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What is Adaptive Management?
 Definition

Adaptive Management (AM) 
is a structured, iterative
process of optimal decision-
making in the face of 
uncertainty, aiming to 
reducing uncertainty via 
system monitoring.

Could be defined as a 
“learning to manage by 
managing to learn”

Collaboration

Plan
Act
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Why do AM?

1. Validate/revise the decision
◦ Need to verify/improve model assumptions
◦ Monitor to ensure that the implemented plan is 

having the intended results

2. Determine if the decision needs to be 
modified in future due to changes in future 
conditions (climate change, economic, 
environmental etc.)

3. To address remaining risk



 Adaptive Management (AM) of the Lake Superior 
Regulation is relatively straight forward, Study 
Board has mandate - conceptual design has 
begun

 Lake Superior regulation alone does very little to 
reduce damage from high and low lake levels 
except on Lake Superior – large remaining risk

 Hence, IUGLS examination of new lake level 
regulation structures and outreach to non-IJC 
risk management strategies

 Conceptual design is not as clear for AM beyond 
Lake Superior Regulation

Adaptive Management in IUGLS



The System is Dynamic



Why Adaptive Management?
UNCERTAINTY



Global Climate Models (GCM) 
Output
 Mortsch et al., 2000
 Lofgren et al., 2002
 Croley, 2003
 Mortsch et al., 2006 

 Angel and Kunkel, 2010 – Used 18 GCMs, 3 Carbon 
scenarios and ran hundreds of experiments to 
generate about 500 climate change scenarios.

 MacKay and Seglenieks/10 (unpub)
 Lofgren, 2010 (unpub.)

Used a few GCMs and 
carbon scenarios to determine
T & P. Run through 
hydrologic models to get levels
and flows 

Downscaling of 3 
GCMs using regional 
climate models

Estimate lower mean water 
levels by 2050

Estimate same 
mean, and greater 
highs and lows

Estimate lower means, but 
greater highs and lows



What happens if…



What we’ve learned so far…

 Extremes Outside Historic Are Plausible 
(even likely)

 Lake Superior Regulation Alone will do 
Little to Address Risks

 There are Complicating Factors



Complicating Factors
 Complicating factors that in combination with water levels 

regimes could push an interest to a new coping zone. 
Examples include:
◦ Glacial Isostatic Adjustment
◦ Wind/waves/storm surge
◦ Precipitation patterns
◦ lack of ice cover
◦ Water/air temperature
◦ Other forcing events such as economic jolts or 

significant invasions of exotic species



Flood risk increases in the blue shaded areas
Low water risks increase in the yellow



What are we most concerned 
about?
 Extreme highs outside the historical range
◦ Current flood management – is it sufficient?
◦ Current shore protection permitting – is it appropriate?
◦ Are we more vulnerable due to GIA and 

encroachment?
◦ How prepared are we?

 Extreme lows outside historical range. 
◦ Dredging – is this an option? Is it the best solution? 
◦ Are there cumulative impacts of dredging?
◦ Low water land management issues (e.g. 

encroachment, ownership, connectivity for wetlands 
and fisheries) particularly on gently sloping shorelines



 With a 1 m drop in lake level 
22,000 ha (54,000 Ac) exposed

 Change in shoreline location
 Shallow-water areas will be 

exposed
 Littoral sand trapped onshore
 Wetland complexes will be 

hydraulically isolated and 
disconnected

 43 spawning sites, 33 species
 More than 60 % of shallow-water 

habit (< 1 meter) will be lost

Wetland and Fish Habitat Sensitivity to 
Extreme Low Water Levels – Lake St. Clair

Lake St. Clair Bathymetry



Low water dredging modifications in 

the Southern Georgian Bay area



Shore Protection Permitting



 Adaptive Management Process

 Engagement Process

 Potential IJC Role

What Are We Doing About Our 
Concerns?



Our Adaptive Management Approach to Climate 
Change

Don’t try to predict Climate Change:

 Attempt to assess key vulnerabilities to extreme water levels 
(both lows and highs)

 Then ask, how plausible are these extremes based on all 
available water supply scenarios (historical, stochastic, 
climate change, paleo)

 The idea is to plan for plausible, damaging future scenarios 
(what are we most concerned about and ill prepared for?)

 Develop an adaptive management strategy and seek buy-in 
for a post study, long-term structured, iterative process for 
decision making aimed at reducing uncertainty through 
monitoring and modelling and taking actions to minimize 
risk.



Defining Coping Zones
Acceptable zone within an interest’s expectations 
and tolerance

Outside an interest’s expectations, yet they can 
cope under current management regimes. The 
impacts, both economic and environmental are 
generally considered reversible.

The zone of persistent negative consequences. 
There is serious degradation of ecosystem 
function. Hazard zone policies and major 
infrastructure would be compromised. The 
impacts are considered irreversible.

Zone A

Zone B

Zone C



Ecosystem Approach to 
Assessing Risk
 Understand the vulnerability of various ecosystem 

components to water-level changes in the Upper Great 
Lakes

 Identify and establish water-level regime thresholds above 
which, or below which, harm will be done to various 
ecosystem components and the Great Lakes ecosystem

 Model the integrated vulnerabilities of these ecological 
components using the IERM2 Model to evaluate the 
potential ecological impact of proposed regulation plans 
and/or climate variability

 Sites → Concepts → Data → Water Level Regime 
Response Curves → Algorithm → IERM2 Model → PI and 
Site Integration → Visualization of Results to assist with 
Decision-making



11:20 AM

Impacts, 
current 
policies

Zone C Low Moderate Moderate High Extreme 

Zone B Negligible Moderate Moderate Moderate High

Zone A Negligible Negligible Slight Slight Slight

Plausibility

Not in 
paleo; in 
very few 
GCM runs

In some 
GCM or 
Paleo 

In some 
Paleo or 
GCM; in 
stochastic 

In many 
GCM 
runs; in 
some 
Paleo

In most 
GCM runs; 
in Paleo; in 
stochastic

Not very plausible Very plausible

Risk Evaluation Matrix

22





Areas We Want to Focus

 Flood Management
◦ Work with FEMA, USACE, State/Prov. Agencies and 

Conservation Authorities for assessment of hazard 
management areas

 Shore protection permitting
◦ Work with State/Prov. agencies, USACE, and 

Conservation Authorities

 Dredging
◦ Work with USACE, DFO, Port Authorities

 Low Water Land Management
◦ Work with Conservation Authorities, USACE, State/Prov. 

agencies, First Nations



Monitoring and Modelling
(Heart of an AM plan)

 IUGLS is collecting data and information and 
conducting research and modelling to assess 
impacts of water levels

 IUGLS is temporary
 There are critical data gaps in understanding 

impacts and risks (particularly extremes beyond 
historical levels)

 IUGLS would like to work with agencies/others to 
build support for on-going monitoring and 
modelling related to a long-term adaptive 
management strategy.



Summary
 Recognize there is remaining risk beyond 

Superior regulation of outflows
 Assessing vulnerabilities and plausibility to 

define risk
 Focusing on four risk management areas
 Trying to engage agencies in defining risk 

and process for identifying when and what 
action to take 

 Work towards recommendations to IJC re: 
long-term monitoring/modelling and 
adaptive management for minimizing risk



Contacts:Contacts:

Wendy Leger
Canadian co-Lead
wendy.leger@ec.gc.ca
905.336.4949

Jen Read
US co-Lead
jread@glos.us
734.332.6101



Ecosystem Study Sites


