
those who shared generously with GLAM, including the Water Walkers and Hiawatha First Nation.    
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The fluctuation of Lake Ontario and St. Lawrence 
River water levels does affect First Nations, Tribal Na-
tions, and the Métis Nation in various ways, including 
impacts to their traditional and cultural practices and 
Indigenous rights. For example, outflow management 
decisions directly affect  the Mohawks of Akwesasne 
as the Moses-Saunders and Long Sault dams are 
immediately upstream of the Akwesasne Mohawk 

Territory. This Mohawk community is represented by 
the Saint Regis Mohawk Tribe in the southern portion, 
the Mohawk Council of Akwesasne First Nation for the 
northern portion and the traditional leadership of the 
Mohawk Nation Council of Chiefs.

Additional Mohawk communities such as the Mohawks 
of the Bay of Quinte (within the Tyendinaga Mohawk 

Indigenous Nation Watershed/waterway 
Residing Directly on the Shoreline 

Mohawks of the Bay of Quinte Lake Ontario 

Mohawk Nation Council of Chiefs St. Lawrence River 

Mohawk Council of Akwesasne St. Lawrence River, CAN 

Saint Regis Mohawk Tribe St. Lawrence River, USA 

Mohawks of Kahnawake St. Lawrence River 

Mohawks of Kanesatake Ottawa River/St. Lawrence River

Interest in the Shoreline
Mississaugas of the Credit First Nation Shore and water of Lake Ontario 

Williams Treaty First Nations Lake Ontario 

   Alderville First Nation5 Lake Ontario watershed 

  Hiawatha First Nation Lake Ontario watershed 

Curve Lake First Nation Lake Ontario watershed 

    Scugog Island First Nation Lake Ontario watershed 

Algonquin of Pikwakanagan First Nation Ottawa River & St. Lawrence River 

Conseil des Abénakis d'Odanak St. Lawrence River 

Conseil des Abénakis de Wôlinak St. Lawrence River 

La Nationne Huron Wendat  Lake Ontario & St. Lawrence River 

Métis Nation of Ontario Lake Ontario, Ottawa River & St. Lawrence River 

Nation Métis Québec Ottawa River & St. Lawrence River 

Tribal Nation Location 
Tuscarora Nation USA, Lake Ontario watershed 

Seneca Nation USA, Lake Ontario watershed 

Onondaga Nation USA, Lake Ontario watershed 

Oneida Nation USA, Lake Ontario watershed 

Table 3:  
INDIGENOUS NATIONS AND KEY WATERSHEDS/WATERWAYS

5 There are seven First Nations within the Williams Treaty Nations, which include: Beausoleil First Nation, Chippewas of Rama First Nation, Georgina Island 
First Nation, Mississaugas of Scugog Island First Nation, Curve Lake First Nation, Alderville First Nation, and Hiawatha First Nation. For the purposes of the 
GLAM Committee’s work for Lake Ontario and the St. Lawrence River shoreline, the last four listed are included in the table.  
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Territory, Lake Ontario) (Figure 14), the Mohawks of 
Kahnawake (Lake St. Louis - St. Lawrence River), and 
Mohawks of Kanesatake (Lake of Two Mountains, 
where the Ottawa River meets the St. Lawrence River) 
are geographically situated along the Lake Ontario and 
St. Lawrence River shoreline (Figure 13). They are also 
affected by changing water levels and flows based on 
their location in the system.

Signed in 1909, the Boundary Waters Treaty between 
Canada and the United States does not explicitly refer-
ence Indigenous Nations or their relationship with the 
ijc. In any proceeding, inquiry, or matter before the ijc, 
however, the Treaty requires all interested parties be 
offered a convenient opportunity to be heard. For much 
of its early history, however, the ijc did not proactively 
invite Indigenous Nations to engage in its work, defer-
ring instead to the governments of Canada and the 
United States to assume this role.    

In recent decades, and at the request of governments, 
the ijc has sought to more formally include Indigenous  
perspectives in its activities. Across the United 
States-Canada boundary, the ijc has been actively 
engaging with First Nations, Tribal Nations, and the 
Métis Nation to ensure that their unique perspectives, 
ways of knowing and traditional knowledge are re-
flected in the work of the ijc. Through the work of the 
Expedited Review of Plan 2014, the glam Committee 
is engaging with First Nations, Tribal Nations and  
Métis Nations in the Lake Ontario-St. Lawrence River 
system, to initiate a conversation about how these  
Indigenous Nations experience changing lake levels 
and river flows. This work is seen as a first step in a 
longer-term effort to incorporate Indigenous knowledge 
and perspectives into the work of the glam Committee 
in support of the review of outflow regulation plans.

Insight
Outreach and inclusion of Indigenous peoples is 
important for ongoing regulation plan review.

Figure 14: Flooding of homes along the shoreline within the Tyendinaga Mohawk Territory, May 2017
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The Board and its  
deviation authority 
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The Great Lakes-St. Lawrence River Adaptive  
Management (glam) Committee has examined 

the recent history of deviations to look for instances 
when different actions might have been possible.  
Committee representatives interviewed past and  
present International Lake Ontario – St. Lawrence 
River Board (Board) members and documented in-
formation gaps that contributed to uncertainty. The 
glam Committee documented the Board’s desire for 
more data on risks and rewards of deviation options. 
Knowing that the Board often faces questions about 
when to deviate from Plan 2014’s limits, which cap 
outflow in some circumstances, the glam Committee 

studied the history and function of those limits to 
explore alternative deviation possibilities.  

The aim was to provide the Board with objective, 
relevant information to support its decision-making. 
This work, in which the Public Advisory Group (pag) 
was also involved, was integral to the glam Commit-
tee’s creation of the Decision Support Tool (dst). The 
tool illustrates the benefits and harms that deviations 
might cause to various uses and interests and helps 
the Board better understand possible outcomes in the 
face of uncertainty about future water supplies.

3.0  
The Board and its  
deviation authority

The first four years that Plan 2014 was in use,  
beginning in January 2017 and ending in De-

cember 2020, was one of the most active periods in the 
61-year history of the Board. Due to the extreme water 
supplies in 2017 and again in 2019 and early 2020, 
Board deviations governed outflows from Lake Ontar-
io for 103 weeks, or nearly half the weeks in those four 
years (see Figure 1 in Section 1.2). 

The Board employed several strategies to balance the 
interests of different sectors of the lake-river system. 
In both 2017 and 2019, in the face of damaging floods 

on the shorelines of Lake Ontario and both the up-
per and lower St. Lawrence River, the Board chose to 
follow the F Limit as it tried to balance the impacts of 
high water both upstream and downstream, even when 
it did have the authority to deviate from that limit. 
With heightened flood risk again in the spring of 2020, 
the Board, having the authority to deviate, chose to 
deviate above the lowest tiers of the F Limit in March. 

As well, Board deviations from the L Limit significantly 
impacted the commercial shipping industry during 
both high-water events. In the summers of 2017 and 

3.1  
The Board and extreme high 
water in 2017 and 2019-2020 
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2019 when outflows were set above the L Limit, higher 
water velocities in the St. Lawrence River led the shipping 
authorities to institute mitigation measures such as speed, 
passing and draft restrictions, to ensure safe navigation 
(glam, 2018). In March 2020, the Seaway corporations 
chose to delay the opening of the shipping season, providing 
the Board an opportunity to maximize outflows from Lake 
Ontario in an effort to reduce the flood risk on the shore. 

The Board’s deviation decisions were based on the  
best information available at the time and their experience 
and judgement. Inevitably, though, the deviation decisions 
stirred controversy along the shore of Lake Ontario and the 
St. Lawrence River, and among navigation interests, many  
of whom felt at times that the Board should have done more 
 to help their interests or regions during the crises.

In 2017, the lake level first reached the criterion  
H14 “trigger levels” on April 28. The lake level had 

reached such an extreme point largely because of record- 
breaking spring rains in the Lake Ontario, St. Lawrence 
River, Ottawa River and Lake Erie basins (e.g. Figure 15 
and Figure 16). When lake levels exceed the “trigger lev-
els", the Board is directed to manage flows to provide re-
lief from extreme levels both upstream and downstream. 
That allowed the Board to deviate from the plan’s F Limit, 
which was governing outflows at the time, though Board 
members chose to continue following the F Limit to 
balance flood levels occurring upstream and downstream. 
The Board did not have sufficient information to know 
whether a better balance might be achievable. 

Lake Ontario’s level peaked in late May at 75.88 m 
(248.95 ft), the highest level observed since reliable 
records began in 1918. At the same time, levels on  
the St. Lawrence River downstream approached or ex-
ceeded records. In part this was due to extreme  
flow from the Ottawa River.  

Shoreline communities in the Montréal region and 
downstream on Lake St. Pierre were hit by severe 
flooding that forced evacuations and impacted hundreds 
of homes (Ministère de la Sécurité publique, 2017). 
Thousands of private dwellings, businesses and public 
facilities on both sides of Lake Ontario and the upper river 
were heavily impacted, with many buildings and shoreline 
protective structures damaged by high water and waves 
that accompanied a series of moderate winds torms. 

The F Limit governed outflows from April 5th to the 
end of May as water levels were rising and eventually 
reached extreme highs. The limit manages outflow 
so that as Lake Ontario’s level rises, so does the level 
maintained on Lake St. Louis, a section of the St. Law-
rence River near Montréal. Figure 17 and Figure 18 
illustrate 2017 outflows and Lake Ontario water levels, 
highlighting when different flow limits applied, as well 
as when major and minor deviations occurred.

3.1.1  
High water in 2017 

Commercial container ship on the St. Lawrence seaway
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Figure 15:  
TOTAL PRECIPITATION ACCUMULATION IN APRIL AND MAY 2017 BASED ON  
PERCENT DEPARTURE FROM THE 2002-2016 MEAN.  
(Source: ECCC - Meteorological Service of Canada)

Figure 16:  
WEEKLY NET TOTAL SUPPLIES FOR THE LAKE ONTARIO BASIN IN 2017, COMPARED 
TO RECORD HIGHS, LOWS AND LONG-TERM AVERAGE.  
(Source: International Lake Ontario – St. Lawrence River Board)  
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Figure 17: 
LAKE ONTARIO OUTFLOWS IN 2017, SHOWING WHEN LIMITS AND BOARD DEVIATIONS APPLIED 
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Figure 18: 
LAKE ONTARIO WATER LEVELS IN 2017, SHOWING WHEN LIMITS AND BOARD DEVIATIONS APPLIED 

Le
ve

ls
 (

m
)

72.7

76.6

73.0

73.3

73.6

74.2

74.8

75.1

75.4

75.7

76.0

76.3

Le
ve

ls
 (

ft
.)

73.9

74.5

J F M A M J J A S O N D
Month

238.5

251.5

239.5

240.5

241.5

243.5

245.5

246.5

247.5

248.5

249.5

250.5

242.5

244.5

Major Deviations

-15 cm

Crit. H14 low thresholds

Crit. H14 high thresholds

•  Preproject       �  Plan 2014       �  Plan 2014 Rule Curve       �  Major (Criterion H14) Deviations       
 �  Minor Deviations       �  Condition J Deviations       �  Plan 2014 Limits       -- Actual       -- Average



GLAM  Committee  |  Expedited Review of Plan 2014, Phase 1: Informing Plan 2014 Deviation Decisions 37

The F Limit prescribes a maximum level for Lake St. 
Louis of 22.48 m (73.75 ft) once Lake Ontario reaches 
75.60 m (248.03 ft), at which point the Board typically 
has the authority to deviate above this level on Lake 
St. Louis if it so chooses.  

The Board did not deviate from the F Limit because 
its members believed the limit was balancing up-
stream-downstream flooding and the Board mem-
bers did not feel they had sufficient information on 
impacts to know whether any improvement could be 
achieved upstream (Lake Ontario and the upper St. 
Lawrence River) through deviations without signifi-
cantly harming downstream (St. Lawrence River in 
Quebec) interests, or vice-versa. The Board was aware 
that damaging flooding was occurring to properties 
both upstream and downstream. It did not know how 
many properties would be affected either upstream or 
downstream with an incremental change in flow from 
the F Limit. The Board did understand that a deviation 
from the F Limit that raised downstream levels by 8 
to 14 centimeters (3 to 5 ½ in.) for a week would allow 
one additional centimeter of water to be removed from 
Lake Ontario by the end of that week, but it was unsure 
if such a change would result in more or less flood 
damage overall.      

On May 24, when circumstances had eased slightly 
along the lower St. Lawrence River as the spring flows 
from the Ottawa River began to subside, the Board 
began to deviate from the plan flow to extend addi-
tional relief to the Lake Ontario shore. By this time, the 

outflows according to the F Limit had increased to the 
point where the L Limit governed. The L Limit specifies 
outflow to allow large commercial freighters to safely 
navigate the St. Lawrence River upstream of Montréal. 
The Board set outflows at 10,200 m3/s (360,000 cfs), 
which is the maximum specified by the L Limits when 
the Lake Ontario level is between 75.7 m and 76.0 m 
(248.36 and 249.34 ft). A sustained outflow rate that 
high had been employed only twice since regulation of 
outflows began in 1960. Commercial vessels continued 
to transit the river but with speed and passing restric-
tions in place on the Seaway. 

On June 14, as damaging high water persisted on Lake 
Ontario, the Board increased outflow beyond the L Limit 
to 10,400 m3/s (367,000 cfs), the highest sustained rate 
on record. The Seaway corporations placed commercial 
vessels under additional restrictions and called in tug-
boats to assist ships at critical high-current locations, 
allowing ships to continue operating. The record outflow 
continued until August 8, when the Lake Ontario level 
had dropped to 75.50 m (247.70 ft) and the Board 
began reducing the rate of discharge according to the 
L Limit of the plan. On September 2, 2017, the Board’s 
major deviation authority ended when the lake level 
dropped below the criterion H14 “trigger levels”. 

More on 2017 high water:   
• �https://ijc.org/en/loslrb/observed-conditions-regulated 

-outflows-2017 
• �https://ijc.org/en/loslrb/watershed/2017-high-water_Q 

-and-As

https://ijc.org/en/loslrb/observed-conditions-regulated-outflows-2017
https://ijc.org/en/loslrb/observed-conditions-regulated-outflows-2017
https://ijc.org/en/loslrb/watershed/2017-high-water_Q-and-As
https://ijc.org/en/loslrb/watershed/2017-high-water_Q-and-As
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Two years later, the scenario was not dissimilar.  
The Lake Ontario level had fallen until it was  

relatively close to the long-term average through much 
of 2018. It rose somewhat in the winter but in late 
April 2019, the water supplies and levels shot up rapid-
ly. Precipitation in the Lake Ontario basin was signifi-
cant and persistent from late April into June, and the 
inflow from Lake Erie was relentless, with water levels 
and inflows reaching record highs. 

Perhaps the most exceptional circumstances played out 
along the downstream section of the St. Lawrence and 
Ottawa rivers in Canada. The Ottawa River, which drains 
a vast area of Quebec and Ontario, was swollen with late, 
heavy snowmelt and spring rain. It overshot its own 
banks and its volume eclipsed records set just two years 
earlier. That water surged into the St. Lawrence River 
near Montréal for an extended period (Figure 19) and for 
the second time in three years, severe flooding hit com-
munities along the St. Lawrence River (e.g. Figure 20).

3.1.2  
High water in 
2019-2020

Figure 19: 
OTTAWA RIVER FLOW INTO THE ST. LAWRENCE RIVER, 2017-2020  
(Source: International Lake Ontario – St. Lawrence River Board)
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The criterion H14 “trigger levels” had been reached in 
early May 2019, meaning the Board had the ability to 
deviate from the plan’s specified discharge. Just as in 
2017, the Board elected to follow the F Limit and not 
increase outflows beyond that because Board members 
had limited detailed information about whether such 
deviations could reasonably be expected to significantly 
reduce upstream levels and impacts without unfairly 
increasing harm to downstream riparians, including 
those on Lake St. Pierre, or, conversely, whether reduc-
ing outflows temporarily could significantly reduce 
downstream impacts without unfairly increasing harm 
upstream. Figure 21 and Figure 22 illustrate 2019 out-
flows and Lake Ontario water levels, highlighting when 
different flow limits applied, as well as when major and 
minor deviations occurred.

By the start of June, flooding had begun to ease along 
the lower St. Lawrence River and the L Limit was setting 
the outflow at 10,200 m3/s (360,000 cfs), the maximum 
allowed under the sliding scale built into the limit. 

On June 10, 2019, the Board began using its ability 
to deviate by directing that outflow be increased to 
10,400 m3/s (367,000 cfs), just as it had done in 2017. 
The discharge remained at that elevated rate until 
August 21, when the lake level had subsided to 75.50 
m (247.7 ft). The Board continued to deviate, however, 
by keeping the outflow 200 m3/s (7,100 cfs) above the 
maximum allowed by Plan 2014’s L Limit (Figure 23).

In October 2019, anticipating that Lake Ontario levels 
may soon fall below criterion H14 “trigger levels” and 
thus end the Board’s authority to enact major devia-
tions, the ijc granted the Board’s request for special au-
thority to continue deviating consistent with Condition 
J of the 2016 Supplementary Order of Approval. Condi-
tion J allows deviations to test modifications to the plan 
rules provided they are consistent with other conditions 
in the 2016 Order. The ijc authorized the Board to test 
the plan rules because of abiding concern about the 
extremely high inflow from Lake Erie and possibility of 
extreme high water on Lake Ontario again in 2020. 

Figure 20: Residential and agricultural flooding along the 
shoreline of the St. Lawrence River near Maskinongé, Quebec
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Figure 21: 
LAKE ONTARIO OUTFLOWS IN 2019, SHOWING WHEN LIMITS AND BOARD DEVIATIONS APPLIED

•  Preproject                  �  Plan 2014       �  Plan 2014 Rule Curve       �  Major (Criterion H14) Deviations       
 �  Minor Deviations       �  Condition J Deviations       �  Plan 2014 Limits       -- Actual       -- Average

Figure 22: 
LAKE ONTARIO WATER LEVELS IN 2019, SHOWING WHEN LIMITS AND BOARD DEVIATIONS APPLIED
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 The Board continued to direct high discharges, often 
above the plan-prescribed “rule curve” flow, through 
the winter, setting records for outflow in January, Feb-
ruary and March. In March and April 2020, seeing that 
it was likely that the third tier of the F Limit would be 
reached that spring, the Board decided to skip the first 
two F Limit tiers and set outflows that would allow Lake 
St. Louis levels to rise as high as 22.33 m (73.26 ft) even 
though Lake Ontario had not yet reached its correspond-
ing level of 75.37 m (247.28 ft) in the F Limit. Further, 
the Board agreed that due to the risk of damage from 
ice movement on Lake St. Louis at such high levels, that 
the second tier of the F Limit level of 22.20 m (72.83 ft) 
would be targeted while significant ice remained.  

The Board agreed that levels on the St. Lawrence River 
downstream of Lake St. Louis were to be monitored 
and outflows were to revert to the applicable lower F 
Limit tiers if significant flooding was occurring at Lake 
St. Pierre. As it turned out, more modest precipitation 
and snowmelt runoff conditions that spring did not 
necessitate going any higher than this 22.33 m (73.26 
ft) level on Lake St. Louis as Lake Ontario peaked at 
75.40 m (247.38 ft), well within the third-tier range.   

During the early spring of 2020, the Board also con-
sulted the Seaway corporations about delaying the 
start of navigation season by 12 days, until April 1, 
so that spring outflows could be maximized through 

Figure 23: 
PLAN 2014 MAXIMUM L LIMIT SHOWING ACTUAL FLOWS IN 2019 WHICH EXCEEDED 
THE LIMIT BY 200 M3/S (7,100 CFS) AS LAKE ONTARIO LEVELS DROPPED.
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Figure 24: 
LAKE ONTARIO OUTFLOWS IN 2020, SHOWING WHEN LIMITS AND BOARD DEVIATIONS APPLIED 

Figure 25 
LAKE ONTARIO WATER LEVELS IN 2020, SHOWING WHEN LIMITS AND BOARD DEVIATIONS APPLIED

•  Preproject                  �  Plan 2014       �  Plan 2014 Rule Curve       �  Major (Criterion H14) Deviations       
 �  Minor Deviations       �  Condition J Deviations       �  Plan 2014 Limits       -- Actual       -- Average
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Figure 26: 
ACTUAL (OBSERVED) VERSUS PRE-PROJECT (SIMULATED) CONDITIONS FROM 2017 
THROUGH 2020
-- Actual Conditions       -- Pre-project Conditions       •• Plan 2014       •• Average       -- Max/Min
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this date. The Board continued to maximize outflows 
in May. In consultation with the Seaway corporations, 
who were receiving feedback from mariners, outflows 
were set 70 m3/s above to as much as 180 m3/s above 
the L Limit until late May. While the Lake Ontario level 
had been high in the spring of 2020, the peak was 
51 cm (20 in) lower than the previous year and there 
was no appreciable flooding. Figure 24 and Figure 25 
illustrate 2020 outflows and Lake Ontario water levels, 
highlighting when different flow limits applied, as well 
as when major and minor deviations occurred.

In addition to the construction of Moses-Saunders 
Dam the St. Lawrence hydropower project required sig-
nificant dredging in the upper St. Lawrence River.  This 
makes it physically possible to release higher outflows 

now than prior to the project. The outflow conditions 
that would occur without the project can be simulated 
using a relationship between the observed water levels 
and flows that occurred prior to the construction of 
the project; this relationship is known as the pre-proj-
ect relation. As shown in Figure 26, in both 2017 and 
2019, the project allowed extremely high outflows to 
be released and this reduced the peak and duration of 
flooding that occurred. 

More on high water in 2017 and 2019-20: 
• �https://ijc.org/en/loslrb/watershed/2017-and-2019-high 

-water-events
• �https://ijc.org/en/loslrb/watershed/2019-high-water_Q-

and-As

Insight
The Board wanted more information on the incremental impacts of 
deviation decisions and whether they could deviate without dispropor-
tionately harming Lake Ontario or St. Lawrence River interests. 

3.2  
The Board and GLAM  
Committee collaborate

In both 2017 and 2019-2020, the Board hit decision  
points where it opted not to deviate from the plan’s 

built-in limits because members lacked enough cer-
tainty about whether they could deviate without dis-
proportionately harming Lake Ontario or St. Lawrence 
River interests. 

By definition, the F, L and I limits tend to apply when 
outflows are quite high, and the Board often finds itself 
considering deviating from a limit. But uncertainty 
about the repercussions of straying from these limits 
makes it more difficult for the Board to develop a devi-
ation strategy. That is what led the glam Committee to 

https://ijc.org/en/loslrb/watershed/2017-and-2019-high-water-events
https://ijc.org/en/loslrb/watershed/2017-and-2019-high-water-events
https://ijc.org/en/loslrb/watershed/2019-high-water_Q-and-As
https://ijc.org/en/loslrb/watershed/2019-high-water_Q-and-As
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study Plan 2014’s limits and gather more information 
on impacts — in hopes of finding alternative tactics 
that the Board can someday apply when it considers 
deviating from the limits.  

Working together, the glam Committee and Board 
discussed and analyzed the Board’s previous deviations. 
The analysis focused not just on what deviations had 
been made but on why and how the deviation decisions 
were made, and looked into regulatory factors that 
came into play in making deviation decisions. The goal 

was to learn what metrics and other information should 
be included in the dst. Those discussions involved glam 
Committee members and their professional associates, 
the six current Board members, the six members of the 
Board’s Interim Advisory Group, and 18 members of 
the pag who represent many of the uses and interests 
in the Lake Ontario and St. Lawrence River systems. 
The effort used shared vision planning, a collaborative 
approach for water management that was developed by 
the US Army Corps of Engineers (usace) and has been 
used by the ijc and the glam Committee in the past.

3.2.1  
How the Board works 

When the Board gathers to consider deviations,  
its Regulation Representatives (technical experts 

from the government agencies that support the Board) 
will brief Board and Interim Advisory Group members on 
current conditions and the forecasts of weather and water 
supplies and near-term water levels. After discussions and 
guidance from the Board, the Regulation Representatives 
develop and present Board members with a range of pos-
sible deviation strategies to consider.  

These proposed deviation strategies have been tested 
by the Regulation Representatives and shown to be 
physically feasible. Each strategy comes with an esti-
mate of the change it will have on the forecasted range 
of lake and river levels over the next several months. In 
the past couple of years, leaders of the glam Commit-
tee also have provided the Board with useful,  
albeit limited, information on the possible deviations’ 
impacts on the various uses and interests.  

Board members draw on what they have learned from 
the briefing, on their own knowledge of current and 
potential impacts, and their own experience. As per an ijc 
policy directive, Board members are selected by the ijc on 
their ability to act impartially and effectively with good 
judgement and with a desire to work towards consensus. 
After discussion and debate of the available options, the 
Board co-chairs will poll its members to seek agreement 
on a specific strategy. In the rare event that the Board is 

unable to reach consensus, the Board is required to defer 
to the ijc for clarification and/or guidance. 

Board members are realistic about the improvements 
that deviations can bring about. They know that once 
damaging high lake levels set in as a result of exces-
sive precipitation, high snowmelt runoff and/or high 
inflows from Lake Erie, there is no quick way to bring 
water levels down again. As was the case in 2017 and 

After discussions and guidance from the Board, 
the Regulation Representatives develop and 
present Board members with a range of possible 
deviation strategies to consider.  
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3.2.2  
Factors that complicate  
deviation decisions

2019-2020, it takes months of careful outflow man-
agement plus favorable weather conditions to reduce 
or eliminate impacts on the shorelines and shoreline 
properties of Lake Ontario and the St. Lawrence River, 
on recreational boaters, commercial shippers and  
other interests.  

Typically, the Board’s deviations can do no more than 
lower (or raise) lake levels in small increments; this is 
because of the limitations of the system and because 
the rules of the regulation plan are also working to 
prevent extremes. In the summer of 2017, for instance, 
it took more than two and a half months of flow increase 

deviations to lower Lake Ontario 15 cm (6 in.) more 
than would have been the case had Plan 2014’s regula-
tion rules been strictly followed. Lake Ontario had peak-
ed about 80 cm (31 in.) above the long-term average in 
May of that year. 

The Board also must face a lack of certainty in future 
conditions. Owing to the variability and unpredictabil-
ity of the weather-driven Lake Ontario water supply, 
there is considerable uncertainty not just in forecasted 
water levels but also in the effects future water levels 
will have on various interests, uses and regions.

The GLAM Committee and Board members iden- 
tified factors that make it difficult for the Board 

to make deviation decisions. Some are self-evident, 
others are not, and a changing climate potentially ex-
acerbates a number of these factors.   

Future water supply conditions  
are uncertain:  
Precipitation in the Lake Ontario and St. 

Lawrence River basins, as well as in the basins of Lake 
Erie and the Ottawa River, is a primary driver of water 
level fluctuations – but reliable precipitation forecasts 
are available for only a few days into the future. Under 
most circumstances the bulk of the water entering 
Lake Ontario flows in from Lake Erie. That supply is 
predictable to a point, but precipitation variations 
in the Lake Erie basin can alter that inflow relatively 
quickly. Rain and snow within the Lake Ontario basin 
itself also contribute appreciably to the lake level, and 
that cannot be predicted well. The benefits to interests 

and regions that come from Board deviation decisions 
are dependent on the water supply in the coming 
weeks and months. A period of heavy rain or a drought 
can easily erase a deviation’s benefit. Climate changes 
only exacerbate this uncertainty.  

Outflow deviations may lead to only  
incremental improvements for one  
interest or region but have a more  

significant impact elsewhere:  
By definition, natural water supplies and resulting 
levels are already extremely high or low when major 
deviation authority granted by criterion H14 “trigger 
levels” kick in and impacts are occurring in multiple 
places in the system. Any deviation in outflow the 
Board can make will lead only to small changes in 
levels on Lake Ontario and incremental improvements 
to some uses and interests. In some circumstances, an 
incremental change to the lake level can have a sig-
nificant impact but in other circumstances, it can be 
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difficult to tell what effect it has had. Meanwhile, such 
deviations in outflow have a greater effect on water 
levels elsewhere in the system owing to the asymmet-
rical relationship between Lake Ontario and the St. 
Lawrence River. As noted previously, the vast Lake 
Ontario funnels into the relatively narrow St. Lawrence 
River; a change in outflow through the dam that causes 
a barely perceptible change in the lake level can cause 
a ten times greater change in water level at various 
points along the St. Lawrence River (Figure 27).   

The social-economics of the Lake Ontario 
basin are complex:  
Some interests or geographic regions are 

more vulnerable than others to extreme high or low 
water. Some have every means and opportunity to 
make themselves more resilient, or to recover from 
the impact of extreme water, while others do not. The 

impact can be fleeting for some interests; it can last for 
weeks or months for others. Heavily populated urban 
areas are affected by high water much differently than 
small towns, rows of rural cottages, or tourist beaches 
and public parks. 

Given the wide variety of uses and interests 
within the basin, it is inherently difficult to 
fully quantify and compare impacts:  

The cost of a temporary shutdown on commercial 
shipping, which is felt through supplies chains and 
by industries dependent on cargoes carried on the 
Seaway, are extensive but can be estimated. The reper-
cussions of supply chain disruptions, job losses and 
impacts to local economies are also hard to assess. The 
impacts of extreme high water on shoreline residents, 
municipalities, tourism, small businesses, agriculture 
or recreational boaters are harder to quantify. Those 

Figure 27: 
OUTFLOW IMPACTS ON WATER LEVELS ACROSS THE  
LAKE ONTARIO – ST. LAWRENCE RIVER SYSTEM  
(Source: International Lake Ontario – St. Lawrence River Board) 
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impacts involve not just damage to property or loss 
of revenue, which can be calculated, but also loss of 
access and opportunity and a toll on physical and 
emotional health that can be profound and lasting but 
difficult to estimate. Likewise, environmental impacts 
may be quantifiable, but difficult to compare with more 
socio-economic impacts.  

Impacts can be felt in different stages:  
Some impacts such as shoreline erosion, 
or degradation of Lake Ontario and the St. 

Lawrence River ecosystems, develop over a period of 
months or years and are not measurable in the short 
term. This again raises a comparison question: how 

would one weigh the impact of a water-level change 
when it hits some uses and interests immediately but 
others over a length of time?   

The Board does not function in a vacuum:  
Board members are aware that countless 
cultural, social, political, legal, regulatory, 

financial and natural environments may be affected by 
their decisions, and members know that many people 
have strong opinions about Board actions. It is difficult 
for the Board to grasp the impacts on such a diffuse 
group of uses and interests, let alone address all the 
potentially competing objectives.

Insight
The board faces complex problems that impact their decisions,  
including climate change.
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Fresh from the 2017 and 2019-2020 extreme  
high-water events, glam Committee representa-

tives conducted hour-long interviews in spring 2020 
with each of the Board members (prior to the restruc-
turing). Board members were asked about how they 
made their decisions and what gaps they saw in the 
knowledge they can draw upon when deliberating.  

In their interviews, Board members made clear they 
wanted more detailed and comprehensive information 
about the real-world impacts of potential deviations 
as they said they often had little more than anecdotal 
information about impacts. Board members wanted  
to know with greater certainty what the risks to 
upstream and downstream interests are during ex-
treme high water and how that risk would be shifted 
by their deviations. They wanted to know the true risk 
of seasonal storms, damage to shoreline infrastructure 

from very high current-velocities, the potential costs of 
a temporary halt to the shipping season due to higher 
flows and possible environmental damage should a ship 
grounding cause an oil spill. They wanted a fair and 
accurate way to compare impacts and they asked how 
they could identify deviations that would truly help one 
interest without unduly hurting others. They asked for 
objective, normalized data to help them make com-
parison of impacts across interests and regions. 

The Board wanted more information when it comes 
to deviating from the limits — the elements in Plan 
2014 that cap outflows to safeguard uses and interests 
on the St. Lawrence River. Some of the limit-related 
questions that face the Board were addressed in a 
study of the limits conducted by glam Committee 
members; that work is summarized in the subsequent 
section (see Section 3.3).

3.2.3  
Information the Board wants 
and needs
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Winter storm on Lake Ontario, at Oakville, Ontario, Canada
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Among specific issues regarding limits: 
•   �There was little guidance available about deviating 

from the F Limit, which keys on the water level on 
Lake St. Louis to balance flood risk on Lake Ontario 
and lower St. Lawrence River. Board members  
asked if there was more information available about 
balancing the risk between upstream and down-
stream interests.  

• �  �If the Board is considering increasing the outflow 
beyond the L Limit, how can it weigh the benefit to 
shoreline interests on Lake Ontario against the po-
tential impact on commercial shipping, recreational 
boating on the river and the river ecosystem? 

•   �How much can be gained by deviating from the  
I Limit to remove more water from Lake Ontario in 
wintertime compared to the risks of damaging frazil 
ice, upstream or downstream ice jams, potential 
harm to the St. Lawrence River ecosystem and the 
possibility that the deviation will remove too much 
water from the lake? 

• �  �Are there times when the Board can and should  
deviate from the J Limit, which caps the change  
in outflow in any given week to protect interests  
on the St. Lawrence River?

The Board and glam Committee also identified what 
Board members consider the key periods of risk they 
face when making deviations. (see side box)

As well, discussion made clear that the Board often faces 
questions about how to balance impacts when those 
impacts can shift from one interest group to another 
due to changes to the water supply and other variables. 
When and to what degree should impacts be shifted 
from one interest group to another, and how does the 
Board weigh impacts like environmental damage or 
community-wide anxiety that are real but difficult or 
impossible to measure? How does the Board weigh the 

risk of long-term impacts that they cannot foresee, or 
weigh outcomes that have a high degree of certainty  
of occurring against others that are only speculative? 

The Board also struggled with the uncertainty in fore-
casts of spring water supplies. Deviating to increase 
outflows above the limits to reduce the risk of high Lake 
Ontario levels months in advance may turn out to be 
unnecessary and damaging to many interests if spring 
weather is dry and runoff is low. Through numerous 
meetings between the glam Committee and Board, 
discussion of these questions and concerns informed 
the creation of the dst.

 
KEY PERIODS OF RISK WHEN 
MAKING DEVIATIONS

During the spring freshet: 
Serious flooding on the lower  
St. Lawrence River can result from  
even a modest increase in outflow  
from Lake Ontario. 

During and after ice formation: 
Ecological damage in Lake St. Lawrence 
can result from abnormally high  
winter outflows, as can weakening of  
the river ice cover and resultant local 
flooding damage.  

During the Seaway navigation season:  
Shutdown of the Seaway with resulting 
damage to the shipping industry and  
its clients can result from deviations 
above the L Limit — but bring small, often 
difficult to measure improvements in 
terms of reduced levels on Lake Ontario. 

Insight
The Board needs more information on risks and uncertainties  
when deviating from plan limits.
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Plan 2014 has three maximum outflow limits — the  
F, L and I limits — that often govern outflow to 

protect interests from excessive outflows during times 
of extreme high water. When criterion H14 “trigger 
levels” are reached as in 2017 and 2019-2020 (see 
Figure 3), and the Board has the authority to deviate, 
Board members must decide whether to override one 
of these limits despite a high degree of uncertainty 
about future conditions and without a great deal of in-
formation about potential outcomes of their decisions. 

The glam Committee examined and documented devi-
ations from the limits that have been made or consid-
ered in recent years. The committee also examined the 
origin and function of the limits and identified several 
possible options (Table 4) that are recommended for 
evaluation prior to future high or low water events. 
More details are provided below and in Sections 3.3.1, 
3.3.2 and 3.3.3. These reviews and assessments will be 
considered in Phase 2 of the expedited review of Plan 
2014 (glam, 2021a). 

3.3  
The GLAM Committee  
examines Plan 2014’s limits  
for deviation possibilities

Limit Area for Further Investigation 

Maximum J Limit • �Assess modification or removal of J Limit under certain conditions 

Maximum I Limit • �Assess reduction of minimum winter Lake St. Lawrence level of 71.8 m 
(235.6 ft) 

• �Assess exceeding 9430 m3/s (333,000 cfs) when conditions permit 

Maximum L Limit • �Assess modification to minimum summer Lake St. Lawrence level of  
72.6 m (238.2 ft) 

• �Assess outflows above L Limit under certain conditions and with 
mitigation measures 

• �Review the maximum outflow channel capacity 
• �Review the flow limits of 10,200 m3/s (360,200 cfs) and 10,700 m3/s 

(377,900 cfs) 

Maximum F Limit • �Review operations related to Lake St. Lawrence and Lake St. Francis 
• �Assess alternative approaches to maximum F Limit informed by impact 

assessments f 

Table 4:  
LIMITS AND AREA FOR FURTHER INVESTIGATION (GLAM, 2021A) 
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The prominence of the limits during periods of extreme 
high water was illustrated through an analysis by the 
glam Committee. It was found that from 2017 to 2020, 
if the Board had chosen not to deviate from Plan 2014, 
then Plan 2014’s rule curve would have set the outflows 
for just 32 of the 208 weeks, or 15 percent of that four-
year period (Table 5). Each of the three main maximum 
outflow limits would have applied for longer periods; 
the L Limit would have controlled outflows for 110 
weeks, the I Limit for 34 weeks and the F Limit for 30 
weeks. Combined, maximum outflow limits would have 
applied for a total of 85 percent of that four-year period.

However, the Board did choose to deviate from the 
rules and limits of Plan 2014 in 103 of those 208 
weeks. Based on actual operations, including the 
weeks when the outflows were governed by deviations 
from the plan rules, the distribution of the applicable 
rule or deviation is as shown in Table 6. 

The glam Committee found that while the purpose 
of each of the limits was well understood, there was 
little specific information available to the Board about 
the impact on St. Lawrence River and Lake Ontario 
interests of exceeding those limits. When the limits 
were examined in detail, additional information was 
described that may be helpful in future deliberations by 
the Board. Further discussion about specific research 
undertaken is found in Section 4.0.

Plan 2014-prescribed  
Rule or Limit Weeks Frequency 

Rule Curve (R/R+) 32 15% 

Limits 176 85% 

I (ice) Limit 34 16% 

F (flood) Limit 30 14% 

L (navigation) Limit 110 53% 

 J (flow change) Limit 2 1% 

 M (minimum) Limit 0 0% 

Total 208 100%

Table 5:  
PLAN 2014 PRESCRIBED FLOWS, 2017 TO 2020.  
(Number of weeks and frequency that each rule or limit was prescribed by Plan 2014 during 
the 208-week period from 7 January 2017 through 31 December 2020) 
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Applicable Plan 2014 Rule, Limit or Deviation Weeks* Frequency

Plan 2014 
Flows

Rule Curve (R/R+) 17 8%

Max/Min Limits 88 42%

Type

I (ice) Limit 30 14% 

F (flood) Limit 22 11% 

L (navigation) Limit 34 16% 

J (flow change) Limit 2 1% 

M (minimum) Limit 0 0%

Total Plan 2014 105 50.5% 

Deviations

Major Deviations (criterion H14) 65 31%

Type

From Rule Curve  17 8%

L (navigation) Limit  23 11%

Offsetting (payback)**  25 12%

Condition J Deviations 8 4%

Type

Rule Curve  1 <1%

L (navigation) Limit  2 1%

F (flood) Limit   5 2%

Minor Deviations 30 14%

Type

Lake St. Lawrence boat haulouts   9 4%

Grounded ship   1 <1%

Installation of safety booms   5 2%

Hydropower maintenance  1 <1%

Offsetting (paybacks)   14 7%

Total Deviations  103 49.5% 

Total (all) 208 100%

Table 6:  
ACTUAL FLOWS, 2017 TO 2020.  
(Number of weeks and frequency that each rule or limit of Plan 2014 was actually applied 
versus the number of weeks and frequency that deviations from Plan 2014 were conducted 
during the 208-week period from 7 January 2017 through 31 December 2020. *Determined 
based on majority of days during weeks where more than one rule, limit or deviation applied 
on different days, **Includes offsetting deviations (paybacks) of major deviations (criterion 
H14) and Condition J deviations as these were not possible to differentiate) 



The I Limit, which prescribes the maximum winter  
outflow, governed outflows approximately 14 

percent of the time, or 30 weeks, between January 
2017 and December 2020. The I Limit is designed to 
ensure water velocities on the St. Lawrence River are 
low enough to allow formation and maintenance of sta-
ble ice cover on the river and also low enough to main-
tain necessary minimum levels on Lake St. Lawrence 
after ice has formed. A higher rate of flow through the 
Moses-Saunders dam has the effect of lowering the 
dam’s forebay, Lake St. Lawrence. 

An examination of the I Limits yielded three possible  
changes to the limits, two of which also could be 
considered by the Board when it is making winter 
deviation decisions. The changes could permit greater 
winter outflows, either through alterations to the lim-
its or by providing the Board additional latitude with 
winter deviations. 

The I Limit requires that the level in Lake St. Lawrence 
be kept at 71.8 m (235.56 ft) or higher on a weekly 
mean basis, as measured at Long Sault Dam. That 
value was specified in the limit because it was believed 
to be the minimum level needed to allow municipal 
water-plant intakes to function properly. 

The glam Committee research found this minimum 
level may no longer be appropriate because the In-
gleside, Ontario water plant has been moved since its 
intake was compromised years ago when the level fell 
below 71.8 m (235.56 ft). This was the only such issue 
identified, and when water levels have fallen below 
71.8 m (235.56 ft) again in recent years, no problems 
have been reported by water-system operators. 

It is possible that the Board could deviate in winter  
and incrementally increase the outflow without com-
promising water intakes, though the glam Committee 

3.3.1  
I Limit possibilities

54

Ice on Lake St. Pierre, Quebec, Canada
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study noted that low water in Lake St. Lawrence can 
have impacts on aquatic life and power-plant opera-
tions. Any increase in outflow must weigh the potential 
benefits to Lake Ontario and lower St. Lawrence River 
shoreline interests against the potential impacts to 
Lake St. Lawrence interests. 

A preliminary study by the St. Lawrence River Insti-
tute of Environmental Sciences (River Institute, 2020) 
concluded that substantial Lake St. Lawrence riverbed 
areas are exposed as water levels decline during the 
winter, but further lowering could expose significantly 
more areas, leaving isolated pools, resulting in signif-
icant impacts to aquatic organisms, especially am-
phibians, reptiles and small fish. Further studies were 
recommended (see Section 4.5 for more). 

Higher flows through the Moses-Saunders hydro-
power plant may be prevented by the level of Lake St. 
Lawrence falling too low. Operating at very low head6 

(below 22.0 m (72.2 ft) at Moses generating station and 
21.95 m (72 ft) at Saunders generating station) requires 
starting and operating units manually since plant rating 
tables do not extend to low-head conditions. Operating 
outside of the rating tables means that it is uncertain 
how much flow is actually being released. Efficiency of 
unit generation is also reduced at such low heads. 

The glam Committee noted that the maximum win-
tertime outflow of 9,430 m3/s (333,000 cfs) permitted 
under the I Limit when an ice cover exists is based on 
past experience. It may be possible for the Board to 
deviate to increase winter outflow beyond that point 
under some circumstances, though caution is needed 
as outflow capacity can be impacted for much of the 
winter if a poor or unstable ice cover collapses caus-
ing an ice jam to form. Further investigation of these 
matters is needed, and actual operations depend very 
much on the ice conditions existing in the Beauharnois 
Canal and Lake St. Lawrence at the time.

Insight
New information may allow different deviations from I Limit

3.3.2  
L Limit possibilities

The L Limit, which relates to navigation by com- 
mercial vessels operating in the Seaway, governed 

outflows for approximately 16 percent of the time,  
or 34 weeks, between January 2017 and December 
2020. In addition, deviations above the L Limit but 

constrained by safe navigation requirements occurred 
at least 23 weeks. 

Broadly speaking, the L Limit caps the outflow through 
the Moses-Saunders dam at the maximum amount  

6 “Head” = the water level on the upstream side of the dam minus the level on the downstream side.  As the flow is increased through the dam, the  
upstream level drops and the downstream level rises causing a lower head.   



that can be released without causing currents that are 
too strong to make navigation unsafe in certain sec-
tions of the river (refer to Figure 23 in Section 3.1.2  
for a graphic representation of the L Limit). Another 
portion of the L Limit also ensures that levels of Lake 
St. Lawrence remain high enough for fully-loaded 
ships to transit through the channels. Like the other 
limits, there is a sliding scale under which higher  
outflows are allowed as the Lake Ontario level rises. 

The second-highest outflow allowed under the limit, 
10,200 m3/s (360,000 cfs), permitted when the Lake 
Ontario reaches 75.5 m (248.36 ft), has been treated as 
the highest outflow during which normal navigation 
might be possible. The peak outflow allowed by the L 
Limit during the seaway navigation season, 10,700 m3/s 
(378,000 cfs), applies when Lake Ontario reaches the 
extreme level of 76.0 m (249.34 ft) (see Figure 23). For 
periods of nearly two months in both 2017 and 2019, 

the Board chose to deviate from the L Limit by increas-
ing the outflow to 10,400 m3/s (367,000 cfs) until the 
Lake Ontario level fell below 75.50 m (248.36 ft).  

The Seaway is jointly managed between Montréal and 
Lake Ontario by the Canadian non-profit corporation 
known as the St. Lawrence Seaway Management Corpo-
ration and a United States government agency known 
as the Great Lakes St. Lawrence Seaway Development 
Corporation (Figure 28). The Seaway corporations re-
ported that vessels can safely navigate the St. Lawrence 
Seaway in the summertime during such an outflow with 
mitigation measures in place and Lake Ontario levels 
above 75.50 m (248.36 ft). They said commercial vessels 
had the most difficulty with outflows above the L Limit 
in the autumn, when currents were strong and the water 
level in the river was declining. The fall also brings more 
storms and gusty winds, which makes navigation in 
those conditions treacherous.

Figure 28: Vessel in the Seaway
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The Seaway corporations have said that it is not possi-
ble to maintain safe navigation at 10,700 m3/s (378,000 
cfs). However, it may be possible that vessels could 
tolerate outflows above 10,400 m3/s (367,000 cfs) in 
the early to mid-summer if Lake Ontario levels were 
higher and mitigation measures were in place. They 
also noted that flows of 10,400 m3/s (367,000 cfs) or 
otherwise above the L Limit were found to be unsafe 
in late summer and fall. This suggests that at times, 
the Board might be able to deviate from the L Limit to 
a greater or lesser degree at times than it has to date. 
The Seaway corporations commissioned additional 
research and modeling following 2019 to provide re-
al-time information to pilots regarding river conditions 
and to help them better navigate critical velocities  
and currents. This new information will be considered 
as part of future L Limit assessments. 

The glam Committee also found that the basis for 
the two top outflows of 10,200 m3/s (360,000 cfs) and 
10,700 m3/s (378,000 cfs) in Plan 2014’s L Limit needs 
further assessment. The 10,200 m3/s (360,000 cfs) tier 
outflows were derived from an experimental strategy 
employed during extreme high water in 1993, when the 
Board and Seaway operated with a pattern of intermit-
tent outflows for a three-week span. That is, periods of 
very high outflow during which vessels did not try to 
navigate the seaway, alternated with periods of lowered 
outflow during which the vessels made way on the river. 
The 10,200 m3/s (360,000 cfs) value used in Plan 2014’s 
L Limit was based on the average outflow during the 
three weeks, not an actual constant outflow that was 
employed. The 10,700 m3/s (378,000 cfs) value was 

derived from a hypothetical intermittent outflow  
scenario envisioned by the authors of Plan 2014. 

The concept of intermittent flow was not employed 
during 2017 and 2019-2020. The Seaway industry has 
indicated that such a scenario today would no longer 
be feasible and would result in a complete mid-season 
shutdown. Rather, the seaway implemented mitigation 
measures to allow safe navigation at constant flows  
of 10,200 m3/s (360,000 cfs) and as high as 10,400 m3/s 
(367,000 cfs).   

Another purpose of the L Limit is to cap the outflow 
during navigation season to prevent Lake St. Lawrence 
from falling below a minimum weekly mean threshold 
of 72.6 m (238.2 ft) at the Long Sault gauge that is 
required for full draft ships to safely transit. The glam 
Committee found that many shoreline residents, boat-
ers and other recreational interests of Lake St. Law-
rence prefer higher levels than 72.60 m (238.2 ft) and 
request minimum levels no lower than about 73.00 m 
(239.5 ft) in the summer season. During the summer of 
2020, the Board agreed to offset earlier over-discharge 
deviations by reducing flows to maintain a higher 
minimum level of 73.00 m (239.50 ft) at the Long Sault 
gauge to provide some relief to these Lake St. Lawrence 
interests. In certain circumstances, the Board may 
be able to deviate from the L Limit in the summer to 
release less water to maintain higher Lake St. Lawrence 
levels for these interests. This would mean holding 
more water on Lake Ontario, though this increase in 
Lake Ontario levels would allow somewhat higher  
outflows in autumn and winter to make up for that.

Insight
Experience has shown that there is some flexibility to the L Limit 
possible in summer with mitigation measure in place, but less  
�flexibility in the autumn when fall storms and gusty winds make 
navigation treacherous.
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The F Limit, which relates to balancing flooding  
on Lake St. Louis and Lake Ontario, governed 

outflows for approximately 11 percent of the time, or 
22 weeks, between January 2017 and December 2020. 
In addition, deviations above the F Limit occurred in 
about 5 weeks. 

The F Limit’s fundamental purpose is to limit high 
water and possible flooding, including flooding caused 
or exacerbated by the Ottawa River freshet, or spring 
runoff (The “F” stands for “flood”). While it balances 
the impact of high water on Lake Ontario, the upper  
St. Lawrence River and the lower river downstream  
to Trois-Rivières, the F Limit is specifically tied to the 
water level of Lake Ontario and of Lake St. Louis, 
which is formed by the river at the upstream end of  
the Island of Montréal. As the water level in Lake  
Ontario steps toward extreme highs, the F Limit dic-
tates repeated increases in the Lake St. Louis level  
(refer to Table 2 in Section 2.6) that may allow for high-
er outflows from Lake Ontario depending on conditions. 
Given Lake St. Louis is just a modest widening of the 
St. Lawrence River and behaves like a river, an outflow 
increase that has only minimal effect on Lake Ontario’s 
level can cause a significant rise on Lake St. Louis (see 
Figure 29). As noted earlier, the F Limit plateaus with a 
maximum level for Lake St. Louis of 22.48 m (73.75 ft) 
when Lake Ontario reaches 75.60 m (248.03 ft).

However, the Board does have the ability to deviate 
from the F Limit when water levels rise. The highest  
of the criterion H14 “trigger levels” that authorize  
the Board to act, which apply in late May and early 
June when water levels often peak, are just 3 cm (1.1 
in) above the highest F Limit tier.  

The Board primarily chose to follow the F Limit in 
2017 and 2019. Deviating under such circumstances 
was difficult because the Board members were aware 
that significant flooding was ongoing throughout the 

Lake Ontario – St. Lawrence River system, but had very 
little information about the incremental impact that any 
deviations would have both upstream and downstream.  

This experience illustrates the Board’s need for more 
data about the impacts both upstream and downstream 
of extreme high water that could allow the Board more 
confidence in developing a solid strategy for deviating 
from the F Limits in times of crises. The glam Commit-
tee analysis suggested the F Limits themselves could 
be amended as will be explored further in Phase 2. 

The glam Committee analysis laid out several possible 
ways to adjust the F Limit or the Board’s reaction to 
the limit that can be further developed and evaluated 
within Phase 2. These included extending the tiered 
target levels in increments for both Lake Ontario above 
the current thresholds of 75.60 m (248.03 ft) and Lake 
St. Louis above 22.48 m (73.75 ft), skipping the lower 
tiers of the target levels on Lake St. Louis if Lake On-
tario is likely to rise above its corresponding tiers (the 
Board did this in the spring of 2020, see Section 3.1.2), 
varying the applicability of the targets with the timing 
of the freshet, tying those target levels to the inflow 
from the four upper Great Lakes or tying target levels 
to the inflow from the Ottawa River and adding  
a separate component to the F Limit to more directly  
consider Lake St. Pierre levels. All of these would 
require further exploration and evaluation before the 
Board may wish to consider these deviation options or 
as proposed modifications to the plan itself in Phase 2. 

3.3.3  
F Limit possibilities

Lake St. Louis, Quebec, Canada
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The glam Committee analysis also supported the 
notion that the Board should be provided with more in-
formation on the impact of extreme high water on Lake 
Ontario, the upper river, Lake St. Louis and downstream 
so that Board members could develop a deviation strate-
gy during times of extreme high water. It was noted that 
impacts of large flow variations during F limit opera-
tions could have unintended impacts on Lake St. Law-
rence and Lake St. Francis that need to be considered.    

As well, the glam Committee indicated more informa-
tion may be needed on the impact of high water and 
regulatory decisions on Lake St. Pierre. That section of 
the river below Montréal represents the eastern extreme 
of the area where levels are influenced by Plan 2014 or 
Board deviations. The Board attempted to consider the 
impact on Lake St. Pierre as it deviated in the spring of 
2020 but found it did not have enough reliable real-time 
data and modeling of the numerous variables that affect 
water levels there.

Figure 29:  
MAP OF THE ST. LAWRENCE RIVER, LAKE ONTARIO TO MONTRÉAL,  
ALONG WITH HYDRO FACILITIES
--  Provincial border     --  International border    *  Moses-Saunders Power Dam 
•  Beauhamois      •  Beauhamois      •  Les Cedres        •  Coteau        •  Carillion 

Insight
There are a number of ways the F Limit could be adjusted that need 
further exploration in Phase 2
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and the Decision Support Tool 
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Recognizing the International Lake Ontario –  
St. Lawrence River Board (Board) needed more 

information about the comparative impacts of high 
and low water on the various uses and interests in the 
system to better make deviation decisions, the Great 
Lakes-St. Lawrence River Adaptive Management 
(glam) Committee proceeded in Phase 1 to gather 
data on impacts and has made great strides towards 
satisfying that need. The information, which the glam 
Committee gathered from a wide variety of sources, 
provides a fuller picture of the nature and extent of 
those high-water impacts on many uses and interests 
on Lake Ontario and the St. Lawrence River.  

Thousands of shoreline residents and business owners, 
municipal officials, Indigenous community representa-
tives, marina operators, shipping company representa-
tives and others provided information directly or indi-
rectly to support this effort, and in the process the glam 
Committee and the ijc were able to forge or cement 
relationships with many of these people and groups. 
These relationships and the data that was collected not 
only contribute to Phase 1 but will also support future 
work, including Phase 2 of the expedited review of Plan 
2014. The following sections highlight some of the work 
that was undertaken for each of the uses and interests 
previously outlined in Section 2.7 and 2.8.

4.0  
Data to inform the Board and 
the Decision Support Tool  

Municipal, industrial and private water and  
wastewater systems along Lake Ontario and the 

St. Lawrence River can be affected by both extremely 
high and extremely low water. The nature and extent 
of impacts is highly dependent on location and facil-
ity-specific characteristics making it challenging to 
undertake an overall assessment. High water impacts 
to municipal and industrial water systems were report-
ed for locations along both the Lake Ontario and St. 
Lawrence River shoreline in 2017 (glam, 2018) and 
2019. Low-water concerns in 2017 through 2020 have 
been most acute on Lake St. Lawrence where, as noted 

previously, high outflow through the Moses-Saunders 
dam can cause water levels just upstream in Lake St. 
Lawrence to decline steeply. Impacts can be experi-
enced in other parts of the system during periods of ex-
tremely low levels, particularly along parts of the lower 
St. Lawrence River. However, those low-water impacts 
have not been a critical factor in high-water deviation 
decisions being considered in the Phase 1 effort. 

The I Limit contains components meant to protect 
water intakes on Lake St. Lawrence by preventing water 
levels in that area from falling too low during winter 

4.1  
Municipal and industrial water 
systems: Impacts to service  
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months. The F Limit comes into play to protect shoreline 
buildings. Board deviations could affect water systems 
in numerous ways and the Phase 1 priority was to target 
specific data gathering to better understand high-water 
impacts across the Lake Ontario and St. Lawrence River 
system as well as specific low-water sensitivities on 
Lake St. Lawrence.

The GLAM Committee’s summary report following  
the 2017 high-water event noted the need for 

more targeted data gathering from municipal and 
industrial water users (glam, 2018). The commit-
tee retained LURA Consulting to support that effort 
and their findings are available in their project report 
(LURA Consulting, 2019b). 

LURA Consulting obtained information from 73 munici-
pal and industrial water plant operators on Lake Ontario 
and the St. Lawrence River about impacts from the 2017 
high water (Figure 30). These included facilities that 
draw water for drinking, industrial or power-plant cool-
ing purposes or that treat wastewater. 

Only 30 percent of respondents reported any impact 
from the 2017 high water conditions. Flooded man-
holes and pump stations and erosion of shore that af-
fected pipes were the two most common, though small 
numbers of facilities reported more serious problems 
such as flooded buildings, spray from waves entering 

clear wells (where treated drinking water is held before 
distribution) or damaged pumps or pipes. 

Fifteen facilities reported water-quality concerns and 
ten facilities — six on Lake Ontario and four on the  
St. Lawrence River — reported some loss of service. All 
were attributable to high water; there were no reports 
of problems caused by low water on Lake St. Lawrence 
in the LURA Consulting analysis of 2017 impacts. 

Sixteen facilities on Lake Ontario and six on the St. 
Lawrence River supplied what they considered their 
critical high-water thresholds. Ten lake-based facili-
ties and seven on the river provided critical low-water 
thresholds. The information provided through the 
LURA Consulting effort was based on feedback directly 
from facility operators.

4.1.1  
Surveys of Lake Ontario 
and St. Lawrence River  
municipal and industrial 
water use facilities   
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Figure 30
Figure 30:  
FACILITIES PARTICIPATING IN LURA SURVEY (LURA Consulting, 2019b)
•  Industrial Facility        •  Municipal Wastewater Treatment Plant      •  Municipal Water Treatment Plant        

•  Power Facility        --  Provincial border     --  International border       

The GLAM Committee engaged researchers from  
Polytechnique de Montréal to specifically review 

municipal water facility vulnerability to low water con-
ditions on Lake St. Lawrence during winter operations 
and periods of ice cover, including specific system de-
sign specifications (Polytechnique de Montréal, 2020). 
The analysis found that none of the Lake St. Lawrence 
municipal and industrial water intakes and shore wells 
were vulnerable and the critical low water thresholds  

at each of the facilities are a meter or more lower 
than the minimum water levels observed on Lake St. 
Lawrence in recent years. The Cornwall drinking water 
intake was considered most likely to require additional 
investigation due to specific design conditions.

4.1.2  
Assessment of water intake  
sensitivity on Lake St. Lawrence 
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Information from the two primary Phase 1 municipal  
and industrial water use data collection studies, 

along with input received directly from municipal op-
erators as part of a municipal engagement effort, was 
summarized to support the creation of the Decision 
Support Tool (dst). While the information gathered 
to date provides a useful understanding of water level 
vulnerability at municipal and industrial facilities, it is 
important to recognize that each facility is unique and 
the glam Committee does not have site and design 
considerations for individual facilities outside of the 
Lake St. Lawrence review.  

The glam Committee’s focus for Phase 1 of the  
expedited review was high water deviations and  
data collection efforts were targeted to meet those 
needs. Given the more recent low water conditions  
in spring 2021, particularly on parts of the lower  
St. Lawrence River, further data collection may be 
required in Phase 2 of the expedited review to support 
deviations under low water “trigger levels” and/or 
when the M Limit applies. 

4.1.3  
Other activities and next steps 

Insight
Further data is needed on low water impacts on Lake St. Lawrence  
and the lower St. Lawrence River..

Commercial shipping is a significant industry in the  
Great Lakes region, with 3,000 vessels carrying 

an average total of 38 million tons of cargo through 
the Seaway each year (Martin Associates, 2020). The 
stretch from Montréal to Lake Ontario — the portion 
of the Seaway considered in this study — typically 

is open from early spring through late December. 
The Seaway closes over the winter months due to ice 
conditions and to allow maintenance to occur. Water in 
the St. Lawrence River normally is maintained at levels 
that are deep enough for large freight carriers and with 
currents slow enough that they can safely maneuver. 

4.2  
Commercial navigation:  
Financial and logistical impacts  
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The L Limit within Plan 2014 maintains outflows from 
Lake Ontario so that navigation can proceed safely. 

The L Limit has been exceeded through Board deviation 
in times of extreme high water on Lake Ontario. In  
2017 and 2019, a strategy was employed that allowed 
for releases by up to 5% above the L Limit while main-
taining continuous navigation operations. The recent 
strategy allowed for an equivalent (or greater) amount 
of water released from what would have occurred with 
the 1993 intermittent flow strategy with fewer direct 
impacts to commercial navigation previously discussed 
in Section 3.3.2. 

During periods of high water levels such as 2017 and 
2019, very high outflows from Lake Ontario aimed at 
lowering its levels can cause currents in the St. Law-
rence River that are strong enough to create unsafe 
conditions for ships navigating the river and increased 
risk of accidents. Outflows above the L Limit in 2017 
and 2019 generated currents fast enough that large 

commercial vessels had to observe speed, meeting  
and passing restrictions in narrow sections of the  
St. Lawrence River and use tugboats for assistance 
in high-current areas (glam, 2018). Representatives 
from the shipping industry have indicated that mitiga-
tion measures put in place by the Seaway Corporations 
to manage the higher currents during such periods can 
increase operating costs for the Seaway corporations 
and their clients, especially if ship delays occur.  

To support future Board deviation decisions under 
high water conditions, the glam Committee has been 
working to gather more information regarding the 
operational impacts associated with outflows above the 
L Limit based on the experiences in 2017 and 2019. In 
addition, the committee has undertaken an indepen-
dent assessment of potential economic impacts to the 
navigation sector and the broader economy associated 
with ship delays at the beginning, middle, and end of 
the navigation season.

65

The US Army Corps of Engineers’ Institute for  
Water Resources (iwr) was commissioned to es-

timate the cost to the commercial navigation industry 
of temporary Seaway closures. Three scenarios were 
considered: A delay in opening of the Seaway in late 
winter or early spring, a mid-season halt to navigation, 
and an early closure of the Seaway in late fall or early 
winter. For each of those three scenarios, iwr research-
ers sought to determine the impacts of closures of 
seven, 14, 21 and 30 days in length. 

To help with this work, the glam Committee had 
asked the St. Lawrence Seaway Management Cor-
poration and the Great Lakes St. Lawrence Seaway 

Development Corporation for details of daily vessel 
movements. The corporations did not provide this 
proprietary data. Instead they shared their own eco-
nomic impact assessment, from John C. Martin Asso-
ciates LLC (Martin Associates, 2020), of marine trans-
portation interruptions that used the proprietary data 
from the shipping industry of daily vessel movements 
and a proprietary methodology for assessing costs of 
temporary closures.   

As the glam Committee and IWR researchers did not 
have access to the daily vessel movement data, iwr ex-
amined the annual Seaway traffic reports, which break 
out monthly cargo tonnage for the Montréal-to-Lake 

4.2.1  
Study estimates industry  
losses from navigation halts  
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Ontario section of the Seaway. This is the most compre-
hensive data that is publicly available. 

The researchers examined the three most recent avail-
able years of data in the annual traffic reports (2016-
2018) to estimate the average daily tonnage in each 
month of the shipping season. The iwr researchers 
used the same data to obtain approximate breakdowns 
in the type of cargo being shipped in each portion of the 
shipping season and the direction of transport, upriver 
or down. (The cost of delay varied by cargo and desti-
nation; some could be held without substantial loss, 
while other cargo could not.) It should be noted that 
this analysis was not applied to the Port of Montréal or 
downstream of that city. This remains a gap to be filled.  

usace’s established Regional Economic System  
(recons) model (usace, 2019) and other analytical 
tools allowed researchers to estimate the financial 
impact of the delay in moving these cargoes under each 
closure scenario. They also estimated the number of 
jobs directly and indirectly affected. 

A lengthy mid-season closure or an early end to  
the shipping season would be the most impactful  
because of the volume of traffic and the nature of  
cargo involved (Table 7) (usace, 2020). While any 
closure was assessed as significant, a delayed opening 
beyond the preferred date was found to be the least 
impactful of the scenarios assessed, followed by  
a relatively brief mid-season shutdown.  

The analysis verified that any stoppa ge of service 
would carry considerable cost; even the least im-
pactful stoppa ge considered, a one-week delay in 
the start of the season, would cost the industry $13 
million USD and affect 81 jobs (Table 8). In each delay 

scenario — season’s opening, mid-season and season’s 
end — cost grew exponentially as the period of stop-
page grew from one week to longer periods. A 30-day 
delay in the start of the season would cost $370 million 
USD, the iwr estimated.  

Table 7:  
RANKING OF TEMPORARY  
SEAWAY CLOSURE SCENARIOS, 
LEAST TO MOST COSTLY  
(Source: USACE IWR, 2020)

66

1 7-Day Delayed Opening

2 14-Day Delayed Opening

3 7-Day Mid-Season Stoppage

4 7-Day Early Closure

5 21-Day Delayed Opening

6 14-Day Mid-Season Stoppage

7 14-Day Early Closure

8 21-Day Early Closure

9 1-Month Delayed Opening

10 21-Day Mid-Season Stoppage

11 1-Month Early Closure

12 1-Month Mid-Season Stoppage

Vessel on the seaway near Montreal, Quebec, Canada
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Delay Cargo affected* Direct economic loss** Total economic loss**
Delayed opening

7 Days 80,393 5 13 

14 Days 379,260 22 62 

21 Days  1,074,095 63 173 

1 Month 2,313,971 135 370 

Mid-season stoppage 

7 Days 445,317 25 69 

14 Days 1,335,851 76 208 

21 Days  2,671,902 151 416 

1 Month 3,817,003 216 594 

Early Closure

7 Days 596,983 33 92 

14 Days 1,591,954 89 245 

21 Days  2,387,931 134 368 

1 Month 3,411,330 191 526 

The ijc set up a peer review for the iwr report. That peer 
review found the iwr work provided sound analysis and 
insight on the economic impacts of Seaway closure given 
the data that was available for use. Comparisons be-
tween the iwr report and the separate Martin Associates 
study commissioned by the Seaway corporations were 
difficult given the proprietary nature of the corporations’ 

report. Likewise, the Seaway corporations took issue 
with a number of items in the iwr report. Nevertheless, 
results were similar enough to give some confidence that 
the two methodologies were consistent. The peer review 
encouraged further collaboration with industry represen-
tatives to enable cross-checking of key assumptions and 
interpretations in the iwr analysis.

Insight
Progress was made on data gaps associated with commercial  
navigation impacts.

Table 8:  
IMPACTS RELATED TO COMMERCIAL NAVIGATION SCENARIOS  
(Source: USACE IWR, 2020) 

*Short tons    **Millions USD
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Observations offered at a commercial navigation  
workshop convened by the glam Committee  

in November 2019 largely mirrored findings of the 
iwr study. Nearly 30 representatives of the commer-
cial navigation industry shared their thoughts at the 
session, which was held in Montréal. 

The representatives said any interruption in service 
was financially very costly and created the possibility 
that frustrated customers could temporarily or per-
manently shift to a different means of transport. They 
concurred with what iwr also later found, that a de-
layed opening or a single mid-season closure planned 
well in advance, while still troublesome, would have 

relatively less financial impact than an early closure 
of the Seaway. They said late-season volume is very 
heavy as customers stock up on commodities before 
the Seaway closes for the winter, making this approach 
particularly objectionable to the industry. 

The representatives also said high financial costs and 
great disruption are associated with intermittent 
mid-season closures, an approach employed in 1993 
and contemplated but not undertaken in 2019. Such  
a scenario was not considered in the iwr analysis as  
it was no longer considered a viable option. 

Navigation industry representatives noted that Seaway 
closures not only harm shipping companies but disrupt 

entire supply chains, sending ripple effects through en-
tire industries. Closures undercut the Seaway’s image 
as a reliable, safe route, which encourages customers 
to consider shifting their cargo to a different means of 
transport that could affect their customer’s competitive 
advantage. Once that happens, the representatives said 
it is very difficult to win back that business. 

The industry representatives also discussed in detail 
their concerns about safe navigation during periods 
of extremely high flows in the St. Lawrence River. As 
noted above, the L Limit in Plan 2014 caps outflows 
so that commercial freighters can safely navigate the 
river. The limit changes depending on the water level in 

Lake Ontario. During the extreme high water events of 
2017 and 2019, the Board ordered prolonged devia-
tions that set the outflow at 10,400 m3/s (367,000 cfs), 
or at least 200 m3/s (7,100 cfs) above the applicable L 
Limit until Lake Ontario fell below 75.50 m (247.7 ft). 
Vessels continued to make way on the St. Lawrence 
River but under restrictions.  

At the workshop, the shipping industry representatives 
said flows more than 200 m3/s above the L Limit made 
navigation unsafe and that the Board should never 
permit outflows in excess of that. Asked why this was, 
some industry officials acknowledged it might be possi-
ble to navigate at flows that exceed the L Limit plus 200 
m3/s (7,100 cfs). But the consensus was the risk of a 

4.2.2  
Industry views on  
navigation halts 

Navigation industry representatives noted that Seaway  
closures not only harm shipping companies but disrupt  
entire supply chains, sending ripple effects through  
entire industries.
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catastrophic accident such as a ship grounding or sink-
ing or an oil spill far outweighed any possible benefit. 

glam Committee officials asked why some known  
mitigation measures used in 2017 were not used in 
2019 and if there were other measures that might 
allow higher flows. They also asked if some types of 
vessels might be able to navigate during higher flows. 
Industry officials did not respond in depth. 

While the Seaway corporations did not provide any 
formal estimates of mitigation costs, at the 2019 

workshop, one official of a shipping company said that 
speed restrictions during the 2019 season extended 
travel time through the upper river by two to three 
hours. The longer trip plus cargo weight limits that 
were imposed was costing his company $5 million in 
extra fuel and crew time in 2019. An official of anoth-
er company put his firm’s cost at $1.5 to $2.5 million. 
More recently, the Seaway corporations have provided 
an estimate to the glam Committee that their own 
direct mitigation costs were around $3 million.

Insight
Further data is needed on the value of and losses from commercial 
navigation mitigation measures

In addition to work undertaken directly by the GLAM  
Committee, the Seaway corporations have continued 

to contribute to additional activities aimed at ensuring  
the safest operating conditions possible during periods 
of high currents in the St. Lawrence River. For example, 
additional hydraulic modeling commissioned by the 
Seaway corporations with support from the Canadian 
Hydrographic Service and eccc provides near-real-time 
information on difficult currents in the system that can 
assist in safe navigation. 

Going forward, the glam Committee is confident the 
new data and information gained through ongoing 
engagement with representatives of the commercial 
navigation industry will support future Board L Limit 
deviation decisions. The information has been incorpo-
rated into glam Committee’s dst, where the potential 
impacts of navigation delays or stops for alternative sce-
narios could be examined. In addition, the glam Com-
mittee continues to engage with the Seaway corpora-
tions and look for opportunities to further improve the 
data and information within the dst in the future.

4.2.3  
Other activities and next steps   
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Operation of the hydroelectric plants along the  
St. Lawrence River that rely on Lake Ontario out-

flow to generate power can be affected by extreme high or 
low water. The Moses and Saunders hydroelectric plants 
and the Long Sault Dam at the foot of Lake St. Lawrence 
(refer to Figure 10 in Section 2.7.3) control the outflow 
from Lake Ontario. The Moses-Saunders installation can 
be affected by extreme high flows, which lowers the net 
operating head (the difference in elevation between the 
upstream and downstream side of the dam) and affect 
operations negatively. The turbines in these plants re-
quire a minimum net head to operate, which can limit the 
outflow. If an ice jam or constriction forms upstream this 
can reduce the upstream level and the net head. This is 
something the Board may take into account in its devia-
tion strategy and the glam Committee focused its Phase 
1 efforts on gathering additional information to inform 
operations during periods governed by the I Limit. 

The impacts of extreme flows are lesser known on 
the two downstream facilities, Beauharnois and Co-
teau-Les Cedres (refer to Figure 10 in Section 2.7.3). 

Hydro-Québec, which operates the plants, has noted 
past problems with ice affecting the capacities of the 
channels supplying these two plants and the proper-
ties along the Coteau channels.  A glam Committee 
analysis of Plan 2014 has recommended more study of 
the effects of high flow on the operations of these two 
plants (glam, 2021a). Both of the Hydro-Québec facili-
ties are run-of-river, meaning that they do not have the 
capacity to store water on Lake St. Francis above the 
dam, and must pass all water that is received from the 
Moses-Saunders and Long Sault dams upstream plus 
the flow from local rivers draining into Lake St. Francis. 

4.3  
Hydropower production:  
Winter operations

4.3.1  
More aggressive I Limit  
deviation potential 

As winter sets in, ice cover usually forms on various  
sections of the St. Lawrence River, including in 

the Coteau channel, Beauharnois Canal and Lake St. 

Francis downstream of the Moses-Saunders dam and 
on Lake St. Lawrence upstream of it (Figure 31). Out-
flow is scaled back when ice is forming to encourage  

Beauharnois dam
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a smooth, stable ice cover formation, and is ramped up 
again once the cover is solid. Persistent cold weather 
that allows a stable ice cover to form rapidly and per-
sist until spring breakup allows a steady higher winter 
outflow from Lake Ontario. Fluctuating temperatures 
that prolong the time to form a solid ice cover or thaws 
that disrupt ice cover formation, can reduce overall 
winter outflows.  

The hydropower companies and the Board’s staff 
monitor ice conditions through on-site observation and 
remote sensing. Their goal is to manage the ice cover to 
prevent ice jams and resultant flooding of local shore-
line development and maximize the winter outflow in 
periods of high water supplies. 

The J Limit, which caps week-to-week changes in the 
flow, helps stabilize ice conditions in the river. The  
I Limit governs winter outflow with the intention of  
encouraging the formation of a stable ice cover on  
the river. During periods when the lake level is high 

enough to reach or exceed the Plan 2014 winter “trig-
ger levels”, the Board may consider deviating from the  
I Limit to maximize outflow.  

Board members are conscious, though, of the need to 
prevent ice jams. A new study by researchers at Clark-
son University, commissioned by the glam Commit-
tee, examined how much flow through the dam can 
be increased at any given time in the winter without 
disrupting ice cover on Lake St. Lawrence (Hung and 
Huang, 2020). The Clarkson University research pro-
vides the Board with additional insight into deviations 
from the I and J Limits during winter months.  

The Clarkson study also examined the effect of wind 
speed on ice formation and advised that regulators be 
mindful of wind’s impact. In addition, the researchers 
provided a means of estimating water levels in a portion 
of Lake St. Lawrence to help regulators maintain levels 
above the point where water intakes would be affected.

4.3.2  
Other activities and next steps 

The findings from the Clarkson University research  
are being examined by the Regulation Repre-

sentatives that support the Board and the hydropower 
entities that operate the facilities. The work will contrib-
ute to further testing and evaluation of possible I Limit 

changes within Phase 2 of the expedited review. In ad-
dition, the glam Committee continues to work through 
the Board’s Operations Advisory Group to understand 
critical operational issues related to high outflow condi-
tions and ensure they are captured within the dst. 

Figure 31: St. Lawrence River ice cover, January 2018
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Board deviations during times of extreme high water  
are intended to provide relief to the people, busi-

nesses and public facilities and lands along the shore-
lines of Lake Ontario and the St. Lawrence River. Plan 
2014’s limits and particularly the F Limit, which restrict 
outflow in varying ways, also have a direct impact on 
upstream or downstream shorelines. It was impera-
tive, then, that the glam Committee collect additional 
detailed information about the impact of high water on 
shoreline interests so that Board members would have 
a better understanding of the effect of their deviations. 
In doing so, the glam Committee also had to take into 
account the fact that impacts can differ from one place 
to another under the same static water levels due to 

localized wind and wave conditions that drive up levels 
at some locations but not at others. 

The Phase 1 effort obtained data on shoreline impacts 
in numerous ways including questionnaires for shore-
line property owners, engagement with municipal staff 
and improved models to predict these water level im-
pacts. The goal was to correlate the location and type of 
impacts from flooding and erosion with the water level 
to inform deviation decisions. This data also will be 
useful in Phase 2 of the expedited review, when it will 
be used to reassess the assumptions about high-water 
damage that were used in the creation of Plan 2014.

4.4  
River and lake shoreline  
properties

One source of data was the 3,000-plus responses  
from shoreline property owner online question-

naires about the nature, location and timing of impacts 
from the extreme high water in 2017 and 2019. Most 
respondents in 2017 were New Yorkers (https://www.ijc. 
org/en/glam/questionnaires), while Ontario residents filled 
out the most 2019 questionnaires. Only a few dozen Que-
bec property owners took part in either questionnaire.   

These were voluntary questionnaires administered by 
the glam Committee, open to all via the glam Commit-
tee website. It was not an attempt to sample shoreline 

impacts in a statistically representative manner but 
nevertheless, the questionnaires provided a great deal of 
useful information to the glam Committee on the nature 
of the impacts suffered. Questionnaire respondents were 
asked to supply the municipality and address where the 
high-water impact occurred allowing the committee to 
better identify where critical hot spots might exist. (This 
information, like other responses on individual questions, 
will be held as confidential and not revealed to others.) 

About 90 percent of respondents said they experienced 
flooding in 2017 and 70 percent in 2019. In both years, 

4.4.1  
Residents provide detailed  
impact reports 
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lawns and docks were reported the most as being im-
pacted by flooding. Shoreline protective structures also 
were damaged, especially in 2017 according to ques-
tionnaire responses. 

The glam Committee married that location data to the 
respondents’ reports on high-water impacts to their 
property. Respondents often provided dates when cer-
tain impacts began, and the glam Committee was able 
to correlate those dates to the water level at that time 

(Figure 32). This factual collection was used to help 
create the dst impact zones.

Publicly reported findings from the 2017 and 2019 
questionnaires, aggregated by state/province and by 
county (https://www.ijc.org/en/glam/questionnaires), can 
be used to improve the accuracy of the glam Commit-
tee’s shoreline-impact models. Updated verifications 
of the impact models will be reported in the Phase 2 
report of the expedited review.

Insight
Shoreline impact data allows DST creation; public assistance invaluable 

Figure 32:  
2019 IMPACTS BY WEEK (Source: GLAM Committee) 
�  New York (477 resp. reported flooding)       �  Ontario (490 resp. reported flooding)       •  Water Level       
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https://www.ijc.org/en/glam/questionnaires
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Municipalities are on the front lines of response  
during high-water periods, supporting their res-

idents and protecting public shoreline infrastructure. 
As part of Phase 1 efforts to gather additional shore-
line impact information, the glam Committee engaged 
with staff from municipalities, conservation authori-
ties and other local government entities in Quebec, On-
tario and New York. Copticom Stratégies et Relations 
Publiques, Kennedy Consulting, and usace-Buffalo 
were engaged to support the glam Committee in each 
jurisdiction, respectively. 

Some common themes emerged from all three jurisdic-
tions. About 70 percent of those who responded said 
their municipalities incurred some physical impact 
from high water. Local roads, parks, trails and shore-
line protective structures were the most commonly af-
fected facilities. Erosion of public land was reported by 
many of the municipal entities. Many said constituents 
were severely harmed by high water and employees 
were overworked; officials in Quebec and Ontario not-
ed that constituents and employees were emotionally 
fraught during the height of flooding due to exhaus-
tion, stress and wariness about the future. 

In terms of identifying the date or water level when 
impacts occurred on specific municipal facilities, 
results varied by location and municipality, an unsur-
prising result given the thousands of kilometers of 

shoreline. In Ontario, some local-government entities 
did provide location-specific dates when significant 
impacts began to their shorelines, providing valuable 
data for use in the dst. No such data were included in 
the Quebec or New York reports. This reflects the chal-
lenges of getting site specific information over such a 
large geographic area.

4.4.2  
Municipalities’ impact data

Insight
More details of impacts and critical water levels may be needed 
for municipal infrastructure. 

Flooding in Toronto, Ontario, Canada



GLAM  Committee  |  Expedited Review of Plan 2014, Phase 1: Informing Plan 2014 Deviation Decisions 75

Building inundation, or flooding, is being used as  
an important impact metric that can be mea-

sured throughout the lake-river system. glam Com-
mittee members and associates have used technical 
studies and flood inundation modeling to estimate  
the number of buildings inundated under various 
conditions.  

The work refined the range of potentially impacted 
shoreline buildings under a range of water levels and 
wave intrusions. This contributed to the identification 
of broad-based regional impacts upstream and down-
stream and critical water level thresholds. This data 
was important in the creation of the dst and will help 
the Board understand likely impacts in different parts 
of the system as they consider deviations. 

To build a dynamic picture of buildings at risk of in-
undation, the glam Committee used GIS software to 
marry digital maps of ground elevations with digital 
resources that depicted the footprint of buildings on 
or near the shore. For properties on the Lake Ontario 
and upper St. Lawrence River shorelines, researchers 
defined a baseline condition by selecting all homes, 
garages, boathouses, sheds and other accessory build-
ings located on the immediate shoreline, along with 
properties set back from the shore but at low elevations 
relative to the waterline. For properties on the lower St. 

Lawrence River, the glam Committee began by select-
ing shoreline buildings in the same fashion. Research-
ers then ran a high-water flood simulation model and 
identified the inland buildings that would be inundated. 
The glam Committee has been building its own dataset 
of baseline building locations and elevations for use in 
the modeling. To date it has relied on publicly available 
data and engaged in some “data cleaning” (correcting 
errors and inconsistencies). It is continuing work in this 
area and improvements are likely to occur into Phase 2. 

The initial construct for the flood inundation model 
development assumed static water levels, meaning 
waves and surge were not taken into account. To  
support the validation for this initial step, the glam 
Committee also has been reviewing oblique (angled) 

aerial images captured during the 2017 flooding on 
the Lake Ontario shoreline, and the 2017 and 2019 
flooding on the lower St. Lawrence River (refer to 
Figure 20 in Section 3.1.2). It is working to develop 
interactive maps that will be available to the Board 
based on these images.  

Two further modeling efforts were undertaken for the 
Lake Ontario shoreline to consider the effects of waves 
and storms on the initial static water level conditions, 
which can significantly add to the number of impacted  

4.4.3  
Simulating building and  
agricultural land inundation  

To build a dynamic picture of buildings at risk of inundation,  
the GLAM Committee used GIS software to marry digital maps  
of ground elevations with digital resources that depicted the 
footprint of buildings on or near the shore. 
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shore properties and the extent of damage. First, 
researchers at the National Research Council Canada 
(nrc) used a high resolution modeling package to  
simulate high-water and wave impacts along 1-2 km 
(0.6-1.2 mi) stretches of shoreline in three communities 
– the Municipality of Brighton, Port Darlington in the  
Municipality of Clarington and Stoney Creek in the City 
of Hamilton (Cornett, Ghodoosipour and Provan, 2021).  

The NRC was able to estimate the land, buildings and 
roads inundated under various water level and wave 
scenarios at the three sites (Figure 33). The NRC mod-
eling illustrated the increasing impacts on land as the 
water level rose and under varying storm conditions 
(Cornett, Ghodoosipour and Provan, 2021). However, 
even the detailed model used by the NRC researchers 
was not able to resolve the impact of small changes in 
levels from the combination of static water levels and 
storm surge. The results were still helpful in providing 
data that helped form the impact zones within the DST 
and also to illustrate challenges the Board faces when 
considering the potential benefits and impacts associ-
ated with deviation decisions that may only influence 
lake levels by a few centimeters (inches).

The second Lake Ontario modeling approach used to 
support glam Committee efforts in Phase 1 was ap-
plied by the usace coastal engineering staff in  
Detroit who addressed waves and surge on the lake 
shore across broader sections of shoreline. Like the 
nrc researchers, the usace team modeled how far 
water moves up the shoreline during storm events. The 
team used another coastal model featuring transects 
running perpendicular to the shoreline that incor-
porated near-shore buildings (Figure 34 and Figure 
35)). The usace team then applied 150 severe storm 
scenarios to simulate wave runup on each transect. 
The output indicates a statistical representation of the 
potential number of buildings that would be inundated 
under each of the scenarios given understanding of 
historical storm conditions, though the usace team 
had to make assumptions about the type of shoreline 
protective structures in place, which introduces an add-
ed element of uncertainty.

On the lower St. Lawrence River, the glam Committee 
has continued to work with a water-level and flow mod-
el developed by eccc for the Lake St. Louis to Lake St. 
Pierre stretch of the St. Lawrence River. Like the work 

Figure 33:  
ILLUSTRATION OF FLOOD INUNDATION UNDER DIFFERENT WATER LEVELS 
(Source: Cornett, Ghodoosipour and Provan, 2021)
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Figure 34:  
ILLUSTRATION OF TRANSECTS GENERATED ON THE LAKE ONTARIO SHORELINE. 
(Source: US Army Corps of Engineers) 

Figure 35:  
TRANSECTS INCORPORATING HOMES AND OTHER BUILDINGS. 
(Source: US Army Corps of Engineers) 
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for the Lake Ontario shoreline, the glam Committee has 
been using recent aerial photographs and other materi-
als to verify the locations of residential and commercial 
buildings, roadways and agricultural lands in 2017 
and 2019. That same information has also been used 
to compare flood extent with the model output. This 
updated shoreline development data allows the model 
to generate more accurate simulation of impacts under 
various flow conditions. 

Like the Lake Ontario modeling, the lower St. Lawrence 
River effort provides estimates of inundated buildings 
under different water level conditions for use in the 
dst. Waves and surge are smaller on the lower St. Law-
rence River than on Lake Ontario. Nevertheless, the 
glam Committee added a component within the dst to 
statistically reflect the short-term (hourly) variability 

in levels due to winds and rapidly changing tributary 
inflows, etc. to better reflect the inundation data for 
that area. 

In addition to building flooding, the lower St. Lawrence 
River modeling includes inundation of agricultural land. 
The area bordering Lake St. Pierre is home to about 500 
farms. Based on model simulations of Lake St. Pierre 
water levels in 2017, approximately 3,300 hectares 
(8,150 acres) flooded, accounting for almost 11 percent 
of the agricultural land in the region. In 2019, about 
3,600 hectares (8,900 acres), or 12 percent of the farm-
land, was flooded (Figure 36). 

Brief spring flooding is not uncommon in this area and 
local growers know it takes about six weeks after a flood 
for the land to be dry enough to plant crops. It is the 

Figure 36:  
SIMULATED FLOODING OF AGRICULTURAL LAND SURROUNDING  
LAKE ST. PIERRE BASED ON 2019 CONDITIONS 
�  Municipalities associated to Lake St. Pierre       �  Flooded agriculture land       �  Agricultural lands 
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duration of the flooding, not the peak depth of flood  
waters, that is most critical to this analysis. In 2019 
flood waters persisted for seven weeks, causing a  
considerable delay in planting that year and a loss  
in productivity. 

Flooding of agricultural land was included in the impact 
zones categorization for the lower St. Lawrence River. 
While the Board should be mindful that long-duration 
floods can disrupt planting and greatly delay harvest 
there may be little the Board can do to shorten the 
length of the flood through deviation decisions.

Insight
Modeling provides valuable data on shoreline impacts for the DST.

4.4.4  
Other activities and next steps

High water impacts to shoreline interests are a  
critical factor when the Board is considering 

deviation decisions. The information collected and 
modeling undertaken during the Phase 1 effort pro-
vides the Board with additional understanding of how 
their decisions may influence those impacts. Efforts to 
consolidate impact reports from both 2017 and 2019, 
as well as new modeling to improve estimates of flood 
impacts under varying water level conditions have 
been a crucial aspect of the glam Committee’s work 

in Phase 1 of the expedited review. This information 
became key components of the dst, which informs the 
Board how impacts increase along the shoreline as wa-
ter levels rise. This data also will be useful in Phase 2 of 
the expedited review, when it will be used to reassess 
the assumptions about high-water damage that were 
used in the creation of Plan 2014. The glam Commit-
tee recognizes the importance of assessing shoreline 
impacts and will be working to continually improve its 
datasets in this area.  
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In recent years, the IJC has concluded, with govern- 
ments concurrence, that the ecosystems of the St. 

Lawrence River and Lake Ontario should be taken into 
account by outflow regulations (ijc, 2014). As noted 
previously, it has been found that the previous regula-
tion plan, which sought to suppress the natural range 
in water levels, had degraded diversity of species in 
shoreline wetlands and caused the wetlands to be dom-
inated by cattails (ijc, 2014). 

Plan 2014 was written in such a way as to allow more 
natural variations of water levels of Lake Ontario and 
the St. Lawrence River to reverse some of the harm to 
ecosystems while minimizing possible increased shore-
line damages. While none of the limits or deviation guid-
ance in Plan 2014 were specifically written to protect 
the lakes or river ecosystems, the Board must consider 
potential impacts when making deviation decisions.  

 Since its inception, the glam Committee has placed 
particular focus on tracking wetland vegetation in 
response to water level fluctuations. Wetlands are 
valuable features on Lake Ontario and the St. Law-
rence River; they provide habitat for numerous animal 
and plant species, play an important role in nutrient 
and sediment dynamics and in some cases can influ-
ence shoreline flooding as vegetation serves to dis-
sipate wave energy. However, the wetlands indicator 
developed in previous ijc studies (Wilcox et al, 2005; 
iloslrsb, 2006) is less suited to support comparison 
of short-term Board deviation decisions during peri-
ods of extreme high water levels. Instead, the glam 
Committee focused its Phase 1 ecosystem work in the 
Lake St. Lawrence area where deviation decisions, 
particularly in the winter months, can have a more 
substantial influence on water level conditions and po-
tential ecosystem response as described in 4.5.1 below. 

4.5  
Ecosystem response to  
deviation decisions 

The GLAM Committee supported a targeted effort  
by the St. Lawrence River Institute to examine 

potential impacts to flora aquatic life in Lake St. Law-
rence during extreme water level declines in the winter 
(Figure 37). Lake St. Lawrence water levels decline 
naturally as ice forms. Further water level declines can 
occur when outflow through the dam, at the foot of 

Lake St. Lawrence, is very high. Such high flows likely 
would be the consequence of a Board deviation from 
rule curve or the I Limit, which normally prevents very 
high outflows in wintertime to protect ice cover.  

As the River Institute study notes, Lake St. Lawrence 
was formed when the river was dammed as part of the 

4.5.1  
Winter operation impacts  
on Lake St. Lawrence biota
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Seaway construction. Villages and farm fields were 
submerged by the damming, and significant portions 
of the bottom remains flat or gently sloping. When 
outflows ramp up, these areas can be exposed (River 
Institute, 2020). 

The River Institute examined six winter scenarios with 
increasing high outflows. The most extreme scenario 
resulted in Lake St. Lawrence water levels rapidly de-
clining by 2.33 m (7.6 ft) compared to a typical navi-
gation season level and left 27 percent of the lakebed 
exposed. The researchers then examined the likely 
impact of each scenario on mammals, fish, herpetofau-
na (frogs, toads, turtles and salamanders) and benthic 
invertebrates (e.g. crayfish, clams).  

The researchers found that since the Seaway was  
created, it is likely there have been many instances 
where parts of the riverbed have been exposed during 
periods of low water levels. The most vulnerable 
areas to this have been bays on the north shore near 
Ingleside, Ontario and along the south shore west of 
Massena, New York. However, the more extreme and 
expeditious scenarios the River Institute considered 
could lead to creation of hundreds of small unconnect-
ed pools of water in which aquatic creatures would be 

stranded. Most such pools would be within 20 km  
(12.4 mi) of the power dam. 

The report prepared by the River Institute notes that 
some aquatic life can survive being stranded for short 
periods of time, but not for extended periods (River 
Institute, 2020). The researchers said populations of at 
least 47 fish species, turtle species, three frog species, 
one salamander species and four aquatic mammal spe-
cies could be vulnerable under the more extreme outflow 
scenarios because their winter habitats are concentrated 
in areas that could become exposed. Benthic inverte-
brates also might decline in numbers and diversity. 

To fully protect all species, the River Institute recom-
mended that Lake St. Lawrence water levels in the 
winter be maintained above the lowest levels observed 
in the autumn, since many species choose their winter 
habitat in the autumn. If that proved impossible, they 
said the level should be lowered slowly and be of as 
short a duration as possible. While the River Institute 
work is considered preliminary, the findings have  
been incorporated into the dst to help inform outflow 
deviation decisions. The glam Committee is looking  
at future options for monitoring ecosystem response 
in Lake St. Lawrence during ice operation periods.

Figure 37: Low Lake St. Lawrence levels at 
Whalen Park Boat Launch, January 2020



The GLAM Committee is tracking external research  
such as that being conducted by the State Univer-

sity of New York on the effects of muskrat herbivory 
and structure building on plant biodiversity in wetlands  
along the upper St. Lawrence River as it relates to 
water regulation and non-native cattail invasion (Kua 
et al., 2020). The committee will also be looking at 
additional work on the critical timing, duration and 
magnitude of flow and water level changes on the  
reproductive stages of birds, fish and turtle species  
on the lower St. Lawrence River. 

Going forward into Phase 2 of the expedited review, 
the glam Committee will be reassessing its suite of 
ecosystem indicators for both short-term Board devi-
ation decisions as well as longer-term plan evaluation. 
The committee will continue to focus on coastal wet-
land monitoring and modeling along the Lake Ontario 
and upper St. Lawrence River shoreline but will also be 
looking at what additional ecosystem metrics can be 
readily tracked and modeled to support Board devia-
tion decisions and also the comparison of regulation 
plan alternatives. 

4.5.2  
Other activities and next steps 

Insight
More research into ecosystem impacts from deviations is needed.

Wetland along the St. Lawrence River
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Recreational boating and shoreline tourism can  
be negatively impacted by extreme high water in 

several ways. It is valuable, therefore, to understand more 
about how and when those impacts come about. The 
glam Committee focused on two key tasks during Phase 

1 of the expedited review, 1) integrating findings from  
a survey of marina and yacht clubs following the 2017 
high water event, and 2) undertaking a general review 
of reported recreational boating and tourism impacts to 
guide future performance indicator development.

4.6  
Recreational boating:  
Data gathered from marinas

LURA Consulting undertook a study to look at the  
impact of the 2017 high water event on recreational 

boating along the Lake Ontario and St. Lawrence River 
shoreline (LURA Consulting, 2019a). LURA Consulting 
drew responses from 106 marinas and yacht clubs, 71 
percent of which were located on Lake Ontario and the 
balance on the St. Lawrence River.  

Eighty-two percent of these facilities reported nega-
tive impacts from high water in 2017, with shoreline 
erosion, submerged boat-launch ramps and flooding of 
fixed docks (Figure 38) the most common. Operators 
were asked to identify the water level at which they 
felt they could no longer do business, with an average 
response from Lake Ontario marinas and yacht clubs of 
75.62 m (248.1 ft). Information from the LURA Con-
sulting effort was used in the development of the dst.

4.6.1  
Marina and yacht club survey 

Figure 38: Brockport (N.Y.) Yacht Club, April 2017 
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A study by the USACE focused on media reports  
and other public materials that documented 

about 370 impacts on marinas, yacht clubs and shore-
line parks and tourism venues on Lake Ontario in 
Ontario and New York (usace, 2021b). By scouring 
these reports, usace was able to determine the dates 
and water levels when the effects of high water were 
first felt in 2017 and 2019 (Figure 39). Data from the 

studies made clear there were specific water levels 
where the number of impacts jumped appreciably. The 
New York report provided the location of many of the 
impacted marinas, yacht clubs and recreation venues; 
coupled with the water level when the impact occurred, 
this provided data points for the dst that will aid the 
Board in deviation decisions.

4.6.2  
Identifying potential tourism 
impact metrics

Figure 39: 
NEW YORK BOATING AND TOURISM IMPACTS BY WATER LEVEL (Source: USACE, 2021b)
�  % of impacts at water level       �  % of impacts below water level
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The studies done for the Phase 1 report documented  
numerous impacts of high water during the 2017 

and 2019-20 events, including an inability of boat 
owners to get their craft in the water, submerged docks, 
and marinas that suffered flood damage and were un-
able to provide full services to boaters. There also were 
numerous instances of beaches and shoreline parks 
being closed or damaged by high water.  

 It should be noted that a wholly separate concern exists 
for boaters and marinas on Lake St. Lawrence, which 
is susceptible to large declines in water levels when 

outflows are high. This made docks unusable and made 
access to boats difficult at times. Further study is needed 
to quantify the low water impacts on Lake St. Lawrence. 

The glam Committee has integrated the information 
from the recreational boating and tourism work into 
the dst. While the new information will provide addi-
tional information for the Board when they consider 
deviation options, the glam Committee recognizes 
that further work will be required in Phase 2 to supple-
ment what has been learned so far.

4.6.3  
Other activities and next steps 

Insight
Recreational boating and tourism data fills some gaps, but further  
data gaps remain. 

The construction of the St. Lawrence Seaway and  
the Moses-Saunders dam caused great disrup-

tion to the people of Akwesasne and their way of life 
and its operations continue to affect both the land 
and people of the Akwesasne Mohawk Territory as 
well as other Indigenous Nations. During the ijc’s 
International Lake Ontario-St. Lawrence River Study 
(iloslrsb, 2006), the Akwesasne Task Force on the 

Environment prepared a report highlighting specific 
aspects of outflow management that impact their com-
munity (Akwesasne Task Force on the Environment, 
2004). Some of the issues highlighted increased im-
pacts to fish species and mammals that require low ve-
locity and/or stable water levels. Increased inundation 
of areas where traditional medicines grow were also 
flagged especially because these medicines are criti-

4.7  
Indigenous Nations 

7 Members of the Mohawk Nation at Akwesasne 
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cal to the maintenance of Mohawk culture and of the 
relationships the Akwesasronon7 have with the entire 
ecosystem. Outside of this report from 2004, there was 
little documentation through the International Lake 

Ontario – St. Lawrence River Study on impacts to First 
Nations, Tribal Nations or the Métis Nation further up-
stream on the Lake Ontario shoreline or downstream 
of the Beauharnois Dam on the St. Lawrence River.  

Following the high water event of 2017, the GLAM  
Committee led efforts to gather obtain more 

information and understanding on shoreline impacts 
associated with high water levels on Lake Ontario 
and the St. Lawrence River for the development of the 
glam Committee report on 2017 high water condi-
tions (glam, 2018). Through this process, the glam 
Committee identified a critical gap regarding impacts 
to First Nations, Tribal Nations and the Métis Na-
tion along the Lake Ontario and St. Lawrence River 
shoreline (downstream to Trois Rivières in Quebec). 
The glam Committee respects and recognizes First 
Nations, Tribal Nations and the Métis Nation’s experi-
ences and knowledge regarding fluctuating Lake On-
tario and St. Lawrence River water levels and therefore 
initiated a process to plant a relationship and learn 
towards action with Indigenous Nations.  

Through a competitive process, the glam Committee 
(through the ijc) retained the Ontario consultancy, 
People Plan Community, to engage First Nations, Trib-
al Nations and the Métis Nation that may be impacted 
by fluctuating Lake Ontario and St. Lawrence River 
water levels and listen to impacts, experiences and 
knowledge. The glam Committee is seeking to open a 
dialogue to learn more and document critical aspects 
that could be considered within the expedited review 
of Plan 2014 going forward. In particular, the glam 
Committee is interested in discussing how fluctuat-
ing Lake Ontario and St. Lawrence River water levels 
and particularly the extreme levels in 2017 and 2019 

4.7.1  
Reaching out to  
Indigenous Nations 

  
NOTES FROM THE EIGHT  
LISTENING SESSIONS THUS FAR

There is a willingness and interest from 
Indigenous Nations to collaborate and 
share Indigenous knowledge with the 
IJC and the GLAM Committee as shown 
through high response rates, the number 
of sessions hosted to date, the antici-
pation of future sessions, as well as the 
request for additional and follow-up 
sessions and ongoing correspondence.  

There are identified impacts and 
concerns for land and water from 
fluctuating water levels, pollution,  
habitat loss and species decline.  

There are associated impacts to 
traditional activities, including restricted 
access to the shoreline, impacts to 
fishing from fluctuating water levels 
and medicinal harvesting from habitat 
loss and pollution   

Capacity issues limit participation  
and the ability to appropriately share 
traditional knowledge; nonetheless, 
there is an interest in exercising  
traditional rights through “boots on the 
ground” funding and resources. 
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directly affected Indigenous Peoples including their 
cultural and traditional uses of the shoreline.  

People Plan Community started their work in May 
2021 and will carry that work through the end of 
March, 2022 after the completion of the Phase 1 report. 
As of October 2021, initial outreach has taken place 

to representatives of all First Nations, Tribal Nations 
and the Métis Nation that reside directly along the 
Lake Ontario and St. Lawrence River shoreline as well 
as those Indigenous Nations that maintain Treaty 
and Indigenous rights along the shoreline. To date 
eight meetings have been held, with up to five others 
planned (as previously listed in Section 2.8). 

Insight
Indigenous Nations have valuable insights into water and water-level 
issues, and are directly impacted by outflow management. 

The GLAM Committee views these Indigenous  
engagement sessions as a first step in a long-term 

effort to review Lake Ontario outflow management. 
As such, the committee did not want to be constrained 
by the time limits of Phase 1 of the expedited review. 
While information gathered through the process can 
support Phase 1 reporting and contribute to the initial 
prototype dst for deviation decisions, the First Nations, 
Tribal Nations and the Métis Nation engagement effort 
is meant to inform the broader Phase 2 plan review.  

The glam Committee will continue following up with 
First Nations, Tribal Nations and the Métis Nation to 
coordinate initial listening sessions based on interest 
and availability of each community. The glam Com-
mittee will remain flexible and extend their availability 
in order to build trust, plant a relationship to meet the 
needs and timing requests of individual communities 
to support a long-term effort to ensure Indigenous 
voices in the regulation plan review and on-going 
adaptive management process.

4.7.2  
Other activities and next steps 

Insight
Outreach to Indigenous Nations created connections, and provided 
some impact information. More outreach is needed in Phase 2.
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GLAM Committee’s  
Decision Support Tool



GLAM  Committee  |  Expedited Review of Plan 2014, Phase 1: Informing Plan 2014 Deviation Decisions 89

Phase 1 of the expedited review of Plan  
2014 centered on supporting Inter-

national Lake Ontario – St. Lawrence River 
Board (Board) deviations by addressing gaps 
in knowledge. As Board members themselves 
told the Great Lakes-St. Lawrence River 
Adaptive Management (glam) Committee, 
they need more information about the poten-
tial outcome when they choose a deviation 
strategy or decide against it. Previously, the 
Regulation Representatives were able to give 
the Board the outlines of changes to water 
levels that each proposed deviation would 
bring but the associated impact information 
was largely anecdotal and based on past 
operational experience. 

Board members have said that what they 
want is a factual understanding of the 
trade-offs that accompany deviations — the 
benefit of changing the outflow to aid one 
interest or region versus the harm that out-
flow change might bring to another interest 
or region. Board members need insight into 
the uncertainties about the impacts that 
near-term and longer-term weather will 
have on the water levels and flows they are 
altering when they deviate. 

The Decision Support Tool (dst) addresses 
these needs by making the Board’s work 
better-informed, more systematic and based 
on objective, vetted information. 

The dst is not a panacea. It cannot eliminate 
uncertainty about future water supply. There 
are gaps in knowledge and capability that 

5.0  
GLAM Committee’s  
Decision Support Tool 

 
DECISION SUPPORT TOOL BENEFITS

Based on the forecasted water levels, the tool will 
display the broad-based impacts of each devia-
tion option being considered. It will, for instance, 
allow the Board to judge how many properties 
along the St. Lawrence River and Lake Ontario 
shorelines would be inundated if a particular 
deviation is pursued and how much harm, if any, 
that deviation would do to commercial navigation. 

The tool offers Board members close-up views of 
a variety of impacts on specific communities on 
the Quebec, Ontario and New York shorelines, as 
well as on Lake St. Lawrence. Members can drill 
down to better understand what might happen in 
a community they know — how many properties 
might flood, how many roads might be under 
water, how recreational uses might be unusable.  
A feature known as “impact zones” will help Board 
members compare the impacts from one 
community to the next. 

For the specific communities, rich descriptive 
information and local context is provided in a 
supplementary interactive map product. Currently, 
a single example is available with the expectation 
of developing ones for additional locations in  
the future. 

These metrics track how impacts would change 
over time, as waters rise or recede. This function  
is enabled by a DST feature that addresses the 
uncertainty of not knowing what the weather will 
bring: Board members can see how deviation 
options would play out under a variety of future 
water supply scenarios. 
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make it impossible for the glam Committee’s dst or 
any other tool to provide complete assurance that a 
deviation will bring the result the Board intended. (See 
Section 5.5 for more on risk and uncertainty). 

The Board still will have only incremental influence on 
water levels. But the tool still represents a valuable step 
forward because it allows the Board to act with much 
more knowledge than before and a new ability to un-
derstand impacts among the many competing uses and 
interests. The dst now offers insight into the impacts 
of extreme high water; during Phase 2 of the expedit-
ed review, the glam Committee will add data about 
low-water impacts as well. 

Decision support tools are increasingly used in a 
variety of settings, including water resource manage-
ment. The Lake Ontario-St. Lawrence River dst was 
modeled after a tool that scientists created for the ijc’s 

International Upper Great Lakes Study (http://www.iugls.
org/) which led to a new water-level regulation plan for 
Lake Superior in 2014.  

The glam Committee assembled the dst with the sup-
port of US Army Corps of Engineer’s (usace) Institute 
for Water Resources. The Committee relied on a great 
deal of help from the Board, the pag and others. Board 
members have already begun making practice decisions 
using the dst through a series of glam Committee-led 
workshops to review, evaluate and provide feedback in 
the real-time development of the dst. These practice 
runs are expected to continue as the dst transitions to 
a tool available to support Board deviation decisions. 

As helpful as it should prove to be, the dst neither rec-
ommends deviations to the Board nor makes deviation 
decisions for it. Those decisions remain the sole respon-
sibility of the six Board members themselves.  

5.1  
Decision Support Tool  
water-supply forecasts

It is useful to know the impact of an outflow change  
the first week that change is in effect. But Board 

members have to be concerned that an unexpected 
change in the Lake Ontario water supply farther into 
the future could eliminate the benefit of a deviation or 
worse, cause a benefit to suddenly become a detriment.  

For some years, the Board has been given weekly 
forecasts of the water supply in the coming six months 
that are binationally coordinated. These forecasts are 
based on actual supplies in the years from 1900 to 
2007 plus near-term precipitation outlooks. The “most 
likely” water supply in the coming months are modeled 
as well as possible high and low extremes. 

These products are by nature imprecise. There is no 
way to really know Lake Ontario’s future water supply 
— no way to accurately foresee a rainy summer or a 
dry one, a fall with unusually high evaporation rates, a 
winter heavy with snow or a spring freshet that comes 
weeks earlier or later than normal. Any of those factors 
can cause relatively sudden rises or dips in Lake Ontar-
io’s net basin supply and significantly alter the flow in 
the St. Lawrence River.  

The dst speaks to that problem of uncertain hydro-
logical conditions by giving the Board a chance to see 
how a deviation option would play out in a variety of 
water-supply scenarios. The Board can continue to 
consult the forecasts it has been receiving. But they 

http://www.iugls.org/
http://www.iugls.org/
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also can select six-month forecasts based on the actual 
water supply in any year between 1900 and 2007, or 
the average supply in any sequence of those years. If the 
Board wants to see conditions that mirror the supply in 
1976, or the average supply in the years from 2000 on-
ward, they can do so with the click of a computer mouse. 

The Board also can consider “more extreme” scenarios 
within the dst, such as a six-month period in which 
basin-wide precipitation breaks the record set in 2017 
and inflow from Lake Erie and the Ottawa River is 
greater than the records set in 2019, or a 1-in-500-year 
water-supply sequence generated through a statistical 
analysis. These options were generated by the glam 
Committee’s Hydroclimate Working Group in a study 
done to support the expedited review (glam, 2021b). 

There is no certainty that any of these six-month sce-
narios will come to pass. But their availability will give 
Board members at least some sense of a deviation’s 
potential impact under a wide range of possible future 
meteorological conditions. 

Once one or more water supply sequences have been 
selected within the dst, the Board can view in graphi-
cal form how deviation strategies would change water 
levels and flows in the coming six months. As many as 
three possible deviation plans, each with a different 
way of adjusting outflow, can be compared side by 
side. For comparison, the tool also will show what the 
water levels would be if no deviation were put in place 
and what the levels would be if the Seaway project had 
never been built. (This comparison is needed because 

Figure 40:  
ILLUSTRATION OF FORECAST INPUTS (GREEN) AND OUTPUTS (BLUE AND YELLOW) 
ALONG WITH ILLUSTRATION OF COMPARISON FORECAST GRAPHS FOR LAKE  
ONTARIO LEVELS (WATER SUPPLIES SIMILAR TO 2005 HIGHLIGHTED IN RED)
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the ijc’s 1956 Order of Approval includes conditions 
that the operation of the project works provide no less 
protection for navigation and downstream interests 
than would have occurred without the project.) 

To illustrate how water supply conditions can be 
compared, Figure 40 shows the Lake Ontario and Ot-
tawa River/St. Lawrence River tributary water supply 
conditions used to generate water level and outflow 
forecasts at some of the key locations throughout the 
system. The two related graphs illustrate the Lake 
Ontario water level forecast for the same water supply 
sequences but using two outflow strategies. Observed 
conditions are shown as the single black line, and the 
various colored lines are possible water level forecasts 
for a range of water supply sequences. The red line 
in the two water level graphs represents the forecast 

using water supply conditions similar to those ob-
served in 2005. In other words, if water supplies would 
be similar to those observed in 2005, the two graphs 
show the possible differences in Lake Ontario water 
levels given the two deviation strategies. 

Board members can compare different water supply 
scenarios and possible deviation strategies, glean-
ing insight into potential outcomes throughout the 
lake-river system in a more objective, comparable and 
systematic way. Board members get a sense of how 
impacts might change over a range of hydrologic con-
ditions and different deviation decisions. This is made 
possible by an array of metrics at their fingertips that 
impart information about high-water impacts on Lake 
Ontario and the St. Lawrence River that has never 
before been assembled and presented in this way.

Insight
The DST addresses uncertainty caused by a lack of skilled forecasts 
and a changing climate through scenario testing. 

5.2  
Metrics: Impact zones and 
broad-based views

The DST gives Board members a dynamic way to  
estimate the type and scope of impacts from 

extreme high water, to see how impacts might change 
over time or to see in graphic terms how a proposed  
deviation might ease some of those impacts — or  
make them worse. The tool will show how a proposed 
deviation would change impacts compared to the 
no-deviation option. 

The tool does not observe actual impacts on the fly. 
Instead, it draws on a database of known impacts during 
the 2017 and 2019-2020 events and projects which of 
those impacts are likely to recur at any given water level. 
The dst provides this information on several levels. 
First, the tool offers broad-based metrics that shows the 
total number of buildings on and near the shoreline that 
would be inundated by flood waters at a particular water 



GLAM  Committee  |  Expedited Review of Plan 2014, Phase 1: Informing Plan 2014 Deviation Decisions 93

level in Lake Ontario or rate of flow in the St. Lawrence 
River. This information was derived from innovative 
modeling work by the usace team in Detroit as well 
as eccc in Québec City and Burlington. In response to 
suggestions from the pag, the dst can display these 
broad-based building estimates as a rough approxima-
tion of the number of people potentially impacted based 
on census information on average household size. 

Another view is more close up. It was created because 
Board members asked for a sense of on-the-ground 
impacts, a request that was strongly reinforced by the 
pag. The Board was also interested in the breadth of 
impacts, beyond just building impacts. In response, 
the glam Committee selected 12 distinct locations for 
which to chart localized impacts (Figure 41).  
• �Seven communities on Lake Ontario:  

Oswego, Sodus Point and Greece in New York state, 
and St. Catharines, Toronto, Clarington and Brighton 
in Ontario.  

• �Two communities on the upper St. Lawrence River: 
Gananoque/Leeds and the Thousand Isand, Ontario in 
the Thousand Islands section and Edwardsburg-Car-
dinal, Ontario near the head of Lake St. Lawrence. 

• �Lake St. Lawrence as a whole. 
• �Two communities on the lower St. Lawrence River: 

Lery-Beauharnois on Lake St. Louis, and Maskinongé 
on Lake St. Pierre in Quebec. 

The initial 12 locations were chosen because they are 
known to be sensitive to extreme water or are considered 
representative of larger stretches of the shoreline; some 
of the selected communities are small waterfront villag-
es, others are subdivisions with rows of shoreline homes, 
others are more urban and some are mostly rural. The 
list is not meant to be final; more areas that are sensitive 
to water-level fluctuations will be added over time.

Drawing on extensive research of the extreme high 
water in 2017 and 2019, conducted for Phase 1 of the 

Figure 41:  
LOCATIONS WITH IMPACT ZONES  (Source: GLAM Committee)
--  Provincial border     --  International border
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expedited review and described in Section 4.0, the 
glam Committee cataloged the type of impacts that 
occurred in the 11 shoreline communities — water 
washing over a lawn, disabling a private septic system, 
flooding a marina parking lot or forcing the closure 
of roads or parks, for example. Then the committee 
compiled the reported water levels associated with 
each of these impacts at the 11 locations. This became 
the framework of a dst feature that shows the Board 
in detail what impacts are expected at each of these 
locations as water levels rise and fall. 

To improve the ability to readily compare the impacts 
at the 11 communities, the glam Committee divided 
the observed impacts into five color-coded categories of 
increasing severity using common criteria. Annoyances 
and relatively minor problems such as flooded lawns were 
lumped in a “low concern” category, for instance. The 
most damaging impacts, such as large swaths of shore-
line residences with flooded foundations, were placed in 
an “extreme concern” category. The glam  

Committee then noted the water levels at which each 
category of impact occurred to shoreline residences at  
all 11 locations.  

There was considerable variation. Some low-lying 
communities will suffer flooded streets and sewers 
at water levels that pose few problems elsewhere. 
The homes in other communities sit well above flood 
waters on bluffs, but those same bluffs are subject to 
significant erosion when levels are high. Still other 
communities lie downwind of prevailing winds and 
tend to suffer the worst impacts from storm-driven 
waves and surge. The variability in impacts is evident 
in the different water level ranges for each location 
(Figure 42). For the same water level (75.45 m IGLD85 
in the example), some communities would be in the 
moderate impact category, some in the major, and one 
would already be experiencing extreme impacts. 

The glam Committee used this information to create 
impact zones for each of the 11 communities. These 

Figure 42:  
CONCEPTUAL ILLUSTRATION OF DIFFERENCES IN COMMUNITY IMPACT ZONES. 
EXAMPLE IMPACT ZONES FOR A NUMBER OF DIFFERENT COMMUNITIES AROUND 
LAKE ONTARIO.  
�  Low       �  Moderate       �  Major       �  Severe       �  Extreme
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Table 9:  
EXCERPT FROM OUTPUT FOR BRIGHTON, ONTARIO IMPACT ZONE   
Note, this is a preliminary version that will continue to be modified through the adaptive 
management process  
(Source: GLAM Committee)

Brighton - Impact Zones 
Shorline Property

Context

The Municipality of Brighton, ON has a population of 11,844 (2016) and is 
located on the north shore of Lake Ontario just west of the Bay of Quinte. The 
shoreline of Brighton has considerable residential/private property. It is 
estimated there are about 1,600 buildings directly along the shoreline or near 
the shoreline and below 78m elevation. There are around 620 buildings below 
77 m and around 430 of those are estimated to be main residential buildings. 
There are approximately 67 km of shoreline in Brighton, including considerable 
amount of wetland shoreline and the Presqu'ile peninsula.

Lake 
Conditions

Thresholds 
(m  IGLD85)

Thresholds 
(ft.  IGLD85)

Extreme > 76.0 >249.4

Many home foundations flooded at static water levels; A high number of 
shoreline homes at risk of foundation flooding with expected reports of first 
floor inundation to many primary structures. Flooding along Harbour Street, 
and flooding of only access road to Gosport Peninsula (a residential area). 
High risk of wave damage to structures during even small storms. Around 250 
main buildings with foundation elevations below 76.5 m. Up to 620 buildings 
with elevations below 77 m and at greater risk of impact during big storms.

Severe
> 75.8  

and  
≤76.0

>248.7  
to  

≤249.4

Some home foundations flooded at static water levels; Many primary 
structures at risk of water at the foundation with storms and/or some with first 
floor inundation reported to primary structures and/or inability to use septic 
systems at many locations. Widespread risk of storm — event flooding on open 
areas of Brighton shoreline. Approximately 100 homes affected at these levels 
in 2017 and 2019 according to municipality — sandbagging required.

Major
> 75.5  

and  
≤75.8

>247.7  
to  

≤248.7

A few home foundations flooded at static water levels. Critical low lying areas 
at widespread risk of storm-event flooding on open areas of Brighton 
shoreline. Foundation/crawlspace, outbuildings, decks, septic systems, 
shorewells, utility, road access, and signficant dock and lawn flooding 
commonly reported from questionnaire responses. Risk of water at 
foundations to some homes — sandbagging necessary 

Moderate
>75.3  

and  
≤75.5

>247.1  
to  

≤247.7

Residential and property flooding occurs during the most extreme storm 
events. Elevated risk of storm event flooding for open areas of shoreline. 
Flooding of lawns and impacts to shoreline docks/boathouses and/or inability 
to access property reported through questionnaire responses at some 
locations. A few shoreline homes (<5%) at risk of water at foundation with 
storms. A few reports of septic issues within questionnaire responses.

Low Concern ≤75.3 ≤247.1

Common summer peak water levels - some risk during spring or fall with  
higher portential of larger storms and erosion. First impacts reported starting 
at ~75.0 m (246.0 ft) from questionnaire responses. Almost no home 
foundations flooded at static water levels; few to no homes at risk of water at 
foundation with storms. Almost no reports of septic issues in questionnaire 
responses.
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impact zones are sets of water levels, or zones, that 
cause low to extreme impacts to residential properties 
at each of the sites. Table 9 provides an example, with 
the understanding that all the impact zones will be 
refined and improved as new information is gathered 
through the adaptive management process.

Within these impact zones, the glam Committee also 
identified water level-and-impact data pertaining to 
other uses and interests at each of those 11 communi-
ties — marinas and yacht clubs; recreational boaters; 
parks, roads and other municipal infrastructure; public 
and private water systems and, for Maskinongé on 
Lake St. Pierre, agricultural land.  

The result of this laborious and admittedly complicat-
ed work, which was done on a very tight timetable, was 
a dynamic feature of the dst that shows which impact 
zones are in place at each of the 11 communities when 
the water is at a given level. 

On the dst’s map displays, the impact zones are 
color-coded. At a glance, Board members can see an 

accurate reflection of which communities are likely to 
suffer “major” impacts from that water level, for exam-
ple, and which can expect impacts to be “severe.” They 
can see how the degree of impact might change as a 
deviation strategy begins or ends, or as time passes. 
The Board can look more closely at any community 
they choose to see in detail what the impacts would be 
there. The tool allows the Board to judge the duration 
of flooding in various locations, including those where 
agriculture is a dominant land use. 

The dst also offers a text description, based on the 
data collected about the 2017 and 2019 high-water 
events, of the kind of impacts expected at that site for 
each impact zone. The narratives cover not just shore-
line buildings but local marinas, parks, water systems 
and municipal infrastructure. 

Impact zones have similarly been created for a twelfth 
location, Lake St. Lawrence, which is hydrologically 
unique from the rest of the system because it serves 
as the forebay to the Moses-Saunders dam. Lake St. 
Lawrence’s levels drop quickly when flows through the 

Lake Ontario near Brighton, Ontario, Canada



GLAM  Committee  |  Expedited Review of Plan 2014, Phase 1: Informing Plan 2014 Deviation Decisions 97

dam are increased and conversely Lake St. Lawrence’s 
levels rise rapidly when outflows are decreased. Lake 
St. Lawrence’s water levels have impacts on hydro-
power generation, commercial navigation, recreational 
boating, the local ecosystem and water systems locat-
ed there, and those elements are included in the Lake 
St. Lawrence impact zones. 

To provide additional information about each communi-
ty where impact zones were developed, the glam Com-
mittee developed a prototype interactive map product, 
or story map, for one of the communities. A story map, in 
this context, is a visual asset built on an ArcGIS frame-
work; it is a technique ijc has used in other watersheds 
to provide easily accessible information about locales. 

The Brighton story map displays the inundated-build-
ing data for the shoreline but incorporates many other 
elements: a detailed description and photographs of 
the community during high water periods and the 
location of local resources such as docks, parks and 
water-treatment plants. The glam Committee tapped 

census data to provide information about the popula-
tion such as age and income that speaks to the commu-
nity’s ability to cope with extreme high water based on 
recommendations from the pag. The glam Committee 
is working on at least two more story maps in the near 
term, for a community in Quebec and another in New 
York. The goal is to eventually develop story maps 
for each location highlighted by an impact zone if the 
Board determines they would be helpful. 

The glam Committee has begun to meet with commu-
nity representatives to discuss and validate existing 
data and will continue to do so. It is possible some of 
the impact zones or the data underlying them will be 
altered over time as part of an adaptive management 
process. The glam Committee also plans to add impact 
zones focused on Indigenous communities and on 
aspects of the Lake Ontario and St. Lawrence River 
ecosystems. The impact zones, then, are a work in 
progress, but the glam Committee is confident these 
first iterations represent a good starting point in defin-
ing water level sensitivity.

Insight
More data is needed to improve and refine the DST.
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The DST offers Board members a rich cache of  
data that offers many different views of metrics 

described above. The data are presented graphically so 
that it can be grasped quickly.

Some of the graphs (Figure 43) allow the Board to 
compare how deviation strategies might perform for 
specific water supply sequences in a selected year. In 
the figure, observed conditions are shown in black. 
The forecast water level with no deviation is shown in 
white, while deviation strategy 1 and 2 are in brown 
dashes and solid brown respectively. In all cases, water 
levels would be high enough to reach into the severe im-
pact category given the selected water supply sequence. 
Deviation strategy 1 would be very similar to the base-
line for Lake Ontario levels while deviation strategy 2 
slightly increases the rate of lake level reduction. 

The dst also lays out the impact of proposed devia-
tions on commercial vessels in the St. Lawrence River. 
At present, the output is expressed both as the tons of 
cargo delayed or disrupted and as the sum of money 
lost under deviation scenarios that force stopp ages on 
commercial navigation. This metric makes use of the 
Institute for Water Resources study that estimates the 
tons of cargo delayed and financial cost by navigational 
stoppa ges. Board members have never had access to 
this material previously. 

At present, this is the only dst metric that estimates 
impacts in dollar terms, making it difficult to compare 
those values with other metrics such as the number of 
buildings inundated. But the economic data do provide 
the Board with context about the regional implications 

5.3  
Summarizing and visualizing 
the data in the Decision  
Support Tool

 
DECISION SUPPORT TOOL  
GRAPHIC EXAMPLES

An estimate of the number of build-
ings across the full system that might 
be impacted under both calm and 
transitory wind-driven conditions 

The number of days the water level  
at each of the 12 locations will be  
in the major, severe or extreme  
impact zones 

The highest level the water would 
reach under a given deviation and 
future water supply or a plot of  
changes in water levels over the 
coming six months 

The number of buildings at each of the 
12 locations that would be inundated 
by high water
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of an interruption of commercial navigation and an 
objective examination of costs that can be used to ver-
ify any impact information the Board receives directly 

from the commercial navigation sector. Going forward, 
the glam Committee will be looking to integrate eco-
nomic information for other sectors as well.

Figure 43: 
GRAPHICAL ILLUSTRATION COMPARING FORECASTS FOR A SINGLE WATER 
SUPPLY SEQUENCE USING DIFFERENT DEVIATION STRATEGIES RELATIVE TO 
EXAMPLE IMPACT ZONES.
�  Low       �  Moderate       �  Major       �  Severe       �  Extreme
-- Observed       -- Pre-Project        -- Deviation Strategy 1        -- Deviation Strategy 2        —  Baseline

Insight
The DST, based on the GLAM Committee’s research, responds to the 
Board’s need for more information.

La
ke

w
id

e 
Av

er
ag

e 
W

at
er

 L
ev

el
 (

m
, I

G
LD

85
)

74.0
1/11

77.0

76.5

76.0

75.5

75.0

74.5

8/112/11 3/11 4/11 5/11 6/11 7/11

Date



GLAM  Committee  |  Expedited Review of Plan 2014, Phase 1: Informing Plan 2014 Deviation Decisions 100

Rarely does a decision improve outcomes for  
every interest in every category. When a poten-

tial deviation decision will produce a mix of outcomes 
— some better and some worse than those that would 
be produced by Plan 2014, the Board must weigh the 
merit of moving ahead with that deviation. This is 
among the most difficult, and at times controversial, 
aspect of their job. 

 

The dst will aid in tradeoff decision-making. A section 
of the tool offers direct comparison of impacts on the 
uses and interests that most often are involved in a 
proposed deviation’s positive-negative equation. A 
prime example: Properties on the shorelines of Lake 
Ontario, the upper St. Lawrence River and the lower 
St. Lawrence River (Figure 44 and Figure 45). As noted 
previously, a reduction in water levels that might ease 
flooding for Lake Ontario riparians can worsen condi-
tions for both riparians on the St. Lawrence River. 

5.4  
Tradeoffs displayed in the  
Decision Support Tool

Figure 44:  
ILLUSTRATION OF TRADEOFFS BETWEEN IMPACT ZONE COMMUNITIES BASED ON 
THE EXPECTED NUMBER OF DAYS AT OR EXCEEDING THE MAJOR WATER LEVEL 
CATEGORY USING THE 80TH PERCENTILE OF FORECAST SCENARIOS
-- Baseline       -- Deviation Strategy 1       -- Deviation Strategy 1
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Using the inundated-buildings metric, the tool shows 
how a proposed deviation would impact shoreline 
properties, aggregating the numbers for the shoreline 
regions of Lake Ontario and the upper and lower St. 
Lawrence River. The tool also includes a snapshot of 
impacts by sector — buildings inundated on the Lake 

Ontario and St. Lawrence River shorelines, tons of com-
mercial cargo delayed. 

In a number of ways, the tool highlights the choice the 
Board faces when it considers a proposed deviation from 
the F (flood) Limit: how to fairly apportion high-water 

Figure 45:  
ILLUSTRATION OF THE NUMBER OF BUILDINGS IMPACTED UPSTREAM AND  
DOWNSTREAM (includes the expected number of buildings impacted and associated  
percent change in the expected number of buildings inundated as could be illustrated in 
the DST under different outflow scenarios for different parts of the system) 
-- Baseline       -- Deviation Strategy 1       -- Deviation Strategy 2       -- Pre-Project
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impact among upstream and downstream riparians. It 
also informs L (shipping) Limit deviations that may im-
pact the commercial navigation industry, and it will also 
help with I (ice-formation) Limit decisions with a focus 
on ecosystem impacts on Lake St. Lawrence. 

The dst gives the Board improved data to help it un-
derstand the tradeoffs of risks that might be required 
by proposed deviations, and as it ponders questions 
that rise from such deviations: Could a deviation help 
now but cause problems later? If so, how bad could 
those problems be? Where do impacts linger the 
longest and where are they short-lived? Do a large 
number of people in one part of the system benefit 

slightly while a much smaller number elsewhere are 
hurt badly? Is there a risk that the benefits of a regula-
tion decision could be negated by other complicating 
factors, such as high wind and waves or a sharp change 
in weather conditions? 

While the data and information will never be perfect,  
the tool allows the Board to better compare the impacts  
of different deviation strategies across the system 
and glean answers to those questions and others. This 
is only possible if the Board has trust in the information 
and data being presented. It is imperative therefore that 
the tool be continually updated and verified and the tool 
maintained by expert support staff trusted by the Board.

Insight
The DST helps the Board to better understand tradeoffs and  
compare deviation strategies, and will require continual maintenance 
and improvements to stay relevant for the Board’s use. 
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5.5  
Risk and uncertainty and the 
Decision Support Tool 

Risk and uncertainty surround Board deviation  
decision-making. Risk is a measure of the proba-

bility and consequence of uncertain future events.  
It is the chance of an undesirable outcome (Yoe, 2017). 

As simplified in Figure 46, risk is a measure of how  
bad an impact will be and the probability or likelihood 
of it happening. 

Figure 46:  
ASSESSMENT OF RISK EXPOSURE.  
RISK = SEVERITY OF IMPACT TIMES THE PROBABILITY OF OCCURRENCE  
(modified based on original graphic from TheProjectManagementBlueprint.com,  
used with permission, copyright Mark Warner, TheProjectManagementBlueprint.com) 

Low Probability & High Impact High Probability & High Impact

Low Probability & Low Impact High Probability & Low Impact

http://TheProjectManagementBlueprint.com
http://TheProjectManagementBlueprint.com
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In assessing risk, the Board must weigh the likelihood 
of known outcomes based on their probabilities of 
occurrence. For example, they must assess the proba-
bility that buildings will be flooded in the spring. The 
Board is now much better able to assess this proba-
bility of occurrence by using the dst and the range of 
water-supply forecasts it provides. Uncertainty adds 
complexity to the assessment of risk because either 
the severity of the consequence and/or the probability 
of occurrence are unknown (Figure 47).

Under extreme conditions when the Board has the au-
thority to deviate from Plan 2014, they must decide, in 
real-time and while various interests and regions are ex-
periencing a range of impacts, whether or not to override 
plan limits. The Board understands that these decisions 
could shift the balance of impacts to other interests and 
regions. These are not easy decisions to make, especially 
when faced with a high degree of uncertainty around 
both future conditions and the actual outcomes of a devi-
ation decision. For example, in 2017 as water levels were 
rising, as has been noted in earlier discussions, the Board 
had little information on what the outcomes would be if 
the F Limit was exceeded on the lower river. At the same 
time, the Board was unable to assess the added risk that 
storms could have on Lake Ontario shoreline properties 
when the water levels were so high. 

The glam Committee has been attempting to help the 
Board better understand the risk or probability of a bad 
outcome of a deviation decision. The Committee also 
has been trying to reduce the amount of uncertainty 
around the expected outcomes and the probability of 
occurrence. This has not been easy given the large size 
of the basin, the difficulty in gathering information 
during extreme conditions, and because of the level of 
detail required to inform a deviation decision whose 
outcome is measured in centimeters and inches, not 
feet and meters. However, the glam Committee has 
made considerable progress in characterizing impacts 
upstream on Lake Ontario, on the upper St. Lawrence 
River, including Lake St. Lawrence, and downstream on 
the lower St. Lawrence River. The dst allows the Board 
to explore the differences in outcomes from deviation 
strategies across these geographic regions. 

The glam Committee has also characterized impacts 
across a number of interests, so the Board can get a 
better sense of who is being impacted by extremes, the 
severity of those impacts and whether their deviation 
strategy can improve conditions. This can help the 
Board assess the risk of taking, or not taking actions 
and the risk of transferring impacts from one interest 
or region to another.  

Figure 47:  
IMPLICATIONS OF UNCERTAINTY ON REPERCUSSIONS AND LIKELIHOOD OF OUTCOMES 
(modified based on original graphic from TheProjectManagementBlueprint.com, used with 
permission, copyright Mark Warner, TheProjectManagementBlueprint.com) 

Uncertainty in Reprecussions Uncertainty in Likelihood

http://TheProjectManagementBlueprint.com
http://TheProjectManagementBlueprint.com
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While uncertainty in forecasted conditions will contin-
ue to be an issue faced by the Board, the glam Com-
mittee continues to seek out the best science and will 
work with its partners in looking for ways to improve 
mid to long-term forecasts. Climate change adds even 
more uncertainty. The recent Intergovernmental Panel 
on Climate Change (ipcc) (https://www.ipcc.ch/) report 
notes that widespread and rapid changes in the atmo-
sphere, ocean, glacial and arctic regions, and biosphere 
have occurred, that the scale of changes are unprece-
dented and that these changes are already affecting 
many weather and climate extremes (ipcc, 2021). 

The Great Lakes have always been and will continue to 
be a dynamic system, and this will only be exacerbated by 
climate changes. The glam Committee will be incorporat-
ing an assessment of projected climate changes into its 
Phase 2 analysis. In the meantime, the glam Committee 
has developed some more extreme-case scenarios for 
the Board to take into consideration as it assesses risk of 
forecasted water supplies (glam, 2021b). This helps the 
Board assess the risk under a range of future conditions 
to try to minimize the chance of surprises. 

In addition, the glam Committee has tried within the 
dst to isolate the added risk of complicating factors 
such as wind, waves, surge and incoming tributary 

flows. Outcomes are presented both in terms of still 
water (the part the Board can influence), but also in 
terms of the likelihood for major storm events and how 
that may or may not impact a deviation decision. 

This is an on-going requirement as conditions, interests 
and science are always changing. The glam Commit-
tee will continue to identify the key areas for risk that 
surround deviation decisions and the uncertainties that 
can impact that risk. The glam Committee will also look 
for opportunities to reduce that uncertainty through 
more monitoring, assessment and verification, and iden-
tify which uncertainties will remain unresolved for the 
foreseeable future. The glam Committee will continue 
to work on how risk and uncertainty are displayed in the 
dst and what areas of research for reducing uncertainty 
will be carried forward into Phase 2 and beyond.  

Risk and uncertainty are key drivers for on-going 
adaptive management so that decisions can be adjust-
ed as more is learned or conditions change. A Board de-
cision will never be made without some degree of risk 
and uncertainty. What adaptive management can do is 
identify the risks and reduce the level of uncertainty as 
much as possible through on-going monitoring, model-
ing and verification and present this information to the 
Board to inform its deviation decision-making.

Insight
Risk and uncertainty surround Board deviation decision-making. The 
GLAM Committee can help by working to reduce uncertainty where 
possible. This is an on-going requirement of adaptive management. 

https://www.ipcc.ch
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The 18-member Public Advisory Group (PAG),  
unpaid volunteers who met on a continuing basis 

between June 2020 and October 2021, were appointed 
by the ijc to promote public input and transparency. 

The pag was created so that representatives of groups 
that are directly affected by Board deviations could 
bring their insights into the impacts of extreme high 
water to the Great Lakes-St. Lawrence River Adaptive 
Management (glam) Committee. The glam Com-
mittee and the pag worked together to understand 
and assess data about system impacts, a process that 
helped build trust in the ijc. It was also hoped that pag 
members would communicate back their insights to 
their constituents, colleagues and neighbors, a goal 
that pag members fulfilled as best they could. 

The advisory group’s assigned role was to provide 
input on how extreme high-water impacts should be 
assessed and help the glam Committee consider what 
criteria should inform International Lake Ontario – 
St. Lawrence River Board (Board) decision-making 
on deviations. The pag also was to help formulate a 
means of presenting this information to the Board, 
and to come up with ways to communicate with their 

constituents about what is being done to better inform 
the deviation decisions. 

Many of the pag’s sessions in 2020 were devoted to 
the nuts and bolts of Lake Ontario outflow regulation, 
which gave glam Committee officials a chance to ex-
plain how and why decisions are made and pag mem-
bers a chance to present perspectives on their priorities 
and interests and express concerns about the impact of 
those decisions. Through the intensive exchange, the 
advisory group built a deeper, shared understanding of 
the difficulties in managing this complex system, which 
involves accounting for differing costs, pain, protection, 
and benefits across geographies and interests and a set 
of difficult trade-offs within a risk-based management 
approach that is technically intensive, full of uncertain-
ty, and difficult to communicate to stakeholders. 

The pag concluded its 2020 work by outlining what 
it had learned and identifying additional key issues 
concerning resilience and emergency response, which 
are outside the ijc’s mandate but are deemed critical 
to managing flooding along shorelines. The pag also 
sought further clarity and transparency in regard to 
the ijc’s governance.

6.0  
Input from Public Advisory Group

6.1  
Public Advisory Group Work  
on the Decision Support Tool 

In 2021, much of the advisory group’s time was spent  
working on the Decision Support Tool (dst). The 

pag assisted the glam Committee with laying out key 

objectives for the tool such as ensuring that all uses and 
interests are accounted for, and that the analysis of im-
pacts is multi-dimensional and evidence based. The pag 



recognized that tradeoff decisions should be based on 
monitoring and model results but that the presentation 
of these tradeoffs would not always make the decision 
any clearer for the Board members’ especially where the 
countervailing factors do not point in a clear direction. 
But there was a general sense among the pag that with 
the dst, the issues and concerns of each of the interests 
and regions are being recognized and assessed.  

It was agreed the dst needed to be flexible, in the sense 
that it can be readily updated with new data and new 
strategies, and that it should include a broad range of 
plausible future water supply scenarios, both high and 
low water. The risks of taking a given deviation action 
— or not taking it — should be equally apparent.  

The pag also offered suggestions about creating 
impact zones and crafting the descriptions of impacts 
that accompany each zone. They made numerous 
suggestions about ways to make the tool’s output more 
user-friendly, comprehensive and transparent. 

The pag engaged with the glam Committee on these 
matters and others despite an on-going conversation 
as to whether it is ever really possible for deviation 
decisions to balance interests and regions, some pag 
members felt the answer was no. This was due to the 
complex nature of the system (Lake Ontario and the St. 
Lawrence River), the uncertainty inherent in weather 
projections, the varied ways in which impacts trans-
late into costs borne by various interests (e.g. com-
mercial navigation that serves a broader supply chain 
versus individual property owners versus ecosystem 

responses), and the limits inherent in water regulation 
compared to natural phenomena such as extreme wet 
and dry conditions.  

As the glam Committee worked on the tool, pag mem-
bers pushed the glam Committee not to populate it just 
with numerical measures but to also incorporate what 
their report termed “a more nuanced and people-cen-
tered view of how various options may affect various 
parts of the system when deviation decisions are made.”   

The pag members said building inundation metrics 
did not capture shoreline impacts fully. They wanted 
the disruption of people’s lives and livelihoods taken 
into account, and metrics that were local as well as 
system-wide. The pag emphasized that the dst should 
include impacts on local infrastructure — roads, docks, 
sewer systems, parks and the like — and find a way to 
use the dst to communicate subtler but significant im-
pacts of extreme high water on shoreline residents such 
as the disruption of everyday life and the physical and 
emotional stress which pag members recognized were 
difficult to measure.  

pag members argued that the public would have more 
confidence in the Board’s decisions if the public knew 
that local concerns and impacts were built into the 
tool. To show how this might be accomplished, the 
glam Committee created a prototype story map for a 
shoreline community in the Municipality of Brighton, 
Ontario, as previously discussed in Section 5.2. The 
prototype story map for Brighton received positive 
feedback from the pag. 

GLAM  Committee  |  Expedited Review of Plan 2014, Phase 1: Informing Plan 2014 Deviation Decisions 108

Soldiers of the New york army national 
guards 105th military police company 
construct a sandbag barrier to protect 
property at Sodus Point, NY, USA 
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In 2021, the PAG spent most of their time focused on  
reviewing the dst, but they were also tasked with 

commenting on lessons learned and contributing their 
thoughts on a longer-term public engagement process.   

In these discussions, pag identified several benefits of 
the process. (see side box)

At the same time, the pag encountered some difficulties, 
particularly related to the time commitment necessary 
to fully participate and the enormity of the challenge 
to understand the complex natural and human systems 
that interact in the watershed.   

Members also struggled to fulfill the function of reach-
ing out to their networks, partly because information 
developed by the glam Committee was in develop-
mental stages and not ready for public distribution and 
partly because pag members lacked the capacity for 
information sharing across such a large and diverse 
region. Some pag members concluded that it is unre-
alistic to expect a relatively small group of volunteers 
to manage constituency engagement on subjects of 
significant controversy in the current atmosphere of 
polarized public discourse. 

Looking ahead to any future public advisory bodies, 
pag members said they would highly welcome the con-
tinuation of such a group to build on the social relation-
ships and knowledge gained over the course of more 
than a year. However, time would need to be better 
managed, with sub-working groups and more concise 
and accessible educational materials available for com-
municating with the public. pag members suggested 

6.2  
Public Advisory Group’s  
assessment of the Phase 1 
public engagement process

 
PAG IDENTIFIED BENEFITS  
OF THE PROCESS

The process provided an opportunity 
for exchanging information and educat-
ing other PAG members and members 
of the GLAM Committee. PAG mem-
bers shared insights from their own 
experiences on Lake Ontario and the 
St. Lawrence River and their own 
travails dealing with extreme high water. 
Opportunities for more dialogue came 
after PAG members expressed their 
readiness to move beyond structured 
educational based presentations. 

PAG members formed good relation-
ships with others, especially across a 
diverse group of fellow advisory group 
members and addressed disagreements 
in an atmosphere of mutual respect, 
despite being unable to interact in 
person due to the COVID-19 pandemic 

Trust-building through the open 
sharing of information: PAG members 
were kept up to speed on current 
conditions and Board deviation 
strategies by Board staff. 

The advisory committee helped shape 
public engagement efforts by the 
GLAM Committee or the Board, 
offering advice on questionnaires and 
the design of public meetings. 
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that if the pag continues into Phase 2, current members 
should be invited to stay with new members phased in. 
The pag recommended that new committee members 
reflect greater diversity in socio-economic status, race, 
gender identity and ethnicity to provide a great range 
of experience and knowledge. The group provided some 
specific suggestions for protecting and potentially 
compensating the volunteers in a way that would allow 
them to retain their independence. 

Finally, the pag appreciated the stepped-up commu-
nications efforts and urged the ijc, Board and glam 
Committee to continue to improve its communications 
to the public and suggested more plain-language public 

communications and the establishment of public liaisons 
to act as two-way conduits for information in communi-
ties around the St. Lawrence River and Lake Ontario. 

In a December 2020 communiqué, pag offered recom-
mendations on topics that were outside the immediate 
scope of their assigned duties but that they felt were 
imperative to work towards flood management. The 
pag said the ijc should urge government agencies to 
create and fund robust emergency response plans that 
can be activated when extreme high water threatens, 
and to encourage government shoreline resilience 
planning, regulations and grants to help property own-
ers, municipalities and other stakeholders.

Insight
PAG recommends changes to process for Phase 2 to make it more 
effective and palatable to new members. 

6.3  
GLAM Committee appreciates 
Public Advisory Group’s work

From the GLAM Committee’s perspective, the PAG  
was a welcomed and important addition in the 

Phase 1 expedited review process. Despite the pandem-
ic, the glam Committee was able to get acquainted with 
all of the pag members and learn about their issues, seek 
their feedback and establish relationships, albeit virtual.  

The glam Committee was very pleased with the level 
of engagement from pag members, and with their ded-
ication and willingness to learn and hear each other’s 
points of view. The glam Committee also appreciated 
the thoughtful feedback received regarding the dst 
and guidance on how to address concerns. The glam 
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Committee appreciated the coordination role of the 
Consensus Building Institute (cbi) who were expert 
facilitators and provided neutral moderation and a safe 
space for discussion and debate.  

The glam Committee recognizes the burden placed on 
pag members, both in terms of the time commitment 
necessary for a meaningful process and for trying to 
reach out to their respective networks. The committee 
agrees with the pag’s assessment that more materials 
need to be available to help the pag with this. This was 
difficult during the Phase 1 expedited review due to 
the tight timelines and involvement of the pag in the 
real-time development of the dst which meant com-
munication materials were not yet available. Neverthe-
less, the glam Committee deeply appreciates that pag 
did reach out to their constituents at times and provid-
ed knowledgeable information via traditional media 
and social media which helped inform broader com-
munities of the glam Committee process and helped 
correct misinformation.  

The glam Committee sometimes found it difficult to 
maintain the pace required to keep the pag informed 

and updated, but at the same time the semi-month-
ly schedule for meetings kept the process moving 
forward. The glam Committee did, at times, find it 
difficult to manage the high expectations of the pag, 
especially when special requests were made for specific 
information and in regard to their assigned role as an 
advisory committee to the glam Committee and not 
the Board.  

The glam Committee recognizes and appreciates 
the recommendations provided by the pag for robust 
emergency response plans and resiliency planning 
and acknowledges the importance of these aspects in 
potentially reducing the risks of and improving the 
response to high water impacts. While largely outside 
the glam Committee’s scope, these recommendations 
have been forwarded to the ijc and the glam Commit-
tee will support the ijc as they consider how best to 
share these with responsible agencies. 

Overall, the pag provided great support to the glam 
Committee and was a critical voice in the development 
of the dst. The glam Committee is hopeful the ijc will 
renew the pag for Phase 2 of the Expedited Review. 

Insight
The PAG was extremely helpful during Phase 1 of the expedited  
review of Plan 2014. 
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The expedited review of Plan 2014 is a good ex- 
ample of adaptive management in action. It is 

part of an iterative process to reduce uncertainty via 
system monitoring and modeling as well as learning 
through doing. This first Phase of the expedited review 
was geared towards filling some immediate data and 
information gaps needed to support International Lake 
Ontario – St. Lawrence River Board (Board) discretionary 
deviation decisions. This included gathering information 

from those directly impacted by the recent high-water 
conditions and undertaking technical studies to assess 
impacts across the different interests and regions. This 
first phase was focused in part on the flow limits in Plan 
2014 and how these limits should be considered when 
the Board has authority to deviate from Plan 2014 flows. 
The following identifies the key findings from this Phase 
1 effort based on a consolidation of the insights and ob-
servations identified in earlier sections of this report.

7.0  
Findings and Recommendations 
from Phase 1 and transitioning 
to Phase 2: What comes next?

Sailing on Lake Ontario at Toronto, Ontario, Canada
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The Great Lakes-St. Lawrence River Adaptive  
Management (glam) Committee noted that 

little information has been gathered from Indigenous 
communities about the impacts of the recent high-wa-
ter events. The glam Committee respects and recog-
nizes the rights of Indigenous communities along the 
lake-river region and seeks to close this gap within the 

adaptive management effort including cultural per-
spectives and traditional practices. To achieve  
this, in 2021 the glam Committee began a process to 
hear more about perspectives of First Nations, Tribal 
Nations and the Métis Nation along the Lake Ontario 
and St. Lawrence River shoreline and/or with rights 
along the shoreline.

7.1  
Summary of Key Findings 

The GLAM Committee found the Public Advisory  
Group (PAG) to be a welcome and important 

addition in the Phase 1 expedited review process. The 
level of engagement from pag members was excellent 
and members were dedicated and willing to learn and 
hear each other’s points of view. The glam Committee 
received thoughtful feedback regarding the Decision 
Support Tool (dst) and was provided guidance on how 
to address concerns that were raised.  

The glam Committee sometimes found it difficult to 
maintain the pace required to keep the pag informed 

and updated, but at the same time the frequent meet-
ings kept the process on a steady track forward. The 
glam Committee at times, found it difficult to manage 
the high expectations of the pag , especially when spe-
cial requests were made for specific information and in 
regard to their assigned role as an advisory committee 
to the glam Committee and not the Board. 

The glam Committee found that the third-party con-
tractor was essential to engaging the pag and provided 
expert facilitation and coordination, neutral modera-
tion and a safe space for discussion and debate.  

Key Finding 2
PAG proves helpful and recommends changes to process for  
Phase 2 to make it more effective and palatable to new members.  
(Sections 3.2..4 and 6.0)

Key Finding 1
Inclusion of Indigenous peoples’ perspectives and traditional ways of 
knowing are important to the adaptive management process and the 
on-going review of the regulation plans. (Sections 2.8 and 4.7)
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The GLAM Committee and Board identified a num- 
ber of factors that complicate deviation decisions, 

not the least of which is the uncertainty about what 
future water supplies will be. Reliable precipitation fore-
casts beyond a few days in the future are not yet available 
and yet a period of heavy rain or a drought can easily 
erase a deviation’s benefit. Climate change only exacer-
bates that uncertainty and increases the likelihood of 
even greater variability in water supplies in the future.  

While uncertainty in forecasted conditions will  
remain an issue for the Board, the glam Committee 
will continue to seek out the best science and will work 
with its partners for ways to improve mid- to long-
term forecasts. In the meantime, the glam Committee 
has developed some extreme water-supply scenarios 
that go beyond the historical record that the Board can 
take into consideration as it assesses risk of forecasted 
water supplies. 

Key Finding 3
The Board faces complex problems, including climate change. Scenario 
testing is a helpful approach to better understand uncertainties.  
(Section 3.2.2 and 5.1)

The Board wanted to know the certainty of the  
risks to interests and regions that are present-

ed by extreme high water and how that risk would 
be shifted by their deviations. They identified some 
serious risks related to deviation decisions: 

• �During the spring freshet:  
Serious flooding on the lower St. Lawrence River can 
result from even a modest increase in outflow from 
Lake Ontario. 

• �During and after ice formation:  
Ecological damage in Lake St. Lawrence can result from 
abnormally high winter outflows, as can weakening of 
the river ice cover and resultant local flooding damage.  

 
• �During the navigation season:  

Shutdown of the Seaway with resulting damage to 
the shipping industry and its clients can result from 
deviations above the L Limit.  

Key Finding 4
Board needed more information on the incremental impacts of  
deviating from the regulation plan. The GLAM Committee’s research  
will help the Board better understand the shift in risks across interests 
and geographies. (Sections 3.2.3 and 5.5)

Both the pag and glam Committee agreed that  
a similar group to the pag is needed moving into Phase 
2, however, the pag suggested that time would need to 
be better managed, with sub-working groups and more 

concise and accessible educational materials available 
for communicating with the public. The glam Com-
mittee and pag also agreed that any changes to the 
current membership should be phased in.  
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The GLAM Committee has characterized impacts 
across a number of interests, so the Board can get a 
better sense of who is being impacted by extremes, the 
severity of those impacts and whether their deviation 

strategy can improve conditions. This can help the 
Board assess the risk of taking, or not taking actions 
and the risk of transferring impacts from one interest 
or region to another.

I Limit 

The I Limit requires that the level in Lake St.  
Lawrence be kept at 71.8 m (235.56 ft) or high-

er, as measured at Long Sault Dam. That value was 
specified in the limit because it was believed to be the 
minimum level needed to allow water-plant intakes 
to function properly. glam Committee research found 
this minimum may not be a limiting factor. Rather, new 
research conducted in support of the glam Committee 
found that low water levels on Lake St. Lawrence could 
lead to the stranding of aquatic creatures and conclud-
ed more research is required. The glam Committee also 
identified that another limiting factor may be loss of 
hydropower efficiency when operating at very low head 
caused by low levels on Lake St. Lawrence. 

glam Committee research also found that it may be 
possible that the Board could deviate to increase win-
ter outflow beyond the current I Limit when ice cover 
exists of 9,430 m3/s (333,000 cfs) under some circum-
stances and recommended further study. 

 
L Limit 

Broadly speaking, the L Limit provides a maximum out-
flow limit through the Moses-Saunders dam to maintain 
safe velocities and currents for commercial navigation 

to transit the Seaway. Another portion of the L Limit 
also ensures that levels of Lake St. Lawrence remain 
high enough for ships to transit through the channels. 

Research and stakeholder engagement conducted by 
the glam Committee found that there may be some 
room for flexibility to the limit, especially in the sum-
mertime, if mitigation measures are in place. (There is 
less flexibility in the in the autumn, when currents are 
strong and the water level in the river was declining.) 
The glam Committee developed an independent, ob-
jective and non-proprietary assessment of the dura-
tion, timing and magnitude of the potential impacts 
to the commercial navigation sector of extremely high 
flow velocity scenarios. This research found that any 
temporary closure of the Seaway would have marked 
and measurable impacts and the most impactful would 
be a lengthy mid-season closure or an early end to the 
shipping season due to the volume of traffic and nature 
of cargo involved. In addition, the glam Committee 
also found there was no empirical basis for the two top 
outflows in Plan 2014’s L Limit and the assumptions 
in selecting 10,200 m3/s (360,000 cfs), and 10,700 m3/s 
(378,000 cfs) need revisiting.  

As well, the glam Committee focused several studies 
on Lake St. Lawrence, which can be negatively impact-
ed by efforts to reduce Lake Ontario flooding and is 
therefore critical to Board decision-making. Low-level 

Key Finding 5
New information may allow limits and deviations from them to be 
changed. The research provides some possible options for deviations  
in the future as well possible plan alternatives to explore in Phase 2. 
(Sections 3.3 and 4.0)
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thresholds on Lake St. Lawrence have been questioned 
and additional data gathering efforts for Lake St. 
Lawrence are required. The Board has expressed the 
importance of having all of this more detailed infor-
mation to help them decide whether it is safe to exceed 
the flow limits, and the risk of taking, or not taking 
actions and the risk of transferring impacts from one 
interest or region to another. 

 
F Limit 

The F Limit’s fundamental purpose is to limit spring-
time high water and possible flooding, including flood-
ing caused or exacerbated by the Ottawa River freshet, 
or spring runoff and to “balance” upstream and down-
stream impacts. During the high water events of 2017 
and 2019 the Board found they lacked information  
to confidently develop a deviation strategy from the  
F Limit. 

The glam Committee found several possible ways to 
adjust the F Limit or the Board’s reaction to the limit 
that can be further developed and evaluated within 
Phase 2. This included extending the target levels 

in increments and/or skipping the lower tiers of the 
target levels on Lake St. Louis. It also included varying 
the applicability of the targets with the timing of the 
freshet, tying those target levels to the inflow from 
Lake Erie or tying target levels to the inflow from the 
Ottawa River and adding a separate component to the 
F Limit to more directly consider Lake St. Pierre levels. 
All of these require further exploration and evaluation 
before being seriously considered for application by 
the Board as deviation options or as proposed modifi-
cations to the plan itself in Phase 2. 

Building inundation, or flooding, is being used as 
an important impact metric that can be measured 
throughout the lake-river system. This contributed to 
the identification of broad-based regional impacts up-
stream and downstream and critical water level thresh-
olds that can help inform F Limit deviation decisions. 

Through various studies, the glam Committee was 
able to better define the scale and breadth of impacts to 
shoreline interests under different conditions and loca-
tions and assign critical water level thresholds (impact 
zones) to help inform the Board of the implications of 
deviation decisions across different geographies. 

Key Finding 6
Risk and uncertainty surround Board deviation decision-making. GLAM 
can help by working to reduce uncertainty where possible. This is an 
on-going requirement of adaptive management. (Section 5.5)

A Board decision will never be made without some  
degree of risk and uncertainty. What adaptive 

management tries to do is identify the risks and reduce 
the level of uncertainty as much as possible through 
on-going monitoring, modeling and verification. The 
glam Committee has tried within the dst to identify 
risks and uncertainties for the Board. For example, 
to isolate the added risk of complicating factors such 

as wind, waves, surge and incoming tributary flows, 
outcomes are presented both in terms of still water and 
in terms of the likelihood by season for major storm 
events and how that may or may not impact a deviation 
decision. The glam Committee cannot eliminate un-
certainty, but it can continue to work toward improving 
science and data and filling data gaps in an effort to 
provide the best science available to the Board.
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Board members have said they want a factual  
understanding of the trade-offs that accompany 

deviations — the benefit of changing the outflow to 
aid one interest or region versus the harm that out-
flow change might bring to another interest or region. 
Board members need insight into the uncertainties 
about the impacts that near-term and longer-term 
weather will have on the water levels and flows they 
are altering when they deviate. 

The dst addresses these needs by making the Board’s 
work better-informed, more systematic and based on 
objective, vetted information. 

While the dst cannot eliminate uncertainty about fu-
ture water supply or provide complete assurance that  
a deviation will bring the result the Board intended, the 
tool still represents a valuable step forward because 
it allows the Board to act with much more knowledge 
than before and with a new ability to understand 
impacts among the many competing uses and inter-
ests. It is important that the Board trust the informa-
tion within the dst, which means that updating and 
maintenance is critical to its use and effectiveness in 
information Board decisions. 

As helpful as it should prove to be, the responsibility  
for the discretionary deviation decision remains  
with the six Board members consistent with the 2016 
Supplementary Order of Approval and associated  
ijc Directives. The dst is not a decision-making tool.

Key Finding 7
The DST, based on GLAM research, responds to Board need for more  
information but it cannot eliminate impacts or assure an objective will 
be met. The board must still make decisions consistent with the 2016 
Order and IJC Directives. (Section 5.0)

 
HOW THE DST ADDRESS  
BOARD NEEDS 

The DST will allow the Board to judge 
how many properties along the St. 
Lawrence River and Lake Ontario 
shorelines might be inundated by a 
particular deviation and what impact,  
if any, that deviation would have on 
commercial navigation. 

The tool will help the Board compare 
the impacts from one community to 
the next by offering Board members 
close-up views of a variety of impacts 
on specific communities on the 
Quebec, Ontario and New York 
shorelines, as well as on Lake St. 
Lawrence, through a feature known  
as “impact zones”  

For the specific communities, rich 
descriptive information and local 
context is provided in a supplementa-
ry interactive story map product. 
Currently, a single example is available 
with the possibility of developing ones 
for additional locations in the future. 

The DST addresses the uncertainty  
of not knowing what the weather will 
bring by allowing Board members to 
see how deviation options would play 
out under a variety of future water 
supply scenarios.
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Phase 1 of the expedited review was initiated due  
to concern over extremely high water levels. In 

spring 2021, the concern shifted to low water levels. This 
demonstrates the need for adaptive management as con-
ditions are always changing. A key data gap that must be 
addressed is the lack of low-water metrics in the dst.  

Additional ecosystem indicators, particularly for the 
upper St. Lawrence River and downstream areas that 
can be impacted by short-term Board deviations, should 
also be added to the dst. Further study of ecosystem 
impacts from low water levels during the winter on Lake 
St. Lawrence also is needed. Longer-term implications 
to ecosystems that may not be apparent in the short-
term should be explored in Phase 2. 

Shoreline erosion on the lower river needs to be added 
as a metric and was something identified in the Quebec 
municipal meetings due to the high sustained outflows 
in 2017 and 2019-2020. Shoreline erosion is also an 
important impact on Lake Ontario, though it may not 
be possible to differentiate erosion impacts on the lake 
shore that are associated with short-term deviation 
decisions and incremental water level differences of  
a few centimeters or inches.  

While the Institute for Water Resources study that 
estimates the tons of cargo delayed and financial cost 
by navigational stoppa ges provides information the 
Board members have never had access to previously, it 
does not currently cover the Port of Montréal or down-
stream. Given the importance of this port to container 
ship traffic coming from the rest of the world, this is 
still a gap that needs to be filled. The glam Committee 
should continue to work with the Seaway corporations 
towards the development of a common metric and 

consider the development of a full Great Lakes/St. 
Lawrence River commercial navigation model. 

Recreational boating and tourism were greatly affected by 
the high-water events of 2017 and 2019 and clearly are 
impacted by low water extremes. While some work was 
initiated in Phase 1, more study is needed to better under-
stand the sensitivity of both direct and indirect impacts 
of deviation decisions on this sector. This will be given  
a greater emphasis in Phase 2 of the expedited review. 

While targeted studies were completed for Lake St. 
Lawrence in Phase 1, given the immediate and some-
times significant affects deviation decisions can have 
directly on the forebay of the dam, a full and detailed 
investigation of all impacts categories (ecosystem, 
recreational boating and tourism, municipal water 
uses, First Nations, shoreline property, commercial 
navigation and hydropower infrastructure) should be 
completed for the entire Lake St. Lawrence region. 

Some other locations within the system may require 
more site-specific study of indicators that are partic-
ularly relevant to their region such as tourism in the 
Thousand Islands area, traditional ecological knowl-
edge and traditional ways of knowing in the Bay of 
Quinte and Lake St. Francis areas, and agriculture near 
Lake St. Pierre. 

The pag has strongly encouraged the glam Committee 
to include a wider range of metrics in the dst to reflect 
that personal nature of certain shoreline impacts for 
the Board. While preliminary efforts were made to 
incorporate that advice, the glam Committee will need 
to continually look at the suite of metrics in the DST 
and consider whether these metrics adequately reflect 

Key Finding 8
More data are needed for DST: extreme low-water impacts on all interests; 
ecosystem impacts; additional impact zones, including for Indigenous 
communities; additional story maps; possible generation of financial 
impacts on interests other than commercial navigation. (Section 5.4)
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the range of impacts experienced by the different 
uses and interests. As well, the GLAM Committee will 
continue to work towards common and measurable 

metrics across all interests, including financial costs, to 
the degree possible.

7.2  
Recommendations from  
Phase 1

  
SUMMARY OF  
RECOMMENDATIONS

A. Indigenous Relations 
Building continue into  
Phase 2 and beyond

B. Public Outreach and 
Engagement continue  
in Phase 2 and for the 
longer-term Adaptive 
Management process

C. The Decision Support 
Tool should be considered  
a dynamic tool that needs 
continual updates and 
improvements

D. The Board should use the 
DST to prepare for the next 
crisis situation

E. Data gaps should  
continue to be filled and  
new technologies explored

F. Phase 2 of the Expedited 
Review should provide for a 
fulsome review of Plan 2014 
(see Section 7.3)
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As of July 2021, initial outreach had taken place  
to representatives of all First Nations, Tribal Na-

tions and Métis Nations that directly reside along the 
Lake Ontario and St. Lawrence River shoreline along 
with those Indigenous Nations with rights related to 
the shoreline (as listed in Section 2.8) and a number of 
individual virtual meeting sessions had been arranged. 
The glam Committee continued to follow up with 
various First Nations, Tribal Nations and Métis Na-
tions throughout the late summer and fall of 2021 as a 
starting point from which to begin a dialogue and build 

relationships to improve learning and the integration 
of Indigenous perspectives and knowledge and it is 
expected this will continue through Phase 2. The glam 
Committee is committed to exploring opportunities 
to include traditional ecological knowledge, cultural 
perspectives, and traditional ways of knowing into the 
plan evaluation effort and on-going adaptive manage-
ment process for informing both the on-going review 
of Plan 2014 and efforts on the upper Great Lakes re-
lated to Plan 2012 for the outflows from Lake Superior. 

 Recommendation A 
Indigenous Relations Building continue into Phase 2 and beyond

The GLAM Committee has found the PAG to be  
dedicated contributors to the Phase 1 process 

and have appreciated the thoughtful feedback received. 
The glam Committee wholly supports and recom-
mends the continued involvement of the pag in Phase 
2. The Committee will consider the recommendations 
for on-going public engagement from the pag and 
work with the ijc on next steps. This includes the pags 
recommendations that a new committee reflect greater 
diversity in socio-economic status, race, gender iden-
tify and ethnicity to provide a greater range of experi-

ence and knowledge. The pag urged the ijc, Board and 
glam Committee to continue to improve its communi-
cations to the public and recommended the establish-
ment of public liaisons to act as two-way conduits for 
information in communities around the St. Lawrence 
River and Lake Ontario.   

The glam Committee further recommends that an 
independent facilitator continue to be engaged to  
help ensure an effective and efficient public engage-
ment process.

 Recommendation B 
Public Outreach and Engagement continue in Phase 2 and for the  
longer-term Adaptive Management process
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Information from various sources was used by the  
glam Committee to develop the dst to assist the 

Board in assessing impacts and tradeoffs associated 
with high water levels throughout the Lake Ontario 
and St. Lawrence River system. While the Board views 
the information provided by the tool as a considerable 
improvement, it is also recognized that the tool is only 
effective if the Board has full confidence in the informa-
tion it provides. It is therefore critically important for the 
dst to be continually updated and improved over time  
as an on-going component of adaptive management. 

The dst currently is a Microsoft Excel-based tool. The 
glam Committee should explore alternative platforms 
in consideration of the long-term use, accessibility and 
performance of the dst. A strategy for the on-going 

maintenance and updating of the dst should be devel-
oped and implemented including identified resources and 
agency support within the glam Committee and Board. 

The dst has been identified as having potential 
benefits both for communicating with the public and 
for informing practitioners interested in water level/
resiliency issues. The glam Committee should con-
tinue discussions with the Board of potential public 
and practitioner uses of some version of the tool. At 
the very least the Board and glam Committee should 
explore opportunities for using the outcomes from the 
dst as a means of communicating with the public on 
how and why a deviation decision was made.

 Recommendation C 
The Decision Support Tool should be considered a dynamic tool that 
needs continual updates and improvements

Even with the additional information provided by  
the dst, deviation decisions will not be easy. There 

is good evidence from hydroclimate science that higher 
levels are possible upstream and downstream than 
experienced in 2017 and 2019-2020. While Phase 1 
was focused on high water extremes, it is recognized 
— especially given the experience in the spring and 
summer of 2021 — that low-water extremes also must 
be considered and will be added to the dst in the future. 
This again is an example of why adaptive management 
is needed to address a system that is always changing.  

Given all of this variability and the dynamic nature 
of the system and that new information will continue 
to be included into the dst, it is highly recommend-
ed by the glam Committee that the Board continue 
to practice with the dst so members become accus-
tomed to using the tool in an operational mode. It is 
further recommended that the Board use the dst to 
explore different extreme scenarios and to learn how 
Board members can use the tool to assess risk and 
uncertainty of various deviation options prior to an 
extreme event (high or low). While the Board members 

Recommendation D 
The Board should use the DST to prepare for the next crisis conditions
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themselves will likely not be the ones manipulating 
the tool, that support will come from glam Committee 
and Board staff, it is important for the Board and its 
iag members to have a solid understanding of the tool 
itself and the data that drives it. In doing so, the Board 

can be better prepared to address extreme conditions 
when they do occur, and they can work with the glam 
Committee to identify improvements that could be 
made to improve the dst.

Adaptive management tries to identify the risks  
and reduce the level of uncertainty as much as 

possible through on-going monitoring, modeling and 
verification and this must continue to inform the Board’s 
deviation decision-making. The glam Committee has an 
on-going mandate to review and assess the performance 
of the regulation plans and this requires continual data 
gathering and verification. The glam Committee should 
prioritize the data gaps identified in the findings above 
and systematically address these gaps. The glam  

Committee should be looking to build common metrics 
where possible and should be examining and making 
use of new and evolving technologies such as machine 
learning for gathering data more efficiently. 

Data sharing procedures and protocols, and where nec-
essary data sharing memorandums of understanding, 
should be established with potential partner agencies 
to allow accessibility to data, information and tools 
generated for the glam Committee.

Recommendation E 
Data gaps should continue to be filled and new technologies explored

Recommendation F 
Phase 2 of the Expedited Review should provide for a fulsome review 
of Plan 2014 (see section 7.3)
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Phase 1 Phase 2

Focused on better informing deviation decisions Review of Plan 2014 — can it be improved, especially 
during extremes (high and low) 

Short-term horizon (weeks/months) Long-term time horizon (years/decades) 

Considers six month forecast and some more  
extreme scenarios 

Considers a full range of possible water supply 
conditions including climate changes 

Greater emphasis on those directly impacted by 
deviation decisions 

Considers all interests and regions including  
longer-term ecosystem impacts and Indigenous 
perspectives and knowledge 

Established a Decision Support Tool to inform Board 
deviation decisions (operational tool) 

Develop Shared Vision Model to compare and rank 
alternatives to the regulation plan 

Includes input and advice from Public Advisory Group Includes input and advice from public  
(TBD based on Public Advisory Group feedback) 

Board is decision-maker Board recommends — IJC decides with  
government concurrence 

Complete in 20 months Complete in 3 years (pending funding)

Table 10:  
DIFFERENCES BETWEEN PHASE 1 AND PHASE 2 OF THE EXPEDITED REVIEW EFFORT 

Phase 2 will include analysis of possible modifi 
cations to Plan 2014’s rules, limits and “trigger 

levels”. A study done in Phase 1 by the glam Committee 
identified a number of possible changes to the I, J, L  
and F limits that will be explored in Phase 2 (see Sec-
tion 3.3), and others may be added.  

The next phase will build upon the data and modeling 
tools developed during Phase 1 (see Table 10) and will 
include acquisition and analysis of data about impacts 
of extreme high and low water, building upon the data 
gaps noted above. Phase 2 analyses will directly include 
Indigenous Nations and will have a greater emphasis 

7.3  
Transitioning to Phase 2 of  
the Expedited Review and a 
fulsome review of Plan 2014 
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on ecosystem impacts on Lake Ontario and the St. 
Lawrence River than were included in Phase 1. This is 
because some of these impacts are only measurable 
after a number of years and Phase 2 will consider a 
long-term time horizon.  

 Analyses will be conducted under a full range of  
possible future water supply conditions, including 
climate change projections. It is important to note, that 

while Phase 1 focused primarily on providing infor-
mation to inform Board deviation decisions and did 
not recommend specific options for the Board, Phase 
2 will take a different and more fulsome approach to 
evaluating alternatives to Plan 2014 rules, limits and 
“trigger levels” for leading to improved outcomes and 
will include the evaluation of options to allow for the 
ranking of alternatives.
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International Joint Commission                           Commission mixte internationale 
     Canada and United States                                         Canada et États-Unis 

 
 
February 3, 2020 
 
Ms. Wendy Leger 
Canadian Chair 
867 Lakeshore Rd.  
Burlington, Ontario L7S 1A1 

Mr. John Allis 
U.S. Chair 
477 Michigan Ave.  
Detroit, MI 48226 

 
Dear Ms. Leger and Mr. Allis, 
 
We are following up on our participation in your Great Lakes – St Lawrence River Adaptive 
Management (GLAM) Committee teleconference call on January 29, 2020. Thank you for giving 
us an opportunity to address the Committee at the beginning of the call.  

The Commission thanks the GLAM Committee for all its efforts in carrying out its work and for 
supporting the Commission’s need for information, sometime with short deadlines and limited 
resources. For example, we appreciate your quick response last summer to the Commission’s 
request to work with the International Lake Ontario – St Lawrence River Board (Board) to 
identify priority work activities and costs for conducting an expedited review of Plan 2014.  

As we indicated during your January 29, 2020, call, the U.S Section obtained 1.5 million dollars 
in its U.S. FY 2020 budget to conduct phase 1 of the expedited review of Plan 2014.  The 
Commission is taking the steps necessary to request release of funds held by the Treasury Board 
of Canada that were allocated in the Government of Canada’s Budget 2016 for the 
implementation of Great Lakes adaptive management, pending matching US funds. We confirm 
at this time that Canadian funding is available until April 2021. Hence, the Commission formally 
requests the GLAM Committee collaborate with the Board to complete phase 1 of the expedited 
review of Plan 2014 with the combined 3 million dollars available from both countries. As noted 
in your work plan, phase 1 focuses on flow releases from Lake Ontario under board deviation 
authority, recognizing current conditions and high lake levels and high inflows in the foreseeable 
future. 
 
The Commission encourages the GLAM Committee to explore all possible ways of modifying 
operations, within and outside of the confines of the existing plan and order. The GLAM 
Committee may also recommend the need for future study of possible structural changes within 
the system that could allow the Board to provide further relief to riparian interests in times of 
extreme water levels and extraordinary circumstances. 
 
We were pleased to note during the January 29 call that the Commission approved the GLAM 
Committee’s FY 2020 work plan dated December 31, 2019. The Commission was pleased to see 
the work plan contain the phase 1 activities to conduct the expedited review of Plan 2014. We 
ask that you work with the Commission’s liaisons to update this document to reflect funding 
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conditions to date (rather than as of December 31, 2019), so that the updated version can be 
posted on the IJC website.  
 
Although the Commission is hopeful that the expedited review will shed new light on innovative 
ways of regulating outflow during extreme events, we agree that it is essential to properly set 
public and stakeholder expectations of what can be achieved through the adaptive management 
process. As such, an effective communication strategy will be an essential part of the expedited 
review.  

As we indicated on January 29, 2020, the Commission has approved the formation of an 
Advisory Group to the GLAM Committee to provide input and information from basin 
stakeholders and interests into the expedited review. This Advisory Group will also serve to take 
information and study findings from the expedited review back to their networks. At least one 
municipal member from each country shall be included in the list of nominations to be 
considered by the Commission. We ask that you work with the Commission’s liaisons to GLAM 
to develop the Terms of Reference (TOR) for the Advisory Group, including a definition of its 
roles and responsibilities, as well as its operating procedures and requirements. We understand 
the GLAM Committee is very busy, but we ask that the Committee provide the potential 
nominee list and draft TOR to the Commission for consideration by February 18, 2020. Due to 
time and resource limitations associated with conducting phase 1, the Commission’s initial view 
is limiting the size of GLAM’s Advisory Group to 12 members (6 from each country).   

Within the context of properly setting public and stakeholder expectation of what can be 
achieved through conducting phase 1 of the expedited review, the Committee should work with 
the Commission’s communications staff and the Board to formulate a press release formally 
announcing receipt of the 3 million dollars in funding and launch of the expedited review, as 
well as formation of the Advisory Group to the GLAM Committee. 

 
Again, the Commission wishes to thank the GLAM Committee for their high quality and timely 
work, especially during these times of extraordinary circumstances. If you have any questions on 
this matter, please don’t hesitate to contact us or Erika Klyszejko in our Ottawa Section Office 
(613 995 0113) or Mark Colosimo in our Washington D.C office (202 736 9021). 
 
 
Sincerely, 
  
 
 
 
 
Pierre Béland     Jane Corwin 
Chair, Canadian Section    Chair, U.S. Section 
 
 
CC:  Bryce Carmichael, U.S Secretary, GLAM 
 Mike Shantz, Canadian Secretary, GLAM 
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Consensus Building Institute (contractor) 

ECCC 
Environment and Climate Change Canada 

GIS 
Geographic Information System 

GLAM 
Great Lakes-St. Lawrence River Adaptive Management 

IAG 
Interim Advisory Group (to the International Lake 
Ontario-St. Lawrence River Board) 

IGLD  
International Great Lakes Datum 

IJC 
International Joint Commission 

ILOSLRB 
International Lake Ontario-St. Lawrence River Board 

INBC 
International Niagara Board of Control 

IPCC 
Intergovernmental Panel on Climate Change 

IUGLS 
International Upper Great Lakes Study 

IWR 
Institute for Water Resources (usace) 

LOSLRSB 
Lake Ontario - St. Lawrence River Study Board 

NRC 
National Research Council of Canada 

PAG 
Public Advisory Group 

RUSL 
Regroupement des usagers du Saint-Laurent  
(Quebec-St. Lawrence River Users Group) 

USACE 
United States Army Corps of Engineers 

USGS  
United States Geological Survey 

US  
United States of America 

List of Acronyms 

cm Centimeter in. Inch 

m Meter ft Foot 

km Kilometer mi Mile 

m3/s Cubic meters per second cfs  Cubic feet per second 

Unit of Measurement Abbreviations 
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ADAPTIVE MANAGEMENT 
A planning process that can provide a structured, 
iterative approach for improving actions through long-
term monitoring, modeling and assessment. Through 
adaptive management, decisions can be reviewed, ad-
justed and revised as new information and knowledge 
becomes available or as conditions change. 

AKWESASRONON 
Members of the Mohawk Nation at Akwesasne. 

ArcGIS 
A family of client software, server software, and 
online geographic information system (gis) services 
developed and maintained by Esri. ArcGIS was first 
released in 1999 and originally was released as  
ARC/INFO, a command line based gis system for  
manipulating data.  

AUTHORITY 
The right to enforce laws and regulations or to  
create policy. 

AVERAGE WATER LEVEL 
An arithmetic average of past observations of water 
levels for a given time period (e.g. monthly) and  
a certain period of record (e.g. 1918 through 2020).  

BASIN; WATERSHED 
The region or area of which the surface waters and 
groundwater ultimately drain into a particular course 
or body of water. 

BASIN (GREAT LAKES-ST. LAWRENCE RIVER) 
The surface area contributing runoff to the Great 
Lakes and the St. Lawrence River downstream to Trois 
Rivières, QC. 

BENTHIC INVERTEBRATES 
Benthic (meaning “bottom-dwelling”) macroinverte-
brates are small aquatic animals and the aquatic larval 
stages of insects. Examples in the Great Lakes include 

dragonfly and stonefly larvae, snails, worms, beetles, 
crayfish and freshwater mussels. 

BLUFF 
A steep bank or cliff or variable heights, composed of 
glacial tills and lacustrine deposits consisting of clay, 
silt, gravel and boulders. 

BOUNDARY WATERS TREATY OF 1909 
The agreement between the United States and Can-
ada that established principles and mechanisms for 
the resolution of disputes related to boundary waters 
shared by the two countries. The International Joint 
Commission was created as a result of this treaty. 

CHART DATUM 
The water level used to calculate the water depths that 
are shown on “navigation charts” and are a reference 
point for harbor and channel dredging. Also known as 
Low Water Datum. 

CLIMATE 
The prevalent weather conditions of a given region 
(temperature, precipitation, wind speed, atmospheric 
pressure, etc.) observed throughout the year and aver-
aged over at least 30 years. 

CLIMATE CHANGE 
A non-random change of climate that is attributed 
directly or indirectly to human activity, that alters the 
composition of the global atmosphere, and which is in 
addition to natural climate variability observed over 
comparable time periods. 

COAST 
The land or zone adjoining a large body of water. 

COMPUTER MODELLING; COMPUTER MODEL 
The use of computers to develop a series of equations 
and mathematical terms based on physical laws  
and statistical theories that simulate complex natural  
systems or processes. 

Glossary of Terms 
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CONSERVATION AUTHORITY 
Local watershed management agencies within the 
Province of Ontario that deliver services and programs 
to protect and manage impacts on water and other nat-
ural resources in partnership with all levels of govern-
ment, landowners and many other organizations. 

DECISION SUPPORT TOOL 
Refers to a wide range of computer-based tools (sim-
ulation models, and/or techniques and methods) 
developed to support decision analysis and participa-
tory processes. A dst consists of a database, different 
coupled hydrodynamic and socio-economic models and 
is provided with a dedicated interface in order to be 
directly and more easily accessible by non-specialists 
(e.g. policy and decision makers). 

DEVIATIONS; OUTFLOW DEVIATIONS 
Temporary changes in outflows (from Lake Ontario) 
that differ from those prescribed by a regulation plan 
that are intended to provide beneficial effects or relief 
from adverse effects to an interest, without causing ap-
preciable adverse effects to any of the other interests. 

DIRECTIVE 
An ijc instruction to a new or existing Board or Com-
mittee specifying their terms of reference, including 
tasks and responsibilities. 

ECOSYSTEM 
A biological community in interaction with its physical 
environment, and including the transfer and circulation 
of matter and energy. 

ENVIRONMENT 
Air, land or water; plant and animal life including hu-
mans; and the social, economic, cultural, physical, biolog-
ical and other conditions that may act on an organism or 
community to influence its development or existence. 

EROSION; COASTAL EROSION; SHORELINE EROSION 
The wearing away of land surfaces through the ac-
tion of rainfall, running water, wind, waves and water 
current. Erosion results naturally from weather or 
runoff, but human activity such as the clearing of land 
for farming, logging, construction or road building 

can intensify the process. Coastal or shoreline erosion 
refers to the wearing away of a shoreline as a result of 
the action of water current, wind and waves.  

FLOODING 
The inundation of low-lying areas by water. 

FLOODPLAIN 
The lowlands surrounding a watercourse (river or 
stream) or a standing body of water (lake), which are 
subject to flooding. 

FOREBAY 
A forebay is an artificial pool of water in front of an-
other body of water. For the purposes of this report, 
forebay refers to Lake St. Lawrence, a widening and 
deepening of the St. Lawrence River directly upstream 
of the Moses-Saunders and Long Sault dams created 
during the construction of the dams by permanently 
flooding a large portion of land (see https://ijc.org/en/
loslrb/lake-st-lawrence).  

FRAZIL ICE 
Ice with the consistency of slush, formed when small 
ice crystals develop in supercooled water as air tem-
peratures drop below freezing. These ice crystals join 
and are pressed together by newer crystals as they form. 

FRESHET 
The sudden overflow or rise in water level as a result of 
heavy rains or snowmelt. 

GEOGRAPHIC INFORMATION SYSTEM (GIS) 
A conceptualized framework that provides the ability 
to capture and analyze spatial and geographic data. gis 
applications are computer-based tools that allow the 
user to create interactive queries (user-created search-
es), store and edit spatial and non-spatial data, analyze 
spatial information output, and visually share the re-
sults of these operations by presenting them as maps. 

GREAT LAKES-ST. LAWRENCE RIVER ADAPTIVE 		
MANAGEMENT (GLAM) COMMITTEE 
A Committee of the International Joint Commission 
applying an adaptive management approach to the re-
view of the outflow regulation plans for Lake Superior 
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and Lake Ontario. The committee reports to the Inter-
national Lake Ontario-St. Lawrence River Board, the 
International Lake Superior Board of Control and the 
International Niagara Board of Control. 

HABITAT 
The particular environment or place where a plant or 
an animal naturally lives and grows. 

HAZARD ZONES 
An area of land that is susceptible to flooding, erosion, 
or wave impact. 

HERPETOFAUNA 
The reptiles (e.g. turtles) and amphibians (e.g. frogs) of 
a particular region, habitat, or geological period 

HYDRAULICS 
The study of the mechanical properties of liquids, includ-
ing energy transmission and effects of the flow of water. 

HYDRAULIC MODELING 
The use of mathematical or physical techniques to 
simulate water systems and make projections relating 
to water levels, flows and velocities. 

HYDROCLIMATE 
The study of the influence of climate upon the waters 
of the land including the energy and moisture exchang-
es between the atmosphere and the Earth’s surface 
and energy and moisture transport by the atmosphere. 

HYDROELECTRIC POWER 
Electrical energy produced by the action of  
moving water. 

HYDROLOGIC CYCLE; WATER CYCLE 
The natural circulation of water, from the evaporation 
of water into the atmosphere, the transfer of water to 
the air from plants (transpiration), precipitation in the 
form of rain or snow, and runoff and storage in rivers, 
lakes and oceans. 

HYDROLOGIC MODELING 
The use of physical or mathematical techniques to simu-
late the hydrologic cycle and its effects on a watershed. 

HYDROLOGY 
The study of the properties of water, its distribution 
and circulation on and below the earth's surface and in 
the atmosphere. 

ICE JAM 
An accumulation of river ice, in any form which ob-
structs the normal river flow. 

INDIGENOUS 
originating or occurring naturally in a particular place; 
native. In this report Indigenous refers to the First 
Nations, Tribal Nations and Métis Nations of North 
America. 

INTERGOVERNMENTAL PANEL ON CLIMATE CHANGE 
(IPCC) 
The United Nations body for assessing the science 
related to climate change. 

INTERNATIONAL GREAT LAKES DATUM (IGLD) 
The elevation reference system used to define water 
levels within the Great Lakes-St. Lawrence River basin. 
Due to the movement of the earth’s crust, the “datum” 
must be adjusted every 30-40 years. 

INTERNATIONAL JOINT COMMISSION (IJC) 
International independent agency formed in 1909 by 
the United States and Canada under the Boundary 
Waters Treaty to prevent and resolve boundary waters 
disputes between the two countries. The ijc makes 
decisions on applications for projects such as dams 
in boundary waters, issues Orders of Approval and 
regulates the operations of many of those projects. It 
also has a permanent reference under the Great Lakes 
Water Quality Agreement to help the two national gov-
ernments restore and maintain the chemical, physical, 
and biological integrity of those waters. 

INTERNATIONAL REACH 
The portion of the St. Lawrence River that is between 
Lake Ontario and the Moses-Saunders Dam. 

INTERNATIONAL LAKE ONTARIO - ST. LAWRENCE 
RIVER BOARD 
Board established by the International Joint 
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Commission originally in its 1952 Order of Approval 
and renamed from the “International St. Lawrence Riv-
er Board of Control” in 2017 with the implementation 
of Plan 2014 and the revised Order of Approval. Its 
main duty is to ensure that outflows from Lake Ontar-
io meet the requirements of the Commission’s Order.  

IMPACT ZONE 
Water level or flow ranges where impacts to an interest 
or use can be low, moderate, major, severe or extreme. 
Impact zones are based on a series of data and infor-
mation sources and are meant to show the type and 
breadth of impacts at different water level ranges.  

LAKE ONTARIO - ST. LAWRENCE RIVER STUDY 
(LOSLRS) 
A study, sponsored by the ijc and completed in 2006, 
to examine the effects of water level and flow varia-
tions on all Lake Ontario-St. Lawrence River uses and 
interest groups and to determine if better management 
of Lake Ontario’s outflows is possible. 

LIGHT LOAD 
A load less than a ship’s capacity. Ships transiting the 
St. Lawrence Seaway are required to “light load” or 
carry less than their maximum capacity when a fully 
loaded ship would otherwise be too close to the chan-
nel bottom because of low water levels. 

LIMITS 
Special rules within a regulation plan that are meant to 
“limit” (e.g. restrict or increase) the outflow from Lake 
Ontario under certain conditions to address specific 
uses and interests on the St. Lawrence River that can 
be affected by water levels and/or flows there. 

LOWER ST. LAWRENCE RIVER 
The portion of the St. Lawrence River downstream of 
the Moses-Saunders Dam is called the lower St. Law-
rence. It includes Lake St. Francis, Lake Saint-Louis, 
Montreal Harbour, Lake Saint-Pierre and the portions 
of the River connecting these lakes as far downstream 
as Trois-Rivieres, QC. 

MARINA 
A private or publicly-owned facility allowing 

recreational watercraft access to water and offering 
mooring and related services. 

MARSH 
An area of low, wet land, characterized by shallow, 
stagnant water and plant life dominated by grasses 
and cattails. 

NET BASIN SUPPLY (NBS); WATER SUPPLY 
The net amount of water entering one of the Great 
Lakes (e.g. Lake Ontario), comprised as the precipita-
tion onto the lake minus evaporation from the lake, 
plus runoff from its local basin. The net basin sup-
ply does not include inflow from the upstream lake 
through the connecting channel. 

NET TOTAL SUPPLY (NTS) 
The Net Basin Supply plus the inflow through the 
connecting channel from the upstream lake (e.g. the 
Net Basin Supply to Lake Ontario plus the inflow from 
Lake Erie through the Niagara River and Welland  
Canal make up the Net Total Supply to Lake Ontario).  

OBLIQUE IMAGERY 
Aerial photography that is captured at approximately  
a 45 degree angle with the ground. 

ORDERS OF APPROVAL 
In ruling upon applications for approval of projects 
affecting boundary or transboundary waters, such 
as dams and hydroelectric power stations, the ijc can 
regulate the terms and conditions of such projects 
through Orders of Approval to maintain specific  
targets with respect to water levels and flows in the 
lakes and connecting channels. 

PERFORMANCE INDICATOR 
A measure of economic, social or environmental health. 
In the context of this report, performance indicators 
relate to impacts of different water levels in Lake  
Ontario and the St. Lawrence River. 

PRE-PROJECT CONDITIONS; PREPROJECT 		
RELATIONSHIPS 
The outflow conditions that would occur without the 
St. Lawrence Seaway/Moses-Saunders Dam project 
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can be simulated using a stage-discharge relationship 
between the observed Lake Ontario water levels and 
outflows that occurred prior to the construction of 
the project. These conditions and this relationship are 
known as “preproject”. 

PUBLIC ADVISORY GROUP (PAG) 
The group of 18 unpaid volunteers from the United 
States and Canada that worked as representatives of 
groups that are directly affected by outflow manage-
ment (including deviations from the regulation plan) 
to bring their insights of the impacts of extreme high 
water to the Great Lakes-St. Lawrence River Adaptive 
Management (glam) Committee and ensure effective 
communication,  to help formulate a means of present-
ing this information to the Board, and to come up with 
ways to communicate with their constituents about 
progress of the Phase 1 expedited review of Regulation 
Plan 2014. 

REFERENCE 
A request from government for the ijc to study and 
recommend solutions to transboundary issue. The 
word is derived from Article IX of 1909 Boundary 
Waters Treaty, which stipulates that such issues “shall 
be referred from time to time to the International Joint 
Commission for examination and report, whenever 
either the Government of the United States or the Gov-
ernment of the Dominion of Canada shall request that 
such questions or matters of difference be so referred.” 

REGULATION PLANS 
In the context of the report, the management of wa-
ter outflows (from Lake Superior and Lake Ontario) 
through regulatory structures (on the St. Marys River 
and St. Lawrence River) following a set of rules and 
objectives that are intended to meet the needs of various 
water-using interests in a basin. These plans have incor-
porated the specific objectives established in the ijc’s 
Orders of Approval, establish monthly or weekly out-
flows, and allocate flows to various water-use interests. 

REGULATORY STRUCTURES 
Adjustable structures, such as a gated dam that can be 
operated to adjust outflows and influence water levels. 
In the Great Lakes-St. Lawrence River basin, there are 

regulatory structures on the St. Marys River at the 
outlet of Lake Superior and on the St. Lawrence River 
at the outlet of Lake Ontario. 

REVETMENT 
A natural (e.g., grass, aquatic plants) or artificial (e.g., 
concrete, stone, asphalt, earth, sand bag) covering to 
protect an embankment or other structure from erosion. 

RIPARIAN; RIPARIANS 
Of, relating to or found along a shoreline. Persons  
residing on the banks of a body of water. Typically  
associated with private owners of shoreline property. 

RUNOFF 
The portion of precipitation on the land that ultimately 
reaches streams and lakes. 

RULE CURVE 
Outflows set by Regulation Plan 2014 begin with a 
sliding “rule curve" based on a pre-project stage-dis-
charge relationship such that as Lake Ontario levels 
and water supplies increase, outflows increase and as 
water levels and supplies decrease, outflows decrease.  

ST. LAWRENCE SEAWAY 
A system of locks, canals, and channels providing an 
inland waterway capable of accommodating seagoing 
ships travel from the Atlantic Ocean to the Great Lakes 
as far inland as Duluth, Minnesota at the western end 
of Lake Superior. 

SHORE WELL 
A well close to a lake in which the well water levels are 
directly influenced by lake levels. 

SHORELINE 
Intersection of a specified plane of water with the shore. 

STAKEHOLDER 
An individual, group, or institution with an interest or 
concern, either economic, societal or environmental, 
that is affected by fluctuating water levels or by mea-
sures proposed to respond to fluctuating water levels 
within the Lake Ontario–St. Lawrence River basin. 
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STOCHASTIC SUPPLIES 
Statistically generated simulated sequences of water 
supply conditions based on historical climate variability. 

STORY MAP 
A web based product that has been thoughtfully 
created, given context, and provided with supporting 
information so it becomes a stand-alone resource. It 
integrates maps, legends, text, photos, and video and 
provides functionality, such as swipe, pop-ups, and 
time sliders, that helps users explore the content. 

SURGE 
A movement of water that happens when a storm (low 
pressure center) moves across the lake and causes the 
water to be “pushed” in the same direction the storm is 
moving. This results in water levels rising at one end of 
the lake and falling at the other end. 

UPPER ST. LAWRENCE RIVER 
The portion of the St. Lawrence River upstream of the 
Moses-Saunders Dam is called the upper St. Lawrence 
River. It includes the entire river from Kingston/Cape 
Vincent to the Moses-Saunders Dam and locks at 
Cornwall-Massena, including Lake St. Lawrence. 

USES AND INTERESTS 
In the context of the report, the groups or sectors 
served by the waters of Lake Ontario and the St. Law-
rence River, including municipal and industrial water 
uses, commercial navigation, hydroelectric power 
generation, coastal development, ecosystems, and rec-
reational boating. Under the Boundary Waters Treaty 
of 1909, the interests of domestic and sanitary water 
uses, navigation and hydroelectric generation and ir-
rigation are given order of precedence in water uses in 
the development and operation of regulation plans. 

WATER LEVEL 
The elevation of the surface of the water of a lake or at 
a particular site on the river. The elevation is measured 
with respect to a certain datum (e.g. International 
Great Lakes Datum) or average sea level. 

WATER LEVEL PROJECTION; WATER LEVEL FORECAST 
The projected range of water levels that may be expected 

to occur under potentially wet, average and dry con-
ditions. Actual water levels will depend primarily on 
weather and water supplies, and during periods of ex-
treme conditions, may fall outside of the projected range.  

WAVE 
An oscillatory movement in a body of water which 
results in an alternate rise and fall of the surfaces. 

WETLANDS 
An area characterized by wet soil and high biologically 
productivity, providing an important habitat for water-
fowl, amphibians, reptiles and mammals.
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