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Preface

This report reviews selected works of the Lake Ontario-St. Lawrence River
Study for the International Joint Commission (IJC). The IJC is a bi-national or-
ganization created in 1909 to consider water and related issues along the U.S.-
Canada boundary. In 1999, the IJC prepared a plan of study on the effects of water
level and flow regulation on various stakeholder interests in the basin, and it estab-
lished the Lake Ontario-St. Lawrence River Study Board to implement that plan.

As in its own mandate, the IJC directed the Study Board and its committees to,
“assure that all significant issues are adequately addressed,” serve in “their personal
and professional capacities, and not as representatives of their countries, agencies,
organizations, or other affiliations,” and “endeavour to conduct all of their work by
consensus” (IJC, 2000, pp. 2-3). 'This charge extended to the IJC’s nearly century-
long deliberations on water supply, navigation, and hydropower into the broader
domains of environmental, coastal, recreational, and participatory dimensions of
Great Lakes water regulation.

The Study Board adopted a “shared vision” planning approach to its five-year
program of research on the effects of water level and flow regulation. Shared vi-
sion planning involves a collaborative process of water resources inquiry, systems
modeling, and stakeholder participation that strives to converge on water regulation
plans worthy of consideration by the 1JC. The study board commissioned scores
of studies involving over 150 specialists on topics that included wetlands, species at
risk, coastal erosion, and flooding, selected summaries of which are reviewed in this
repott.

Toward the end of the five-year study period, the IJC arranged with the U.S.
National Research Council (NRC) and Royal Society of Canada (RSC) to carry out
this independent review of studies, reports, and models prepared for the study
board, including its shared vision model.

A special committee was formed for the assignment and to prepare this report.
The committee worked intensively and on a fast-track between June and August
2005 and held two meetings. The first meeting was on June 13-15, 2005 at Niag-
ara-on-the-Lake, Ontario, Canada in a workshop setting, which allowed the com-
mittee to extensively interact with IJC and the Lake Ontario-St Lawrence River
Study scientists. The workshop setting also provided a venue for the committee to
receive explanations on study questions and points of clarification. After various
experts (study leads) made presentations, the committee made exhaustive efforts to
gain clarity on review topics.

The committee wishes to thank the following presenters: Joseph Atkinson,
University at Buffalo; Lisa Bourget, IJC; Joe De Pinto, LimnoTech, Inc. ; Jana
Lantry, New York State Department of Environmental Conservation; Wendy
Leger, Environment Canada; Todd Redder, LimnoTech, Inc.; Albert Schiavone,
New York State Department of Environmental Conservation; Fugene Stakhiv,
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IWR and Study Board; Andre Talbot, Environment Canada; William Werick, IJC
Study Team; Douglas Wilcox, USGS, Great Lakes Science Center, and Peter
Zuzek, Baird & Associates. The committee also wishes to thank the following for
participating in this meeting: Tom McAuley, IJC; Mark Colosimo, IJC; Anthony
Eberhardt, IJC-Buffalo; Ted Hullar, ISLRBC-US; Mike Shantz, Environment Can-
ada; and Russ Trowbridge, IJC.

A second and final meeting, held on July 13-15, 2005 in Washington, DC, pro-
vided another opportunity to fill information gaps, especially in technical documen-
tation. Also, the committee formulated and deliberated the report’s major recom-
mendations, and made plans on how to complete the report. The committee wishes
to thank the following for participating in the panel discussion on flood erosion
and prediction system: Guy Meadows, University of Michigan; Keith Bedford,
Ohio State University; and David Schwab, NOAA, Great Lakes Environmental
Laboratory.

I want to thank committee members for their dedication to reaching consen-
sus and hard work in preparing this review. I especially thank Dr. Lauren Alexan-
der, Study Director for the NRC Water Science and Technology Board, who organ-
ized the overall effort from beginning to end and who as a wetland ecologist con-
tributed to all sections of the report. Ellen de Guzman efficiently kept the commit-
tee apprised of documents, deadlines, and logistics. Stephen Parker, Director of
the Water Science and Technology Board, lent his broad experience to the project.

Finally, we thank the Study Board for candid presentations and discussions of
Shared Vision Modeling and its associated scientific challenges. We hope the Inter-
national Joint Commission finds this review useful in its deliberations.

This report has been reviewed in draft form by individuals chosen for their di-
verse perspectives and technical expertise, in accordance with procedures approved
by the NRC’s Report Review Committee. The purpose of this independent review
is to provide candid and critical comments that will assist the institution in making
its published report as sound as possible and to ensure that the report meets insti-
tutional standards for objectivity, evidence, and responsiveness to the study charge.
The review comments and draft manuscript remain confidential to protect the in-
tegrity of the deliberative process. We wish to thank the following individuals for
their review of this report:

Keith Bedford, Ohio State University, Columbus

Patrick L. Brezonik, University of Minnesota, Minneapolis

Joan G. Ehrenfeld, Rutgers University, New Brunswick

David Green, McGill University, Montreal, Quebec

Jeffrey A. Hutchings, Dalhousie University, Halifax, Canada

David Schwab, NOAA/Gteat Lakes Environmental Research Laboratory
Kurt Stephenson, Virginia Polytechnic and State University, Blacksburg
André St. Hilaire, Université du Québec, Canada

Although the reviewers listed above have provided many constructive com-

ments and suggestions, they were not asked to endorse the conclusions and rec-
ommendations nor did they see the final draft of the report before its release. The
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Preface xi
review of this report was overseen by George Hornberger, University of Virginia,
appointed by the National Research Council, he was responsible for making certain
that an independent examination of this report was carried out in accordance with
institutional procedures and that all review comments wete carefully considered.

Responsibility for the final content of this report rests entirely with the authoring
committee and institution.

James 1. Wescoat, |r., Chair
University of Illinois at Urbana-Champaign
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Summary

INTRODUCTION AND STATEMENT OF TASK

Water regulation has a complex history in the Lake Ontario-St. Lawrence River
(LOSLR) basin that dates back to the mid-20® Century. In 1956, the International
Joint Commission (IJC) of Canada and the United States adopted a water regula-
tion plan for the Moses-Saunders power plant and dam, which affects water levels
and flows in Lake Ontario and the St. Lawrence River (LOSLR). This initial plan
required a series of adjustments in the early 1960s that culminated in 1963 with
Plan 1958D. Due to the dynamics of the LOSLR system, Plan 1958D has required
further deviations over the past 42 years, leading to the current situation described
as Plan 1958DD (i.e., 1958 D with Deviations). Changing water management de-
mands in the LOSLR system have made this plan outdated in many ways, and the
JJC is secking a suitable plan to replace it. In the 1990s, the IJC determined that
the replacement plan will need to serve a fuller range of uses, including environ-
mental, coastal, and recreational interests along with traditional navigation, hydro-
power, and municipal uses. New considerations have entered into the decision
making process to select a plan: sound scientific foundations, public patticipation,
transparency in plan development and evaluation, and inclusion of environmental
considerations.

These aspects have become the hallmarks of the Lake Ontario-St. Lawrence River
Study (LOSLR Study or “The Study”). The LOSLR Study is a 5-year, more than
$20 million effort commissioned by the IJC to formulate, evaluate, and provide
bases to select water regulation plans to replace Plan 1958DD. The LOSLR Study
was designed to address a broad range of economic interests and environmental
values affected by water level-fluctuations. The IJC Study Board, a bi-national
committee charged with overseeing the LOSLR Study, commissioned empirical
and modeling studies of wetlands, species at risk (SAR), recreational boating, fisher-
ies, coastal erosion and flooding, commercial navigation, hydropower, industtial,
municipal and domestic water intakes, public information and education, and hy-
drologic modeling. It used a Shared Vision Modeling (SVM) approach to compile,
analyze, and display the results from these empirical studies; hydrologic, coastal,
economiic, and environmental models; and stakeholder input.

Near the middle of the final year of the 5-year LOSLR Study, the IJC asked
the U.S. National Research Council (NRC) and Royal Society of Canada (RSC) to
provide an independent scientific review of selected LOSLR studies, reports, and
models. The NRC and RSC agreed to review the LOSLR Study materials in terms
of their appropriateness and sufficiency to inform decisions related to regulation
plan options. The IJC presented the committee with documents on the Shared
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Vision Model (SVM), the Flooding and Erosion Prediction System (FEPS), Wet-
lands, Species at risk, and an Integrated Ecological Response Model (IERM).

This study was a fast-track effort: the IJC selected the documents for review
and provided them to the NRC in May 2005; the NRC/RSC review appointed a
special, bi-national committee of experts to carry out the assignment; the commit-
tee met once in Canada and once in the United States in June and July 2005, re-
spectively; and the report was completed in October 2005.

The agreed upon Statement of Task (Box S-1) charged the committee to inves-
tigate (A) whether the studies and models employ reasonable scientific methods,

BOX S-1
Statement of Task

The Committee shall perform an independent review of the Lake Ontario/
St. Lawrence River reports in the following areas: wetlands science and spe-
cies—at-risk, the Flood Erosion and Prediction System (FEPS), the Integrated
Ecological Response Models (IERM), and the Shared Vision Model (SVM). The
level of emphasis for these various areas shall be approximately as follows: wet-
lands 15%, species-at-risk 15%, FEPS 10%, IERM 20%, SVM 40%, and reflect
the International Joint Commission’s (IJC) determination of its priorities in this
effort.

The overarching charge shall be to evaluate the appropriateness and suffi-
ciency of the studies and models used to inform decisions related to regulation
plan options. Recommendations shall be limited to those deriving from this
overarching charge and shall not address management or policy issues.

The Lake Ontario/St. Lawrence River program science, as represented in
the reports and model documentation provided, will be reviewed by in terms of
the degree to which:

(A) the studies reflect reasonable scientific methods, assumptions and
supported findings;

(B) the models sufficiently and appropriately integrate and display the key
information needed for a comprehensive evaluation and understanding of the
tradeoffs for selecting among the candidate regulation plans; and

(C) the models and reports are sufficient and appropriate to evaluate the
various candidate regulation plans and impacts of changes in water levels and
flows.

The review shall be limited to critical evaluation and decision components
of the topics listed that relate directly to the Lake Ontario/St. Lawrence River
regulation plan options. This requirement shall further be interpreted to restrict
the review to the impact of changing regulation levels and flows, within the limits
that these two factors can be managed using the currently existing control struc-
tures and the hydrology/hydraulic characteristics of the system. The review shall
neither compare regulation plan options nor provide advice on the preference of
one regulation plan option over another, as these actions fall directly within the
decision-making responsibilities of the Commission.
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assumptions, and supporting findings; (B) how well the models integrate and dis-
play information needed for a comprehensive evaluation and understanding of
tradeoffs among regulation plans; and (C) whether the models and reports are ap-
propriate and sufficient for evaluating regulation plans and the effects of water level
changes. In fulfilling the charge, the committee evaluated the selected review
documents for their appropriateness and sufficiency.

The committee developed ten criteria to evaluate the appropriateness and suf-
ficiency of the LOSLR documents presented for review in Charges A, B, and C.
These criteria reflect common expectations for scientific and technical work. The
ten criteria were used to evaluate IJC documents with respect to the three charges
of the statement of task (Box S-2).

SCOPE AND LIMITS OF THIS REVIEW

There are five qualifications to keep in mind when using this review of the
LOSLR Study.

e Documents presented for review. The documents presented for review
were in various stages of completion. In cases where documents were incomplete,
the committee tried to procure the most current version of the work. The commit-
tee treated the documents presented by the IJC as representative of the science
under review, recognizing that some documents would be modified after the re-
view.

BOX S-2
Ten Evaluation Criteria used to Review Appropriateness and Sufficiency
of LOSLR Studies and Models

Charge A: Scientific Foundations

1. Empirical Foundations (e.g., sampling, analysis)

2. Quality Assurance and Quality Control (e.g., model validation, verification, and
calibration; use of expert judgment; and independent peer review)

3. Treatment of Error and Uncertainty

Charge B: Integration and Display of Key Information
Linkages and Feedback Among Related Studies and Models
Spatial and Temporal Resolution and Scaling

Thorough Documentation

Effective Scientific Communication

No ok

Breadth of Study Scope
Balance between Scientific and Practical Professional Approaches
10. Identification of Future Study Needs

Charge C: Overall Appropriateness and Sufficiency
8.
9.
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e Selected LOSLR studies and models are reviewed. The committee
reviewed selected documents for the SVM, FEPS, and environmental sciences that
represent a fraction of the body of LOSLR research undertaken. The selection of
material presented for NRC/RSC review may not be fully representative of the
LOSLR research and study effort as a whole. The scope of review does not en-
compass all of the scientific fields in the LOSLR study (e.g., hydrology and hydrau-
lics, navigation, hydropower, municipal and industrial, river shore protection
model, and other study aspects not reviewed). To the extent that the Shared Vision
Model incorporates results from these other fields, this review offers a partial per-
spective on the overall sufficiency of LOSLR studies and models.

e The review occurs toward the end of the 5-year LOSLR Study. The
NRC review was initiated in the final year of the LOSLR Study. Some of the draft
documents presented for NRC review were being completed concurrently with this
review. This timing allows LOSLR authors a chance to identify opportunities to
refine drafts prior to completion, although some recommendations would have
been more useful at the beginning or middle of the study period rather than this
close to the Study’s completion.

e The review concentrates on the science for evaluating water level
and flow effects of RPOs and for informing decision makers, and not on the
RPOs themselves or on decision making policies. Ten scientific evaluation
criteria were used to evaluate the LOSLR studies and models. These criteria are
common to the scientific and practical professional disciplines involved in evaluat-
ing complex studies, such as the water level and flow effects of regulation plan op-
tions in the Lake Ontario-St. Lawrence River system.

e The review distinguishes among conclusions and recommendations
in terms of their certainty, importance, and ability to fix deficiencies. The
conclusions of this report vary in terms of their certainty due to the state-of-the-
science in different fields and gaps in study documentation. Some conclusions
have more importance to the success of the LOSLR Study than others. Points of
study weaknesses and recommendations vary in the degree to which they can be
fixed and the amount of time and additional research needed to address them. The
review strives to distinguish among recommendations that entail short- and long-
term action. Short-term recommendations are largely limited to improving the
documentation, scientific communication, and disclosure of potential implications
of these limitations for decision makers. Longer-term recommendations require
investment in additional data collection, analysis, and interpretation.

KEY CONCLUSIONS AND RECOMMENDATIONS

The LOSLR Study’s breadth is impressive, and the scale and inclusiveness of
the studies and models are commended. In terms of informing decision making,
however, the reviewed studies and models show deficiencies when evaluated
against the ten criteria. Four overarching conclusions are drawn from the review of
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these documents, and one additional prospective recommendation is made to build
upon the significant body of work already completed in the LOSLR Study.

1. LOSLR studies and models expand interdisciplinary scientific in-
quiry on the potential environmental effects of water level and flow regula-
tion options in the Lake Ontario-St. Lawrence River Basin in ways that are
useful for informing some aspects of decision making. The LOSLR studies
undertook a broad set of studies and developed models that extend beyond previ-
ous Great Lakes water regulation efforts in compiling results of scientific analysis
and stakeholder input, and they result in some notable successes. First, given the
complexity of the LOSLR system, bi-national interests, and the range of scientific
and other information compiled, the undertaking of this comprehensive study is a
major contribution by itself. Further, identification and inclusion of environmental
performance indicators advance understanding of the LOSLR system and water
resources planning. The LOSLR studies also have created large new databases on
wetland vegetation and coastal land use, that did not exist previously and that
could, if archived and made readily accessible, have continuing value. This organi-
zation of a multi-disciplinary water resources planning project could serve as an
example for other regions concerned with water level and flow regulation.

With few precedents for a study of this scale on regional water level regulation,
opportunities for improvement are expected in the LOSLR effort. The following
three findings and associated recommendations indicate the need for scientific and
technical improvements in relation to the three charges in the statement of task.

2. The scientific foundations of the studies and models presented for
review vary widely in empirical support, and overall, need stronger and more
consistent quality control, quality assurance, and treatment of error and un-
certainty to inform decision making. Three evaluation criteria were used to
assess the scientific foundations of the LOSLR studies and models presented for
review: empirical support, quality assurance, and treatment of error and uncertainty.

e  Empirical support (e.g., data, sampling, analysis). In the LOSLR
Study documents reviewed (wetlands, species at risk, and IERM), empirical re-
search was conducted in coastal and environmental investigations, and some prob-
lems were noted. In the coastal research (FEPS model and sub-models), a detailed
land use parcel database was developed, but that database differs in completeness
for Canada (~75 percent coverage) and the USA (~100 percent coverage), but nei-
ther the means to complete the Canadian database nor actions to account for dif-
ferences in data coverage were included in the documentation.

The environmental work depends on wetland and species at risk empirical
data. The wetlands studies provided detailed accounts of empirical sampling, which
allowed for detailed evaluation of this work. However, wetland sampling appears
to have been limited primarily to shallow water sites; it excluded or undersampled
deeper-water wetlands, which may have resulted in an underestimation of high
quality habitat associated with deeper water wetland ecosystems. Also unclear
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is the degree to which the sampled wetlands are representative of wetland vegeta-
tion types across the LOSLR shoreline. The reviewed documents do not present
evidence that wetlands were selected randomly. Furthermore, quantitative methods
wete not documented to show how findings in the sub-set of wetlands that were
sampled can be extrapolated to LOSLR wetlands in general. In the SAR work,
SAR performance indicators were developed inconsistently: some were developed
using empirical data, but others were developed via different means (e.g., expert
judgment).

The use and application of regression models in the SVM and FEPS work
needed better explanation and defense. In the SVM research, regression equations
rather than hydrodynamic models were used to calculate water levels and flows
when the latter approach presumably would have been empirically feasible and
more accurate. In the FEPS research, regression analysis problems concerned the
variable quality of the empirical data used in the regression analyses and the 4" and
5t order polynomials that may be numerically unstable and misrepresent the poten-
tial effects of extreme events. The rationale for using regression and limitations of
the regression analyses were not fully discussed or quantified in the documents
reviewed.

Recommendation: As no new data can be collected in the near-term,
LOSLR study final reports should identify limitations of empirical data and
information sources, data gaps, and sampling problems, and discuss their
implications for decision making. For the longer-term, research to correct
data and model deficiencies, including replacement of regression equations
with process models, should be prioritized.

¢ Quality assurance and quality control (e.g., model validation, verifi-
cation, and calibration; use of expert judgment; and independent peer re-
view). In general, reviewed models lack adequate validation, verification, and cali-
bration. In some cases, validation may have occutred or is briefly mentioned but is
not thoroughly documented; in others, it appears not to have been undertaken.
For example, the SVM is still awaiting model validation from technical work group
members. Reports on FEPS suggest that model calibration has occurred, but that
documentation is not included in the materials presented for review. Documenta-
tion of the proprietary COSMOS model (a sub-model of FEPS) referred to, yet did
not provide, model validation; even though proprietary models too, need to be
validated and subjected to full scientific peer review.

Environmental information presented for review lacks demonstrated protocols
for quality assurance, and the IERM model acknowledges that validation was not
attempted. The SVM and FEPS models and SAR studies make creative use of
expert judgment, but such judgment should be subject to formal quality assurance
measures and standard methods for eliciting expert judgments. In cases where peer
review was documented, it was inconsistent. Some studies used “peer review” by
fellow team membets while others involve refereed papers. This NRC/RSC report
is the only known independent scientific review of the broader LOSLR study pro-
gram, and a review eatlier in the Study’s five-year lifespan would have been more
timely for identifying and rectifying deficiencies.
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Recommendation: In the short-term, LOSLR final reports should in-
form decision makers of the types of quality assurance measures that were
and were not undertaken and discuss their potential implications for deci-
sion making. Further independent scientific review of final reports is rec-
ommended. In the longer-term, rigorous quality assurance methods should
be put in place for evaluating the effects of water level and flow regulation.

e Treatment of error, uncertainty, and risk. The treatment of error, un-
certainty, and risk in the studies and models reviewed was neither commensurate
with scientific and practical standards nor conducted at a level suitable to inform
decision making. The SVM, FEPS, and IERM models do not present an overall
framework for uncertainty analysis, which should include natural variability, data
uncertainties, model uncertainties, model parameter uncertainties, and decision
model uncertainties. Some individual studies (e.g., wetlands vegetation analysis)
address natural variability and indicate error bars. The SAR 3A report provides a
good model for qualitative discussion of uncertainty. In contrast, the SVM treats
the uncertainty of environmental performance indicators with a simplistic and un-
explained 10 percent criterion, and it does not apply any uncertainty estimate to
economic indicators. Linkages among LOSLR studies and models inherently
propagate uncertainties, but SVM documentation does not analyze those cumula-
tive uncertainties or discuss their implications for informing decision making.
Without formal analysis and discussion, it is not possible to assess the types or
magnitudes of error and uncertainty for particular water regulation plans, or to
know whether differences between plans are significant.

Recommendation: In the short-term, LOSLR final study reports should
inform decision makers of the uncertainties that were analyzed, those that
were not analyzed, and their potential implications for decision making.
Future studies of water level regulation effects in the LOSLR basin should
develop a comprehensive approach to uncertainty analysis.

3. The LOSLR models and studies reviewed here do not adequately
integrate and display the key information needed for comprehensive evalua-
tion and understanding of the tradeoffs among the candidate regulation
plans. This conclusion is based on the following four review criteria:

e Linkages and feedbacks among related studies and models. “Com-
prehensive evaluation and understanding of tradeoffs among regulation plan op-
tions alternatives” (NRC Committee Statement of Task Charge B, Appendix A)
requires a system dynamics approach that models the linkages and feedbacks
among socioeconomic and environmental processes. The SVM compiles first-
order effects on environmental, coastal, and other indicators generated by FEPS,
IERM, and other models. But, as the IERM uset’s manual indicates, it is not an
ecosystem model that incorporates the feedback effects of water level variation on
species and habitat conditions. Instead, it compiles initial impacts (first-order ef-
fects) on performance indicators, and it is thus an impact accounting model rather
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than an ecosystem model. In terms of model linkages, the FEPS model alters the
bathymetry of shoreline environments, but those bathymetric changes were not fed
into the IERM to vary wetland inundation, which could be used to model vegeta-
tion, shoreline habitats, and other environmental performance indicators associated
with water level variation. These vegetation changes could have feedback effects
on sediment transport and coastal erosion. External model linkages include eco-
nomic and demographic scenarios that are relevant for evaluating candidate water
regulation plans to replace Plan 1958DD. For example, real estate values of coastal
property continue to rise at rapid rates, and the demand for different water and
related land uses is changing, but the SVM does not incorporate such scenarios in
its structure.

This report acknowledges that some of these linkages and feedbacks require
knowledge beyond the current limits, and that fact should be discussed in the final
reports and presentation of SVM results as well. Other linkages and feedbacks
between the SVM and its sub-models, and externally between the SVM and scenar-
ios of socioeconomic change, could have been addressed. The reviewed studies
and models make progress toward comparing the effects of regulation plan op-
tions, but the comparisons do not provide a comprehensive basis for evaluating
and understanding tradeoffs among regulation plan options.

Recommendation: In the short-term, the LOSLR final reports should
inform decision makers of what has, and has not yet, been accomplished in
the way of integrated water and environmental systems modeling. As part of
an ongoing program, a LOSLR modeling system that dynamically links and
reflects feedback among sub-models is recommended.

e Treatment of spatial and temporal resolution and scaling. Scaling is-
sues in the Lake Ontario-St. Lawrence River basin are challenging. The LOSLR
studies involve a wide range of spatial and temporal scales, and associated con-
cerns. For example, although more detailed hydrologic time series and station data
are available at multiple locations on Lake Ontario and at a finer time step than the
quarter-month period, the STELLA model in the SVM generates a single series of
quarter-monthly values for the level of Lake Ontario, based on historical water
management practice. Use of these single series values can result in a loss of preci-
sion, as the quarter-month does not provide enough temporal variation for many
environmental impacts, including fish, SAR, and wetlands. This coarse time step
was recognized as a potential problem in the LOSLR Plan of Study, which called for
a 2D hydrodynamic model for the St. Lawrence River that operated on fine enough
time scales to supplement the quarter-monthly time step generated by the SVM.
As noted earlier, the LOSLR approach of using quarter-monthly values in Lake
Ontario to calculate water levels for selected stations in the upper St. Lawrence
River through regression analysis is inferior to hydrodynamic flow routing, and the
combined use of regression and hydrodynamic models in the LOSLR Study needs
to be more fully explained. The FEPS model uses lake level elevations along with a
grid of wind and wave fields that erode and flood individual shoreline parcels and
reaches, the results of which are then aggregated back to lake-wide effects. The
errors and uncertainties associated with these different resolutions and scales of
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inquiry need fuller analysis and discussion, as errors may exceed the differences
among model outputs for some performance indicators and plans.

Recommendation: In the short-term, the LOSLR final reports should
inform decision makers of temporal and spatial scaling issues that affect the
accuracy and uncertainty of predictions of regulation effects. In the longer
term, choice of time step should better reflect the critical response times for
system indicators, including those where transient fluctuations in water
temperature and water level are critical, and appropriate hydraulic and hy-
drodynamic modeling approaches should be implemented.

e Documentation of scientific studies and models. Of the ten criteria
employed in this review, inadequate documentation is the most apparent deficiency,
with examples throughout the materials presented for review. Fortunately, FEPS
included more detailed descriptions of modeled performance indicators than other
studies, but did not document the models themselves. Descriptions of wetland
methodologies need additional information about site selection and means to en-
sure adequate representativeness of sampled sites. A uset’s manual exists for the
IERM and provides partial documentation, but explanations of weighting and ag-
gregation in the model are insufficient. Exceptions to these general patterns in-
clude the SAR 3A and 3B reports, which are well documented. Better documenta-
tion is needed to explain choices of what was done and methods used, and the ra-
tionale behind those decisions. The SVM is the primary tool for understanding and
evaluating tradeoffs among potential regulation plans. It was surprising, therefore,
that the SVM had the least amount of documentation presented for this review,
and the documentation that was presented was not at a level of completion ready
for external scientific review. Documentation of the SVM should have a more
complete discussion of its role in the Shared Vision planning process; describe
SVM development and refinement, including standard technical documentation of
all component models; and describe how scientific and stakeholder criteria were
used interactively to formulate, screen, and evaluate the range of choice among
regulation plan options.

Recommendation: In the short-term, LOSLR final reports should in-
clude a thorough documentation of studies and models, especially the
Shared Vision Model, and seek further independent scientific review of
those reports.

e Effective scientific communication. Effective scientific communica-
tion is achieved when scientific information is presented to and received and cor-
rectly understood by scientific, public, and decision making groups. The efficacy of
scientific communication varies among LOSLR studies and models in the materials
submitted for review. Performance Indicators, an Index of Ecological Integrity,
and documentation of studies, models, and sub-models were used to communicate
scientific information from the LOSLR Study. In general, the environmental stud-
ies and performance indicator summaries were easier to understand than the sub-
models’ documentation, and sub-model documents were more digestible than the
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SVM documentation. An example of deficient, or even misleading, communication
is the differential treatment of economic and environmental indicators in which the
former atre presented as simple values while the latter are subject to a +/-10 pet-
cent error. The LOSLR Study’s display of model output in a spreadsheet file of
tables and graphs, known as the “Board Room,” has strong potential as a venue for
scientific communication.

Recommendation: In the short-term, the LOSLR final reports should
communicate their scientific results with transparency to support decision
making while giving a full treatment of uncertainties and non-scientific di-
mensions of the studies. In the longer-term, the SVM Board Room may be
refined for continuing use as a vehicle for scientific communication.

4. Despite the breadth of LOSLR studies and models, ongoing analy-
sis is needed to provide a strong scientific basis for long-term decision mak-
ing about water level and flow regulation in the Lake Ontario-St. Lawrence
River basin. Three points support this conclusion. First, current knowledge
about the lower Great Lakes system is not comprehensive. While the LOSLR stud-
ies and models broaden understanding about the potential effects of regulation
plans, a more comprehensive data collection and modeling approach is needed to
understand system feedbacks, linkages, and uncertainties. Ideally, a system dynam-
ics model should be used to: (a) improve the physical system description; (b) iden-
tify the most important feedback relationships; and (c) improve understanding of
feedback effects on system behavior. Some feedback relationships require expan-
sion of the model boundaries so that key processes, ranging from coastal urbaniza-
tion and regional economic growth to climate change, are incorporated and their
impacts are made visible within the model.

Second, the LOSLR history with Plan 1958DD shows that regulation plans
can be superseded by newer, better plans, and change in management objectives.
Any plan adopted now on the basis of current science without provision for regular
updating as knowledge advances is likely to require adjustments over time.

Third, the LOSLR models evaluate effects of fiture regulation plans and hydro-
logic scenatios based primarily on historical and current environmental and social
performance indicators. This is important given the significance of hydroclimatic
variability for water regulation and the challenges of modeling current environ-
mental and socioeconomic processes. Although this report does not review the
climate change research and scenarios, it commends the LOSLR inclusion of global
processes that affect the robustness of regional regulation decisions. In the future,
however, regulation plan decisions will also require comparable scenatio develop-
ment and evaluation for other environmental and social processes. Changes in
regional economic structure, demography, water demand, transportation technol-
ogy, coastal land use, and socioeconomic values will likely transform the profile of
stakeholder interests, performance indicators, and socioeconomic impacts associ-
ated with water level regulation. The past half-century indicates that these types of
structural shifts in socioeconomic and environmental conditions and wvalues, in
conjunction with hydrologic variability, have had substantial implications for regu-
lation plan decision making.
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The LOSLR studies and models begin to address these issues through brief
conceptual natratives with a planning hotizon of 10 to 15 years that ate linked to
the SVM. The conceptual narratives employ a common template, but they vary in
detail, completeness, and level of peer review. Correcting the scientific and model-
ing deficiencies identified in this review is necessary and appropriate, but not suffi-
cient, for informing water regulation decisions on a long-term multi-decadal time-
scale.

Recommendation: In the short-term, the LOSLR Study should com-
plete the conceptual narratives. For the longer-term, the IJC should con-
sider an ongoing management and monitoring system to feed the results of
current choices for water level regulation into a dynamic model of the
LOSLR system to strengthen the scientific basis for future planning on a
multi-decadal timescale, as outlined in the final recommendation below.

Looking Ahead:
Adaptive Management in the LOSLR Basin

As the LOSLR Study draws to a close in 2005, a unique opportunity is pre-
sented for water level regulation in the LOSLR basin. Even after the deficiencies
noted above are addressed, and a new regulation plan is adopted and implemented,
the need will remain to monitor the system for responses to the new regulation
plan. Long-term monitoring may also indicate needed adjustments to the plan.
Adaptability is mentioned in the LOSLR Vision, Goals, and Guiding Principles in a
number of ways: “... regulation plans will incorporate flexible management...;”
“Regulation of the Lake Ontario-St. Lawrence River System will be adaptable...;”
and “...regulation plans will incorporate...flexibility to adapt....” An adaptive
management program could help the basin constituents build upon the LOSLR
studies and models over time.

Before an adaptive management program is designed, the deficiencies noted in
LOSLR models and studies need to be corrected to avoid perpetuating existing
problems. The challenges of implementing an adaptive management in the Lake
Ontario-St. Lawrence River basin should not be underestimated. Adaptive man-
agement can be resource intensive: an “active” adaptive management plan could
involve annual costs comparable to those of the LOSLR study; “passive” adaptive
management costs would be significantly lower, depending upon the scope of
monitoring and management involved, but also less useful. Either way, adaptive
management is seen as a viable option to build upon the LOSLR Study successes,
address deficiencies, and maintain a responsive, flexible water regulation plan for
the LOSLR basin.
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Recommendation: In the short-term, adaptive management alternatives
should be identified that build upon the LOSLR studies and models. In the
longer term, the IJC should, in collaboration with other scientific and stake-
holder organizations in the basin, develop an adaptive management pro-
gram that would provide a continuing scientific basis for monitoring the
effects of water regulation, experimenting with alternatives, and thereby im-
proving decisions about future regulation plan options.
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Chapter 1
Introduction

In 1999, the International Joint Commission (IJC) commissioned the Lake
Ontario-St. Lawrence River (LOSLR) Study as a 5-year, more than $20 million
study. In identifying scientifically-based adjustments to water level and flow regula-
tion, the LOSLR Study’s purpose is to (1) review the current regulations of levels
and flows in the LOSLR system with consideration for the impact of regulation on
a variety of interests; (2) build a progressive understanding of the system; and (3)
provide a strong scientific foundation for deciding future regulation plan options.
At the broadest level, the vision of the LOSLR Study! is, “to contribute to eco-
nomic, environmental and social sustainability of the Lake Ontario and St. Law-
rence River System.” The goals of the Study are to identify flow regulation plans
and criteria that serve the range of stakeholder interests, are widely accepted, and
take into account hydroclimatic conditions in the basin.

The LOSLR Study was designed within the context of seven guiding princi-
ples?:

1. Criteria and Regulation Plans will contribute to the ecological integ-
rity of the Lake Ontario-St. Lawrence River System ecosystem.

2. Criteria and Regulation Plans will produce a net benefit to the Lake
Ontario-St. Lawrence River System and its users and will not result in
disproportionate loss to any particular interest or geographic area.

3. Criteria and Regulation Plans will be able to tespond to unusual or
unexpected conditions affecting the Lake Ontario-St. Lawrence River
System.

4. Mitigation alternatives may be identified to limit damages when con-
sidered to be appropriate.

5. Regulation of the Lake Ontario-St. Lawrence River System will be
adaptable to the extent possible, to accommodate the potential for
changes in water supply as a result of climate change and variability.

6. Decision making with respect to the development of the Lake On-
tario-St. Lawrence River System Criteria and Plans will be transpar-
ent, involving and considering the full range of interests affected by
any decisions with broad stakeholder and public input.

7. Criteria and Regulation Plans will incorporate current knowledge:
state-of-the-art technology; and the flexibility to adapt to future ad-
vances in knowledge, science, and technology.

' Full text of the vision is available online at http.//www.losl.org/about/vision-e.html; August
2, 2005.
2 Available online at http://www.losl.org/about/vision-e.html.
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These economic, environmental, and social criteria represent an unprece-
dented expansion of inquiry related to water regulation in the basin. Although not
exhaustive (as discussed later in this report), the LOSLR scope extends far beyond
the historical preference given to domestic water use, navigation, hydropower, and
irrigation (Boundary Waters Treaty, 1909, Article VIII).

This chapter introduces the Lake Ontario St. Lawrence River Study (LOSLR
Study or “the Study”) and the independent review of it by the National Research
Council (NRC) in collaboration with the Royal Society of Canada (RSC). The first
part of the chapter introduces the Lake Ontario-St. Lawrence River system, includ-
ing its geographic setting and the water level and flow regulation issues that
prompted the LOSLR Study. Next is a brief outline of the LOSLR Study, includ-
ing its scope and organization. The final section of the chapter describes the NRC
independent review, the statement of task from the IJC, the evaluation criteria used
to address the statement of task, and the organization of chapters that follow.

LAKE ONTARIO-ST. LAWRENCE RIVER BASIN

Geographic Setting

Shared by the United States and Canada, the Lake Ontario-St. Lawrence River
(LOSLR) basin drains the largest freshwater lake system in the world (Figure 1-1).
It includes the lower Niagara River, Lake Ontario, and the St. Lawrence River ba-
sin. The lower Great Lakes shared international waters extend from the lower Ni-
agara River, downstream from Niagara Falls, through Lake Ontario and the upper
St. Lawrence River to just downstream from the Moses-Saunders Dam near the
towns of Cornwall, Ontario and St. Regis and Massena, New York. (Figure 1-1).
From there, the St. Lawrence River flows northeast through the Province of Que-
bec, Canada, until it finally discharges into the Gulf of St. Lawrence.

The LOSLR basin supplies drinking water for some 8.6 million people. It
supports complex aquatic, wetland, and coastal ecosystems affected by water level
and flow fluctuations. It serves as a navigation route for global and regional mari-
time shipping from the Port of Montreal through the St. Lawrence Seaway that
depends upon reliable flow regulation. Hydropower production at the Moses-
Saunders facilities currently averages 13 million megawatt hours per year. Recrea-
tional boaters and waterfront communities enjoy the beautiful water body and
coastal environments, though shoreline properties, municipalities, and infrastruc-
ture face flooding and erosion hazards.

Lake Ontario drains 64,030 km2. Tt has the smallest surface area of all of the
Great Lakes (18,960 km?), but the second greatest average depth (86 m). Lake-
wide monthly water levels over the past century range from an historic low of 73.74 m
(December 1934) to a record high of 75.76 m (June 1952) (USACE, Detroit, 2005;
IGLD 1985). A difference of even a half-meter in water levels can aggravate flood-
ing, erosion, boating problems, wetland habitat and fish spawning conditions.
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FIGURE 1-1 Map of LOSLR drainage basin. SOURCE: Map courtesy of the
IJC.

Under the Boundary Waters Treaty of 1909, the Canadian and United States
governments established the International Joint Commission (IJC) to address mu-
tual water-related concerns (Boundary Waters Treaty, 1909; available on-line at
http:/ [ www.ije.org/ relf agree/ water.html), such as water level and flow regulation and
their effects.

Water Regulation in the
Lake Ontario-St. Lawrence River Basin

Water regulation activities in the LOSLR system date to the mid-20% cen-
tury. Figure 1-2 describes the water level regulation institutional organization for
the Lake Ontario-St. Lawrence River. The 1952 Otrder of Approval, amended in
1956, authorized construction of the Moses-Saunders Dam, Iroquois Dam, and
Long Sault Dam in the International Rapids Section of the St. Lawrence River
(Figure 1-3). The 1952 Otrder of Approval also created the International St. Law-
rence River Board of Control (ISLRBC or Board of Control) to operate the Moses-
Saunders Dam and power plant, completed in 1958, which are the principal struc-
tures affecting water levels and flows (Figure 1-4).
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FIGURE 1-4 Moses-Saunders Dam. Photo courtesy of James Wescoat.

In the early 1950s, wide fluctuations in water levels led to a series of changes in
the regulation plan, culminating in Plan 1958D, adopted in 1963 (Clinton Edmonds
and Associates, 2002). Figure 1-5 shows average water levels from 1918 to 2003,
which suggests that 1958D has reduced extreme high and low lake levels (IGLD,
1985), and increased mean water levels.

The St. Lawrence Board of Control is authorized to deviate from Plan 1958D
in response to emergencies and within reasonable limits to reduce negative impacts
and increase net benefits for stakeholders. By the late 1990s, deviations reportedly
occurred over half of the year, leading to a de _facto regulation plan known as Plan
1958DD (Plan 1958D with Deviations). The extent of deviations from Plan
1958D has raised the question of whether another regulation plan could provide
greater benefits and fewer losses than Plan 1958D.

As the IJC considers possible attributes of a new water regulation plan, it will
use the LOSLR study to provide scientific and practical bases for deliberating
among candidate regulation plan options. The IJC has been clear about certain
components needed to improve upon 1958D for regulating water levels in the
LOSLR basin: sound scientific foundation, public participation, transparency in the
development and decision making process of regulation plans, and environmental
considerations will be included in the 1958D regulation plan successor.
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Lake Ontario Water Levels in Meters {(IGLDSS)
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FIGURE 1-5 Lake Ontario Water Levels in Meters. SOURCE: IGLD85. Available
online at http://www.glerl.noaa.gov/data/now/wlevels/lowlevels/plot/Ontario.png.

LOSLR STUDY STRUCTURE

LOSLR Study Design

The LOSLR Study was designed to address a broad range of human interests
and environmental values affected by water level fluctuations. The suite of subjects
in the Study reflects a broad spectrum of considerations in regional water resources
planning that may serve as a case study for other regional efforts to balance several,
sometimes competing, water uses. In the LOSLR Study, empirical and modeling
studies were commissioned to form the scientific foundations for water regulation
plans. Individual study subjects include wetlands, species at risk, recreational boat-
ing, fisheries, coastal processes of erosion and flood potential, commercial naviga-
tion, hydropower, industrial, municipal and domestic water intakes, public informa-
tion and education, and hydrologic modeling. Individual studies were designed and
conducted as separate investigations, and study results were integrated into the
SVM. The SVM links results from the empirical studies; hydrologic, coastal, eco-
nomic and environmental models; and stakeholder input (Figure 1-6). The SVM’s
Board Room provides a mechanism for understanding and presenting tradeoffs
among the different regulation plan options.
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FIGURE 1-6 The Shared Vision Model structure. SOURCE: Werick (2005).
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LOSLR Study Administration

Three groups have roles in the LOSLR Study effort. First, the LOSLR Study
Board, which has overall responsibility for the Study, provides guidance and direc-
tion to the LOSLR study management and staff, and oversees Study scientific as-
pects. Fourteen people, half from the United States and half from Canada, form
the International LOSLR Study Board (appointed in 2000 by the I]JC).

Nine technical work groups (TWGs) form the second tier of organizations in
the LOSLR Study. More than 150 scientists and technical experts from the United
States and Canada work with the TWGs to carry out the scientific work of the
Study by conducting empirical studies, developing models, and reviewing data. The
nine TWGs are in the technical areas of: wetlands, recreational boating, fisheries
and the environment, coastal processes including erosion and flood potential,
commercial navigation, hydropower, industrial, municipal and domestic water in-
takes, public information and education, and hydrologic modeling. Results from
the TWG studies are conveyed to the Study Board, integrated into the SVM, and
used in the formulation and evaluation of regulation plan options.

A third group that is part of the LOSLR Study, but has no administrative,
management, or oversight role, is the Public Interest Advisory Group (PIAG).
PIAG was developed by the IJC to ensure healthy public participation, debate, in-
put, and guidance related to the study process. The PIAG’s role is to foster public
understanding on the causes of water level problems and how possible solutions to
some problems affect others. PIAG represents stakeholder interests, convenes
public meetings around the basin, and publishes a newsletter, Ripple Effects.>

THE INDEPENDENT REVIEW OF THE LOSLR STUDY

Near the middle of the last year of the 5-year LOSLR Study, the IJC asked the
NRC and the RSC to provide an independent review of a select body of scientific
and technical work from three of the nine TWGs.* Given the timing of this review
in the course of the LOSLR study timeline, a fast-track review in the last half of
2005 began shortly afterwards: a bi-national committee was formed in May, the
first meeting was held in June, the second meeting a month later and, following
external peer review, the report was submitted to IJC in October, 2005.

The Statement of Task

The overall charge to the NRC committee was to provide an independent re-
view of the select scientific reports and models that the Study Board will use as the
bases for evaluating and choosing among regulation plan options. The statement
of task (Box 1-1) contains three charges to the committee (more information con-

® Available online at http://www.losl.org/news/news-e.html.
* The NRC provided the overall organization and management for the review.
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BOX 1-1
Statement of Task

NRC Committee shall perform an independent review of the Lake Ontario/St.
Lawrence River reports in the following areas: wetlands science and species at risk,
the Flood Erosion and Prediction System (FEPS), the Integrated Ecological Re-
sponse Models (IERM), and the Shared Vision Model (SVM). The level of emphasis
for these various areas shall be approximately as follows: wetlands 15%, species at
risk 15%, FEPS 10%, IERM 20%, SVM 40%, and reflect the International Joint
Commission’s (IJC) determination of its priorities in this effort.

The overarching charge shall be to evaluate the appropriateness and sufficiency
of the studies and models used to inform decisions related to regulation plan options.
Recommendations shall be limited to those deriving from this overarching charge
and shall not address management or policy issues.

The Lake Ontario/St. Lawrence River program science, as represented in the
reports and model documentation provided, will be reviewed by in terms of the de-
gree to which:

(A) the studies reflect reasonable scientific methods, assumptions and sup-
ported findings;

(B) the models sufficiently and appropriately integrate and display the key in-
formation needed for a comprehensive evaluation and understanding of the tradeoffs
for selecting among the candidate regulation plan (RPOs); and

(C) the models and reports are sufficient and appropriate to evaluate the vari-
ous RPOs and impacts of changes in water levels and flows.

The review shall be limited to critical evaluation and decision components of the
topics listed that relate directly to the Lake Ontario/St. Lawrence River regulation
plan options. This requirement shall further be interpreted to restrict the review to the
impact of changing regulation levels and flows, within the limits that these two factors
can be managed using the currently existing control structures and the hydrol-
ogy’hydraulic characteristics of the system. The review shall neither compare regula-
tion plan options nor provide advice on the preference of one regulation plan option
over another, as these actions fall directly within the decision-making responsibilities
of the Commission.

cerning the statement of task, including documents reviewed can be found in Ap-
pendix A): whether the studies and models employ reasonable scientific methods,
assumptions and supported findings; how well the models integrate and display
information needed for a comprehensive evaluation and understanding of tradeoffs
among regulation plan options; and whether the studies and models are appropriate
and sufficient for evaluating candidate regulation plans and the effects of water
level changes.

Two implicit aspects of the charge influenced the committee’s review: the
scope of the NRC review in comparison to the scope of the complete LOSLR
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Study and the documents and documentation presented to the committee for re-
view.

Scope of the Review

The statement of task clearly outlines the scientific areas that are the subject of
the review. The review involves selected reports, documents, and models from
three of the nine Technical Work Groups: the Environmental Technical Work
Group (ETWG), the Coastal Processes technical work group (Coastal), and the
Shared Vision Model (SVM) of the Plan Formulation and Evaluation work group
(a list of documents reviewed is provided in Appendix A). This review represents
only a small sample of the body of work from the overall LOSLR Study. Products
from the hydrology and hydraulics, navigation, recreational boating, hydroelectric
power, and information management work groups; the Economics Advisory
Committee; and the Public Interest Advisory Group, were not included in this re-
view, and as such, are not discussed in this report.

Given the short timeline of the review, this selectivity of material was neces-
sary. Time was inadequate to review any more information than what was pre-
sented, but reviewing this selection of documents and models separately from
products of the other six Technical Work Groups presented a contextual challenge.
The NRC/RSC wete asked to teview the SVM—a model that integrates studies
from all of the Technical Work Groups—but only had the detailed input and out-
put of the SVM related to wetlands, SAR, the Integrated Ecological Response
Model IERM), and the Flooding and Erosion Prediction System (FEPS). Thus,
the findings must be viewed as partial in scope and are presented as contingent
upon a larger body of work.

Documents Provided for Review

The IJC, as per the statement of task, selected the documents that were pro-
vided to the NRC/RSC for review that pertain to wetlands, SAR, the IERM, the
FEPS and the SVM (Appendix B for list of review and background materials).
Weights assigned to each of these subject areas reflect the 1JC’s priorities and the
focus of the NRC review: wetlands, 15%; species at risk, 15%; FEPS, 10%; IERM,
20%; SVM, 40%.

The IJC selected the documents for the committee to evaluate “the Lake On-
tario/St. Lawrence River program science, as represented in the reports and model docu-
mentation ... [italics added]. The committee interpreted this text to mean that the
documents are representative of the larger body of reports and models produced in
the LOSLR Study. This point is significant in light of the concurrent completion
of LOSLR studies and the NRC/RSC review.

Some of the documents presented for review were in various stages of com-
pletion, or were superseded during the course of the review. In the cases where the
documents were incomplete, the committee tried to procure the most recent, up-
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dated, and current version of the work. Ultimately, due to constraints of the study
time line and in accordance with the Statement of Task, the committee considered
the documents presented by the IJC as representative of the study science, regard-
less of their level of completion.

The Approach to Reviewing LOSLR Documents

The overall thrust of the NRC/RSC independent review was to determine the
“appropriateness and sufficiency” of the wetlands, SAR, IERM, FEPS, and SVM
work to inform decisions about regulation plan options. As “appropriateness and
sufficiency” are not defined by the IJC or Study Board, the committee developed
general evaluation criteria to gauge scientific appropriateness and sufficiency.

Ten evaluation criteria were selected based on scientific and practical profes-
sional approaches (Box 1-2). They include empirical foundations of scientific in-
vestigation; issues of scale, uncertainty, feedbacks, and quality assurance; and tech-
nical documentation and scientific communication. The ten criteria ate related to
the three specific charges within the Statement of Task (Box 1-1), and they form
the basis for evaluating review documents in each of the subject areas (wetlands,

SAR, IERM, FEPS, and SVM).

CHARGE A: The LOSLR program science...will be reviewed in
terms of the degree to which...the studies [and models] reflect rea-
sonable scientific methods, assumptions, and supported findings.

This charge evaluates how the scientific inquiry was conducted. It addresses
the scientific questions posed, empirical methods to address those questions, and
whether the findings are supported by the data. Also included in this charge is how
uncertainty, error, and gaps in data were communicated; how data are managed for
quality assurance and quality control; and methods to validate, verify, and calibrate
models used in the LOSLR Study. In short, Charge A asks (1) whether the correct
science was conducted and (2) whether the science was conducted correctly.
Evaluation criteria 1, 2, and 3 (see Box 1-2) are used to address Charge A.

Criterion 1: Empirical Foundations

The empirical foundations of the studies are vital for estimating the potential
effects of water level change. Strong empirical foundation includes identifying the
correct thread of scientific inquiry, i.e., whether the scientific question is formulated
to address the scientific problem. It is important to determine whether the meth-
ods used will enable investigators to answer the scientific inquiry. Methods include
data collection, model construction, data analysis, and interpretation. Flaws at any
of these steps—questions, data, methods, analyses, or interpretation—can nega-
tively impact the scientific outcomes.
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BOX 1-2
Ten Evaluation Criteria

Empirical foundations

Quality assurance and quality control

Treatment of error and uncertainty

Linkages and feedbacks among related studies and models
Spatial and temporal resolution and scaling

Thorough documentation

Effective scientific communication

Breadth of study scope

Balanced between scientific and practical professional approaches
0. Identification of future study needs

SO NoORWN =

Criterion 2: Quality Assurance and Quality Control

Once the data have been collected, analyzed, and interpreted, some mecha-
nism is needed to ensure that the quality of data-related actions is acceptable.
Methods for QA/QC vaty by discipline, but conventions exist to ensure high qual-
ity data and scientific output. Examples of QA/QC include model calibration,
verification, and validation; use of expert judgment; and peer review. In evaluating
the documents of the LOSLR Study, the committee evaluated how quality assur-
ance/quality control was conducted, documented, and addressed to strengthen
quality of the scientific products.

Criterion 3: Treatment of Error and Uncertainty

Error, uncertainty, and risk are inherent in scientific inquiry, so it is critical that
the analysis and discussion of uncertainty is clear and forthright. Statistics is a tool
commonly used to analyze uncertainty and error, and statistical convention is estab-
lished in a language familiar to engineers and scientists alike. Error bars, confi-
dence intervals, and statistical significance are just a few examples of how statistics
convey uncertainty and error. Risk analysis is commonly used by engineers, and
like statistics, risk analysis has convention and accepted practices associated with it
(Haimes, 1981). The committee evaluated the LOSLR studies and models based
on the criteria above and how well risk and uncertainty were documented and
communicated.

CHARGE B: The LOSLR program science...will be reviewed in
terms of the degree to which...the models [and studies] sufficiently
and appropriately integrate and display the key information needed
for a comprehensive evaluation and understanding of the tradeoffs
for selecting among the candidate Regulation plans.
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The committee interpreted Charge B to mean evaluating (1) whether the em-
pirical study results and internal models of the SVM were integrated such that the
SVM could be used to teliably evaluate various candidate regulation plans and (2)
whether the SVM was effective in displaying key information to an external audi-
ence such as the NRC committee, review scientists, and the public at large.

The LOSLR Study structure depends on a series of integrated models that use
input from empirical studies (Figure 1-6). These models have a common endpoint
in the SVM, so it is important for them to be integrated and compatible with each
other in spatial and temporal scales. Because the SVM is both a technical and a
communication tool, it is also important for the linkages among the models to be
well-explained and technically documented. Charge B ensures that the NRC review
addressed questions of integration, resolution, documentation, and communication.
Scientific criteria 4, 5, 6, and 7 (see Box 1-2) were used to address Charge B.

Criterion 4: Linkages and Feedbacks Among Related Studies
and Models

The LOSLR Study structure (Figure 1-6) shows some of the linkages among
the studies and models used in the SVM. Clear explanation of these connections is
important to convey understanding of how the SVM works. Similar to model vali-
dation and verification for stand-alone models, the linkages and feedbacks between
models within the SVM should be established; it is also important to ensure ade-
quate resolution among the different pieces, i.e., criterion 5.

Criterion 5: Spatial and Temporal Resolution and Scaling

Evaluating candidate regulation plans in a complex system like the LOSLR ba-
sin involves data across a wide range of spatial and temporal scales. The resolution
of the models and empirical studies, for those cases where empirical study results
are used as model inputs, must be managed with care. Issues of scaling need to be
considered in the analysis and documentation.

Criterion 6: Thorough Documentation

Thorough documentation of a body of scientific work will provide an outside
audience with an understanding of (1) what was undertaken and accomplished; (2)
the methods used; (3) any rationale behind an unconventional or unexpected
method or approach; and (4) limitations of the methods used or results generated.
This range of information can facilitate understanding and increase confidence in
the scientific results and their policy applications, even when the documentation
speaks to limitations on the science itself. Well-documented scientific work can
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also help to identify ways that methods or analyses can be improved in the future
or monitoring activities related to the work.

While the value of thorough documentation holds true for all scientific work,
it is especially important for multi-disciplinary work such as the LOSLR Study. In
the LOSLR case, documentation is needed to undetrstand how individual studies
are conducted; how scientific results are incorporated into integrated models; and
how models are used within the SVM. Furthermore, the SVM is a planning and
modeling tool that, while not new, is still untested in most of its applications. The
LOSLR Study could showcase the full range of SVM applications in a complex,
multi-disciplinary water resources management project. Thorough documentation
will aid in communicating the scientific and policy information to the many stake-
holders in the LOSLR and to any other communities confronted with similar water
resource management challenges.

Criterion 7: Effective Scientific Communication

Communication depends on one party disseminating clear information and
another patty receiving it in understandable terms. Effective communication of
scientific information may vary depending on the scientific sophistication of the
audience, and it is central to the Study’s objectives and purpose. The LOSLR
Study, by design, includes scientists from a range of disciplines, policy makers with
a range of scientific and technical competence, and the general public. All involved
parties are interested in the information that will come from the LOSLR Study, and
effective communication of the scientific aspects is critical to the success of the

Study.

CHARGE C: The LOSLR program science...will be reviewed in
terms of the degree to which the models and reports are sufficient
and appropriate to evaluate the various regulation plan options
(RPOs) and impacts of changes in water levels and flows.

Charge C was interpreted by the committee as evaluating whether the LOSLR
Study components collectively provide appropriate and sufficient foundations to
(1) evaluate, select, or eliminate regulation plans and (2) estimate impacts of water
level fluctuations in the future. Criteria 8, 9, and 10 were used to address Charge C.

Criterion 8: Breadth of Study Scope

In the LOSLR Study, the water regulation plans will affect many aspects of the
basin, such as hydropower, navigation, economic, ecological, and political interests.
Thus, the LOSLR Study elements must represent a similar range of considerations.
Using this criterion the NRC review evaluated the scope of LOSLR Study materials
relative to the expected range of impacts in the basin.
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Criterion 9: Balance Between Scientific and Practical
Professional Approaches

Relationships between the scientific and practical professional communities are
inherent in the LOSLR Study. The Study commissioned scientific research to help
formulate and evaluate water regulation plan options, and the considered regulation
plans and criteria affect some of the scientific questions and methods used. The
LOSLR Study aims to provide the IJC with the scientific and management informa-
tion that it needs to decide upon a regulation plan. This combination of accepted
scientific and practical professional approaches often needs careful thought to re-
main operational. While scientists may prefer more time and resources to gain
greater confidence in their individual studies, the water management community
needs to prioritize and connect work conducted in different fields and approaches,
and with limited time and resources.

There are many practical challenges involved in synthesizing vast amounts of
information in a collaborative, negotiated planning process. Scientific studies may
provide excessive detail that overwhelms the decision making process. Overly
technical material may exceed human capacity to comprehend and evaluate a multi-
criteria problem, with the unintended consequence of obscuring policy options or
inhibiting decision making. Conversely, practical professional approaches may
oversimplify complex phenomena and uncertainties. In these cases, the plan for
linking scientific and practical professional aspects of studies and models needs to
be clear.

A well-defined relationship between scientific and practical professional ap-
proaches will help scientists to streamline their efforts and policy makers to com-
mission and use scientific studies and models. The water management community
needs scientific information about physical and economic consequences in forms
that are manageable, accessible, and useful to participants in the LOSLR type of
collaborative, open, negotiation process. This relationship between the scientific
and practical professional aspects of the LOSLR Study is important in determining
the overall appropriateness and sufficiency of the LOSLR work to make decisions
about regulation plans.

Criterion 10: Identification of Future Study Needs

The LOSLR basin has a long history of adapting regulation plans to changing
conditions. The transition from Plan 1958D to Plan 1958DD is a good example of
how a plan may need to adapt over time because of dynamic variables in the basin.
Thorough documentation (Criterion 6) should also include a description of the
limitations of current knowledge and identification of future study needs. Given
that knowledge of the basin’s ecology, political structure, and hydrology will change
over multiple decades, it is important to outline how the regulation plan that comes
from the 2005 LOSLR Study can adapt over time and build upon the science and
efforts of the LOSLR Study. Future study needs may include new and better sci-
ence, increased model sophistication, and various types of adaptive management.
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THE NRC/RSC REPORT

Overall Aim of the Report

This report is produced in the spirit of supporting the IJC in its deliberations
on the results of the LOSLR Study. The report recognizes the difficulty of using
science for policy decision making purposes in a large-scale, water resources plan-
ning project with complex ecological, economic, and social considerations. The
LOSLR Study has sought a comprehensive approach to water resources planning
that is strongly encouraged. This type of large-scale, multi-faceted work is becom-
ing more common as the connections among the economic, ecologic, and political
aspects of hydrologic systems become more intricately entwined and better under-
stood. Still, few precedents exist that can serve as templates for integrating multi-
ple cross-disciplinary empirical studies and models or for communicating complex
information to the public and policy decision makers alike. The LOSLR Study has
pursued these aims, and this report, while praising the scope, breadth, and concept
of the LOSLR wortk, makes constructive criticisms and recommendations to
strengthen the scientific, technical, and integrative aspects of the work to ensure
the success of the LOSLR Study.

Structure of the Report

The Shared Vision Model (SVM), Flooding and Erosion Prediction System
(FEPS), and environmental studies are evaluated in the following chapters. Each
of these evaluative chapters begins with an introductory section that outlines what
was undertaken in the study, its accomplishments and its limitations. The second
section of each chapter evaluates the scientific or modeling work presented to the
NRC for review. Fach chapter evaluation is presented in terms of Charges A, B,
and C of the statement of task (see Box 1-1) and is reviewed using the ten evalua-
tion criteria as described above. Each chapter closes with a brief summary of the
findings and recommendations.

Chapter 2 describes and evaluates the SVM. The SVM is discussed first be-
cause it provides structure and context for the other topics of the committee’s
charge. Chapter 3 describes and evaluates the FEPS model. Chapter 4 desctibes
and evaluates wetlands, SAR, and the IERM as a suite of work that represents the
environmental sciences in the LOSLR Study. Finally, Chapter 5 reviews the main
findings and recommendations of the report. It also offers a perspective on how
the work initiated in the LOSLR Study can be advanced over multiple decades us-
ing adaptive management to adjust the regulation plan in response to dynamic
changes in the LOSLR Basin and new scientific understanding,
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Chapter 2
The Shared Vision Model

This chapter discusses the Shared Vision Model that includes a planning proc-
ess, a simulation model, and a suite of associated models. The first section of the
chapter introduces the Shared Vision approach including its planning framework
and modeling efforts. The second section of the chapter evaluates the Shared Vi-
sion Model, beginning with its scientific qualities, followed by its integration and
display of key information, and its overall sufficiency for informing decision-
making. Documents provided for this review included:

. SVM 1— Evaluation Process Overview — a two-page broad descrip-
tion of the Shared Vision Model,
. SVM 2 — Shared Vision Model for the Design and Evaluation of Al-

ternative Regulation of Lake Ontario Releases into the St. Lawrence River — this
document includes the “Toronto Board Room April 24.x1s” spreadsheet file and 83
linked files. The linked files include:

o Contextual Narratives that describe scenarios of economic impacts on
commercial navigation, environmental effects, recreational boating and tourism,
land use along the Lower Saint Lawrence River, and hydropower;

o Regulation Plan descriptions; and

o Approximately 70 Performance Indicator fact sheets;

° SVM 3 — SVM Documentation Report — a six-page description of
the structure of the model.

The contextual narratives were provided as background rather than for review,
along with a document on “Preliminary Criteria and Metrics for the Plan Formula-
tion and Evaluation Group” and an “Informal Decision Tool Program,” a spread-
sheet file that provides an example of multi-attribute decision analysis. Staff mem-
bers of the LOSLR Study made slide presentations and engaged in a three-hour
question and answer period on the Shared Vision Model.

Shared Vision Planning and Modeling in the LOSLR Study

The LOSLR Study Board describes the Shared Vision Model (SVM) as “a uni-
fied computer simulation of the system” (SVM 1, p. 1; Werick, 2005). Its purpose
is to evaluate previously formulated plans and alternative regulation plans as they
are formulated. It is designed to be used by technical experts and stakeholders in a
collaborative planning process for which its advocates have coined the term

30
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“Shared Vision Planning.” An article reproduced on the U.S. Army Corps of En-
gineers’ Institute for Water Resources website describes shared vision planning as:

...deliberative, inclusive decision-making processes as the forum in
which to debate how water resources will be used among competing
ends. What is unique about shared vision planning, however, is how ana-
Iytical technical expertise and analysis is integrated into a collaborative
planning process. Through a structured planning process, an analytical
computer model of the water resource system, called a shared vision
model, is constructed with the participation of stakeholders. The shared
vision model is designed to be used by stakeholders themselves to de-
velop a mutually satisfactory water supply plan... (Stephenson, 2003, p. 1)

The U.S. Army Corps of Engineers introduced this approach to shared vision
planning in its 1995 National Study of Water Management During Drought IWR, 1995).
The approach consists of three elements: (1) a structured planning process, similar
to that described in the Economic and Environmental Principles and Guidelines for Planning
W ater and Related Land Resources (U.S. Water Resource Council, 1983) that states ob-
jectives and identifies problems and opportunities; formulates and evaluates alter-
natives; and displays effects of each alternative on each of the stated objectives; (2)
a collaborative, negotiation process involving stakeholders; and (3) use of scientific
and technical information through the use of computer models that accounts for
the complex linkages among various elements of the water resource system under
investigation (Stephenson, 2003). This last element of Shared Vision Planning is
the Shared Vision Model.

The LOSLR Plan of Study is the official document that authorizes and defines
the scope of the study (BACK 2). It was prepared by the IJC and approved by the
two governments. The Plan of Study contains directives that are consistent with the
three elements of a structured planning process, stakeholder collaboration, and
computer simulation models described by Stephenson (2003). The Plan of Study
mandated the use of a multiple-criteria rational planning model, similar to the one
in the Principles and Guidelines, which guides water resource planning by federal agen-
cies in the United States (U.S. Water Resources Council, 1983). The Plan of Study
directed the LOSLR Study to investigate existing criteria within the IJC’s Orders of
Approval, and to determine the requitements for establishing new criteria for im-
proved operation of the Lake Ontario-St. Lawrence River system. Existing criteria
were primarily related to economic effects and functional requirements, patticularly
of hydropower, commercial navigation, and flooding. In referencing the 1996
Scope of Work, the Plan of Study emphasizes the need to consider wetlands, other
environmental factors, and recreational boating interests, which had not been ad-
dressed in the original regulation plan. The LOSLR Plan of Study called for formu-
lation of alternative regulation plans and evaluation of them with respect to multi-
ple criteria, including both existing and new criteria that may be added. These di-
rectives comprise a structured planning process, which is the first element of the
shared vision approach.

The Plan of Study mandated the formulation and evaluation of regulation plans
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using a collaborative, negotiation process involving a wide range of stakeholders.
This process is the second element of the shared vision approach, it provided for
creation of the LOSLR Study Board and assigned the Study Board overall respon-
sibility for the Study. The Study Board’s 14 members, half from the U.S. and half
from Canada, are predominantly government personnel, academics, other technical
experts, and Native peoples. The Study Board was further authorized to establish
bi-national work groups to support its work. The Plan of Study (BACK 2, p. 13)
emphasized that:

Public consultation is critical to the assessment of plan criteria. It is
recognized that progress in addressing water levels issues is dependent in
large part on public understanding that most proposed solutions could
have consequences for others. To achieve this understanding, it is rec-
ommended that the major interests and the relevant public be involved di-
rectly in the studies, by the formation of an Interest Advisory Group...
The continuous involvement of all interests throughout the criteria review
process is critical to the success of the study.

The Plan of Study BACK 2, p. 76) also directed that computer simulation mod-
els would be used, i.e., the third element of Shared Vision Planning. It stated:

The evaluation of Lake Ontario regulation plans, the practicality of
proposed criteria, and the hydrologic impacts on the interests, require
computer simulation of water levels and flows of the Great Lakes—St.
Lawrence River system downstream as far as Trois-Riveres, Quebec.
...While separate computer models exist for different parts of the system,
and substantial progress has been made in the development of a coordi-
nated routing and regulation model for the upper lakes, additional work is
required to develop and integrate Lake Ontario regulation plan(s) and St.
Lawrence River components into the model to simulate water levels and
flows of the entire system (including the Ottawa River and other tributar-
ies).

The Plan of Study even specified the time step for the simulation: because Lake
Ontario outflows are regulated on a weekly basis, the computer simulation would
use a quarter-month time-step. In this specification is the recognition that effects
dependent upon shorter time periods would not be captured by models using the
quarter-month time-step. Therefore, the Plan of Study called for development of a
supplemental, two-dimensional hydrodynamic model for the St. Lawrence River
upstream of Cornwall-Massena from near Kingston to the Moses-Saunders dam to
simulate short-term effects on commercial navigation, recreational boating, envi-
ronmental questions, hydropower, and ice formation.

The Shared Vision Planning approach has been used in other venues prior to
its use in the LOSLR basin, including the following large-scale studies : (1) Reservoir
Operating Plan Evalnation (ROPE) Study for the Mississippi Headwaters (Cardwell et al.,
2004); (2) the Rappabannock River Basin Commission Water Supply Planning Project
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(Connor et al., 2004; Werick, 2000); (3) the Interstate Commission on the Potomac River
Basin (ICPRB) Water Supply (Hagen and Kiang, 2003); and (4) the .Alabama-Coosa-
Tallapoosa-Apalachicola-Chattahoochee-Flint (ACI-ACF) River Basins (Palmer, 1998).
These examples represent a subset of a much larger literature on adaptive water re-
sources management that has relevance for this study (e.g., NRC, 2004).

The LOSLR Study is commended for building upon this shared vision plan-
ning approach, and for addressing the three criteria described by Stephenson
(2003). The LOSLR Study attempts to integrate these criteria in an innovative wa-
ter resources planning process in the Lake Ontario-St. Lawrence River basin. Al-
though integrated water resources planning is increasing in scope and application
(e.g., NRC, 2004), the norm is still for scientific and technical analyses to be con-
ducted separately from one another and from various facets of public decision-
making processes and for models to lack transparency. These issues will be dis-
cussed further in relation to the Shared Vision Model, which is introduced below.

Shared Vision Modeling

As noted earlier, the LOSLR Study uses the term Shared Vision Model to de-
scribe a (1) planning process, (2) suite of sub-models, and (3) core simulation
model. This section describes the computer modeling. The structure of the SVM
consists of the suite of models shown in Figure 2-1 and described in general terms
in the LOSLR Documentation Report (SVM 3).

The heart of the SVM is a computer model (the “STELLA” model in Figure
2.1) that simulates behavior of the Lake Ontario-St. Lawrence River system to Ba-
tiscan, downstream of Montreal, for any given regulation plan and time series of in-
flows. The STELLA model gets its name from the fact that it was written in the
STELLA computer language. A simplified flow diagram of the simulation model
as the committee understood it is shown in Figure 2-2.

The decision or control variables in the model are given in a Plan of Regula-
tion that governs releases to be made from Lake Ontario through the Moses-
Saunders Dam under various system inflow conditions. That time series of releases
from the dam is then used to route a time series of quarter-month system inflows
through a water balance model for the Lake; the outputs ate a time series of lake
and river levels. Downstream tributary flows are added to the dam releases at
points of confluence to calculate time series of river flows and stages at vatious lo-
cations.

Flows are used within the STELLA model to calculate lake elevations, power,
and navigation benefits, which are forwarded to three other programs that evaluate
impacts on coastal, environmental, and recreation systems. Results from all four
models are then presented in a “Board Room” spreadsheet.

The Shared Vision Model also includes several research components that sup-
ported development of the simulation model and related calculations of economic
and environmental effects. Hydrologic and hydraulic (H&H) research activities
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FIGURE 2-1 Structure of the shared vision model. SOURCE: Werick (2005).
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FIGURE 2-2 Committee interpretation of the Shared Vision Model.

produced time series of quarter-month system inflows adjusted to account for lake
evaporation and other losses. Time series were generated for historical conditions,
for historical conditions adjusted for climate change, and for stochastic series in-
tended to represent probabilistically a wide range of possible future conditions.
The hydrology and hydraulic research also produced estimates of ice and channel
roughness and changes in temperature that may result from alternative plans. The
Committee received a teport on Lake Erie outflows (Fan and Fay, 2003) but did
not receive other documentation of the time series of inflows to Lake Ontario used
in the LOSLR study, and was not charged to review the hydrologic and hydraulic
work.

Research was also undertaken to establish relationships between water levels
and flows and important effects of regulation, namely municipal and industrial wa-
ter supply (M&I), recreational boating (Rec Boating), the environment (Env),
commercial navigation (Nav), coastal flooding and erosion (Coastal), and hydro-
power production (Hydro). The relationships established through these research
activities were used to build three sub-models. One is the Flooding and Erosion
Prediction System (FEPS), used to predict flooding and erosion along the coasts of
Lake Ontario and the river above the regulating dam. FEPS takes a time series of
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lake levels from the STELLA model (passed through the Board Room) to calculate
a time series of (1) erosion of developed land that has no shoreline protection, (2)
costs of maintenance and repair to land that has coastal shore protection structures,
and (3) flood damages. A second sub-model, the River Shore Protection Model
(RSPM), calculates impacts and costs of erosion of existing shore protection below
the Moses-Saunders dam. The third sub-model, the Integrated Ecological Re-
sponse Model (IERM), uses relationships established in the environmental research
program to estimate a large number of environmental performance indicators re-
sulting from a given regulation plan and a given time series of lake levels. FEPS
and IERM are reviewed in chapters 3 and 4, respectively; the RSPM was not sub-
ject to this review.

The Board Room is a spreadsheet file. It takes the simulated time series of
hydrologic attributes from the STELLA model and sends them to the FEPS,
RSPM, and IERM models to estimate effects on performance indicators. It then
receives results from those sub-models, and prepares statistical summaries as
“...requested by decision makers and stakeholders, including average annual, worst
case, persistence of bad performance, etc.” (SVM 3, p. 2). The Data Warchouse
stores alternative time seties of inflows for use in the SVM. The Control Panel is
described as “...a spreadsheet file that helps the SVM user design new regulation
plans...” (ibid, 4). It also provides the user with options from which to select a
time series of inflows stored in the Data Warehouse as an input to the SVM. The
Data Warehouse and Control Panel were not included in this review.

Brief Description of Regulation Plan Options

The primary purpose of the LOSLR study is to formulate regulation plan op-
tions for the releases from Lake Ontario and the upper St. Lawrence River through
the Moses-Saunders dam. The Board Room includes information on seven plans
formulated and evaluated in detail. Brief descriptions of the plans included in the
Board Room are:

e Plan 1958 D — the plan that went into operation in October of 1963;

e Plan 1958 D with Deviations (Plan 1958DD) — Plan 1958D with devia-
tions that the Control Board has been using in recent years to cope with outcomes
it considered to be unacceptable;

e Plan A (also known as Cornell V) — described by the Study Board as “the
balanced economic plan,” (Available on-line at h#p:/ /www.losl.org/ PDF/ 17062005 _
NewsR-EN.pdf. Accessed August 7, 2005).

e Plan B (also known as Naturallly) — described by the Study Board as, “the
balanced environmental plan” (Available on-line at A#p://www.losl.org/ PDF/
17062005_NewsR-EN.pdf. Accessed August 7, 2005).

e  Plan D — described by the LOSLR Study Board as, “the blended benefits
plan” (Available on-line at h#p:/ /www.losl.org/ PDF/17062005_NewsR-EN.pdf. Ac-
cessed August 7, 2005).
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e Plan E — The Pre-project Plan with Ice Limits incorporates historic pre-
project winter ice retardation effects on pre-project flow.

e  Plan 1998 — versions of the plan proposed in 1998 that was rejected by
the IJC.

Outcomes from the current “Plan 1958 D with Deviations” (or Plan 1958DD)
wete used as a baseline against which other plans were compared. Although this
review does not comment on the specific regulation plan options listed above, it
does note here and discuss below that the plan formulation process appears to have
focused on specifying release criteria to accommodate future hydroclimatic scenarios
under current economic and environmental conditions. Plan formulation does not
appear to have focused on provisions for monitoring, testing, evaluating, and, if
necessary, adapting plans and criteria to changing conditions and priorities.

EVALUATION OF THE SVM
OVERALL FINDINGS AND ACCOMPLISHMENTS

The overall strength of the SVM is its ability to support multi-stakeholder de-
cision-making with data-driven comparisons of tradeoffs among the economic, en-
vironmental, and social effects of regulation plan options. The inter-disciplinary
scope of inquiry of the SVM and its inclusive approach will likely serve as an im-
portant case study for other large-scale, multi-interest, water resources planning
projects. These SVM strengths, however, are undercut by the poor model docu-
mentation that leaves unanswered many questions of the rationale behind unex-
pected modeling choices, methodology, treatment of model error and uncertainty,
and whether the SVM in fact is integrating scientific and economic components in
a technically and scientifically sound manner. A more detailed evaluation of the
SVM follows that corresponds with the three charges in the statement of task: sci-
entific foundations, integration and display of key information, and overall appro-
priateness and sufficiency of the SVM to inform regulation plan decision-making.

EVALUATION OF SCIENTIFIC METHODS, ASSUMPTIONS,
AND SUPPORTED FINDINGS

Charge A of the statement of task focuses on the extent to which the studies
and models reflect reasonable scientific methods, assumptions, and supported find-
ings. Three evaluation criteria are used to assay the scientific foundations of the
SVM: empirical foundations, quality assurance, and treatment of risk and uncer-
tainty.
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Criterion 1: Empirical Foundations

The primary purpose of the SVM is to convey how changes in lake level and
river flow will impact a variety of other dependent conditions in the LOSLR system
(e.g., wetlands, recreational boating, flood damages to property, etc.). To fulfill this
purpose, the SVM is designed to draw from several empirical bases, the majority of
which are either not subject to this NRC review or are reviewed in subsequent
chapters of this report. Therefore, this section focuses on three specific empirical
issues: lake level calculations, use of regression analysis for modeling the St. Law-
rence system, and assumptions about related processes and trends within the

STELILA model.

Single Lake Level Calculation

Water levels and flows in the LOSLR system are generated using hydrologic
time seties input from a limited number of points in the lake and the river. The in-
put flows used by the SVM were generated from (1) historical records adjusted for
current diversions, (2) historical flows adjusted for climate change, and (3) stochas-
tic flow series intended to probabilistically represent a wide range of possible future
conditions. Most input flow evaluations were based on 101 years of record (4,848
quarter-months). A stochastic sequence of flow for 50,000 years was generated
and, from that sequence, 101-year records of very wet and very dry centuries were
selected to evaluate plan performance under extreme conditions. IJC documents
do not discuss how flow sequences were generated or why 101 years was chosen as
the length of record. Stochastic time series would normally include multiple reali-
zations that can be used to generate probabilistic model outputs, but documenta-
tion did not indicate that multiple realizations were used in the LOSLR application.

The STELLA model produces a single water elevation value for Lake Ontario
for each quarter-month time period. This STELLA model value must be accurate
for the SVM to function reliably because it is used in other models as input for wet-
lands, fauna, erosion, and bathymetric calculations. One problem in using a single
value in the quarter-month time step is that Lake levels can be more dynamic than
this value can capture. For example, the average change in water elevation of Lake
Ontatrio may be as much as 20 cm in one week (b#1p://wwwglerl.noaa.gov/ data/
now/ wlevels/ levels.html). 'This large range in water elevation values is nonttivial be-
cause erosion and ecological models use the average values to calculate coastal and
environmental responses, respectively. Although some of the sub-models generate
variable water level conditions from the average values, any inaccuracies in the av-
erage water level values would propagate through the erosion and ecological model
outputs and the SVM. It is therefore surprising that the SVM documents do not
report on how the accuracy of average water level values is determined, or how
sensitive the other models are to the accuracy of this value.
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The problems of relying on a single water elevation value for Lake Ontario can
be summarized in three points. First, water level data are available at multiple loca-
tions on Lake Ontario and at a finer time step than quarter-month period. The de-
cision to calculate a single model output for a larger area and longer time period
needs better justification. Second, the coastal and environmental models use these
less precise single value quarter-monthly outputs to calculate finer-scale water level
and wave processes in different areas of Lake Ontario and the Upper St. Lawrence
River. Third, those finer-scale hydrologic scenarios are subsequently used to calcu-
late a chain of environmental, coastal, and economic impacts. Thus, the decision
to use a single lake-wide water level value needs fuller explanation and an
analysis of the accuracy of a single water level value in the SVM and sub-
models.

Use of Regression for Modeling the St. Lawrence System

The STELLA model calculates river water levels and flows at a limited number
of points based on regression equations (Fan and Fay, 2001, 2002, 2003). Regtres-
sion analysis is straightforward and inexpensive, which may be the reasons it was
chosen for use in the LOSLR work.

Several questions remain unanswered with respect to regression analysis in the
SVM. First, why were regression analyses used to a greater extent than conven-
tional hydraulic models? Given that hydraulic models are empirically feasible, and
were recommended in the Plan of Study (BACK 2), it is unclear why the SVM relied
more heavily on a different and less accurate water level calculation method. Sec-
ond, how were the regression analyses developed, and how accurate were the re-
sults? Regression is a common statistical tool that is described by standard statisti-
cal descriptors, such as 1> and confidence intervals. These descriptors are not in-
cluded in the SVM documents, and no measures of accuracy or reliability are pre-
sented to support the regression analysis approach. Without proper documentation
of the development and accuracy of the regression analyses, and the relationships
between the STELLA model and the hydrodynamic modeling, it is not possible to
render a judgment about the adequacy or accuracy of the regression approach. In
fact, regression could lead to inaccurate results, which spurs concerns about the use
and application of regtession analyses in the Shared Vision Model. The ways that
lake and river hydraulics models and regression analysis were used with the
SVM need additional justification to defend their selection and application.

Assumptions about Related Processes and Trends within the
STELLA Model

The SVM has the ability to support multi-stakeholder decision-making using
tradeoffs among economic, environmental and social effects of water level regula-
tion. However, the reviewed documents suggest that related socioeconomic trends
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and their possible feedback on system operation were not incorporated into the
SVM. For example, population, land uses along the coastline, and demands for
commercial navigation and recreational boating were specified externally. For the
most part, values for these variables were fixed at current levels such that it is not
possible to determine the effects of water level and flow regulation on these proc-
esses. Also omitted from the SVM analysis are the impacts of changes in externally
specified water demands and land uses on the economic and environmental pet-
formance indicators modeled under alternative regulation plans. These deficien-
cies in socioeconomic analysis, forecasting, and scenario construction limit
the long-term utility of the SVM, and the influence of dynamic socioeco-
nomic factors on modeled output variables must be treated more fully.

Criterion 2: Quality Assurance and Quality Control

Model verification and sensitivity analysis are commonly used to compute and
report model accuracy. Sensitivity analysis determines model parameter effects on
model results and assesses model uncertainty, but sensitivity analyses of the SVM
were not presented in the review documents. IJC documentation (SVM 3) states
that validation and verification of the SVM involve a system of internal, self-
assessments by the Technical Working Groups responsible for the development of
each sub-model. Questions in these self-assessments included the following (SVM

3,p.5):

e “Is the underlying research trustworthy?”

e “Is this the information you [stakeholders] were looking for?”
e “Is this information being interpreted correctly?”

e “Is a 101 year average a misleading metric?”

Although these questions are important, they indicate a different approach to
validation, and it is unstated as to why these types of questions were used in lieu of
traditional model validation, verification, and sensitivity analyses that would quan-
tify inaccuracies due to underlying computational components, incorrect model
choice, inappropriate approximations, or pootr parameter estimation. Expanding
the validation process to include these types of more traditional methods of model
verification would yield greater levels of confidence in the SVM and its sub-models.
To give the highest confidence that the SVM and its sub-models are accu-
rate and perform as designed to meet model expectations, traditional valida-
tion and verification methods should be employed and the results should be
presented for formal external peer-review.

Criterion 3: Treatment of Error and Uncertainty

Treatment of uncertainty in the SVM raised questions similar to the treatment
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of model validation (Criterion 2). Overall, uncertainty aspects of modeling have
not received adequate attention; a consistent approach is needed to deal with vari-
ous aspects of uncertainty but is not presented in the SVM materials. An exception
to this overall finding is the sound approach found in the Cornell V modeling pro-
cedure. In this procedure uncertainty about future inflows was accounted for by
dividing historic inflow sequences into five categories from very dry to very wet
(SVM 2, 2005). Probabilities were assigned to each category based on relative fre-
quencies in the historic record. That process was repeated for each initial lake level
and each future flow sequence. Results are used to find the release that minimizes
the expected deviation of performance indicators from established targets and lim-
its and are attempts to account for random uncertainties that affect water supply by
including synthetic input data, e.g., “stochastic’”” and “climate change” series, in the
analysis.

The SVM wotks via input/output connections among environmental, engi-
neering, economic, and scientific data and models. These connections provide an
opportunity to track etror and uncertainty throughout the entire SVM structure
(Figure 2-1). However, the SVM model and sub-models have been run determinis-
tically and have not analyzed errors and uncertainty propagated through the model-
ing system to the outputs used to compare regulatory plans. The SVM Board
Room displays scatter plots for some variables, and it has links for contextual nar-
ratives that address uncertainty in qualitative terms, but it lacks a comprehensive
framework to assess uncertainty among its interacting models. The LOSLR Study
should inform decision-makers about the ways that uncertainties were, and
were not, addressed in the Shared Vision Model, and provide a detailed dis-
cussion of their relevance for decision-making.

Summary of Scientific Methods, Assumptions,
and Supported Findings

In summary, the scientific foundations of the SVM present questions that will
need to be addressed before determining whether the SVM is scientifically sound.
Some of these questions can be addressed through more thorough documentation.
Others require more substantial work to strengthen the scientific basis for using the
SVM results in decision-making. Specific recommendations to improve the scien-
tific foundations of the SVM include the following:

e  Hydrologic time flow series need better documentation as to how they
were composed

e The decision to use the quarter-month time step needs more thorough
explanation, examination of its use and interpolation in environmental and eco-
nomic models, and better defense of its accuracy

e  The influence of socio-economic factors on output variables of interest to
the stakeholders needs to be considered more fully

e  Standard practices for model calibration, validation, and sensitivity analy-
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sis must be implemented in the SVM system with better documentation and clearer
explanation

e A process is needed to treat uncertainty in ways consistent with standards
of modeling practice.

INTEGRATION AND DISPLAY OF KEY INFORMATION

The second charge in the statement of task probes how well the SVM studies
and models integrate and present key information for use in the regulation plan de-
cision-making process. Display and integration of information in the SVM were
evaluated using these criteria: (1) linkages and feedbacks among related studies,
sub-models, and external factors, (2) resolution of spatial and temporal scales, (3)
thorough documentation, and (4) effective scientific communication.

Criterion 4: Linkages and Feedbacks
among Related Studies and Models

Integration and linkages among the SVM sub-components may be the most
important aspect of the SVM structure. The SVM is composed of several levels of
information: empirical research data support a range of sub-models; these sub-
models provide analyses and values for hydrologic, environmental, and economic
variables; and the STELLA model and Board Room integrate output from other
sub-models. This structure depends upon smooth integration among all of its
components, strong linkages between the models and the Board Room, and feed-
back from exogenous factors, such as economic and demographic trends (Figure 2-
1.

Internal and external problems are noted with SVM integration and linkages.
Internal problems relate to linkages between the SVM and its sub-models and a
lack of feedback between the SVM and other sub-models. For example, there are
missing links between bathymetric models and environmental models (see Chapter
4 for environmental sciences modeling discussion), and the STELLA model quar-
ter-month output is used in environmental models that were designed with daily
time steps. The introduction of error due to the lack of model feedback is unexam-
ined, but could be significant. The SVM and its sub-models need better integration
to limit error and provide important feedback.

External problems relate most strongly to alternative economic and demo-
graphic scenarios that will be relevant for the water regulation plan that replaces
Plan 1958DD. For example, the changing socio-economic context of the LOSLR
system will influence demands for various services from the LOSLR system (e.g.,
municipal water supplies, recreation, navigation, ecosystem services, etc.), but the
SVM does not incorporate these scenarios in its structure. Likewise, socio-
economic factors relevant to water level regulation (urban runoff will affect wetland
restoration and net benefits even if water levels are favorable) are not well de-
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scribed or incorporated in the model structure. These issues are briefly outlined in
conceptual narratives, but they are not modeled. More robust linkages among
the SVM and its sub-models, and integration between empirical research,
exogenous factors, and SVM models are needed.

Criterion 5: Spatial and Temporal Resolution and Scaling

Variable water levels and flows within the LOSLR system need to be deter-
mined at appropriate temporal and spatial resolutions for the entire system in order
to assess the effects of changes in those levels and flows. As discussed above, the
STELLA model generates water levels and flows in quarter-monthly intervals. The
Flooding Erosion and Prediction System, the Integrated Ecological Response
Model, and other environmental sub-models use water-related information on
shorter time-steps. These time-step differences were partially recognized at the
formulation phase of the study, but the decision was made to proceed with a quar-
ter-monthly model because Lake Ontario outflows are regulated on that basis.
Some efforts were taken to mitigate effects of inconsistency among different time-
steps. Information about a 2-D hydrodynamic model developed for the upper St.
Lawrence River and details regarding its calibration and validation were not pro-
vided for NRC review (BACK2; LOSLR Study, 2005, p. 20). In some cases, algo-
rithms were developed to superimpose shorter-term vatiability on quarter-month
averages and to introduce spatial variability (Fan and Fay, 2001, 2002, 2003). Even
so, the quarter-monthly time step creates problems of temporal resolution with
other components of the LOSLR and SVM that operate on finer temporal and
geographic scales than those generated by the STELLA model. The amount of er-
ror introduced by these differences in temporal and spatial scales between the
STELLA model and other SVM sub-models is unknown. Too many critical proc-
esses, including environmental and shipping impacts, occur on shorter time frames,
and the reconciliation does not seem adequate between the shorter time frames in
some model subsystems and the quarter-month intervals in the SVM.

Criterion 6: Thorough Documentation

Documentation of the SVM created systemic problems for this NRC review.
Few materials describing the SVM were presented for review. Of those materials,
some reports were incomplete, and some of the modeling components were not
operable. These documentation problems limited the review committee’s ability to
test and fully understand the design and operation of the SVM and its sub-models.
One example of the documentation deficiencies can be seen in the main report on
the SVM, a 6-page document entitled, “SVM 3 SVM Documentation Report.” The
last sentence of that report states, “...the following pages list the equations, equa-
tion documentation and embedded array data from the STELLA model, the main
component of the SVM,” but the report ends without listing the equations or
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documentation of the STELLA model.

The limited access to and poor documentation of the inner workings of the
STELLA model raised questions about how the model is programmed and how it
incorporates stakeholder participation. In addition, the accuracy of the resulting
calculations could not be verified. The equations that comprise the SVM mod-
els need better documentation to convey the model structure and logic.

The SVM Board Room includes descriptions for four regulation plan options
and analyses for several others. During the time of the NRC review, the IJC was
presenting three possible regulation plans for public comment, referred to as Plans
A, B, and D. Although this review does not comment on the plans themselves, it
does note that plan descriptions vary in level of documentation on the Board
Room spreadsheet. For example, Plan A has a full description of the optimization
model used to find the current quarter-month release by minimizing the percentage
deviations from specified upper and lower targets for the performance measures
over the next year (48 quarter-months). It indicates that the target levels come
from the Public Interest Advisory Group presentations at public meetings in sum-
mer 2004 (see Cornellreport.doc and PIAG_Yr4_Draft_17.ppt). By comparison,
the two-page description of Plan B provides limited insight into how that plan was
derived because details were not included, and Plan D is not clearly described at all
(Toronto Board Room April 24.xls [SVM 2]). Any plans presented for consid-
eration should be described in a detailed, consistent format.

The state of SVM documentation raises serious questions as to how effective
the SVM can be in generating a shared vision. One of the difficulties with plan
documentation, and SVM output documentation more generally, is that the models
were continuously adjusted over the course of the NRC review. These refinements
made it difficult to keep up with current model versions, specifications, output, and
documentation. The incomplete documentation is particulatly troubling because
some aspects of the SVM are very complex and need explanation to be transparent
and comprehensible to outside, interested parties. More thorough documenta-
tion of the SVM is needed to convey transparency, specifically on the ra-
tionale for model choices, methods used, treatment of error and uncertainty,
and resolution of spatial and temporal scales.

Criterion 7: Effective Scientific Communication

The primary venue for communicating information in the SVM is the “Board
Room,” a spreadsheet that displays the effects of regulation plans for visualization,
deliberation, and further modeling decisions by the LOSLR Study Board. Through
the Board Room, output from the Integrated Ecological Response Model, the
Flooding and Erosion Prediction System model, and other models are compiled,
displayed, and communicated. The Board Room displays information about the
results of scientific studies and models, and to some extent how those results in-
formed decisions about regulation plan formulation and evaluation in the SVM
process. It thus provides a partial basis for assessing the appropriateness and suffi-
ciency of the scientific studies for informing further decision-making. The Board
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Room also houses and displays some background memos that have guided the
LOSLR Study. Compared to other SVM materials reviewed, the Board Room of-
fers a broader perspective on the appropriateness and sufficiency of the Shared Vi-
sion Model because it presents a wide range of comparative information on effects
of regulation plan options on performance indicators.

The Board Room has a clearly organized home page consisting of five broad
columns: Descriptions; Plan results; Levels and flows; Guidelines; and A Closer
Look (at mitigation, climate change, and other issues) (Figure 2-3).

It also indicates the array of documents, tables, graphs, and diagrams devel-
oped to compare the potential effects of different regulation plan options, includ-
ing the following information in Figure 2-3:

e  Plan Descriptions (column 1)

e  Criteria Metrics Description (column 1)

e Plan Results by Regions (Economic benefits and environmental benefits
by region. These results are based in part on group workshops held in Montreal,
Brockville, Burlington, and Syracuse) (column 2)

e  Plan Results by Interest (coastal [flooding, erosion/shote protection], rec-
reational boating, commercial navigation, environment, and hydropower stability
and predictability) (column 2)

e Plan Results, including: environmental performance indicators results;
economic performance indicators results; and social performance indicators results
(the hydropower link was not live in the current version) (column 2)

e  Study Board Screening Factors (a list of 21 factors points used by board
members to evaluate each plan) (column 1)

By presenting water level effects in these manifold ways, the Board Room of-
fers detailed and, in some measure, transparent insights into the types of informa-
tion used to make comparisons among potential plans. Similarly, the Board Room
presents many different ways of visualizing these data including:

e tables of impacts
e  circular ratio plots of multiple performance indicators (Figure 2-4)

e 2D graphs of overall results [-1,-1 to 1,1] (Figure 2-5)
bar graphs.

Many of these displays are creative and useful. Some, like the circular ratio
plots, allow comparison of a wide suite of performance indicators (Figure 2-5),
while others present data aggregation problems that will be elaborated in chapter 4.

Although the Board Room is an excellent idea for communicating the results
of the SVM modeling process to decision makers and stakeholders, it does not yet
live up to its full promise. For example, the Board Room lacks an introduction on
its homepage or a detailed user’s manual, and it has some broken links. More sub-
stantively, some of the broken links are on important and relevant aspects of the

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/11481

Review of the Lake Ontario-St. Lawrence River Studies

46

(2 NAS) SIX'{g Iudy Wooy pieog 0juoio |

WooyY pleog :30HNOS 'Sdedjul WOoY pleog 8yl €-¢ Jd4NOId

g

_ » _ 123140 v.. SAMIE IR [EN3XaII00

ARNWWOD ¥ [EIa3UaD)

siajaid A4

<T&eT=

FE
£E
ZE
TE
og
3
82
L2
9z
52
¥z
bnoag >4
pue spooj uoibay Ag
1salaqul Ag ZZ
Tz
IsIN-o8y) paeog suonnqulsig euajD oz
saujaping | 6T
eT
saouanbas ipalinbay Aupqeyipaid 5103004 buluasaiag | it
Alddns jualayiq uonebiyp pue Ayjqeis S3nsay Id |eloos pieog Apmig
Els
Ajpgeue ss07 ST
>mmm>_m:¢_ pue abueyo Jear Ag ajyeuoiuodoidsig Sanpe.Len
Hanisuag |enxajuod
ajew)o 03 sydepy
T
Sasso sjnsay suonduasag B
su011e007 Ay W mum:n_tonn._n_mn_m apeasaq Ag 1) SRR mu_.:m__.b m._._mu_._u
ZT
ydeaboaphH synsay T
eualD AsY 1y syauag 18N ok 1 [ E] suonduasaq Id
| 0T |
s1d AaY W |eatbojoag sasealay "sA s||aa [LEELYs) suonduasag ueld| &
2
ACOT H3ISO1D ¥ SANITFAINS SMOTd ® 813A31 S5171NS3d NV 1d SNOI1LdTdDs3a | £
9
5
BIEQ UE|d PUE SUE[d Sene] qosROWY pPre Sp0] 18 tof +
- ey rwmwasiron |l PO 1eoq
= S0-4dy-pZ 7 |
— I T [ ] I 3 I I ) [ @ T ¥
X 8@ T + dpyuogjuogsanb eadd) dieH  wmOopuURy  BR0 S00] W04 MRSl MR I3 9g _|_m_

S|%'HZ [1ady WOooY p4eog 0JUodo] - [2I43 JJOS0400 m

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/11481

Review of the Lake Ontario-St. Lawrence River Studies

47

pieog :304N0OS

‘(2 WAS) siX' 2 |udy wooy pleog 0juoio| ‘Wooy
‘wooy pleog ayj ul siojedipul douewlopad ajdiyinw jo sjoid onel Jenaal) -z 34N9I4

za.m_| _ _v_E 5)[MSaYy ®epur “SpUB.LAUT ¥ ®epul AUg j 33AU3 ¥ AUY SIESLIE[O]
Py
(daAld Jam07)
uwiag jsea
160 1EVGEY 8Aalanposdal - ([a0M) J8UYS 8|pLg
(oueu0) oA om0 mD_H 1EHGEY m;_mn_%En_E - 8jnL [IBYsYos Auds
12y Bury ! OT'T  este aagonpoided - (3dwy) J8EQ] pUES L183sE]
dayeq pues uiajse3 00T #apul aaonpoldsl - waiyg jsean
E6'D 1Engey Buipasig pauaiaid - (13vd) 1Bd Bury
50'T  1eugey Buipsaiq padaiaid - (ONOD) [1BY mojEA ]
¥R wapul anjonpoadal - {INHI) Wiel 32eg
140 ®apul salanpoidas - (X3x1) wag ysea
18R 1amM0 Qasee6T 01 50138y
(oneiun) apny jaysyos Auyds
ey MojR N ToToET A
SEE[T Ag
15)jauaq aas 0S|e ued hoj
vm 56T
2661 |  sewoads Jop 580D
, Hmomumm ueid yoes moy
(oueuQ) - S| SMOYS yaesh s
ulal yoeld (1aA1d Jamo) saioos|
4aulys ajpKd Q08561 03 584035 WyS £AMIUD URd 40 S00Ed| £
35U 1e sepadg Bl
(oneju0) ! & % !
udalyg 1sean \ o . e.% \_.;’E_.l : .,_
— T S
m [ Bl [ r [ i ] H | 5 [ E] [ 3 a [ 3 | ] ¥

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/11481

Review of the Lake Ontario-St. Lawrence River Studies

48

(2 NAS) sIx'¥Z |ludy Wooy pieog 0Juoio| ‘Wooy pieod :304NOS
‘awl e je ueid auo pajuasaid eusyuo sidiinw Joj ydelb uoneinp ‘Ajueass ‘Aousnbaiq G-z IHNOI4

_|=4 _ﬂ_. EGgTaY AUFOLEIUG M4+ M
= 1999 asIoOpA ) 6
< p LT (e
"
L+ A T6
fiuo| 1o 06
81an3s $5a| Inq juanbay E5 |
ED'D BT'0- MONUED |[B18AD s e OM CE]
£T0 8R0S ILEEEET = ]
10 600 BAO AEH % ]
6T'0- £0°0-  m0lag [B5E0) g 58
00T~ 95°0- 300y [BSEnD o I 5 +8
0z'0 02'0- LUEERDE] THp R £B
0Ot'0 59°0- a0ty AU v A 4 ]
ET'0- 000 #h0[28 CIPAH m | I8
20°0- 080 A0y CUPAH 23] @ 08
o0'n 60°0- LWEER=R T 13
ST'0- 0T'0- anoy g4 juanbay 1a661g 1o = 8L
E10- £E0- w039 Tl 538 puE da|ews 18Buo| Inq wanhay L
L00- £DD 4007 I8 . “iBuoys Ble saunjeS £50] 8l s8in|8 0L
A X } L
—‘-—.. —‘+ JE0gaey 4
. |
(L Jasa)) miils A | EL |
KO)FAY |- S| ANIGEIE) UD 351084 3L pue (AL J3kA0)) MO([RA) G 0- S 23U3NISNA UD 31035 JS100 #
ayl fya)taddn) smojak aul w1 24023 (jelaso ayl  asuewopad pool Aas e 10U S1SILL ; ]
, [
LUEP 8Ul MO|] PUB 8A00E 441 oBe J0) BUalld pasodold 1o} 81023 uolelln efelsae ‘ueid sug Jass| UGiH | o n N BEE
IE]
99
E 59
m @ [ ™ 2 e an e e ol [ [ ¥

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/11481

Review of the Lake Ontario-St. Lawrence River Studies

Shared Vision Model 49

SVM including climate change, mitigation, sensitivity analyses, and water supply se-
quences. In addition, it lacks an archiving function of the regulation plan options
that were formulated and evaluated. This archive function would improve the
transparency of the SVM process, and enhance its long-term value for water man-
agement. Therefore, the Board Room should present information on the un-
certainty of the SVM data, analyses, and comparisons; and it should “ar-
chive” model runs that revealed model weaknesses and regulation plan op-
tion strengths and weaknesses.

Summary: Integration and Display of Key Information

Four evaluation criteria were used to assess how well the SVM integrated and
presented key information: model linkages, spatial and temporal scale resolution,
model documentation, and effective scientific communication. Overall integration
among internal SVM components and feedback with external factors, such as
socio-economic factors, were found to be lacking. Model linkages were found to
be problematic both for internal linkages within SVM components, and for external
feedback of exogenous factors (such as socioeconomic factors) into the SVM. Spa-
tial and temporal scaling present challenges for the SVM because the STELLA
model produces water levels and flows per quarter month time step while many of
the SVM sub-models operate on a much shorter time step. In addition, dispatities
in reporting economic and environmental indicators constrain stakeholders and de-
cision-makers’ ability to weigh these outputs intuitively. Inadequate documentation
of the SVM was systemic. It was manifested in: (1) lack of information about the
equations incorporated in the STELLA model; (2) incomplete SVM models and
sub-models that precluded off-site execution; and (3) inadequate description of the
development, selection, and elimination of alternative water regulation plans. The
inability to determine what was done, how the SVM was constructed, and the ra-
tionale behind many unconventional approaches reflects a failure of the SVM to
achieve the overall goal of transparency of the modeling process.

Recommendations to improve the integration and display of key information
in the SVM follow.

e Linkages among SVM sub-models should be strengthened
e Teedback between exogenous factors needs to be strengthened in the
SVM structute
e In cases where temporal and spatial scales are different, efforts should be
made to improve compatibility, or to more clearly present the error and uncertainty
created by scaling issues
e SVM documentation should be improved, at a minimum, in the following
ways:
o Better description of the SVM and its role in the development, selec-
tion, and elimination of alternative water regulation plans, and
o Clearer rationale behind choices different from those of standard
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practice for methodologies of model development and its use in plan formula-
tion and evaluation.

OVERALL APPROPRIATENESS AND SUFFIENCY
TO INFORM REGULATION OPTIONS

Charge C in the statement of task questions the extent to which the models
and studies are sufficient and appropriate to evaluate the various regulation plans
and the impacts of changes in water levels and flows in the LOSLR system. Three
evaluation criteria are used to address this charge with respect to the SVM: breadth
of inquiry and scope of the SVM, its balance between scientific and practical pro-
fessional approaches; and identification of future studies needed to fill information

gaps.

Criterion 8: Breadth of Study Scope

The SVM and its related planning process involved over 150 scientists, nine
Technical Work Groups, a Public Interest Advisory Group, numerous stakeholder
meetings, and a management structure of engineers and planners. It sought to ex-
pand the scope of water regulation planning to address hydrologic, environmental,
and economic processes on timescales ranging from hours to decades and spatial
scales ranging from meters to hundreds of kilometers. By historical standards in
Great Lakes water regulation, it achieves an unprecedented breadth of scope in its
coordination of various management aspects of a complex international water sys-
tem.

The SVM aims to facilitate a transparent process to replace water regulation
Plan 1958DD that includes inter-disciplinary approaches (as described in Breadth
of Scope in Chapter 1). The inter-disciplinary approach was used to ensure that the
selected plan best reflects the range of input received from the scientific, policy,
and public communities. Range of choice issues, as related to the scope of the
SVM approach, are identified as: 1) expanding the range of choice among regula-
tion plan options; 2) analyzing the range of choice among regulation plan options;
and 3) comparable treatment of environmental and economic effects of regulation
plan options.

Scientific Basis for Expanding the Range of Choice

The SVM expanded the domain of water regulation to consider environ-
mental, recreational, and coastal indicators, as well as established water uses. It also
formulated and evaluated a large yet unknown number of regulation plan options
that presumably expanded the range of choice. It did so through a multi-party
stakeholder negotiation and evaluation process that used the SVM. Although that
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process does not fall within the scope of this review, several points are pertinent to
the evaluation of the SVM.

In open session, LOSLR staff stated that participants were invited to submit
plans for evaluation using the SVM, but they do not appear to have provided de-
tailed technical guidance, directions, or tools to help stakeholders prepare candidate
regulation plans. It is possible that in such multi-party negotiations, the parties’ self
interest would motivate them to propose plans that they favor; other parties would
counter with proposals that they favor, and this could eventually lead to an explora-
tion of the feasible space for solutions. In such a process stakeholders may pro-
pose alternatives, examine results, “learn” about how the system might respond,
and iterate again. However, multi-party negotiation approaches may miss opportu-
nities for joint gains and alternatives that expand the range of choice significantly
beyond existing water regulation regimes.

The SVM Board Room includes mitigation measures, which constitute another
important set of ways to expand the range of choice by reducing losses and incteas-
ing net benefits. Approaches for incorporating mitigation analytically in the SVM
may involve non-structural as well as structural adjustments to water regulation im-
pacts (e.g., flood damages, see FEPS 8 for an example of structural mitigation).
They can involve (1) changes in a specific regulation plan that reduce a negative
impact; (2) measures applicable to all regulation plan options; or (3) a combination
of these two approaches. The Board Room includes a link labeled “Mitigation Re-
quired?” but that link is empty, so it is not clear if it encompasses the modeling op-
portunities noted above. The LOSLR Study has examined a large number of
alternatives that need to be documented to indicate the range of choice ex-
plored through the SVM.

Scientific Bases for Evaluating the Range of Choice—The Possi-
bility Frontier and No Disproportionate Losses

The process of evaluating and screening potentially attractive plans from the
overall set of possible plans is critical to the success of the Study. The number of
plans that were formulated through the 5-year Study was not presented for review,
although anecdotal estimates indicate that over 100 plans were developed and
evaluated. Several important steps in the SVM plan evaluation process remain un-
clear: (1) how it narrowed the universe of possible plans to the seven plans listed
on the Board Room, (2) how it narrowed those plans to the three candidate plans
under consideration, and (3) how the SVM was used for evaluating, screening and
selecting these alternatives (see Leger et al., 2005 for a draft account).

The SVM would benefit from a clearer presentation about how it was used to
evaluate the range of choice among regulation plan options. The Board Room
contains much evidence of evaluation (e.g., tables and diagrams comparing impacts,
and Study Board screening factors), but it is less clear how the Study Board evalu-
ated the range of choice among the emergent alternatives (Wescoat, 1987; White,
1964). This process can be pursued in a number of ways, and the SVM took sev-
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eral approaches. The Board Room spreadsheet includes a list of 21 screening fac-
tors used by the Study Board. Although it does not provide supporting informa-
tion about how those factors were applied to specific options, it does indicate the
importance attached to different evaluation criteria. It is still not clear whether the
SVM was used to identify the possibility frontier of feasible alternatives.

The Possibility Frontier. A “possibility frontiet” of efficient solutions (Co-
hon, 1978; Goicochea et al., 1982) can be depicted as a curved boundary that that
separates technically feasible plans (inside the boundary) from technically infeasible
plans (outside the boundary). In an illustrative case of two objectives, improving
the environment and increasing net economic benefits, plans on the boundary atre
efficient, in the sense that it is not possible to improve the performance for one ob-
jective without decreasing performance of the other (Figure 2-4). A possibility
frontier can also be developed for a multi-objective optimization problem, where
the boundary is a 3- or more-dimensional sutface. In either case, the possibility
frontier can be used as a guide for those who are charged with deciding among ef-
ficient plans. Although the SVM does not identify a possibility frontier of efficient
alternatives, it does enable evaluation of plans that are relatively better or worse for
different indicators, regions, and interests, which the Board Room displays in detail.
SVM materials do not document the process employed to formulate plans that in-
crease one set of benefits without decreasing others (i.e., Pareto-optimal type solu-
tions), or increase benefits for some without causing disproportionate loss to oth-
ers (though see Leger et al., 2005).

Disproportionate Loss Criteria. The SVM presents board members’ screen-
ing factors in a level of detail that is commendable. The Study Board uses the cri-
terion of no disproportionate losses, for instance, to eliminate water management
plans that produce unacceptable damages for one or more sectors, regardless of
benefits to other sectors. For example, IJC and LOSLR Study representatives re-
ported that the economically most beneficial plan, particularly beneficial to hydro-
power, was rejected because it produced disproportionate losses to the environ-
mental sector. The Board Room spreadsheet displays losses from selected plans,
but it does not provide a record of the versions of those and other plans rejected as
unacceptable, the progress made toward Pareto optimality through the SVM, the
quantitative criteria for judgments of disproportionate loss, or changes in those cri-
teria over time (though again see Leger et al., 2005). The IJC and the public would
be informed by knowing the range of choice defined by both possibility frontier
and loss criteria, as well as the record of tradeoff analysis made through SVM mod-
eling. It is not clear from the SVM documentation which tradeoffs were made
when various plans were screened, selected, or rejected. This information is crucial
to create a transparent process. The SVM plan evaluation process should
document the range of efficient and minimally acceptable plans considered
in order to facilitate informed decisions.
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FIGURE 2-4 The possibility frontier for regulation plans with two objectives.

Comparable Treatment of Economic and Environmental Aspects
of Performance Indicators

The LOSLR Study treats economic and environmental effects differently.
While it is acceptable to forgo a full multi-attribute utility theory model (that is, not
put economic and environmental indicators on common footing, whether via
multi-attribute utility models or via monetizing environmental indicators), envi-
ronmental and economic indicators should be treated in ways that enable proper
integration of the two types of indicators in decision making. For example, while
environmental performance indicators were subjected to an arbitrary “10% rule” to
assess their significance, economic indicators were not. There is no statistical or
practical justification offered for the decision to use the “10% rule” to express con-
fidence in the significance of environmental performance indicator ratios.

The environmental indicator ratios are problematic. Although ratios may
be reasonably well-behaved when used to evaluate plans that represent minor de-
viations from a baseline plan, they do not allow expression of variability and confi-
dence limits to assess whether differences between plans atre significant. In addi-
tion, the ratios were constructed in a variety of ways (sometimes aggregating before
and sometimes after forming ratios, using moving averages for some indicators,
etc.), which makes it difficult to compare dissimilar metrics across plans consis-
tently, leading to inconsistent and unstable ordering of plans (SAR 3A discusses
these issues nicely).

The Economics Advisory Committee raised a similar question about the
comparability (i.e., fungibility) of economic variables. Economic indicators,
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although not a specific subject of this review, are a major aspect of the SVM, and
the report of the Economics Advisory Committee (2004) was supplied to the
Committee as a background document. The Committee shares the Economics
Advisory Committee concerns about the treatment of economic factors in the
SVM. It is not clear from SVM documents which of the Economics Advisory
Committee recommendations have been implemented. For example, while the
SVM has “net benefits” as an evaluation criterion, it does not follow standard pro-
cedures for evaluating the time streams of economic benefits associated with alter-
native plans. A generally accepted method for treating economic consequences
over time is to use the present value of discounted benefits and costs over an eco-
nomic time horizon. The present value of discounted stream of net benefits over T
years (PVB) is defined as annual benefits (B) discounted by a rate that reflects eco-
nomic time preference (r) (EAC, 2004, pp. 5-6):

=T
PVB = X B,/(1+1)
i=1

In the SVM application, the time horizon is 101 years. Values of PVB can be
calculated for each 101-year sequence of inflows. Expected values of PVB could
be estimated as the average value of PVB for multiple sequences of inflows. In this
application, the 50,000 years of simulated flow sequences would provide about 500
possible sequences and 500 possible values of PVB. This series could also be used
to estimate a probability distribution for PVB.

By holding external economic factors at present levels, the Study appears to
have estimated only values of current benefits, By, under a range of possible annual
sequences. This value does not capture effects of changes in economic factors and
changes to physical and biological conditions over time.

The Study Board is aware of these issues (LOSLR, Year 3 Report, 2004, pp.
54-55). The coastal erosion performance indicator discounts future expenditures
on shore protection, which vary under different hydroclimatic and water regulation
scenarios (FEPS 7, pp. 23-7; and FEPS 14, p. 4). However, it is not clear how eco-
nomic time preference has been addressed across different economic sectors and
submodels in the SVM; and it is even less clear whether the present value of future
environmental changes has been considered (e.g., as matters of intergenerational
equity).

Because of problems with the way individual indicators were treated,
and the different ways in which environmental and economic indicators
were treated (e.g., the “10% rule”), the SVM output does not enable decision
makers to comprehensively weigh trade-offs between environmental and
economic indicators, as they will need to do in the absence of a fully formu-
lated multi-attribute model.
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Criterion 9: Balance of Scientific and
Practical Professional Approaches

Evaluating the balance between scientific and practical professional ap-
proaches in the Shared Vision Model is contingent upon its performance under the
other evaluation criteria, its constitutive models (FEPS, IERM, etc.), and its docu-
mentation. The constitutive models are discussed in chapters 3 and 4. This section
focuses on the balance achieved within and among the other evaluation criteria.
Each criterion has scientific and professional aspects, but the main scientific
evaluation criteria employed in this review focus on empirical foundations,
QA/QC, and treatment of error and uncertainty (Critetia 1, 2, and 3). Critetia 4
and 5 on study linkages and feedback, and spatial and temporal resolution, respec-
tively, have strong scientific as well as practical professional roles in the LOSLR
Study. Documentation, communication, and breadth of study scope criteria are
common to both practical professional and scientific approaches. Two examples
of the balance in the SVM are presented: one is drawn from the scientific criteria
(Criterion 2) and the other from the practical professional side (Criterion 6).

Peer review is a standard scientific practice (Criterion 2). According to SVM
materials, the SVM was to undergo two rounds of review: an intensive internal re-
view and now this NRC review at the end of the study. The internal “peer” review
is described in SVM documentation (BACK 6):

The Shared Vision Planning (SVP) process provided perhaps the most detailed
and intensive collegial review in that all the research and data was incorporated into
the SVM. All the scientific and technical information had to be encoded as algo-
rithms in the model, and each part of the model was validated independently.

Through the course of this NRC review, however, it became clear that the
SVM was likely neither “validated independently” nor presented for external peer
review in refereed publications. Peer review among practitioners and scientists in
refereed publications would have given strong indication as to whether the SVM
has struck the important balance between the scientific and practical professional
approaches.

Documentation is standard practice for scientists and practitioners alike. It is
used to explain methods, analyses, and treatment of error and uncertainty within
and across different audiences. Problems with SVM documentation have been
noted (see Criterion 6). These problems contribute to a lack of clarity and under-
standing about why certain decisions were made, such as the choice of regression
analyses or rationale for using a single lake water elevation. These decisions, if bet-
ter defended in stronger documentation, could have shed light on the balance be-
tween scientific and practical professional approaches in the SVM. However, this
balance cannot be duly assessed without improved documentation.

Remedying the lack of documentation and quality assurance is neces-
sary to assess the overall balance between scientific and practical profes-
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sional approaches in the SVM, and in some of its specific modeling choices
and applications.

Criterion 10: Identification of Future Study Needs

The LOSLR Study was initially planned to span five years. Now at the end of
its 5-year life, the enormous amount of work and resources expended on the SVM
development will be put to the best use over a multi-decadal time line. The history
of the current single static plan, Plan 1958DD, demonstrates the need for flexibility
and adaptability in water regulation in this dynamic watershed. However, future
study needs were not explicitly identified in SVM review materials, and the LOSLR
Study would benefit from a long-term plan that identifies future needs and poten-
tial changes. In support of the SVM being used over a multi-decadal time scale to
assess changes in performance indicator responses to water level management,
three needs are identified: revision and maintenance of the SVM, further environ-
mental scenario analysis (e.g., climate change); and development of a systems dy-
namics approach to water regulation.

Revision and Maintenance of the SVM

SVM materials did not disclose a plan to revise, maintain, and update data col-
lection and modeling activities. Like the first iteration in most studies undertaken
to support important and controversial political decisions, current versions of the
SVM are based on numerous assumptions and simplified representations of the real
system. As noted in eatlier sections of this chapter, the SVM has several deficien-
cies: existing documentation is incomplete, and there are several important gaps in
the modeling structure and database. As a first step, these revisions need to be
made. After the revisions are made and a new regulation plan is selected, the new
plan will need on-going evaluation to determine how well it satisfies performance
objectives under conditions of dynamic change in the Lake Ontario-St. Lawrence
River basin. The history of change in Plan 1958D/Plan 1958DD shows that a sin-
gle, static plan cannot be maintained over multiple decades, and ability is needed to
adapt plans to changing conditions. For the LOSLR Study to have a lasting ef-
fect, the SVM needs initial revision and then continued maintenance to keep
current with changing conditions in the LOSLR basin.

Further Environmental and Socioeconomic Scenario Analysis

Scenarios of long-term environmental and socioeconomic change also need a
prospective approach that can be adapted with advances in scientific understanding
of the region. Climate change is one example of dynamic human-environment rela-
tionships that has environmental and socioeconomic implications. Most recent re-
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search on climate change in the Great Lakes region indicates that the direction of
possible effects on water levels and flows (up or down) is highly uncertain—as are
the magnitude, timing, and spatial variability of change at regional and local scales.
Although the potential impacts of climate change on the resources of Great Lakes
basin have been extensively researched (Croley, 2003; Lofgren et al., 2002; Lofgren,
2003, 2004; Sousounis, 2002), and addressed to some degree in SVM scenarios of
climate change, the need for further analysis of this and other long-term environ-
mental processes may be anticipated. Similatly, as noted eatlier, socioeconomic
trends will likely have substantial relevance for future water level and flow regula-
tion. The LOSLR Study takes an important step by examining scenarios of
climate change and water regulation, but these and other environmental and
socioeconomic scenarios will likely change and require further evaluation.

Toward a System Dynamics Approach

System dynamics simulation is a powerful tool for understanding complex
feedback relationships among social and environmental components of a system
(Simonovic, 1999; Simonovic and Rajasekaram, 2004; Sterman, 2000). The
STELLA model is a system dynamics model as well as the modeling platform for
the SVM. However, the STELLA model is not an immediate good fit for purposes
of the SVM for several reasons. The value of system dynamics simulation lies in
understanding the relationships within a complex system, and it is not typically used
to predict the future behavior of a system. The STELLA model has capabilities
that extend far beyond the simple water balance application for which it is being
used in the SVM. The STELLA model, as developed and utilized in the Study has
a very limited purpose: to calculate the response of the LOSLR hydraulic system to
modification of rules governing release of water from Lake Ontario and the upper
St. Lawrence River. The structure of the system is defined by the physical configu-
ration of the network of rivers and lakes and the structures that regulate the flow of
water through this system. This physical model of the hydraulic system is rigid. It
is characterized by the same-state variables, and it does not add or subtract any
elements or introduce any new interactions. For a given set of inputs (inflows to
Lake Ontario, inflows from tributaries) the role of any model is to calculate flows
and water levels at locations within the network where this information is required
for other modeling purposes. Based on the structure of the SVM and its sub-
models, this task can be performed by a spreadsheet using mass balance equations.

The STELLA model could have been the modeling engine for all sub-models
in the SVM, but for reasons unexplained, it is not being used that way. The impor-
tant feature of the hydraulic network in the STELLA model is that it remains static:
whatever is happening in other subsystems has no impact on how the water is be-
ing distributed through the network over time. On the other hand, changes in the
operating rules (new plans) do have an effect both on the spatial and temporal dis-
tribution of water flows and levels and on how other subsystems behave and re-
spond. Although the hydraulic system can be modeled independently of other sub-
systems, which may be the purpose for using the STELLA model for the SVM, this
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rationale is not explained in the documentation.

Partial implementation of system dynamics simulation has the effect of under-
utilizing the STELLA model in the SVM applications. The SVM should include
feedback loops to account for treatment of exogenous dynamic variables such as
socio-economic and demographic factors, but it does not in its current design.
This limitation was previously discussed under Criterion 4. Had the SVM included
these feedback loops, the STELLA model would be a suitable application to simu-
late those feedbacks. This partial implementation of the systems dynamics
modeling approach (i.e., using the STELLA model and not including feed-
back loops) is a major conceptual limitation of the SVM as used in this
study.

SUMMARY

The LOSLR study is commended for its incorporation of broader water man-
agement goals for the LOSLR system and its commitment to public patticipation.
Technically, however, its formulation and evaluation of alternative water regulation
plans using the SVM modeling system are not likely to serve the intended purpose
as well as they could. The SVM does not document its exploration and evaluation
of the range of choice among regulation plan options and associated mitigation
measures. Its deficiencies in documentation and quality assurance are uncharacter-
istic of scientific and practical professional approaches, and it does not lay out pri-
orities for future modeling improvements and applications. As discussed in criteria
1 through 7, some important linkages between the SVM and supporting empirical
research, sub-models, and exogenous variables are found wanting.

In spite of these criticisms, the Shared Vision Model approach represents an
enormous investment in science to support decision making, and that investment
should be captured to the maximum extent. Doing so requites an ongoing com-
mitment to maintain and augment the databases and the models developed during
the LOSLR studies in an adaptive management framework.

Experience with the Plan 1958DD plan indicates that it is unrealistic to think
that a single plan can be adopted and then implemented for years into the future,
given the dynamic physical and social context of the LOSLR system. Whether the
issue is climate change, population growth, or new technologies for energy produc-
tion, any water regulation plan for the LOSLR will be need to adapt to the dyna-
mism of the Lake Ontario-St. Lawrence River basin. The SVM modeling system
provides the kernel for an adaptive management system, but only if resources are
invested in repairing its deficiencies and managing it for long-term use.

Specific recommendations to improve the overall appropriateness and suffi-
ciency of the SVM to inform decision making include the following:

e  The decisions to treat economic and environmental indicators differently

should be justified in the SVM documentation or changed
e Incompatibilities in temporal and spatial scales between the STELLA
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model and SVM sub-models could introduce untold error and need fuller explora-
tion and explanation

e  For the LOSLR Study to have a lasting effect, the SVM needs continued
maintenance and updating to keep current with changing conditions in the LOSLR
basin

e A systematic process is needed to document the unfolding range of choice
among alternative regulation plans.

e  Use of the STELLA model in the SVM represents a partial implementa-
tion of the systems dynamics modeling approach and is a major conceptual limita-
tion of the SVM as used in the LOSLSR study.
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Chapter 3
Coastal Processes in the LOSLR Study:
Flooding and Erosion Prediction System

The Flooding and Erosion Prediction System (FEPS) is a sub-model in the
SVM that forecasts the physical and economic impacts of water regulation options
on coastal erosion and flooding. FEPS models wave and erosion physical proc-
esses of public concern: intermittent flooding, erosion of barrier beaches, sediment
transport, and the economic damage associated with coastal processes along the
LOSLR shoreline.

The FEPS model and the field of coastal erosion and flood damage prediction
remain partly in the domain of research and partly in engineering practice. Engi-
neering design analysis usually aims to exceed a minimum factor of safety, whereas
predictive engineering analysis forecasts failure conditions that are based upon and
reveal failure processes. The FEPS model(s) are in the realm of predictive engi-
neering analysis.

This chapter describes and evaluates the LOSLR Study documents about the
FEPS model and its sub-models. The first section describes the FEPS model and
its accomplishments; subsequent sections evaluate FEPS in terms of its scientific
and engineering foundations, its ability to integrate and display key information,
and overall sufficiency to be used to inform decision making about regulation
plans.

The FEPS model analyzes three coastal performance indicators (PlIs) that are
included in the Shatred Vision Model: !

1. Erosion PI — Lake Ontario/Upper St. Lawrence River
2. Flooding PI — Lake Ontario/Upper St. Lawrence River
3. Shorte Protection PI — Lake Ontario/Upper St. Lawrence River

Three other coastal performance indicators were discussed in descriptive
documents and contextual narratives, but they were not quantitatively modeled:
Batrier Beaches and Dunes; Beach Access; and Sediment Budget.

Documents Presented for Review

The IJC presented the committee with several documents that represent the
coastal processes work. The following documents were presented for review; the
complete list of documents, including background documents and those distributed
at committee meetings, are listed in Appendix B:

' Three related performance indicators modelled in the Lower St. Lawrence River with the
RSPM model are not part of this review.

63
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e FEPS 1- Zuzek, PJ., and R.B. Nairn. n.d. Automated Lakewide Flood-
ing Predictions and Economic Damages on Lake Ontario.

e FEPS 2 - Nairn, RB,, and P.J. Zuzek. n.d. Automated Lakewide Ero-
sion Predictions and Economic Damages on Lake Ontatio.

In addition, the Committee received fourteen background documents on the
Coastal Performance Indicators (Pls), the Contextual Narratives associated with
them, and oral presentations by FEPS and LOSLR staff at the open session meet-
ing.

The condition of the materials submitted for review enabled an assessment of
the general scientific validity and confidence in forecasting approach and results,
but not modeling specifics (or model code). Thus, it is possible that some impot-
tant details about FEPS have been omitted from this review.

DESCRIPTION AND ACCOMPLISHMENTS OF
THE FEPS MODEL

The FEPS is a modular software system developed by Baird & Associates, and
the overall modeling framework is fundamentally sound. It links bathymetric, to-
pographic, and land use data in a GIS platform with engineering models intended
to characterize the physical processes involved in coastal erosion and flooding,
including wave generation through loss of shoreline, damage to structures, and
shore protection costs (Figure 3-1). FEPS consists of several sub-models: a wave
model (WAVAD), erosion model (COSMOS), and hazards models that estimate
physical and economic damages of flooding and erosion. These models employ
GIS tools and a relational database with results displayed in a user interface.

The modular structure of FEPS permits the replacement of individual sub-
models with alternative models as they are developed. Modularity also can support
alternative sub-models when needed to perform a multiple-model analysis. The
FEPS model as a whole, and its engineering sub-models, are relatively new. It was
originally developed for the Lake Michigan Potential Damages Study to assess hy-
droclimatic and water level impacts, and it was adapted for the Lake Ontario and
upper St. Lawrence River system in this study.

Physical Modeling

FEPS uses two physical sub-models, WAVAD and COSMOS to model physi-
cal erosion and flooding processes, respectively. The numerical WAVAD model
generates wave fields in a lake basin with varying winds and bathymetry (Blomgren
et al., 1997; Resio and Perrie, 1989). The WAVAD model was used to hindcast
wave fields in Lake Ontario using houtly wind field data from 50 climate stations to
generate waves on a 3 kilometer grid in the Lake Ontatio basin (Scott et al., 2004).
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Hourly wave heights and directions were predicted at each grid cell for 1961 to
2000 CE (FEPS 2, p. 4). The period of record was extended to 101 years using a
random selection of years from the historic record applied to the 1900 to 1960
period (FEPS 7, p. 9).

COSMOS is a process-based numerical model used to calculate coastal sedi-
ment transport and morphology (Southgate and Nairn, 1993; Nairn and Southgate,
1993). The synthetic hourly wave data generated by WAVAD for perimeter grid
points along the Lake Ontario coastline were used as inputs to the COSMOS sub-
model. Full details about COSMOS wete not available for review because it is a
proprietary model. FEPS modelers noted that in the LOSLR application, the
COSMOS model effectively erodes but does not aggrade due in part to Lake On-
tario shotre conditions and in part “to the inability of modeling sandy shote evolu-
tion over long time periods (i.e., 101 years)” (FEPS 10, pp. 1, 3; Zuzek, 2005).

The outputs of the WAVAD model were combined with an historical Average
Annual Recession Rate (AARR) to predict coastal recession using regression equa-
tions calibrated by the COSMOS model. The documentation (e.g. FEPS 1) indi-
cates that separate regression coefficients were developed for a site in water level
increments of 0.25 m. The regression coefficients were treated as a family of equa-
tions to be capable of predicting bluff recession for other hydrographs that were
developed as the study progressed. Lake-bed profile shape is treated as being simi-
lar across a county, as is near-shore wave energy. Regression equation predictions
are calibrated to within 10 percent of the COSMOS model predictions in order to
reduce and simplify the computational effort to meet the 1JC requirements.

Flood and Erosion Hazards Modeling

Hazards modeling involved a combination of physical and economic analyses
for erosion and flooding. This methodology was developed specifically for Lake
Ontario.

Erosion Modeling

Erosion hazards were modeled as physical failures of shore protection struc-
tures and economic investment in future shore protection. Erosion of reaches with
shore protection was modeled separately from the erosion of unprotected shore-
lines described above. It entailed three failure modes: overtopping of structures
(based on county design data, lake level and wave height modeled with WAVAD);
downcutting (or undermining estimated with the COSMOS model); and degrada-
tion of different types of structures (e.g., aging of Level 1 or Level 2 revetment)
(FEPS 9).

Economic impacts of shoreline erosion were quantified based on the cost of
designing and constructing shore protection to mitigate the erosion hazard over the
101-year simulation period. This damage avoidance approach assumes that acceler-
ated shoreline erosion would lead shoreline owners to construct shore protection

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/11481

Review of the Lake Ontario-St. Lawrence River Studies

Coastal Processes in the LOSLR Studies 67

sooner and repair them more frequently, while plans with slower erosion rates
would delay the cost of shore protection.

Flood Damage Modeling

Flood damages were modelled as physical and economic impacts on coastal
buildings. An algorithm was developed to determine flood damage from inunda-
tion and damage from waves striking a building. The damages are quantified di-
rectly from the depth of inundation and the wave energy, respectively, using 4%
order regression equations that relate the percentage of damage to flood elevation
and to wave energy at the ground floor, respectively. The flooding algorithm does
several things:

(1) extracts relevant property parcel data from the database on a parcel by
parcel basis

(2) searches for lake elevation forecasts that exceed the main floor elevation
of the structure on the parcel

(3) calculates the percentage damaged using the Federal Emergency Manage-
ment Agency’s depth-damage curves

(4) searches through water levels at each individual parcel and identifies lake
levels that produce standing water between the lake and the house, based on
ground floor elevations

(5) forecasts economic costs to the owners associated with these damages, by
making assumptions about owner’s responses to the hazard.

A similar process is applied for wave damage, but wave damages are computed
using the “damage equation published by the Ontario Ministry of Natural Re-
sources and Environment Canada (1981) based on recorded damages during the
1973 high lake level period” (FEPS 2, p. viii).

Three methods were used to estimate flood damages. The first method as-
sumes that flood damages occur to homes with depreciation after each event but
no repairs to the structure. The second method adds estimated costs for repair of
homes and contents after each flood event. The third method allows for expendi-
ture on structural mitigation of flood damages, set as a proportion of building
value, which the FEPS study regards as the most realistic model of behavior (FEPS
1, pp. ix, x; FEPS 8, p. 2).

EVALUATION OF FEPS

This section assesses the degree to which the FEPS studies (A) reflect reason-
able scientific methods, assumptions and supported findings; (B) integrate and dis-
play key information to evaluate tradeoffs for selecting among candidate regulation
plans; and (C) are sufficient and appropriate for evaluating the regulation plan op-
tions and impacts of changes in water levels and flows.
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EVALUATION OF SCIENTIFIC METHODS, ASSUMPTIONS,
AND SUPPORTED FINDINGS

The first charge in the statement of task asks the degree to which the scientific
foundations of the FEPS model(s) are sound. Three criteria were used to address
the charge: empirical and theoretical foundations, quality assurance and quality con-
trol, and treatment of error and uncertainty.

Criterion 1: Empirical Foundations

The FEPS models combine analyses of winds, waves, coastal erosion, shore
protection, physical flood damages, and flood protection costs. Detailed databases
were compiled at the county, township, reach, and parcel scales for the models
(FEPS 7, pp. 4-5). While some of the data-sets have a high resolution and long
stable records, others consist of shorter-term records and in some cases proxy data
(e.g., shore protection costs are used as a measure of erosion damages). This range
of data quality poses challenges for FEPS to achieve its objective of making 101-
year forecasts of coastal erosion and flooding damages under alternative water level
and flow regulation plans.

The FEPS model is based on physical models and empirical equations. Some
conditions of the models or the underlying science weaken the empirical founda-
tion of FEPS. Since the FEPS model involves physical models and empirical equa-
tions, explicit treatment of the empirical basis of the models is expected. In par-
ticular, weaknesses in the data and the empirical bases of the models should be
explicitly addressed. For example, FEPS documentation provided few details
about the data quality or explanatory power of COSMOS model and the regression
models. Data quality issues are mentioned for some topics, such as shore protec-
tion structures (FEPS 9, pp. 17ff), and previous research by Baird & Associates and
others is mentioned but not included or extensively cited in review materials.

Some of the science underlying the FEPS work is fragmented, semi-empirical,
or not independently repeatable. In cases with inadequate empirical data, expert
judgment was used to replace or supplement the problematic data. The flood dam-
age models lack data on flooding impacts and the associated economic damages for
lake levels above 76.0 m (249.3 ft) on Lake Ontario because the lake has never
reached these elevations. In this instance, the modelers used their “...professional
judgment to evaluate the predicted flooding damages” and these predictions were
deemed “reasonable” (FEPS 15, page 5). It is not clear how the judgment of rea-
sonableness was determined, but some measute is needed to convey how reliability
of this judgment.

The 2-Dimensional WAVAD model for Lake Ontatrio uses historic data
(1956-1987) to generate hourly wind fields, and then hourly wave predictions on a
3 km-by-3 km grid for the period from 1961 to 2000. This 2-D model is important
to the LOSLR Study because it is used in conjunction with the coatse quarter-
month time step of the SVM with finer time steps. However, the documents re-
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viewed do not indicate exactly how these data are used in the 101-year simulation
period to calculate flood and erosion damages.

Regression Analyses

The FEPS work uses regression equations, in part, to predict shoreline ero-
sion. There are good reasons to use regression for this type of work: regression is
straightforward and inexpensive. Still, the applicability of regression analysis for
FEPS has limitations that make it problematic for use in the FEPS analyses. One
major limitation is the variable quality of FEPS data that would be used as a predic-
tor for complex coastal processes over the next 101 years. The FEPS documenta-
tion provided for review did not allow for the linear logic, quality of fit, or error of
the regression models to be ascertained. The high values of R? can only be inter-
preted with respect to historical data used in the regression analysis, and not the
101-year simulation period. The limitations of the regression equation-based mod-
eling are not adequately discussed (see Box 3-1) in the FEPS materials, and implica-
tions of using regression analysis for FEPS applications need further explanation
and defense.

BOX 3-1
Limitations of Regression Analysis for FEPS Applications

Regression analyses are inexpensive, available, and straightforward, but
they may not be well suited for use in the coastal and erosion analyses in the
FEPS model and sub-models. High order polynomials (4th and 5" order relation-
ships), like those used in the FEPS models, are practical and commonly used in
engineering practice. Although they can be used to approximate any smooth
curve to a given accuracy by choosing a high enough degree, their accuracy and
precision as forecast models cannot be assumed when data are scarce and not
repeatable or when the predictive power of the regression equation has not been
verified.

The practical advantages of high order polynomials are offset by a number
of disadvantages (NIST, 2005). For example, polynomials are not suitable for
describing asymptotic behavior where the curve approaches a straight line as the
variable x gets larger in magnitude or for representing curves or data with sharp
discontinuities in value or slope. Polynomials are sometimes considered to be of
very limited use because of numerical stability problems.

In the coastal analysis, the regression equation is a logarithmic relationship
scaled by the Average Annual Recession Rate (AAAR) in meters per year. The
number of properties affected by waves is characterized by a fifth order polyno-
mial (FEPS 8, p. 8). The damage to buildings is represented by two fourth-order
polynomials derived from limited historic data. Damage to shore protection is
characterized in terms of failure mode specific (undermining and overtopping)
semi-empirical rules. The undermining failure mode equation is scaled by the

continues
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BOX 3-1 Continued

AARR. The AARR is thus one of the most important parameters of coastal re-
cession, defined as cumulative monthly recession in which:

Recession = (a x In (E) + b) x AARR

“Recession” is monthly cumulative recession and AARR is in m/year. This
equation prompts five observations that require explanation:

a) Constant “a@” |s not dlmensmnless and is expected to have the dimen-
sions of 1/Energy or [kg ] [m” ] [s ] These units need explicit statement

b) If “b” is non-zero, then in the absence of any waves, the coastal reces-
sion will be: - b x AARR.

c) Any monthly Normal Wave Energy E less than exp(-b/a) would result in
negative recession

d) The forecasted values of ‘E’ are not independent of AARR, because
AARR is dependent on the historic wave energy and the forecast of ‘E’ is based
on the same historic wave energy

e) The data used for fitting the regression for recession displays high vari-
ability (fig. 3.6) (FEPS 7). Figure 3.6 indicates very high variability of data used
for the regression. The quality of the fit and the error do not appear to have been
assessed (at least it has not been documented)

f) Goodness of fit criteria (r2) was calculated with logged data that artifi-
cially improves this value

g) Independent variables are collinear, which can make estimators a and b
unstable.

The simple logarithmic relationship used to calculate coastal erosion has
some curious characteristics that require explanation. The dimensional nature of
constant “a” requires an explanation as constants in regression equations are
normally dimensionless unless there is a more fundamental underlying relation-
ship.

There is an almost direct relationship between parameters “a” and “b” of the
form “b” ~ -9.5 x “a”, over the full ranges of “a” and “b”. A linear curve fit of the
data reveled a relationship “b” = -9.4919 x “a” + 0.0234, with a correlation coef-
ficient R* = 0.9992, an almost perfect fit. Thus for normal wave energy of ap-
proximately 13,000 J/m?, the recession will be negative. While this relationship
between “a” and “b” mlght be a coincidence, it should be explained.

The curve of recession as a function of normal wave energy necessarily be-
comes flatter as E increases. This means that as normal wave energy increases
beyond 100,000 J/m? the slope of the line “SR/SE” (and neglecting the dimen-
sional nature of “a” and treating it as dimensionless as in the study) described by
the regression equation tends to zero. The result is that very large storms, with a
wave energy of say 1,000,000 J/m? only make a 20% additional contribution to
coastal recession above say 500,000 Jim?. There is no way to ascertain the
curve of recession because the calibration is restricted to about forty years of

data that do not include such a large but plausible storm.
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The decision to use regression analyses in the FEPS modeling appara-
tus needs detailed explanation and defense, including a discussion of the
limitations and implications of using regressions for FEPS work.

FEPS Databases

The FEPS parcel database is impressive in its detail. It was reported to be
complete for the USA part and approximately 75 percent complete for the Cana-
dian part. The remaining 25 percent of parcels is a point of concern, as it has un-
known implications on the final model output (this point was also raised in FEPS
4). Some of these issues are mentioned in the Contextual Narrative (FEPS 12) but
not incorporated in the FEPS or SVM modeling. The database needs to be com-
plete to ensure that the maximum range of scenatios is captured in the FEPS mod-
eling effort.

The FEPS economic database is important in estimating flood impacts. In
fact, an economic Performance Indicator was used in the SVM Board Room to
evaluate operational alternatives. Documents were not provided on the economic
database for this review, but according to information provided via oral presenta-
tions, the economic data are static. Consideting the variation of real estate values
and dynamics of the regional economy over the long simulation period, this as-
sumption is unrealistic. Economic trends are discussed in the contextual narrative
and a supplemental report, but they are not included in the modeling (FEPS12, pp.
3-5; and Christian J. Stewart Consulting, 2004).

The empirical damage equations are also based on very limited data sets. For
example, the wave damage to buildings is based on as little as one data set from the
1973 high lake level petiod. FEPS has compiled extensive datasets that have long-
term value, but FEPS documentation does not fully discuss empirical weaknesses
or data quality issues that affect application and interpretation of these datasets in
the Shared Vision Model. Failure to specify the bounds of the empiricism of
the model and its calibration, as well as the lack of a clear statement of what
was done for conditions outside those empirical bounds, are errors that
should be corrected.

Criterion 2: Quality Assurance and Quality Control

Quality assurance was expected to have been rigorous for the FEPS erosion
and flooding results. One issue of QA/QC in the FEPS work is whether regres-
sion analysis calibrated against a deterministic 2-dimensional physically-based
model COSMOS is an appropriate approach, and if so, whether the calibration and
regression analysis was carried out correctly. Quality assurance procedures are also
needed to translate coastal recession, property and infrastructure damage, and eco-
nomic distruption into economic costs. Since the FEPS modeling endeavor is an
integral part of the SVM, quality assurance of the integration of FEPS into the
SVM is required.
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Transparency of the FEPS models is needed to convey the coastal impacts of
regulation plan options to the scientific, public, and decision-making sectors. The
COSMOS model is described as “extensively tested and validated” with numerous
published articles in “peer reviewed journals attesting to the accuracy and robust-
ness of the COSMOS erosion predictions for sandy coastlines” (FEPS 10, year, p.
4). Testing, validation and peet review are appropriate means of QA/QC. In the
case of COSMOS, the documentation should have described the extensive testing
and listed the peer-reviewed journal articles that attest to COSMOS accuracy and
robustness. Other measures, too, can be taken to ensutre transparency, such as
engaging outside experts to use informed judgment to confirm scientific integrity in
determining assumptions, selecting models and data, and adjusting analyses. These
measures can improve transpatency through formal methods for eliciting expert
judgment (e.g., Morgan and Henrion, 1990).

One aspect of quality control is for scientific peers to carry out the same calcu-
lations and arrive at the same answer. This is standard practice in the scientific and
engineering fields. For this type of validation to occut, the calculation models must
be specifically described and the data made available so that the calculations are
repeatable. It is common practice for a study of this magnitude and complexity to
depend on rigorous independent scientific peer review of each component of the
FEPS modeling. The independent review process may also suggest alternatives to
the existing methods that could improve efficiency, costs, and time.

The FEPS documents mention that some aspects of quality assurance were
undertaken (e.g., FEPS 14, 5), and they include minutes from independent technical
reviews in 2002 (FEPS 18) and a discussion paper in 2005 (FEPS4), but these
documents do not provide details on specific quality assurance procedures. Over-
all, the quality assurance procedures for the FEPS work should be more fully
specified and discussed in the review materials.

Criterion 3: Treatment of Error and Uncertainty

Uncertainty and Sensitivity Analyses

The analysis of uncertainties associated with data, methods, and models for
coastal processes and hazards is important. Broadly speaking, uncertainty in the
FEPS models can be characterized as follows (Hartford and Baecher, 2004, pp.
127-134; cf. NRC, 2000, pp. 40-45):

e Natural variability is associated with the “inherent” random-
ness of natural processes, manifesting itself as variability over time for
phenomena that take place at a single location (temporal variability), or
as variability over space for phenomena that take place at different loca-
tions but at a single time (spatial variability)
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e Model uncertainty reflects the inability of a model or design
technique to precisely tepresent a system's true physical behavior, or the
inability to identify the best model, or a model that may be changing in
time in pootly known ways (e.g., flood-frequency curve changes because
of changing watershed)

e Parameter uncertainties result from an inability to accurately
assess parameter values from test or calibration data, due to limited
numbers of observations, and the statistical imprecision attendant
thereto

e Data uncertainties, including (i) measurement errors, (i) in-
consistency and in homogeneity of data, and (iii) data handling and tran-
scription errors, and (iv) inadequate representativeness of data sample
due to time and space limitations

¢ Decision model uncertainty is also important in contexts
such as the FEPS and Shared Vision Model, where decision-making ob-
jectives change over time (NRC, 2000, p. 44).

The methods used to deal with data uncertainty including gaps in the data
should be available and their use justified. In particular, assumptions that gaps in
the data are insignificant or of limited significance overall are unacceptable, and
specific measures to address those gaps in the data would normally be required.
The degree of resolution (error bounds) of all data should be specified and propa-
gated through the modelling endeavour. Against this background, procedures are
required to explain how the processes of interpolation and extrapolation have been
embodied in the data analysis and modeling process.

Sensitivity studies involve determining the change in response of a model to
changes in individual model parameter distributions or changes in the model. Sen-
sitivity analysis is useful but not sufficient for characterizing model and parameter
uncertainties. Thus, the output is ideally in the form of a probability distribution
which specifies the likelihood of each possible result across the full range of possi-
ble results (Hartford and Baecher, 2004, p. 20). Probability distributions of pa-
rameters to which the analysis is sensitive are identified and their validity and accu-
racy verified to the extent that is realistic. Changes are made to probability distri-
butions where justified.

Uncertainty and Sensitivity Analyses in the FEPS Model

The FEPS documents were expected to present a comprehensive theoretical
and analytical treatment of the uncertainties in the models, parameters, and data.
FEPS performance indicator summaries mention uncertainty (e.g., FEPS 4, p. 5),
and the 2002 technical review recommends treatment of data and modeling uncer-
tainties (FEPS 18, pp. 8, 12), but important details are not reported. For example,
failure of shore protection structures is amenable to analysis using structural reli-
ability methods (USACE, 2003, Voortman et al., 2002). The results of such an
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analysis for shore protection structures would yield a theoretical fragility curve
(Figure 3-2, as adapted from NRC, 2000, p. 70). Model uncertainty should have
been dealt with explicitly, as should the propagation of uncertain data
through uncertain models.

The uncertainty in the logarithmic regression equation is the most problematic
aspect of the FEPS study because of its capacity to introduce and propagate error.
All downstream modeling considerations are dependent, in patt, on the logarithmic
regression output. This dependence places critical importance on those output
values being accurate; otherwise error will be propagated through the downstream
models. Another problem stems from the use of the synthetic data set of monthly
normal wave energy calculated by WAVAD and monthly recession calculated by
COSMOS. The fit for the recession regression equation uses these data. Using
synthetic data introduces unnecessaty error (E1) on recession outputs, which sub-
sequently are used as inputs for the regression analysis. Regression analysis pro-
duces its own error (E2) resulting in the aggregate error of E1+E2. The first type
of error (E1) could presumably have been avoided by skipping the COSMOS proc-
ess and using the observed recession data instead.

The uncertainty in the data used to derive the logarithmic relationship exhibits
a great deal of scatter (Figure 3.6 of FEPS 7, p. 11, reproduced below, Figure 3-3).
The hotizontal axis extends to 250,000 J/m? and covers the range of the average
yearly normal wave energy. However, the WAVAD model predicts January wave
enetgy in excess of 600,000 J/m? The rate of change of the predicted recession
decreases rapidly as wave energy increases. This implies that recession during se-
vere winter storms will be similar to that for significantly lesser storms. From the
materials presented for review, it was not possible to determine whether this fea-
ture of the model is reasonable. Thus calibrating the recession regression equations
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FIGURE 3-2 Form of result of structural reliability analysis of shore protection
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to within less than 10% of the COSMOS model equations has little effect because
the scatter around the COSMOS regression equations is greater than 10 percent.
The uncertainty in parameters “a” and “b” must be significant, such that it may not
be possible to make a reasonable distinction between the recession rates associated
with different plans. As noted above, the problem of calibrating the model for
conditions beyond the bounds of the empirical data introduces additional uncer-
tainty that renders the forecasts questionable. The lack of specific treatment of
uncertainties in the coastal recession regression model, especially parame-
ters “a” and “b,” make objective discrimination between the coastal impacts
of regulation plan options impossible.

INTEGRATION AND DISPLAY OF KEY INFORMATION

The second charge in the statement of task focuses on the degree to which the
FEPS models integrate and display coastal erosion and flooding information
needed for a comprehensive evaluation and understanding of the tradeoffs for se-
lecting among candidate regulation plans. Four criteria were used to evaluate this
charge: linkages and feedbacks among related studies and models; treatment of
spatial and temporal resolution and scale; documentation; and scientific communi-
cation of flooding and erosion outputs.

Criterion 4: Linkages and Feedbacks Among Related
Studies and Models

The FEPS model is one of several sub-models of the SVM. Linkages between
FEPS and the other LOSLR models, particulatly the integrated ecological response
model and the SVM, are considered internal linkages. Exogenous linkages are
those between FEPS and external variables, such as economic and demographic
values. These two types of model and study linkages are discussed in this section.

Internal Linkages

The structure of the SVM and its sub-models presents an opportunity for ho-
listic understanding of the Lake Ontario-St. Lawrence River system, as independent
processes are modeled independently and then brought together for a single pur-
pose in the SVM. Despite connections between bathymetry and wetlands proc-
esses, the FEPS model output was not connected to the integrated ecological re-
sponse model IERM) in the SVM. This is a missed opportunity to advance the
science and better understand intricate relationships in the LOSLR system, as the
FEPS model output would have informed the wetlands scientists with needed in-
formation about wetland bathymetry and thus the areal extent of wetland vegeta-
tion and species at risk habitats. TFurthermore, linkages between FEPS and the
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IERM could have simulated flooding and erosion effects on environmental vari-
ables. Similarly, FEPS documentation does not indicate how erosion analysis in
Lake Ontario and the upper St. Lawrence River is related to or comparable with
downstream analysis in the Lower St. Lawrence.

As discussed in the FEPS documentation, the model does not provide for
sandy shore processes (see FEPS 7, 10 and 13). This omission limits the ability to
assay flooding and erosion of barrier beach wetlands in the Shared Vision Model
and Integrated Ecological Response Model (see Chapter 4). It also misses an op-
portunity to represent inherent feedbacks among erosion, vegetation, resistance to
erosion, and water regulation plans. A regulation plan can affect erosion in ways
that result in different types of vegetation and that in turn cause a change in erosion
resistance. The FEPS analyses do not incorporate these dynamic feedback rela-
tionships. The lack of beach accretion in the FEPS model may have implications
for other atreas, uses, and values of Lake Ontario shote atreas.

To their credit, the FEPS performance indicator summary and contextual nar-
rative underscore some of these risks and mention separate analyses undertaken to
address them (FEPS 10 and 12).

Exogenous Linkages

FEPS treats exogenous processes including coastal land use and economic de-
velopment as static, which results in the same weaknesses as in the Shared Vision
Model (noted in Chapter 2). Trends in coastal land use, economics, and hazards
mitigation are discussed in a contextual narrative but not incorporated in the model
(FEPS 12; Christian J. Stewart Consulting, 2004). Since coastal erosion and flood
losses are just two dimensions of a dynamic and interdependent environmental
system, the FEPS model should at least identify and ultimately incorporate causal
relationships with the other dimensions of the system. The effects of coastal
erosion and flooding should be incorporated as inputs to the environmental
and economic models as well as the Shared Vision Model.

Also, the FEPS modeling currently does not include an analysis of the poten-
tial effects of future water regulation deviations, analogous to the deviations that
have occurred under Plan 1958D, on flooding and erosion damages under alterna-
tive hydroclimatic scenarios and water regulation plans. The FEPS model includes
explicit forward linkages but limited feed-back linkages among its sub-models and
no linkages with associated ecological or other socioeconomic models. Along with
alternations to the shoreline by riparian owners in response to coastal erosion and
flooding that are inconsistent with the modeling assumptions, deviations from the
selected plan, represent considerable uncertainties that should be incorporated in
the analysis.
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Criterion 5: Treatment of Spatial and Temporal
Resolution and Scaling

The range of temporal and spatial scales in the FEPS models is enormous.
The temporal and spatial scales of inferences derived from the FEPS modeling
endeavor are not currently explained in the FEPS documentation. Linking houtly
wave data with quarter-monthly lake levels introduces issues of spatial and tempo-
ral resolution at the outset of the analysis. Questions pertaining to the resolu-
tion of the flooding and erosion forecasts should be addressed comprehen-
sively and objectively in the documentation to avoid misinterpretation.

The FEPS modeling endeavor requires specific scales to be adopted for each
of the sub-modeling efforts, making it necessary to scale the results of the analysis
in both space and time. In Figure 3-4, “Time” reflects the temporal extent over
which the erosion/damage parameter and planning hotizon occur. “Spatial dimen-
sion” reflects the geographical extent and lake level fluctuation of those ero-
sion/damage parameters and planning hotizons. The FEPS process would be ex-
pected to illustrate where in this space-time context data are collected, processes
modeled, and inferences made. The spatial and temporal resolution of elements in
the FEPS model and sub models are illustrated conceptually in Figure 3.4. De-
scribing the FEPS work in such a context would provide a basis for framing con-
sultations, discussions, and debate around issues of modeling resolution and the

sphere of applicability of FEPS results.

Spatia
dimensior
TGeologic scale. —Ic ea—el
10,00C km — REGULATION PLAN I G UL H
SCALE ¥ f |
1000 km —- I Engineering scale I I
Hydrodynamic I
100 km - [~ scale County scale o e e
| Storing |
1km —— Wing- Shoreline reach scale
| s |Wave energy scale |
100m —+ | | Parcel lot scale |
Tm— IWaves L'______I
NS

L B "

1 sec 1 day 1month  1year 10 vyears 100 1,00C 10,00C
years years years

FIGURE 3-4 Spatial and temporal scales.
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The SVM generates a 101-year simulation horizon in a seties of single water
elevations with a quarter-monthly time step (see Chapter 2) that is used in the
FEPS algorithm. Both the single value (which is a spatially averaged value) and the
quarter-month time step are too coarse for purposes of the SVM (see Chapter 2)
and some environmental considerations (see Chapter 4). Similarly, the FEPS mod-
els are highly sensitive to actual lake elevation at the time of a storm event. In fact,
the important parameter for the erosion model is the lake level at the time of the
storm, not an averaged value over a 1-week period. Connections between the SVM
and FEPS models appear to give inadequate treatment to the spatial and temporal
variation of lake water levels within the time step important for proper evaluation
of flood damages. The compatibility of data on different scales and their use to
simulate future conditions raises a prominent concern. With reference to Figure 3-
4, for example, the spatial and temporal scales of the economic damages are appar-
ently restricted to:

e 1 km reaches of coastline * an order of magnitude (FEPS 8, p. 20; FEPS
9, p. 25)

e 1 year (for damages scaled to the Average Annual Recession Rate; and for
erosion damages defined by the year of investment in shore protection, FEPS 7, p
21).

The model documentation appropriately addresses issues of resolution. In its
discussion, it identifies some limitations to the FEPS model. It specifically notes
the lack of patcel-level detail that precludes more than an order of magnitude fore-
cast at the reach scale (FEPS 8, p. 20), which means that FEPS cannot capture
dramatic changes in local shoreline conditions that can occur during individual
storms. The FEPS model, however, would be most useful under such conditions
when it could convey predicted responses to interested parties, such as riparian and
shoreline owners, the IJC, or others in the political process.

Relationships among spatial dimension, analytical effort, and the accuracy and
precision of results are represented schematically in Figure 3-5. From the informa-
tion available, it appears that the FEPS modeling endeavor is at the meso-scale
spatially (FEPS 7, p. 3). The mathematical scaling in space and time of the “Fami-
lies of Equations for Regional Zones” (FEq), the “Local Wave Energy (We;),” and
the Annual Average Recession Rate (AAAR) measured over each 1 km reach is not
specified. The FEPS modeling endeavor is considered to be of low- to medium-
analytical rigor, due in part to the regression equations and in part because there are
at least two higher levels of analysis available. The highest level of rigor is struc-
tural reliability modeling on a parcel lot-by-parcel lot basis using detailed wave and
hydraulic models. The next highest level of rigor is multiple COSMOS-type mod-
eling on a 1-km reach basis over the entire lake and river.

In addition, spatial or temporal intra-annual autocorrelation may occur. The
annual recession value is calculated as the sum of individual recession events that
occur during the year. For example, the performances of two sections of a shore-
line reach may exhibit a long wave length of correlation in space, and thus exhibit
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FIGURE 3-5 Spatial scale, analytical rigor, and accuracy and precision of results.

similar factors of safety against erosion. The FEPS review documents do not dis-
cuss these issues of spatial and temporal autocorrelation, or the effects of different
storm sequences on shoreline evolution.

The treatment of spatial and temporal scaling requires considerable ad-
ditional effort to enable a comprehensive evaluation and understanding of
flooding and erosion hazards associated with regulation plan options.

Criterion 6: Thorough Documentation

Documentation needs to sufficiently inform a broad spectrum of users, espe-
cially for large, complex studies. It is an additional challenge to make this docu-
mentation navigable and interpretable to the full spectrum of users. A “map” of
the documentation would provide a useful means of presenting studies of this na-
ture. Documentation should completely describe both “what was done” and the
justification for “why it was done the way it was done.” The documentation should
permit the scientific community to review and if necessary reproduce all calcula-
tions. This means that all data must be provided and all models completely speci-
fied.
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Documentation insufficiencies are noted throughout this chapter. Notable
documentation concerns relate to:

e  Description of the limitations of the empirical foundations for FEPS
models

e  Treatment of uncertainty and error

e Quality control and quality assurance of model results

e Inferences based on professional judgments

e  Robust justification for the way that coastal erosion and flood damage
calculates the various inputs to the SVM.

There is no final report for FEPS, and several of the individual items of
documentation are cleatly interim documents describing modeling intent as op-
posed to finalized details of the modeling effort. For example, FEPS 7 states “Pre-
dictive equations from the SVM are being developed based on the total monthly
recession predicted by COSMOS” (p. 10). That the documentation would be
highly conditional and written in the language of uncertainty would be an expecta-
tion for the FEPS process. The FEPS documentation should ultimately also be
suitable for publication in the broader body of established scientific domains of
coastal erosion, hydrodynamics, soil mechanics, structural reliability, economics,
long-term policy and planning.

Although superior to documentation of the SVM, FEPS documentation
presented and reviewed here is deemed inadequate for external scientific
review, and for the judgments and conclusions to be defensible in public
decision-making.

Criterion 7: Effective Scientific Communication

Results from the FEPS study can be interpreted in several ways over different
spatial and temporal scales and warrant particular attention to communicating un-
certainties at various scales. Protocols should be established to ensure that
those relying on the results of the FEPS studies understand the strengths
and limitations of the modeling endeavor, and the implications of interpret-
ing the outputs in different ways.

Forecasting necessarily demands a tradeoff between the “security” of the fore-
cast and the “informativeness” of the forecast. “Security” of the forecast pertains
to the extent to which the forecast can be accepted in advance of the actual out-
come, whereas “informativeness” pertains to the extent to which the forecast is
genuinely insightful, providing definitive information. “Security” of forecasts in-
creases as the forecasts become more general whereas “informativeness” increases
as the forecasts become more specific. “Security” often comes at the expense of
“informativeness” (Rescher, 1998). The FEPS study documentation does not dis-
cuss the nature of such forecasting tradeoffs, or the final balance that it took to
those tradeoffs.
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The process of communicating the accuracy, precision, reproducibility, and re-
liability of coastal erosion and flood damage prediction is extremely difficult, and
considerable effort is needed to ensure that the results are not readily misinter-
preted. The problem of propetly representing risk and uncertainty in coastal ero-
sion and flood damage prediction in a public decision process should be addressed.
Forecasting can be difficult over the short to medium term, with the result that
decision-makers and users of model results often form their own degree of belief in
the credibility of the results. The communication of the tradeoff between the
“security” and the “informativeness” of the forecast should be explicit and
available to users to make an informed judgment as to model usefulness.

The results of the FEPS modeling can also be expected to be interpreted and
used by owners of individual patcels of property, insurance companies, municipali-
ties, courts at all levels, governments of bordeting states and provinces, and the two
national governments, as well as by international NGO’s and other parties with no
direct interest in the regulation of Lake Ontario and the St. Lawrence River. Ac-
cordingly, the documentation and scientific communication should be prepared to
meet the challenges posed by such a broad spectrum of users in such a way that the
integrity of the studies is preserved. Effective scientific communication of
FEPS model output requires a more thorough discussion of uncertainties
associated with the flooding and erosion forecasts to enable a broad public
understanding of tradeoffs among regulation alternatives.

OVERALL APPROPRIATENESS AND SUFFICIENCY
TO INFORM REGULATION PLAN OPTIONS

The third charge of the statement of task is aimed at determining whether the
JJC documents presented for review are appropriate and sufficient for use in
selecting a water regulation plan option and determining impacts of changes in
water levels. Three evaluation criteria are used to address this charge: study
breadth, balance between scientific and practical inquiry, and the identification of
future study needs.

Criterion 8: Breadth of Study Scope

FEPS encompasses a wide range of physical analysis and associated risk analy-
sis for people and property. For example, FEPS analyzes poorly understood proc-
esses over a range of physical conditions (albeit not the full range) that could exist
over the period of analysis and geographic scope of the Lake Ontario and upper St
Lawrence River coastal zone. Under such circumstances, a heuristic approach
would provide an effective framework for coastal erosion and flood damage predic-
tion.

In other ways, the scope of the FEPS study remains narrow. Erosion hazards
for environmental systems, public infrastructure, and wider economic activities are
omitted from the model and only briefly discussed in conceptual narratives. The
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FEPS focus on generating data that will be used in a standard deterministic eco-
nomic cost comparisons may limit broader scientific understanding of the bases for
water level regulation decisions.

Since the results of the FEPS analysis are utilized in the SVM and in public
consultation, the FEPS documents should describe the design of interfaces be-
tween FEPS, other modeling endeavors, and the public consultation process to
ensure that the modeling efforts are in harmony. Typically, these interfaces would
include dynamic feedback from other models to permit comprehensive modeling
of the system. The FEPS study takes a broad approach to erosion and flood
hazards of water level regulation of Lake Ontario and Upper St. Lawrence
River, but greater breadth is needed for a comprehensive, scientific analysis
of the erosion and flood hazards associated with water-level regulation in the
LOSLR.

Criterion 9: Balance Between Scientific and
Practical Professional Approaches

The relationships between scientific inference and informed professional
judgment should be elucidated. As noted above, protocols for qualifying experts
and data should be defined and adherence to these protocols demonstrated. In the
case of FEPS, the scope of the study and documentation should also indicate how
precise and accurate the predictions are expected to be. It should demonstrate that
each of the sub-models (wave, coastal erosion, failure of coastal protection struc-
tures, flooding and damage models) are representative of actual conditions. Differ-
ent models will combine these considerations in different ways leading to different
results. When modelling complex physical processes that are poorly understood
such as coastal erosion and damages, the simpler the model the greater the diffi-
culty in demonstrating the representativeness of complex processes (Pilkey and
Cooper, 2004). Thus, modellers are challenged to demonstrate that (1) simplified
erosion hazards models are sufficiently representative of the actual process and (2)
model results lead to the same conclusion as detailed erosion hazards modelling.

Relationships between scientific research and practical scientific inquiry into
matters of erosion, flooding and physical damage associated with flooding have
become better defined in recent years with studies of this type and size becoming
more common. The“EUrosion” project, (EUrosion, 2004a) is an example of a
study that shows the understanding of coastal processes is still largely fragmented
and semi-empirical (EUrosion, 2004b). The net result of such fragmentation,
which is common to other developing sciences, is that different theories based on
different concepts, assumptions and approaches result in different models with
different levels of compatibility.

Balancing scientific and practical inquiry in FEPS should include specific dis-
cussion of:

1. The methods used to compensate for gaps in the physical data
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2. 'The use of expert opinion throughout the FEPS modeling endeavor in re-
lation to scientific norms

3. How the current weaknesses in the FEPS model might be improved
through future research, testing, and regulatory adjustments, all of which would
help refine the FEPS modeling process dynamically into the future.

The balance between scientific and dimensions of pragmatic inquiry is com-
promised by the impression of certainty that is conveyed throughout the docu-
ments. For example, the Erosion Performance Indicator document (FEPS 7)
makes no reference to the uncertain state of scientific knowledge in coastal erosion
and flood damage prediction, and the PI summary document mentions it only
briefly (FEPS 14).

The FEPS model aims to provide coastal erosion and flood damage data for a
deterministic economic analysis, and it appears that these issues of practicality
dominated the design of the model. However, FEPS was not specifically devel-
oped for regulatory policy analysis, and it was first conceived for the Lake Michigan
flood damages analysis. As a result, the model is limited in the damages it exam-
ines. The FEPS model considers flood and erosion damages to structures and
shorelines but not to infrastructure, agriculture, or environment within an inte-
grated approach, as has been the case in previous studies carried out for the IJC
(2000) and others (e.g. Simonovic and Carson (2003)). Although pragmatic limits
are necessary in studies of limited duration and funding, they should be explicitly
mentioned along with their potential implications for decision-making.

FEPS attempts to balance scientific and professional methods of fore-
casting flooding and erosion hazards, but it does not describe the balance to
be achieved or the extent to which that balance objective was achieved; and
it does not sufficiently convey the challenges associated with this aim or the
limitations of its approach

Criterion 10: Identification of Future Study Needs

The FEPS databases formed during the LOSLR Study have value and provide
a useful foundation for the future work. Integration of the property database, wave
model, and damage calculation model while incomplete is an important step. Pre-
dictive capability would be expected to improve over time, and there is opportunity
to refine the FEPS modeling process dynamically over time.

A long-term monitoring program would help assess the reliability of the FEPS
model predictions using water regulation outcomes. Such a long-term monitor-
ing program is required, and would address three specific needs:

e  Monitoring actual erosion and flood damage and improving the models
using reliable data.
o  Given that the FEPS model and its sub-models have not been dem-
onstrated as being capable of precisely and accurately predicting coastal ero-
sion and flood damages over the 101-year simulated planning horizon, a feed-
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back process that updates the forecasts at regular intervals of 5 to 10 years
would be expected
e A dynamic process to revise FEPS models

o In the case of coastal erosion and flood damage prediction, future
studies should be identified to analyze the water regulation plan that is
adopted, including any deviations, as well as changes in coastal land use, land
value, shoreline protection technologies, and other flood damage mitigation
measures
e Promotion of the advancement of scientific research on coastal erosion,

flooding, and damage reduction in the Lake Ontario and St.Lawrence River basin

o Itis clear from this review and complementary studies elsewhere that
forecasting coastal erosion and flood damage is in its infancy, that the scientific
knowledge is fragmented and largely incomplete, and that additional research
in the lower Great Lakes is necessary.

SUMMARY

The overall modeling framework for the Flooding and Erosion Predication
System is impressive in many respects. It includes detailed parcel and reach analy-
sis, and undertakes a lakewide analysis not previously attempted.

From a scientific perspective, and due in significant part to the lack of docu-
mentation, the reliance on regression equations that are pootly conditioned and
inadequately justified, and the lack of formal treatment of uncertainty, the FEPS
study as presented is insufficient for the purpose of enabling a comprehensive
evaluation of tradeoffs among regulation plans. From the same perspective, the
scientific robustness of the FEPS models remains to be demonstrated.

It is clear from the documentation that the regression analysis approach to
modeling coastal erosion and forecasting flood damages is considered by the FEPS
authors to be less than ideal. But this less than ideal approach was adopted be-
cause, ‘it is not practical for a parcel level application due to the geographic scope
of the study, large data requirements, the manual nature of the desktop approach
and the time required to generate answers. The study managers required an auto-
mated approach that produced robust and defensible results for the erosion impact
assessment,” (FEPS 1, Nairn and Zuzek, p. 7). This review concurs that the regres-
sion analysis approach in the FEPS application is less than ideal, but considers that
computational techniques are available that can be applied more extensively at a
parcel lot level. The mathematical properties, limitations and implications of the
regression equations should be clearly explained to the decision-makers. In particu-
lar, the analysts should demonstrate that the regression equations have a physical
basis and that the potential problems of numerical instability have been addressed.

In light of the multiple scales and models used, a comprehensive analysis of
uncertainties is needed. Further, multiple model analysis of the coastal erosion
process would be a significant improvement over single model analysis.
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One issue that remains, and which cannot be resolved given the design of the
FEPS study, is the extent to which the results of the analysis as catried out would
differ from those that would be obtained through application of best available sci-
ence over the entire system. A second issue that remains and which may never be
fully resolved is whether these differences matter in practical terms.

Against this background, the degrees of robustness and defensibility of the
FEPS studies reviewed here have not been demonstrated or documented in a com-
prehensive way. The lack of explicit treatment of risk and uncertainty limits confi-
dence in FEPS results for use in informing decision making, although, unfortu-
nately, FEPS documentation and presentation may convey an impression of accu-
racy and precision in the data, models and interactions within and external to the
system. In addition, the failure to identify those risks that society cannot afford to
take, and those risks that society cannot afford to take too often, render the study
incomplete.
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Chapter 4
Environmental Sciences in the LOSLR Study:
Wetlands, Species at Risk, and the Integrated
Ecological Response Model

The environmental sciences work presented for NRC review includes three
subjects: wetlands, species at risk (SAR), and the integrated ecological response
model IERM). Because of the strong linkages and similar issues and strengths
among them, these three are evaluated in this chapter as a collective body of envi-
ronmental science work in the LOSLR Study. The first section of the chapter in-
troduces the environmental science studies and models of the LOSLR Study and
notes their accomplishments. The second section evaluates the environmental
work in terms of how well they reflect reasonable scientific methods, assumptions,
and supported findings. The next section continues the evaluation in terms of how
key information is displayed and integrated to understand tradeoffs among candi-
date regulation plan options. The last evaluative section notes the degree to which
the environmental sciences, collectively, are appropriate or sufficient to be used to
evaluate regulation plans and determine impacts of water level changes. The chap-
ter concludes with cross-cutting comments and specific summaries for the wet-
lands, SAR, and IERM work, respectively.

BACKGROUND AND FOCUS OF ENVIRONMENTAL
SCIENCES WORK IN THE LOSLR STUDY

The Moses Saunders dam and the current operating plan (Plan 1958DD) have
modified the natural dynamics of discharge and water-level fluctuations in Lake
Ontario, the St. Lawrence River, and the associated lacustrine and riverine wetlands
(IERM 1). These modifications are viewed as contributing to undesirable ecologi-
cal impacts of the Lake Ontario—St. Lawrence ecosystem (IERM 1, page 3). In
response to these and other environmental concerns and as part of an updated plan
for water-level and flow regulation, a guiding principle of the 1JC Study Board was
that “Criteria and Regulation Plans will contribute to the ecological integrity of the
Lake Ontario-St. Lawrence River ecosystem” (IERM 1, page 3). The level of fund-
ing from Canada and the United States underscores the importance that the IJC
places on environmental issues in the LOSLR system. The Study Board’s efforts to
incorporate environmental concerns into a regulatory process that most often and
acutely focuses on economic and engineering considerations represent one of the
notable aspects of the LOSLR Study.

Members of the Environmental Technical Working Group developed and un-
dertook a field research program and literature review to predict the response of
selected organisms or groups of organisms (e.g. wetland plants, fish, herptiles, birds
and SAR) to water levels and river flows. The wetland, faunal, and SAR field stud-
ies led to the development of algorithms that describe relationships among water

89
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level, river flow, organisms, and communities of concern along the Lake Ontario
shoreline and up- and down-stream of the Moses Saunders Dam. Organisms in
these field studies include an array of birds, fish, herptiles, wetland plant communi-
ties and SAR.

The Environmental Technical Working Group also oversaw the development
of the Integrated Ecological Response Model IERM) for ecological assessment of
different management plans for the lake and river. Thirty-two Performance Indica-
tors (PIs) were identified to represent the LOSLR system’s ecological response to
water levels and flows. The IERM was developed by Limno-Tech, Inc. and Envi-
ronment Canada to work within the SVM to facilitate comparisons between alter-
nate plans on environmental issues relative to Plan 1958DD.

Documents Presented for Review

The IJC presented the committee with several documents that represent the
state of the environmental sciences work. What follows is a list of the documents
presented for review; the complete list of documents, including background docu-
ments and those distributed at committee meetings, are listed in Appendix B.

Wetlands Documents:

e W1-Wilcox, D. A., K. P. Kowalski, and M. L. Catlson. 2003. Year 3
Report of Relationship between Lake Ontario Water Levels and the Wetlands.
Ann Arbor, MI: Great Lakes Science Center, U.S. Geological Survey.

. W 2 — Evaluation of Water Level Regulation Influences on LLake Ontario
and Upper St. Lawrence River Coastal Wetland Plant Communities.

IERM Documents:

e IERM 1 — Descriptive Documentation; Limno-Tech, Inc. April 2005.
Draft Development of an Integrated Ecological response Model (IERM) for the
Lake Ontario-St Lawrence River Study.

e [ERM 2—IERM Model (version 4.1.1)

SAR Documents:

e SAR 1 - Water Fluctuation Impacts on Species At Risk Cornwall to
Pointe due Lac [French]

e SAR 2 — Lake Ontario Species at Risk Supplement (Least Bittern and
Black Tern Reproductive Index Performance Indicators)

e SAR 3A — Impact of Water Level Regulation on Nearshore Habitat
Availability and SAR

e SAR 3B — (Supplement) Impact on dunes and SAR
e SAR 4 — Species at Risk Fish Supplement (Year 4 Modeling Group Re-
port)
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e SAR 5 — Lower St. Lawrence Species at Risk Final Report (2005)
[French]

ACCOMPLISHMENTS OF THE ENVIRONMENTAL
SCIENCES IN THE LOSLR STUDY

One strength of the LOSLR study is the plant community composition analy-
sis at shoreline elevations associated with distinct water level histories. These in-
ventories were repeated in 32 sites around Lake Ontario. The field research appro-
priately partitioned the sampling site selection across four common hydrogeomor-
phic wetland types of the Great Lakes: open embayment, protected embayment,
barrier beach, and drowned river mouth. Included in the wetland plant studies is a
historic imagery analysis of the vegetation communities that have resulted from
significant flooding or dewatering events over the last 40 years. Previous Great
Lakes research demonstrates that coastal wetlands respond to flooding and the
water level of a lake (see summary in Keough et al., 1999).

The SAR studies proved to be a valuable contribution to the state of knowl-
edge of the LOSLR system. They collate an enormous amount of natural history
information on species in the study area that often have legal protection status (e.g.,
species reports in Appendix B of SAR 3A). This information is not readily accessi-
ble to the scientific world or the general public.

The development of Target Plots was handled well. The presentation of envi-
ronmental data using the “Target Plot” was effective in its easy and informative
grouping of the Performance Indicator ratios by type (fish, birds, etc.). Target plots
allowed a quick but informative method to visualize the impact of a water level
plan.

Finally, the speed with which the models were created was impressive. In five
short years, a series of wetland models were developed based on empirical data of
one of the largest and most complicated aquatic ecosystems in the world. Unlike
the hydraulic, flow, and erosion models that have had decades of research and de-
velopment, application and refinement, ecological models, like the IERM and its
sub-models, are in a relatively eatly stage of refinement and testing. This feat alone
will likely provide impetus to ecological science, especially the fields of ecological
modeling and restoration ecology, if the science behind the IERM is published in
peer-reviewed journals.

EVALUATION OF SCIENTIFIC METHODS, ASSUMPTIONS,
AND SUPPORTED FINDINGS OF THE LOSLR
ENVIRONMENTAL SCIENCES

The first charge (Charge A) in the statement of task asks the degree to which
the studies and models reflect reasonable scientific methods, assumptions, and
supported findings. This charge is addressed through three evaluation criteria: em-
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pirical foundations, quality assurance, and treatment of risk and uncertainty.

Criterion 1: Empirical Foundations

Empirical foundations of the environmental sciences form the basis for faunal
sub-models, environmental Performance Indicators, and ultimately environmental
tradeoffs in the SVM. They are discussed in terms of wetland sampling, SAR sam-
pling, missing empirical data, performance indicators, and the ecosystem v. single-
species approach to environmental science.

Wetlands Sampling

The wetland vegetation analysis identified four distinct vegetation communities
associated with suites of flood/dewater histories within 32 wetlands distributed
primarily around the eastern half of Lake Ontario in Canada and the United States:
the marsh meadow (not flooded 5-30 years), marsh meadow/emergent mix (not
flooded < 5 years or dewatered < 4 years), emergent marsh (not dewatered 4-39
years), and submergent/floating aquatic bed (not dewatered 40 years or more). The
Environmental Technical Work Group chose to focus on the marsh meadow as
the sensitive indicator. Although undocumented, there are several possible reasons
for this decision: the marsh meadow habitat is high in species richness; it is a criti-
cal habitat for some wildlife; and the marsh meadow habitat is a typical vegetation
type seen in all of the Great Lakes.

Because detailed bathymetry/topography data wete not available for the ma-
jority of the inventory (IERM 3, pg. 12), physical data collected for the 32 sites
were used to derive “typical” wetland geometry for each type. The Environmental
Technical Working Group supported this decision based on perceived consistency
in the bathymetric configuration within wetland geomorphic types. The total area
of each plant category for each geomorphic type was calculated by “simply multi-
plying the percent cover by the total area of each geomorphic type in the system
(W 1).” Validity of this approach implicitly requires that sampled wetlands be (1)
selected randomly and (2) demonstrated to be representative of those in the inven-
tory for Lake Ontario and the Upper St. Lawrence River. The key wetland and
IERM documents do not indicate how the wetlands were selected for sampling.
The 32 “typical” wetlands do not appear to have been chosen randomly nor were
they sampled to ensure representativeness of available wetlands by type. Therefore,
the validity of applying study results to the entire wetland inventory remains in
question.

Table 4-1 was prepared using the W1 Appendix A to derive a summary of wet-
land size and numbers for Lake Ontatio and the St. Lawrence River and to examine
the degree to which the study wetlands may be representative of the population of
wetlands. Figure 4-1 illustrates the distribution of wetland types by area and num-
ber along the Canadian and US coast of Lake Ontario and along the St. Lawrence
River.
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There are very few open embayments in Lake Ontario, and most of these oc-
cur in the U.S. and along the river (Figure 4-1). The average size of wetlands in the
U.S. ranges from 6 ha for open embayments to 35 ha for barrier-beach wetlands.
By comparison, the average size of Canadian wetlands is much larger, 33 ha for
barrier-beach to 66 ha for drowned river mouth marshes. The average size of riv-
erine wetlands tends to be intermediate, from 21 to 39 ha (Table 4-1). Compared
with what is available, the average size of wetlands sampled in this project was be-
tween 19 and 46 ha, generally much larger than the average wetland in the United
States, except for the barrier-beach type (Table 4-1). Unfortunately, the degree to
which these untested assumptions of representativeness contributed to etrror
propagation is unknown. A thorough analysis of the wetland study should
document how well the sampled sites represent wetlands across Lake On-
tario and the St. Lawrence River

By consistently sampling only four of each wetland type in each country, the
study may have inadvertently biased results in favor of open and protected embay-
ments (see Table 4-1). Simultaneously, this approach may have under-sampled
drowned river mouth marshes, especially in the heavily urbanized west end and
north shore of Lake Ontario. A rough estimate using the inventory (Appendix A
of W2) showed 37 wetlands that could be described as urbanized, and these ac-
counted for 970 ha. In addition, wetland size should be considered in any sampling
scheme as wetland area may be an important factor in vulnerability to perturbation
and may be important to a site’s function as wildlife habitat.

Wetlands sampling was limited to a minimum depth of 74.25 m above sea level
(asl) AERM 3, p. 12). However, the typical profiles developed for the four geo-
morphic types included depths from 73.00 to 75.75 m asl (IERM 1 p. 21). From
the existing documentation, it is difficult to ascertain how the Environmental
Technical Working Group assigned plant information to depths between 73.00 and
74.25 m. This sampling regime appears to have under-sampled the submersed
aquatic vegetation (SAV), since sampling only included depths <1.0 m. By not
sampling in deeper waters, the study excluded many of the submergent species in
the high-quality wetlands, and this may explain why there are fewer than 10 com-
mon SAV species in Tables 4, 6, 8 and 10 in W2. Had the study expanded its sam-
pling effort to survey mote of the deeper aquatic habitat, a more representative
suite of species of submetgent species would likely have been reported. The cur-
rent sampling methods likely underestimated the diversity of submersed
vegetation and available fish habitat.

Many of the habitat models used to develop the SAR Performance Indicators
rely on predictions of wetland vegetation, including submergent vegetation. All of
these Performance Indicator models will be vulnerable to the same criticisms that
have been made of the wetland vegetation models and vegetation sampling meth-
ods, such as sampled wetlands ate not statistically representative of wetlands in the
LOSLR; submergent vegetation appears to be undersampled; and there are limited
linkages between bathymetric changes and vegetation models. Error from wet-
land sampling deficiencies may be propagated through the SAR material,
through the IERM, and into the SVM. This is a serious limitation to the
credibility of these SAR Performance Indicators.
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TABLE 4-1 LOSLR Wetland Study Sites in U.S. and Canada in
Comparison to Total

Barrier Drowned Open Protected
Category Beach River Mouth Embayment Embayment

Al (ES' wetlands 4,046.25 1,961.01 386.2 937.97

Total # US wetlands 117 99 67 29

All Canadian wet- 2,485.56 5,908.06 1,235.89 2,915.49
lands (ha)

Total # Canadian 76 90 20 55
wetlands

All SL River wetlands 469.98 1,288.17 1,714.41 2,498.20
(ha)

Total # SL River 26 44 73 183
wetlands

All wetlands in LO 6,531.81 7,869.07 1,622.09 3,853.46
(ha)

Total # wetlands in 193 189 87 84
LO

All LO + SL river 7,001.79 9,157.24 3,336.5 6,351.66
wetlands (ha)

Total # wetlands 219 233 160 267
(LO + SL River)

Average size of wet- 34.58 19.81 5.76 32.34
lands in US (ha)

Average size of wet- 32.71 65.65 61.79 53.00
lands in Canada

Average size of river- 31.97 39.30 20.85 23.79
ine wetlands (ha)

Average size of wet- 33.84 41.63 18.65 45.87
lands sampled in
LO

Area of wetlands 837 1,443 882 949
sampled in LO (12.8%) (18.3%) (54.4%) (24.6%)
(% of total)

No. of wetlands 8 8 8 8
sampled in LO (% (4.1%) (4.2%) (9.2%) (9.5%)
of total)

No. of wetlands 4 4 4 4
sampled in US (% (3.4%) (4.0%) (6.0%) (13.8%)
of total)

No. of wetlands 4 4 4 4
sampled in Can- (5.3%) (4.4%) (20.0%) (7.3%)

ada (% of total)
Note: Regrouping of original data presented in Appendix A of W2 to evaluate the degree to
which the 32 study sites were representative of available wetlands in both countries and in the
St. Lawrence River. Numbers in bracket are percent (%) of total wetlands in all of Lake On-
tario, or only in the Canadian or U.S. portions of Lake Ontario, as appropriate. Statistics on
sampled wetlands were taken directly from IERM 3 (Table 2, p. 12).
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FIGURE 4-1 Distribution of wetlands by geomorphic types in Lake Ontario and
the St. Lawrence, with respect to a) total area and b) total number.

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/11481

Review of the Lake Ontario-St. Lawrence River Studies

96 Review of the Lake Ontario-St. Lawrence River Studies

External Environmental Stressors

The models and Performance Indicators seem to consider wetlands as discrete
elements, when in fact, wetlands reflect attributes of their surrounding aquatic and
upland systems. Surrounding uplands areas can be a major determinant of wetland
structure and function through impacts to the physical and biotic aspects of wet-
land ecology. Without taking these external forces and stressors into account, the
IERM cannot be used to predict the combined effects of water-levels and other
stressors such as deterioration in water quality, adverse impacts of exotic species
(Lougheed et al., 2004; Wei and Chow-Fraser 2006) and urban encroachment, that
are known to affect the re-establishment of different types of aquatic vegetation
(Chow-Fraser et al., 1998; Wei and Chow-Fraser, 2005). For example, thetre are
heavily urbanized wetlands in western and northern Lake Ontario (see Cootes
Paradise Marsh in Chow-Fraser 2005; Frenchman’s Bay in Eyles et al., 2003), where
currently there are no wet meadow communities due to urban encroachment. The
sampling program could have been additionally stratified to account for the effects
of altered land uses (i.e. urban and agricultural development) on plant distribution,
so that results could have been incorporated into an adaptive management model.

In all, the wetlands sampling effort was broad, but should have been carried
out to reflect availability of the four geomorphic types rather than having all four
types being equally represented in the study set. The number of wetlands to be
sampled should have been determined through a power analysis, and then the sites
should have been chosen randomly from the Lake Ontario wetland inventory.

SAR Sampling

The field data collected during the LOSLR studies are very limited and were
obtained only over a few field seasons (see SAR 1 and SAR 3A for lists of species
at risk considered for the study). The limitations appear in several aspects of the
SAR work. For example, many SAR exhibit substantial inter-annual variation,
which would not be captured by field studies of short duration (and, in some cases,
single visits to a site). Other SAR were excluded from analysis because they do not
occur in the study area currently. Intuitively, excluding species from analysis would
seem correct; however, this may prove to be a shortsighted choice since a stated
purpose in developing a new water regulation plan is to reduce environmental deg-
radation due to water level management and, presumably, restore some missing
species.  Certainly, it is more difficult to predict responses to water level manage-
ment for species which have not been observed in the study area, but this may be
no greater a limitation than reliance on only a handful of observations, which is
already the case for some of the SAR for which Performance Indicators have been
developed.
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Performance Indicators

Performance Indicators employed in the LOSLR environmental science work
are often indirect measures of integrity of a community such as wetland area. In
most cases, it is not clear why these metrics were chosen when more conventional,
ecological assays, such as diversity, biomass, or productivity remain viable metrics.
For example, the various plant Performance Indicators are based on the areal depth
available for growth (available suitable habitat) for a community at a given lake
level. Implicit in this Performance Indicator is the assumption that lake level area is
directly related to species abundance, productivity or species diversity. Defense of
this approach is needed in the environmental documentation because a large body
of research shows that a number of different physical and biotic factors in addition
to hydrology affect species distribution and growth (Hupp, 2000; Naiman et al.,
1993; Pollock et al., 1998).

Two different approaches were used to develop performance indicators (Table
4-2) for the wetland sub-models, one for the Lake Ontatio-Upper St. Lawrence,
and another for the Lower St. Lawrence IERM 1, p.12). The Lake Ontario-Upper
St. Lawrence approach (IERM 1 p.12) relied on information from 32 “typical” wet-
land sites that represented equally the four geomorphic types (barrier beach,
drowned river mouth, open embayment and protected embayment). The wetland
Performance Indicator reflects the average total area of each vegetation community
(specifically meadow marsh; IERM 1, p. 24) that occurred in the 32 sample sites.
These sites were extrapolated to an inventory of wetlands within ILake Ontario-
Upper St. Lawrence that were classified according to geomorphic type. By com-
patison, the Performance Indicator for the Lower St. Lawrence was based on a
comprehensive digital elevation model that covered the Lower St. Lawrence chan-
nel and the entire floodplain for Lake St. Louis and the reach from Montreal Har-
bor to Lake St. Pierre. The model framework was linked to a flexible database sys-
tem, which allowed calculation of relevant physical and biological information in-
cluding vegetative cover of treed swamp, shrubby swamp, prairie meadow, shallow
marsh, deep marsh, open water, and invasive prairie meadow, total wetland area, as
well as surface area of several ecologically important submergent aquatic plant spe-
cies {ERM 1, p. 18). Node tesults computed by the 2-D model were stored in the
database system and were aggregated to provide summaries of model output for
key locations in the LSL system.

The dune-barrier beaches report nicely describes the dune-barrier beaches; it
even documents the report’s shortcomings. It was not clear why there was no Per-
formance Indicator developed to represent this habitat or its characteristic species,
many of which are SAR. Failure to include barrier beaches and dunes misses an
opportunity to consider species and habitats associated with them, particularly
along the southern coast of Lake Ontario, where loss of bartier beaches and dunes
will also jeopardize wetlands that are presently protected by them.
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TABLE 4-2 Key Ecological Performance Indicators
Performance

SVMID Indicator Group  Description (Region) Units

E1 Vegetation Wetland Meadow Marsh Community—total ha
surface area and supply based (Lake
Ontario)

E2 Fish Low Veg 18C — spawning habitat supply ha-days
(Lake Ontario)

E3 Fish High Veg 24C - spawning habitat supply ha-days
(Lake Ontario)

E4 Fish Low veg 24C - spawning habitat supply ha-days
(Lake Ontario)

ES5 Fish Northern Pike — YOY recruitment index index
(Lake Ontario)

E6 Fish Largemouth Bass — YOY recruitment index
(Lake Ontario)

E7 Birds Virginia Rail (RALI) median reproductive index
index (Lake Ontario)

E8 SAR Least Bitten (IXEX) — median reproductive index
index (Lake Ontario)

E9 SAR Black Tern (CHNI) — median reproductive index
index (Lake Ontario)

E10 SAR Yellow Rail (CONO) — preferred breeding ha
habitat coverage (Lake Ontario)

E11 SAR King Rail (RAEL) — preferred breeding ha
habitat coverage (Lake Ontario)

E12 Fish Low Veg 18C — spawning habitat supply ha-days
(Upper St. Lawrence)

E13 Fish High Veg 24C - spawning habitat supply ha-days
(Upper St. Lawrence)

E14 Fish Low Veg 24C — spawning habitat supply ha-days
(Upper St. Lawrence)

E15 Fish Northern Pike — YOY recruitment index index
(Upper St. Lawrence)

E16 Fish Largemouth Bass — YOY recruitment (Up- index
per St. Lawrence)

E17 Fish Northern Pike — YOY net productivity (Up- grams/ha
per St. Lawrence)

E18 Birds Virginia Rail (RALI) — median reproductive index
index (Lake St. Lawrence)

E19 Mammals Muskrat (ONZI) — house density in number/ha
drowned river mouth wetlands (Thou-
sand Islands area)

E20 Fish Golden Shiner (NOCR) — suitable feeding ha
habitat surface area (Lake St. Louis to
Trois-Riviéres)

E21 Fish Wetlands fish — abundance index (Lower index
St. Lawrence)

E22 Fish Northern Pike (ESLU) — suitable reproduc- ha
tive habitat surface area (Lake St. Louis
to Trois-Rivieres)

E23 Birds Migratory wildfowl—floodplain habitat sur- ha
face area (Lake St. Louis to Trois-
Riviéres)

E24 Birds Virginia Rail (RALI) — reproductive index index
(Lake St. Louis to Trois-Riviéres)

continues
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TABLE 4-2 Continued

SVM Performance

ID Indicator Group Description (Region) Units

E25 Birds Migratory wildfowl — productivity (Lake St. number of
Louis to Trois-Riviéres) juveniles

E26 Birds Black Tern (CHNI) — reproductive index index
(Lake St. Louis to Trois-Riviéres)

E27 Herptiles Frog sp. — reproductive habitat surface area ha
(Lake St. Louis to Trois-Riviéres)

E28 Mammals Muskrat (ONZI) — surviving houses (Lake number
St. Louis to Trois-Riviéres) of houses

E29 SAR Least Bittern (IXEX) — reproductive index Index
(Lake St. Louis to Trois-Riviéres)

E30 SAR Easter San Darter (AMPE) — reproductive ha

habitat surface area (Lake St. Louis to
Trois-Riviéres)

E31 SAR Spiny Softshell Turtle (APSP) — reproduc- ha
tive habitat surface area (Lake St. Louis
to Trois-Rivieres)

E32 SAR Bridle Shiner (NOBI) — reproductive habitat ha
surface area (Lake St. Louis to Trois-
Riviéres)

Only limited information on Performance Indicator models is presented in the
English summaries of SAR 1 and SAR 5. In one of three cases where the same
SAR is included in both the lower river (SAR 1 and 5) and upper river and lake
documents (SAR 2) (Least Bittern), it appears that the structure of the models for
both regions may be similar. It is not clear whether separate data or separate expert
judgments were used to parameterize the models for different regions. In the other
two cases (Spiny Softshell Turtle in SAR 5 and SAR 3A, and Bridle Shiner in SAR 5
and SAR 4), the Performance Indicator models appear to be different for the two
regions, but it is unclear whether different structures are based on differences in
data availability or differences in habitat responses in the two regions. Further-
more, Performance Indicator ratios are calculated for rate processes, biomass, area,
etc., using different units of measure. Nowhere in the documentation are these
different units reconciled, resulting in different Performance Indicators being based
on different units. A discussion is needed about how the calculation of Per-
formance Indicator ratios using different base units (biomass, rate process,
etc.) may affect error statement and certainty.

The Environmental Technical Working Group collapsed several hundred Per-
formance Indicators in the IERM to 32 (Table 4-2). The collapse to 32 Perform-
ance Indicators is viewed as reasonable, but the rationale behind the number 32
needs to be explained. In the illustrative case of the SAR Performance Indicators,
it is sensible to reduce the original list of Performance Indicators to concentrate on
those most likely to be affected by water level regulation, and then to narrow that
list further to retain as indicators SAR that can “represent” a suite of other species
expected to respond similatly. However, the criteria used to reduce the lists at each
stage need to be stated more explicitly. The reductions also need to be justified in
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terms of what is known about the natural history and population dynamics of the
SAR. These issues are discussed in Appendices C and D of SAR 3A for Lake On-
tario and Upper St. Lawrence SAR, but are lacking from most of the other SAR
documents. Because of issues of validation, error propagation and sensitiv-
ity, the use of all 32 Performance Indicators (32) would provide a better in-
terpretation of environmental effects for a plan, and the reasons for deciding
against the larger number of Performance Indicators should be better ex-
plained.

The environmental Performance Indicators were designed to allow relative
rankings of plan alternatives (ordinal measurement scale) rather than to predict
absolute levels of SAR population responses to water level regulation (ratio meas-
urement scale). This is a sensible goal, particularly given the limited data and limited
understanding of the needs of many SAR. However, when they are subsequently
integrated with the other metrics used to evaluate alternatives, environmental Per-
formance Indicators must also provide information on how much better or
how much worse one plan is compared to another (interval measurement
scale); otherwise, it will not be possible to evaluate tradeoffs among envi-
ronmental Performance Indicators and between environmental Performance
Indicators and those that are expressed in monetary units.

Ecosystem vs. Single-Species Approach

In general, the wetlands work and the IERM use a single-species approach
rather than an ecosystem approach. A single-species approach focuses on the reac-
tion of an organism to lake level or river flow. An ecosystem approach considers
processes that transcend individual species and indicate integrity of the ecosystem
as a whole, such as supra-specific measures like total site biomass and net primary
production. An ecosystem approach can also account for the presence and abun-
dance of organisms, diversity and composition of plant and animal communities,
and their reactions to other stressors in the LOSLR environment, such as contami-
nants, inter-specific competition, invasive species, nutrients and sediment supplies
from the watershed, climate change, and other fisheries stocking and harvesting
practices. Omission of the effects of these other stressors in the LOSLR study may
compromise the interpretation provided in the Shared Vision Model. The current
design of the IERM (and the SVM) makes it very difficult to separate the effects of
these and other stressors from effects due to water regulation alone.

Sometimes, ecosystem-oriented approaches fail to account fully for species
with special requirements not captured in the ecosystem-level model. For situa-
tions where field data on individual species requirements are limited, as is the case
for many of the SAR in this study area, protecting and monitoring essential ecosys-
tem features (such as dune processes) may be an effective and efficient strategy for
protecting SAR (Franklin, 1993). Monitoring ecosystem features, supplemented by
selected monitoring of individual SAR status, would provide the feedback neces-
sary to assess the merits of whichever water regulation plan is implemented.

There are two Performance Indicators that embrace an ecosystem approach.
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The wetland marsh meadow Performance Indicator is one, as it is a community
metric with clear relationships to environmental conditions. Another example of
an ecosystem approach in the environmental documents is the report on dunes and
SAR for the Eastern Lake Ontario Barrier Complex (SAR 3B). This document
supports an ecosystem-oriented, rather than single-species oriented approach to
evaluation of impacts on SAR. An ecosystem-approach is recommended with
supplemental monitoring of individual species.

Criterion 2: Quality Assurance and Quality Control

Quality Assurance/Quality Control (QA/QC) in the environmental sciences
provides ways to validate study and model results and a means to ensure that re-
sults ate accurate and reliable. QA/QC does not appear to have been instituted for
the LOSLR Study. In general, information on validation, calibration and verifica-
tion presented on vatious algorithms in models is weak or non-existent for wet-
lands, SAR, and the IERM. Initial formal direction from the Study Board on
QA/QC could have reduced concerns about the lack of validation and significance-
testing that pervades the work in this component of the LOSLR study.

Validation

IJC materials did not describe any independent validation of the IERM in Lake
Ontario, the St. Lawrence River, or elsewhere in the Great Lakes. In fact, the
statements are repeatedly made in reviewed documents that “No calibration data
are available,” “No specific validation data sets are available” (IERM 3). During
the question/answer sessions with the Envitonmental Technical Working Group
representatives at the first committee meeting, no further information was provided
about calibration or validation exercises. This lack of validation makes it impossi-
ble to comment on the accuracy of predictions.

An assumption is built into the IERM model that cattails will be reduced with
draw-downs over time. This hypothesis needs to be experimentally verified to
complete the wetland investigations. This verification is keenly needed because
there is published evidence to the opposite effect: cattail distribution has been
shown to increase with low water levels in Cootes Paradise Marsh, a large urban
marsh at the western end of Lake Ontario (Chow-Fraser 2005; Wei and Chow-
Fraser 2005; 2006). Literature also shows that Typha species have broad environ-
mental tolerance and are excellent competitors. Recent expansion of invasive spe-
cies, such as Phragmites australis, into the sedge meadow under similar conditions
have also been noted (W1). Both of these situations would result in an expanded
emergent rather than sedge-meadow zone. The marsh meadow hypothesis needs
additional testing to be validated. The previous IJC Water Levels Reference
Study (early 1990s) (Wilcox et al., 1993) may provide valuable data that could
be used to validate the current Lake Ontario wetland results, and such test-
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ing is needed to demonstrate the quality of the analysis and the certainty of
forecasts.

Aerial photo analyses were used as part of the wetland empirical exercises. Ae-
rial photographs indicate that emergent marsh and especially cattail (Dypha angustifo-
lia) are favored by flooded conditions and by relatively stable inter-annual patterns
of lake level and climate in Lake Ontario. The study would benefit from a quantita-
tive analysis of the historic series of aerial photographs.

For most SAR modeled, there ate no data available for quantitative model
validation and no qualitative validations are offered (other than the statement “ac-
curate for relative comparisons,” without further elaborations). In the few cases
where quantitative validation was attempted, the results often are not presented
clearly or are not convincing. For example, the prediction rate for Least Bittern
nest habitat is stated to be 75.6 percent, but it is not clear what “prediction rate”
means. For Yellow Rail, two nests were available for validation. One nest 215 m
away from predicted nesting habitat is described as “very near” and the other was
375 m away. This “near” value is not convincing.

The quality of the wetland results would be strengthened if the authors had
provided more information on the precision of elevation measurements, water-
level measurements (including seiche effects), and the accuracy and precision of
vegetation measurements and identifications. Although the vegetation zones are
sufficiently distinct and the relationship to flooding sufficiently strong that
some variation would not likely have changed the results, an explicit expla-
nation of sources of variation is needed to demonstrate confidence in the
results.

Inconsistent Terminology

Variable use of terminology presented confusion in some of the environmental
science documents. Prediction of wetland area as a function of water level was
verbally reported as excellent; uncertainty for the algorithms for fish, birds and
SAR was verbally reported as high. In no place in the documents are “excellent” or
“high” given quantitative values. A substantive set of concerns was raised by the
use of the term “precautionary principle.” The phrase is used in a non-standard way
in the confidence ratings in SAR 5, with no apparent relation to the usual meaning
in the literature (Lauck et al., 1998). The same phrase is used in SAR 2 to give
“conservative” Performance Indicators, but the meaning of this statement is not
clear. Based on verbal descriptions of “conservative,” the approach taken may
actually be the opposite of the understanding of the precautionary principle as ap-
plied to environmental decision making in the literature. Other terms present con-
fusion in the environmental documents, as well. SAR Performance Indicator mod-
els refer to “rapid” rises in water levels, but “rapid” is not defined. Likewise,
“stranded” is used in the wetlands documentation, but needs further clarification,
in terms of how stranding occurs under different water level scenarios and how
these impact species of interest, such as the northern pike.

Environmental Technical Working Group scientists provided ratings of confi-
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dence in the IERM and some sub-models. Confidence ratings are important, stan-
dard practice. Confidence ratings ate particularly useful in cases that expert opin-
ion helped develop habitat models, as in this case. Unfortunately, in this case, the
ratings provided appear to be largely “boilerplate,” with the same phrases repeated
for each species and with no evidence offered for the ratings being “accurate for
relative comparison.” For example, the Yellow Rail Performance Indicator is rated
as “allowing for relative comparison” and, in the same paragraph, as “should not be
used as a key indicator” due to limitations in information or partial failure of valida-
tion. Without explanation, these judgments appear contradictory. In the appendi-
ces of SAR 3A, similar discussions are labeled “Risk and Uncertainty Assessments,”
rather than “Confidence.”

SAR 2 and SAR 5 appear to come to the opposite conclusion based on similar
types of models and data. Such contradictory assessments illustrate the need for
well-defined and consistent standards for judging reliability, especially when those
judgments are qualitative. It is helpful to comment on the sensitivity of the SAR
Performance Indicators to water level regulation, as is done in the appendices to
SAR 3A for at least some SAR. Terminology should be consistent with stan-
dard usage, defined and clarified in the environmental sciences documenta-
tion.

Criterion 3: Treatment of Error and Uncertainty

Like quality control issues, a formal method to test for error and uncertainty
was not documented for field investigations or simulations. In general, information
on error propagation, risk, and uncertainty is weak or non-existent for SARs, wet-
lands and the IERM, and IJC documents note that “...cumulative uncertainties
have not been estimated” (IERM 3). Deficiencies in the treatment of error and
uncertainty were identified with respect to methods used in wetland sampling, SAR
analyses, and creation and selection of Performance Indicators (see Criterion 1:
Empirical Foundations).

IJC documents describe a 10 percent change rule to convey significant variabil-
ity associated with environmental Performance Indicators. No written documenta-
tion exists on how the 10 percent rule of significance was achieved, although verbal
comments in the committee meeting open session suggested that it was selected
without scientific or practical justification. According to the oral comments, eco-
logical index and Performance Indicator ratios ate based on the “board’s profes-
sional judgment,” and not derived from traditional statistical methods. An “admin-
istrative decision” was made to accept a 10 percent change as a significant differ-
ence for the environmental indicators. In other words, LOSLR staff is using this
10 percent rule to assign value to an effect size that is best described as a non-
statistical choice about what difference is big enough to influence a particular deci-
sion. This is an area of major uncertainty for the decision making process in the
SVM via the IERM. A better explanation about etror and uncertainty is
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needed to convey confidence in the environmental sciences results for
LOSLR decision making.

Because decisions about water level regulation will be based, in part, upon the
environmental sciences information, the 1JC needs a high level of confidence in the
conclusions derived from the myriad of models produced. The environmental
sciences work presents an illustrative example of how error could be introduced
and propagated throughout the LOSLR study structure. Since the faunal sub-
models for fish, wetland birds, muskrat, and herptiles were completely or partially
dependent on habitat information derived from the wetland plant sub-model, the
wetland Performance Indicator strongly impacts all those models and assumptions
based upon it. Flaws in empirical foundations—wetlands representativeness, miss-
ing or limited empirical data—will influence the IERM and the predicted outcomes
of the SVM. Without a clear discussion or desctiption of estimates of error or un-
certainty, the degree to which the SVM reflects these flaws cannot be determined.
The overarching concern of error and uncertainty in the environmental sci-
ences is how error is propagated from the wetlands and SAR sampling
methodologies into the Performance Indicator development and through
use in the IERM and SVM.

INTEGRATION AND DISPLAY OF KEY INFORMATION

The second charge (Charge B) in the statement of task looks to understand
how well the studies and models integrate and display key information needed for a
comprehensive evaluation and understanding of the tradeoffs for selecting among
the candidate RPOs. Four evaluation criteria are used to address this charge: link-
ages among related studies and models; temporal scaling resolution; documenta-
tion; and efficient communication to decision makers.

Criterion 4: Linkages and Feedback among
Related Studies and Models

The environmental science work in the LOSLR Study, at least the contents
presented for this review, use data and sub-models generated from the empirical
wetland and SAR work in the IERM. The IERM, in turn, is used as a sub-model in
the SVM as a means to present integrated environmental information. Linkages
among the wetland, SAR, and IERM efforts are important for accurate interpreta-
tion and representation in the SVM and ultimately, in the regulation plans, them-
selves. Furthermore, linkages between the wetlands work and the FEPS model
may also be important, as some of the physical, geomorphic properties of wetland
habitat (such as dune- and barrier beach wetlands) can be strongly influenced by
wave erosive action. The biophysical underpinnings needed to develop Perform-
ance Indicators for barrier beach wetland complexes are severely compromised by
failure of the FEPS model to include accretion of dunes and protective effects of
dunes and barrier islands on other parts of the shore. The development of a barrier
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beach Performance Indicator with linkages between the IERM and FEPS models
appears imperative.

Linkages among SVM components could strengthen the integration and dis-
play of key information in the LOSLR Study. The FEPS model (see Chapter 3)
developed scenatios to predict the response of the coastal lake bottom to various
storms and outflow management options. These results might have been applied
to the wetland studies. Alteration of bathymetry at the lower portion of wetlands
may impact the rate of response of vegetation to water level change, not just in the
lowest portion of a site but potentially in upper elevations if base level is altered.
Wetland researchers should collaborate with the shoreline modelers to de-
velop bathymetric scenarios for wetland sites.

The protected barrier beach wetlands of Lake Ontario comprise a major hy-
drogeomorphic community and are included in the wetland empirical work, but not
integrated into the FEPS, IERM, or SVM models. A Performance Indicator exists
for barrier beaches and sand dunes, but “no algorithm or economic calculations
were developed for the FEPS due to inability of modeling sandy shore evolution
over very long time periods” (Baird and Associates [no date], Barrier Beaches and
Dunes, Performance Indicator Summary, Coastal Working Group). Evidence ex-
ists, however, that barrier beaches are being eroded away along the southern shore
of Lake Ontario at Hamlin Beach State Park (Makarewicz et al., 2000; NYORHP,
1998), as armoring efforts are underway. The omission of barrier beach wetlands
from the IERM and SVM could result in the detriment of an important hydro-
geomorphic type and a NYSDEC protected wetlands along coastal Lake Ontario.
The LOSLR environmental science work depends on the ability of the FEPS
model to provide the type of information needed by the SAR and IERM
work, and the connections between FEPS and environmental work need
strengthening or better documentation.

Criterion 5: Spatial and Temporal Resolution and Scaling

The quarter month time step (see Chapter 2) presents challenges to achieve
temporal resolution compatibility among different aspects of the LOSLR Study.
Quarter month time steps wete chosen for purposes of hydrologic/hydraulic mod-
els and the SVM (see Chapter 2), but the quarter month time step may be too
coarse for biological applications. Temperature is a key stressor affecting fish re-
production in the St. Lawrence River, and it is considered as a stressor in LOSLR
fish model(s). Fish models use a “daily” temperature time step for effects of water
level and flow on spawning and eatly life histories. However in the IERM, there
was a simplification of the IERM fish component, whereby a quarter month time
step was introduced. Little or no information was provided on the rationale or
impact of changing the time step from daily in the sub-model to quarter-monthly in
the IERM. The accuracy of the IERM may be compromised by this discrepancy in
time step. The type of explanation required to evaluate this scientific outcome
would include:
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e  What is the daily variation in temperature compared to the quarter-
monthly?

e Why did the fish population sub-model use a daily step but the IERM use
a quarter-monthly step?

e What effect, if any, did this simplification of the model have on projected
results?

Time scale resolution presents a similar concern for the use of quarter-monthly
time steps for some bird populations. Rapid rise in water level is listed as an im-
portant hydrologic factor for some birds IERM 1). Fan and Fay (2001, Variation
of St. Lawrence River Hourly Water Levels about the Quarter-Monthly Mean,
pages 8 and 9) point out that river level variation can be quite high during the
spring freshet: “at Betancout, the daily level typically vaties within + 25cm from its
quarter-monthly level, but can be as much as 80 cm higher or 50 cm lower year
round.” At Batiscan, daily levels can be 100cm higher or 70 cm lower than quarter
monthly estimates. Drolet et al. (in IERM 1) report that eggs and chicks of the
Virginia Rail are susceptible to drowning due to water level fluctuations. In fact, a
rate of greater than 20 cm is suggested as being important, but the rate for this 20
cm rise is not noted (i.e., should have been represented as per day, per week, or per
month). Assuming that the rate is 20 cm per day, the quarter-monthly time step is
not acceptable because it is far too coarse. Similar situations are desctibed for the
Least Bittern and Black Tern. Temporal scales need to be consistent between
the empirical studies and models used in the IERM and subsequently in the
SVM.

Although the IERM 1 presented the ‘typical wetland geometry profiles’ (Figure
2-2, p. 22), there was no additional information to determine variability around the
individual curves, and no attempt was made to validate these with an independent
wetland subset from LO-USL. Since wetland size can affect a wetland’s vul-
nerability to perturbation and to a site’s function as wildlife habitat, more
attention must be paid to ensure that results for larger wetlands can be ex-
trapolated directly to smaller ones in other geographic reaches of the Lake
Ontario shoreline.

Criterion 6: Thorough Documentation

Documentation presented serious problems for a thorough understanding, and
therefore evaluation, of the wetlands, SAR, and IERM work. Some of the docu-
mentation problems stemmed from the review documents themselves. Draft re-
ports, rather than completed reports, of much of the environmental sciences work
were provided to the NRC committee, conveying that additional refinements would
be forthcoming. Unfortunately, whole sections were missing from some of these
draft documents. For example, in the IERM - 4 User’s Manual entitled “The
IERM Criteria Evaluation” was listed as not yet functional. Documentation was
missing that clarified (1) who was responsible for the work; (2) what were the scope
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and plans for completing incomplete work; and (3) the timeline for work comple-
tion. At present, such calibration and documentation do not exist.

Specific examples of insufficient documentation on environmental sciences are
given throughout this chapter. Major points of concern focus around inade-
quate documentation of: (1) wetlands and SAR sampling choices; (2) choice
of Performance Indicators in lieu of more traditional ecological assays; (3)
methods to select and eliminate Performance Indicators in reducing the
number from several hundred to 32; (4) resolution of temporal and spatial
scales; and (5) treatment of error and uncertainty, and documentation
should be provided for these areas of concern.

Criterion 7: Effective Scientific Communication

Ecological Indexing

Indexing is a common practice in ecological sciences, used to present multi-
variate information in a simplified way. When done correctly and under appropri-
ate conditions, indexing can be effective in conveying complex, intricate informa-
tion. Still, indexing poses specific problems in the LOSLR Study. The Environ-
mental Technical Working Group developed the single “Index of Ecological Integ-
rity” (IJC, Draft Report), by collapsing the 32 key Performance Indicators into a
single value that is a weighted average (group-weighted, region-weighted). As
pointed out by Limno Tech IERM 1), “it is important to note that the overall in-
dex of ecological integrity provides an overview of the key Performance Indicator
results, but the index by itself should not be considered sufficient to evalnate and rank plans
[italics added].” Rather, the entire suite of 32 key Performance Indicators should
be used for comparison of plans in matrix and graphic formats such as the Target
Diagram.

This review agrees that the Index of Ecological Integrity should not be used to
evaluate potential regulation plans for at least two reasons. One reason is that the
“Index of Ecological Integrity” is an oversimplification and has to be viewed with
considerable caution. Forming an index assigns weights on the vatious compo-
nents that go into the index, and these weights express priorities among Perform-
ance Indicators. The weights used to form the environmental index are hard to
locate in the Board Room, and no justification is offered for differences in the
weights that were assigned to regions, to groups of species or to individual species.
The weighted priorities are elements of preference or value models, which vary
among stakeholder groups.

Another reason is that a single index forces the same value model on all
groups. Individual results of environmental Performance Indicators respond dif-
ferently to variations in water regulation plans, and a single index will obscure these
differences. Perhaps this concern is best illustrated by the example of the Moses
Saunders dam. River segments, including the reservoir, upstream of the dam differ
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significantly from segments downstream of the dam. The problem with the simpli-
fied index is that a single value will be used to express conditions both above and
below the dam. This example is stark, but this concern of obscuring important
differences extends to plant and animal Performance Indicator values, as well. Fur-
thermore, whether intended ot not, it will be the tendency for non-scientists to use
this single index value to evaluate all environmental issues. For these reasons, the
use of the Index of Ecological Integrity is not recommended for purposes of
the LOSLR Study.

OVERALL APPROPRIATENESS AND SUFFICIENCY OF
ENVIRONMENTAL SCIENCE TO INFORM REGULATION
PLAN OPTIONS

The third charge (Charge C) in the statement of task is aimed at determining
whether the IJC documents presented for review are appropriate and sufficient for
use in selecting a water regulation plan option. Three evaluation criteria are used to
address this charge: the study scope and aims, balance between scientific and prac-
tical professional judgment, and future needs to respond to effects of water level
regulation on multi-decadal time scale.

Criterion 8: Breadth of Study Scope

One of the impressive aspects of the LOSLR study is its inclusion of environ-
mental considerations in selecting a water regulation plan. At its core, this research
described plant species diversity and composition within vegetation zones for 32
wetland sites, upon which SAR and IERM Performance Indicators were developed.
The documentation of the wetland and SAR species assemblages constitutes a sig-
nificant database. Seldom is an analysis of so many sites possible in a single study.
One lasting legacy of this project is the valuable database of standardized field
measurements of many wetland components. In particular, the inventory of wet-
lands in Lake Ontario is a significant contribution, and should be preserved to sup-
port adaptive management and future research. It is important that GIS databases
(such as those used for modeling different organisms) be maintained to ensure
wide public accessibility and for possible enrichment as more data become avail-
able. Upon publication, this LOSLR study will contribute significantly to docu-
mentation of the relationship between flooding/dewatering history and wetland
vegetation. Every effort should be made to ensure that the data acquired for
this project remain in public domain and available for future projects.

Criterion 9: Balance Between Scientific and Practical
Professional Approaches

When empirical data are lacking, it is sensible to make use of expert opinion to
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inform habitat models. Sometimes, though, expert opinions lack credibility when
ad hoc methods are used to solicit them, rather than the more explicitly structured
methods that have been developed in the field of decision analysis (e.g., Meyer and
Booker, 1991; Morgan and Henrion, 1990). When used in standard practice, expert
opinions can be invaluable complements or supplements to empirical data. Expert
opinion was used in the SAR studies, but it lacked many of the standards of good
practice for use, including (1) justification of choice of experts; (2) provision of a
common background of available information to all experts; (3) orderly and item-
ized structure of expert judgments on related issues, rather than a composite judg-
ment about population tesponse; and (4) calibration of the experts’ responses with
whatever empirical data may be available. These standards for expert analysis
should be included in the SAR analyses and processes.

Criterion 10: Identification of Future Needs

This body of environmental science, as presented in the wetlands, SAR, and
IERM documents, is seen as a solid beginning to a science program aimed at un-
derstanding the LOSLR ecosystem. The data and information collected, analyzed
and utilized in the LOSLR Study will provide a foundation for future, related scien-
tific work that should be further developed, refined, expanded, and applied to sci-
entific and policy uses.

As advances in science continue, the IERM and thus the SVM must be able to
accommodate these advancements in science and modeling techniques. Currently,
the IERM is a positive step forward for the management of lake levels and flows
for the Lake Ontario/St. Lawrence system. In 2005, the LOSLR envitonmental
field data are of short duration (less than three years) and spatially limited, and the
propagation of error is essentially unknown. While the science is still under devel-
opment, a common and sensible response to decision making hampered by limited
information is adaptive management. Adaptive management can be designed to
update and adapt the data and models used for decision making in a systematic way
over time.

The environmental research explicitly focused on effects of water levels on
wetlands, SAR, and other organisms in the LOSLR ecosystem. Other attributes of
the aquatic system, such as water quality, shoreline urbanization, dredging and
other sediment manipulation, were not included in these analyses. These other
stressors likely have an influence on measures of environmental Performance Indi-
cators, but their effects are undocumented in the LOSLR materials.

Because these other factors that are likely to influence SAR and other envi-
ronmental Performance Indicators have not been included in any of the Perform-
ance Indicator models, it will be very difficult to use monitoring data to evaluate
the success of water regulation plans and to update and improve the Performance
Indicator models. There are likely to be variations in environmental status attribut-
able to these or other factors in addition to or instead of water level fluctuations.
While the current design of the IERM and SVM cannot tease apart impacts
caused by these factors from those due to water regulation, adaptive man-
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agement may provide an appropriate paradigm by which the SVM can be
updated to include additional factors once the science becomes available.

SUMMARY ON ENVIRONMENTAL SCIENCES IN THE
LOSLR STUDY

This chapter evaluated the three sectors of the LOSLR environmental sciences
as a collective body of work. Findings and recommendations have been presented
by Statement of Task Charges A, B, and C in the preceding sections. This sum-
mary presents major findings and recommendations separately for wetlands, SAR,
and IERM, respectively, but first, issues are presented that are common to or span
across the three sectots.

Cross-Cutting Findings in Environmental Sciences in
the LOSLR Study

Improvements to the LOSLR environmental science work will take a range of
effort and resources to address. Some choices made in the environmental science
LOSLR studies are not optimal for the available information, but can be improved
with a modest investment of effort. Examples of these include (1) calculating ra-
tios (or another metric for comparing plans) in a consistent and coherent manner,
(2) abandoning the Index of Ecological Integrity, (3) reformulating Performance
Indicator models to remove any bias introduced by non-standard use of the precau-
tionary principle; and (4) improved documentation for wetlands, SAR, and IERM
work.

Other deficiencies can be remedied only with a more fundamental change in
study approach, with a moderate investment in additional collection of field data
and reworking, perhaps substantially reworking, LOSLR models. These include (1)
defining dune-barrier Performance Indicators, (2) formulating a more ecosystem-
oriented metric to represent at least some environmental Performance Indicators,
(3) remedying the problems with temporal and spatial resolution, (4) reworking the
FEPS model and its linkages to environmental models to facilitate better prediction
of dune-barrier island responses and wetlands vegetation responses, (5) inclusion of
SAR that had been excluded because they are not currently present in the study
area, provided they meet other criteria for inclusion, and (6) use of appropriate
methods for eliciting expert opinion.

Some issues can be remedied only over time and with considerable ongoing
investment in data collection, analysis and integration with the decision making
framework. These include (1) obtaining a more representative field sample of wet-
lands and aquatic vegetation, (2) incorporating factors other than water levels in
data collection and modeling via an adaptive management scheme, and (3) valida-
tion and improvement of Performance Indicator models.
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Wetland Evaluation Summary

In part or in whole, all 32 environmental Performance Indicators are based
upon wetlands empirical data, which are used subsequently in IERM and SVM
models. Therefore, the reliability of the wetland empirical data is directly related to
the reliability of the SAR, IERM, and to SVM results. While applauded for the
extensive database populated by the wetlands sampling inventories, the wetlands
empirical work presents some concerns:

e The current sampling methods limited to shallow waters excluded or un-
dersampled many of the submergent species in the high-quality wetlands and likely
underestimated the diversity of submerged vegetation and available fish habitat

e The 32 “typical” wetland sites selected for sampling may not be represen-
tative of Lake Ontario-St. Lawrence River wetlands, as these sites were neither cho-
sen randomly nor sampled to ensure representativeness of available wetland types.
Therefore, the validity of applying study results to the entire wetland inventory
remains in question

e  Wetlands results need to be validated using data on those or similar wet-
lands from previous studies (i.e., IJC Water Levels Reference Study, Wilcox et al,,
1992) to demonstrate the quality of the analysis and the certainty of wetland fore-
casts

e Propagation of error is a major concern for the LOSLR. There is a po-
tential for error to be propagated from the wetlands empirical data through the
SVM, but this potential is not documented and therefore cannot be quantified

e  Specific attention is needed to ensure that results for larger wetlands can
be extrapolated directly to smaller ones in other geographic reaches of the LOSLR
system

e  Wetland data acquired in this effort should remain in public domain and
preserved to support adaptive management and future research

SAR Evaluation Summary

For many SAR, the Performance Indicator models developed during the
LOSLR studies may be the best that can be done with the data that could be gath-
ered and analyzed with the time and resources made available during the study.
Documentation was problematic in SAR matetials, and improved documentation is
needed for:
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e use of expert opinion;

e  sclection of SAR for analysis; and

e  criteria used to evaluate confidence in the models and sensitivity of the
Performance Indicators to water level regulation.

IERM Evaluation Summary

The IERM and SVM were developed to answer the question: Can the impact
of regulating Lake Ontario lake levels and St. Lawrence River flows be mitigated to
improve environmental impacts compated to Plan 1958DD? From an environ-
mental perspective, the IERM is a single-species approach—not an ecosystem ap-
proach—that does not include other stressors on abundance and performance of
organisms. As a result, with time, the IERM will become less accurate as a predic-
tor of performance. The main findings about and recommendations for improving
the IERM follow:

e  Performance Indicator ratios are calculated differently, based on different
units, such as biomass, area, and other measures, and should be reconciled to calcu-
late ratios in a consistent, comparable, and coherent manner

e An explanation is needed about how Performance Indicators were se-
lected or eliminated for use in the IERM and SVM

e  Better documentation is needed about how limitations of certainty and
propagation of error are calculated, including clarification of or a quantitative sub-
stitute for the 10 percent rule that was derived from a Study Board’s “administra-
tive decision”

e The Performance Indicator for batrrier beaches should be included in the
IERM

e The Index of Ecological Integrity used in the LOSLR Study presents a
single value that (1) obscures differences among environmental Performance Indi-
cators and (2) simultaneously attempts to represent conditions upstream and down-
stream of the Moses-Saunders dam. It is recommended that the index not be used
for the LOSLR Study

e The quarter month time-step of the SVM needs to be reconciled with the
shorter time steps used in the SAR and faunal sub-models in the IERM

e  Calibration, validation and error propagation must be estimated or better
documented to increase confidence in IERM results.

Certainly, the IERM model produced is better than the 1958DD Plan of Op-
eration model previously used for making decisions, but the IERM may not be
adequate as a predictive management tool because of issues of validation, calibra-
tion, cumulative uncertainties, omission of ctitical Performance Indicators, the lack
of an ecosystem approach and a resulting obsolescence.
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koK

In sum, this body of environmental science, as presented in the wetlands, SAR,
and IERM documents, is seen as a satisfactory beginning to a long-term program
for understanding broad impacts of water regulation in the LOSLR system. The
data and information collected will provide a solid foundation for future, related
scientific work and policy decisions for Lake Ontario and the St. Lawrence River.
Currently, this environmental work is compromised by unanswered questions in
the wetlands sampling methodologies and inadequate documentation that ulti-
mately undermines confidence that linkages among environmental Performance
Indicators, IERM model and its sub-models, and the SVM operate as designed.
Several issues need to be addressed in order to elevate the environmental work to
the level of being appropriate and sufficient to inform the water regulation plan
decision making process. Propagation of error and the overall thin treatment of
uncertainty need to be addressed with rigor; the calculation of Performance Indica-
tor ratios needs to be explained; and criteria and methods for the selection or
elimination of Performance Indicators needs documentation. FEven still, the
breadth of the environmental sciences in the LOLSR Study and the empirical data-
bases created from these efforts are a step in the right direction and commended.
It is recommended that the wetlands, SAR, and the IERM work become the foun-
dation for an adaptive management program whereby the environmental Perform-
ance Indicators and SVM can be adjusted appropriately as the science of the
LOSLR system advances.
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Chapter 5
Toward Adaptive Management

This chapter draws together findings and recommendations from the
NRC/RSC review of LOSLR studies and models. It begins by situating those stud-
ies and models within the historical context that shaped them, follows with the
Statement of Task, noting the five qualifications of this review, and concludes with
five overarching conclusions and recommendations. The conclusions look back at
what has, and has not, been accomplished; while the recommendations look for-
ward toward continuing scientific approaches needed to address the identified gaps,
deficiencies, and water level and flow regulation challenges.

HISTORICAL PERSPECTIVE

The historical context of the LOSLR studies and models includes a half-
century of experience with water regulation plans and their effects (Clinton Ed-
monds and Associates, 2002). The first regulation plan for the Lake Ontario-St.
Lawrence system (Plan 12-A-9) was adopted in 1956 (International Joint Commis-
sion, 1956) and replaced in 1960. The second Plan 1958-A was replaced after two
years, and the third Plan 1958-B after only one year. The current Plan 1958DD
was adopted in 1963 and has been in effect for 42 years, but it has requited an in-
creasing number and duration of deviations to accommodate hydroclimatic, eco-
logical, and socioeconomic changes. In the 1990s, alternative plans were formu-
lated to improve operations and reduce deviations, but they were not adopted in
large measure because they did not examine the broad range of water regulation
impacts or offer sufficient improvement.

The IJC responded to these deficiencies by commissioning the LOSLR Plan of
Study BACK 2). The LOSLR Study was authorized to expand the scope of inquiry
to include environmental, social, and economic impacts. To achieve that aim, the
LOSLR Study developed a Shared Vision Model approach to formulate and evalu-
ate RPOs through a collaborative process with nine Technical Work Groups and a
Public Interest Advisory Group. The LOSLR Study thus sought to address, in five
years, water regulation issues that have developed over a half-century. These water
regulation issues will continue to evolve in future decades in response to new so-
cioeconomic, ecological, and hydroclimatic challenges. The LOSLR Study ad-
dresses some of these future challenges quantitatively (e.g., climate change scenar-
ios, which were not part of this review), and others qualitatively (e.g., through Con-
ceptual Narratives).
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SCOPE AND LIMITS OF THIS REVIEW

The IJC requested the National Research Council and Royal Society of Can-

ada, “...to evaluate the appropriateness and sufficiency of the studies and models
used to inform decisions related to regulation plan options.” The Statement of
Task reads:

The Lake Ontario/St. Lawrence River program science, as repre-
sented in the reports and model documentation provided, will be re-
viewed by in terms of the degree to which:

(1) The studies reflect reasonable scientific methods, assumptions
and supported findings;

(2) The models sufficiently and appropriately integrate and display
the key information needed for a comprehensive evaluation and under-
standing of the tradeoffs for selecting among the candidate RPOs; and

(3) The models and reports are sufficient and appropriate to evalu-
ate the various regulation plan options (RPOs) and impacts of changes in
water levels and flows.

There ate five qualifications to keep in mind when using this review:

e In some cases interim documents were presented for review. The
documents presented for review were in vatious stages of completion. In cases
where documents were incomplete, the committee tried to procure the most cur-
rent version of the work. The committee treated the documents presented by the
IJC as representative of the science under review and recognized that some docu-
ments would be modified after the review.

e This is a selective review of LOSLR studies and models. The com-
mittee reviewed selected documents for the SVM, FEPS, and environmental sci-
ences. The review does not encompass all of the LOSLR research undertaken in
these three fields. Nor does it include scientific fields in the LOSLR study that lie
outside the scope of review but have some relevance for the overall charge, such as
hydrology and hydraulics, navigation, hydropower, M&I, RSPM, etc. To the extent
that the Shared Vision Model incorporates results from these other fields, this re-
view offers a partial perspective on the overall sufficiency of LOSLR studies and
models.

e The review occurs toward the end of the 5-year LOSLR Study. The
NRC review was initiated in the final year of the LOSLR Study. This timing offers
an opportunity to evaluate the studies and models used to inform to decision mak-
ers, as well as to identify opportunities for improvement prior to submission.
However, some recommendations would have been more useful at the beginning
or middle of the study period rather than this close to the Study’s completion.

e The review concentrates on the science for evaluating water level
and flow effects of RPOs and for informing decision makers, and not on the
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RPOs themselves or on decision making policies. Ten scientific evaluation
criteria were used to evaluate the LOSLR studies and models. These critetia ate
common to the scientific and practical professional disciplines involved in evaluat-
ing complex studies, such as the water level and flow effects of regulation plan op-
tions in the Lake Ontario-St. Lawrence River system.

e The review distinguishes among conclusions and recommendations
in terms of their certainty, importance, and ability to fix deficiencies. The
conclusions of this report vary in terms of their certainty due to the state-of-the-
science in different fields and gaps in study documentation. Some conclusions
have more importance to the success of the LOSLR Study than others. Points of
study weakness and recommendations vary in the degree to which they can be fixed
and the amount of time and additional research needed to address them. The re-
view strives to distinguish among recommendations that entail short- and long-
term action. Depending upon the level of commitment made, short-term conclu-
sions and recommendations are those that can be addressed in a period of weeks to
months without new research. At this stage of the process, substantive research
deficiencies cannot be fixed. Thus, short-term recommendations concentrate on
improving the documentation, scientific communication, and disclosure of poten-
tial implications of these limitations for decision makers. Longer-term recommen-
dations require investment in additional data collection, analysis, and interpretation.
In making these distinctions, conclusions deemed to have the most certainty, im-
portance, and timeliness are presented as declarative statements. Conclusions that
have less certainty, importance, or timeliness are presented in conditional terms.
Conclusions that have the least certainty, importance, or ability to be fixed atre
raised as questions.

With these five limitations in mind, this chapter presents five overarching find-
ings about the LOSLR studies and model accomplishments, their scientific
strengths and weaknesses, and the recommendations that emerge from this review.

EVALUATION

This review commends some aspects of the studies and models and raises sub-
stantial concerns about others. If all of the individual reports, studies, and models
reviewed here were found to be appropriate and sufficient, the committee might
come to a qualified affirmation of their collective sufficiency for informing decision
making. Instead, while commending advances over previous studies, this review
finds deficiencies in LOSIR studies and models for each of the ten evaluation cri-
teria. The overarching conclusions are:

1. LOSLR studies and models expand interdisciplinary scientific in-
quiry on the potential environmental effects of water level and flow regula-
tion options in the Lake Ontario-St. Lawrence River Basin in ways that are
useful for informing decision making in some respects. The LOSLR studies
undertook a broad scope of inquiry and participatory process for understanding the
potential effects of water level and flow regulation in a complex water system. The
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Shared Vision Model compiles effects of flow regulation on environmental, coastal,
and recreational effects, in addition to statutory obligations to consider municipal,
navigation, and hydropower uses. LOSLR models go beyond previous Great Lakes
water regulation efforts in compiling results of scientific inquiry and stakeholder
input. Its iterative public participation process begins to treat water level and flow
regulation as an adaptive process. Identification and inclusion of environmental
performance indicators is a major contribution. The LOSLR studies have created
large new databases, like those on wetland vegetation and coastal land use—that
did not exist previously and that could, if archived and made readily accessible,
have continuing value. However, the studies and models need to go further in en-
compassing ecological and socioeconomic scenarios and the linkages among them.
Morteover, while the studies and models attempt to balance scientific and practical
professional water management approaches, the findings below indicate where
established standards of inquiry were, and were not, met.

2. The studies and models vary widely in empirical support, and they
need stronger and more consistent quality control, quality assurance and
treatment of error and uncertainty needed to inform decision making. This
review finds that each of the studies has scientific merits and deficiencies that are
summarized here. Following the framework used throughout the review, the scien-
tific evaluation criteria are discussed under the headings of empirical foundations,
quality assurance and quality control, and treatment of error and uncertainty.

e  Empirical foundations (e.g., data, sampling, analysis). The studies
and models reviewed here focus primarily on environmental and coastal investiga-
tions. The reviewed materials have varied types of data, data quality, sampling
methods, and aggregation techniques that pose challenges for using results to in-
form management decisions. For example: (1) the coastal research developed a
detailed land use parcel database, but that database differs in coverage for Canada
and the USA; (2) although detailed for the sites selected, wetlands sampling is not
statistically representative of wetland vegetation types along the coast or of deeper
submergent vegetation in deeper water; (3) species at risk (SAR) data were collected
to help develop some but not all SAR performance indicators; and (4) questions
were raised about the way that some regression models were used. Empirical varia-
tion is to be expected in a multidisciplinary study where each discipline brings its
own conventions, and in which long-term data collection is limited by the five-year
timescale. Still, differences in empirical methods can propagate error and uncer-
tainty in ways that have relevance for decision making. Recommendation: As no
new data can be collected in the near-term, LOSLR study final reports
should underscore empirical limitations, data gaps, and sampling problems,
and discuss their implications for decision making. ! For the longer-term,

' Lake Ontario-St. Lawrence River Study Board (LOSLR). 2005. Options for Managing Lake
Ontario and St. Lawrence River Water Levels & Flows: Final Report. July 1, 2005 draft; on
file at NRC-WSTB.
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research to correct deficiencies in data and models including replacement of
regression equations with process models should be prioritized.

¢ Quality assurance and quality control (e.g., model validation, verifi-
cation, and calibration; use of expert judgment; and independent peer re-
view). The models generally lack adequate validation, verification, and calibration.
In some cases, validation may have occurred or is briefly mentioned but is not
documented. In other cases, it appears not to have been undertaken. For example,
the SVM had not yet received its “stamps of approval” confirming model valida-
tion from technical work group members. Reports on the FEPS model suggest
that model calibration has occurred but do not provide detailed documentation.
Validating applications of proptietary models such as COSMOS is important for
full scientific peer review. Environmental studies lack consistent protocols for qual-
ity assurance, and the IERM model acknowledges that validation was not at-
tempted. The SVM and FEPS models and SAR studies make creative use of expert
judgment, which should be subject to more formal quality assurance by using well-
established protocols for eliciting expert judgments. Some studies rely on “peer
review” by fellow team members while others involve refereed papers. Earlier ex-
ternal scientific review of the overall LOSLR study program would have been
timely for identifying and rectifying deficiencies. Recommendation: In the
short-term, LOSLR final reports should inform decision makers of the types
of quality assurance measures that were, and were not, undertaken and dis-
cuss their potential implications for decision making. Further independent
scientific review of final reports is recommended. In the longer-term, rigor-
ous quality assurance methods should be put in place for evaluating the ef-
fects of water level and flow regulation.

e Treatment of error and uncertainty. This criterion was not fulfilled in
the studies or models reviewed at the level expected for informing decision making.
The SVM, FEPS, and IERM models do not present an overall framework for un-
certainty analysis, which should include natural variability, data uncertainties, model
uncertainties, model parameter uncertainties, and decision model uncertainties.
Some individual studies, such as wetlands vegetation analysis, address natural vari-
ability and indicate error bars. The SAR 3A report provides a good model for quali-
tative discussion of uncertainty. The Shared Vision Model treats the uncertainty of
environmental indicators with a simplistic, and unexplained, 10% critetion, and it
does not apply any uncertainty estimate to economic indicators. Linkages among
LOSLR studies and models lead inherently to the propagation of uncertainties, but
SVM documentation does not analyze those cumulative uncertainties or discuss
their implications for informing decision making. Without formal analysis and
discussion, it is not possible to assess the types or magnitudes of error and uncet-
tainty for particular water regulation plans, or to know whether differences between
plans are significant. Recommendation: In the short-term, LOSLR final study
reports should inform decision makers of the uncertainties that were ana-
lyzed, those that were not analyzed, and their potential implications for de-
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cision making. Future studies of water level regulation effects in the LOSLR
basin should develop a comprehensive approach to uncertainty analysis.

3. The LOSLR models and studies reviewed here do not adequately
integrate and display the key information needed for comprehensive evalua-
tion and understanding of the tradeoffs for selecting among the candidate
regulation plans. This conclusion is based on the following four review criteria:

e Linkages and feedbacks among related studies and models. “Com-
prehensive evaluation and understanding of tradeoffs among RPO alternatives”
requires a system dynamics approach that models the linkages and feedbacks
among socioeconomic and environmental processes. The SVM compiles first-
order effects on environmental, coastal, and other indicators generated by FEPS,
IERM, and other models. But, as the IERM uset’s manual indicates IERM 4), it is
not an ecosystem model that incorporates the feedback effects of water level varia-
tion on species and habitat conditions. Instead, it compiles initial impacts (first-
order effects) on performance indicators, and it is thus an impact accounting model
rather than an ecosystem model. In terms of model linkages, the FEPS model al-
ters the bathymetry of shoreline environments, but those bathymetric changes were
not fed into the IERM to alter the extent or depth of wetland inundation, which
could in turn affect the vegetation, shoreline habitats, and other environmental
performance indicators associated with water level variation. These vegetation
changes could have feedback effects on sediment transport and coastal erosion.
External model linkages include economic and demographic scenarios that are
relevant for evaluating candidate water regulation plans to replace Plan 1958DD.
For example, real estate values of coastal property continue to rise at rapid rates,
and the demand for different water and related land uses is changing, but the SVM
does not incorporate such scenarios in its structure.

This report acknowledges that some of these linkages and feedbacks require
knowledge beyond the current limits, and that fact should be discussed in the final
reports and presentation of SVM results. However, other linkages and feedbacks
between the SVM and its sub-models, and externally between the SVM and scenar-
ios of socioeconomic change, could have been addressed. The reviewed studies
and models make progress toward comparing the effects of regulation plan op-
tions, but the comparisons reviewed here do not provide a comprebensive basis for
evaluating and understanding tradeoffs among regulation plan options. Recom-
mendation: In the short-term, the LOSLR final reports should inform deci-
sion makers of what has, and has not yet, been accomplished in the way of
integrated water and environmental systems modeling. As part of an ongo-
ing program, a LOSLR modeling system that dynamically links and reflects
feedback among sub-models is recommended.

e Treatment of spatial and temporal resolution and scaling. Scaling is-
sues in the Lake Ontario-St. Lawrence River basin are challenging. The LOSLR
studies involve a wide range of spatial and temporal scales, which raise a number of
concerns. For example, although more detailed hydrologic time series and station
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data are available for use in the STELLA model in the SVM, the model generates a
single series of quarter-monthly values for the level of Lake Ontario, based on his-
torical water management practice. Use of these single series values can result in a
loss of precision, as the quarter-month does not provide enough temporal variation
for many environmental impacts for fish, SAR, and wetlands. This coarse time
step was recognized as a potential problem in the LOSLR Plan of Study, which called
for a 2D hydrodynamic model for the St. Lawrence River that operated on fine
enough time scales to supplement the quarter-monthly time step generated by the
SVM. As noted earlier, the LOSLR approach of using quarter-monthly values in
Lake Ontario to calculate water levels for selected stations in the upper St. Law-
rence River through regression analysis is inferior to hydrodynamic flow routing,
and the combined use of regression and hydrodynamic models needs to be more
fully explained. The FEPS model uses the single lake level elevations along with a
grid of wind and wave fields that ultimately erode and flood individual shoreline
parcels and reaches, the results of which are aggregated back to lake-wide effects.
The errors and uncertainties associated with these varied resolutions and scales of
inquiry need fuller analysis and discussion, as errors may exceed the differences
between model outputs for some performance indicators and plans. Recommen-
dation: In the short-term, the LOSLR final reports must inform decision
makers of temporal and spatial scaling issues that affect the accuracy and
uncertainty of predictions of regulation effects. In the longer term, choice of
time step should better reflect the critical response times for system indica-
tors, including those where transient fluctuations in water temperature and
water level are critical, and appropriate hydraulic and hydrodynamic model-
ing approaches should be implemented.

¢ Thorough documentation of scientific studies and models. Of the
ten criteria employed in this review, inadequate documentation was the most fre-
quently cited deficiency. It is one of the few deficiencies that can be corrected in
the near term. The Shared Vision Model had the least amount of documentation
presented for this review, and the documentation that was presented was not at a
level of completion ready for external scientific and public review, although it may
have been adequate for internal working by the Study Board. FEPS included more
detailed descriptions of modeled performance indicators than other studies, but did
not fully document the models themselves. A user’s manual exists for the IERM
and provides partial documentation, but insufficient explanations of weighting and
aggregation in the model. Exceptions to these general patterns include the SAR 3A
and 3B reports, which are well documented. Better documentation might have
addressed some of the scientific concerns raised in this review, and might have
raised additional questions. In either case, fuller disclosure of what was done and
how it was done is needed to inform decision making.

Because the SVM is the primary tool for understanding and evaluating trade-
offs among RPOs, we concentrate on it in this recommendation. Documentation
of the SVM should include more complete discussion of its role in the Shared Vi-
sion planning process. It should describe SVM development and refinement, in-
cluding standard technical documentation of all component models. It should de-

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/11481

Review of the Lake Ontario-St. Lawrence River Studies

Toward Adaptive Management 125

scribe how scientific and stakeholder criteria were interactively used to formulate,
screen, and evaluate the range of choice among RPOs. Recommendation: In
the short-term, LOSLR final reports should include a thorough documenta-
tion of studies and models, especially the Shared Vision Model, and seek
further independent scientific review of those reports.

e Effective scientific communication. This criterion involves the pres-
entation of scientific information in ways that ensure its reception and comprehen-
sion by scientific, public, and decision making groups. Effective communication
addresses public interests, communicates scientific findings and uncertainties
cleatly, is received accurately, and supports decision making.

The efficacy of scientific communication vaties among LOSLR studies and
models. Information about the environmental studies and performance indicator
summaries were conveyed more clearly than the sub-model documentation, and
sub-model documents more cleatly than the SVM documentation. An example of
deficient, or even misleading, communication is the differential treatment of eco-
nomic and environmental indicators in Board Room presentations. On the other
hand, the SVM Board Room spreadsheet tables and graphics have strong potential
as a vehicle of scientific communication. As indicated in chapter 2, using the Board
Room with broader public groups would require some editing and graphic design
improvements. Recommendation: In the short-term the LOSLR final reports
should communicate their scientific results with transparency to support
decision making and to give full treatment of uncertainties and non-
scientific dimensions of the studies. In the longer-term, the SVM Board
Room may be refined for continued use as a vehicle for scientific communi-
cation.

4. Despite the breadth of LOSLR studies and models, ongoing analy-
sis is needed to provide a strong scientific basis for long-term decision mak-
ing about water level and flow regulation in the Lake Ontario-St. Lawrence
River basin. Three points support this conclusion. First, current knowledge
about the lower Great Lakes system is not comprehensive. The LOSLR studies
and models broaden understanding about potential effects of RPOs, but a more
comprehensive modeling approach is needed to understand system feedbacks, link-
ages, and uncertainties. A system dynamics model would: (a) improve the physical
system description; (b) identify the most important feedback relationships; and (c)
improve understanding of feedback effects on system behavior. Some feedback
relationships would require expansion of model boundaries so that key processes,
ranging from coastal urbanization and regional economic growth to climate change,
are incorporated and their impacts are made visible within the model.

Second, previously selected regulation plans have been periodically reviewed
and replaced in light of new knowledge. Initial RPOs were replaced due to unan-
ticipated hydrologic and hydraulic events and their consequences. Plan 1958D ac-
commodated some of those phenomena but required deviations to address less
well-understood and emerging socioeconomic and environmental values, such as
recreational boating and wetlands protection. The LOSLR studies and models
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begin to address those effects. However, any plan adopted on the basis of current
science without provision for regular updating as knowledge advances is likely to
prove inadequate within a timeframe of years to decades.

Third, the LOSLR models evaluate effects of future RPOs and hydrologic sce-
natios on historical and current environmental and social performance indicators.
This is important, given the significance of hydroclimatic variability for RPOs and
the challenges of modeling current environmental and socioeconomic processes.
Although this report does not review the climate change research and scenatios, it
commends the inclusion of global processes that affect the robustness of regional
RPO decisions (Sousounis, 2002). In the future, however, RPO decisions will re-
quire comparable scenario development and evaluation for other environmental
and social processes. Changes in regional economic structure, demography, water
demand, transportation technology, coastal land use, and socioeconomic values—
to name a few—will likely transform the profile of stakeholder interests, perform-
ance indicators, and socioeconomic impacts associated with RPOs (Economic Ad-
visory Committee, 2004). The past half-century indicates that these types of struc-
tural shifts in socioeconomic and environmental conditions and values, in conjunc-
tion with hydrologic variability, have had substantial implications for RPO decision
making.

The LOSLR studies and models begin to address these issues through brief
conceptual narratives with a planning horizon of 10 to 15 years that are linked to
the Shared Vision Model, as recommended by the Economic Advisory Committee
(2004). The conceptual narratives employ a common template, but they vary in
detail, completeness, and level of peer review (Board Room, FEPS 11-13; and
Leger, 2005). Correcting the scientific and modeling deficiencies identified in this
review is necessary and appropriate, but not sufficient for informing water regula-
tion decisions on a multi-decadal timescale. Recommendation: In the short-
term, the LOSLR Study should complete the conceptual narratives and ex-
ternal peer review. For the longer-term, the IJC should consider commis-
sioning an ongoing management and monitoring system to feed the results
of current choices for water level regulation back into a dynamic model of
the LOSLR system, in order to improve the scientific basis for future plan-
ning on a multidecadal timescale.

5. Build upon the LOSLR studies and models through an Adaptive
Management Program. The LOSLR Study may begin a new approach to water
level and flow regulation in the Great Lakes. Even when deficiencies are corrected,
there will be an inherent need for continuing scientific study and modeling of the
actual effects of present RPO decisions, as well as the possible effects of future
RPO adjustments. These needs are anticipated in the LOSLR “Vision, Goals and
Guiding Principles” (LOSLR, 28 August 2003):

e  Criteria and Regulation Plans will incorporate flexible management of lev-
els and flows in recognition of unusual or unexpected conditions affecting the
Lake Ontario-St. Lawrence River System.
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e Regulation of the Lake Ontario-St. Lawrence River System will be adapt-
able to reflect the potential for changes in water supply as a result of climate change
and variability.

e  Criteria and Regulation Plans will incorporate current knowledge, state-of-
the-art technology and the flexibility to adapt to future advances in knowledge,
science and technology.

These guiding principles were pursued in the Shared Vision planning and
modeling processes, and they should continue in some form if the IJC is to achieve
the type of long-term, comprehensive evaluation and understanding of tradeoffs
among RPOs that is needed. The Shared Vision approach involves an adaptive
process. While SVM documentation does not elaborate its links with the larger
field of Adaptive Management, the remainder of this section briefly indicates how
Adaptive Management might be used to inform future water level and flow regula-
ton.

Brief Description of Adaptive Management Concepts and
Alternatives

A recent NRC report defines adaptive management as “...a strategy that aims
to create flexible resource management policies that can be adjusted as project out-
comes are better understood and as stakeholder preferences change” (NRC, 2004,
p. 13). Adaptive management emerged partly in response to unanticipated envi-
ronmental variability, changing social objectives, and new scientific knowledge. It
also addresses problems of protracted stakeholder conflict, inflexible management
institutions, and unmonitored trial-and-error responses to these challenges (Gun-
derson 1999; Lee, 1999; NRC, 2004; Walters, 1997). Many of these issues apply to
Plan 1958D: while deviations yield a practical understanding of adjustments to ad-
verse effects, they lack formal scientific hypothesis testing, monitoring, and stake-
holder input. Adaptive management strives to combine scientific analysis and
stakeholder input for managing complex water and environmental systems such as
the Lake Ontario-St. Lawrence River basin.

There are several approaches to adaptive management. A “passive” approach
would focus on monitoring the effects of RPO decisions, along with hydrologic,
environmental and social vatiability, and feed that evidence back to managers and
stakeholders for consideration in alternative system adjustments and mitigation.
An “active” approach would treat RPO decisions as quasi-experimental choices to
test the behavior of the LOSLR system in ways that are hypothesized to reduce
adverse impacts and/ot increase net benefits. There is an incteasing body of peet-
reviewed scientific literature on the structure and performance of adaptive man-
agement programs in regions ranging from the Columbia River to Glen Canyon
Dam, the Upper Mississippi River, and the Everglades—as well as programs in
Europe (NRC, 1999, 2004). There are several common components of adaptive
management programs (NRC, 2004, p. 16):
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e  Management objectives and performance indicators that are
regularly revisited.

e A model of the system that is managed with feedback effects
and exogenous driving-forces, as well as management variables.

e  Consideration of a range of management alternatives and hy-
potheses about their possible outcomes.

e Monitoring and evaluation of outcomes.

e A collaborative structure and processes for stakeholder participa-
tion.

The LOSLR Shared Vision process prepates the way for these components of
adaptive management through its studies, model development, performance indica-
tors, supporting qualitative inquiry, technical work groups, and stakeholder proc-
esses.

Flaws in LOSLR models and studies need to be cortected or alternative mod-
els adopted prior to the establishment of an adaptive management program to
avoid perpetuating existing problems. This would include representative wetland
sampling, additional analysis of sandy shore environments, and replacement of
regression models for flow routing and shore recession, along with a comprehen-
sive approach to uncertainty analysis, quality assurance, and documentation. After
that, an adaptive management program could progressively fill scientific gaps, ana-
lyze uncertainties, build cooperative stakeholder relationships, and improve system
performance.

The challenges of implementing an adaptive management in the Lake Ontario-
St. Lawrence River basin should not be underestimated (e.g., see Johnson, 1999;
Lee, 1999; Walters, 1997). Models would need to be implemented in a manner that
facilitates future updating at regular intervals. New models would need to be de-
signed to incorporate environmental and socioeconomic processes currently treated
as exogenous to RPO decision making. Water regulation decisions, monitoring
effects, data analysis, and feedback via the models to subsequent decision making
would need to be institutionalized as integral parts of the LOSLR management
system. Strong stakeholder support would be needed to initiate and sustain an
adaptive management program. The costs of these programs may be high. An
“active” adaptive management could involve annual costs comparable to those of
the LOSLR study, while “passive” adaptive management costs would be signifi-
cantly lower, depending upon the scope of monitoring and management, but also
less useful. Practical lessons learned in adaptive management programs in the U.S.
and internationally can inform the design of a management program for the Lake
Ontario-St. Lawrence River system (e.g., see the Collaborative Adaptive Manage-
ment Netwotk [b#1p:/ [ www.adaptive-management.net/ index.php]). Recommendation:
In the short-term, identify adaptive management alternatives that build
upon the LOSLR studies and models. In the longer term, the IJC should, in
collaboration with other scientific and stakeholder organizations in the ba-
sin, develop an adaptive management program that would provide a con-
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tinuing scientific basis for improving decisions about regulation plan op-
tions.
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Sousounis, P. J. (Ed.). 2002. Special section on the potential impacts of climate
change in the Great Lakes Region. Journal of Great Lakes Research 28(4):
493-642

Walters, C. J. 1997. Challenges of Adaptive Management of Riparian and Coastal
Ecosystems. Conservation Ecology Available on-line at 4#p:/ / www.consecol.org/
voll/iss2/ art. Accessed October 2005.
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Appendix A
Statement of Task

The Committee shall petform an independent review of the Lake Ontario/St.
Lawrence River reports in the following areas: wetlands science and species at risk,
the Flood Erosion and Prediction System (FEPS), the Integrated Ecological Re-
sponse Models (IERM), and the Shared Vision Model (SVM). The level of empha-
sis for these various areas shall be approximately as follows: wetlands 15%, species
at risk 15%, FEPS 10%, IERM 20%, SVM 40%, and reflect the International Joint
Commission’s (IJC) determination of its priorities in this effort.

The overarching charge shall be to evaluate the appropriateness and suffi-
ciency of the studies and models used to inform decisions related to regulation plan
options. Recommendations shall be limited to those deriving from this overarch-
ing charge and shall not address management or policy issues.

The Lake Ontario/St. Lawrence River program science, as tepresented in the
reports and model documentation provided (items in articles 11K and 11L), shall
be reviewed by the Committee in terms of the degree to which:

(1) the models and reports are sufficient and appropriate to evaluate the vari-
ous regulation plan options (RPOs) and impacts of changes in water levels and
flows;

(2) the studies reflect reasonable scientific methods, assumptions and sup-
ported findings;

(3) the models sufficiently and appropriately integrate and display the key in-
formation needed for a comprehensive evaluation and understanding of the trade-
offs for selecting among the candidate RPOs.

The review shall be limited to critical evaluation and decision components of
the topics listed that relate directly to the Lake Ontatio/St. Lawtrence River regula-
tion plan options. This requirement shall further be interpreted to restrict the re-
view to the impact of changing regulation levels and flows, within the limits that
these two factors can be managed using the currently existing control structures
and the hydrology/hydraulic characteristics of the system. The review shall neither
compare regulation plan options nor provide advice on the preference of one regu-
lation plan option over another, as these actions fall directly within the decision-
making responsibilities of the Commission.

Documents to be Reviewed

The following Government owned reports, compute models, and developed
data are considered essential to the successful performance under this contract and
shall be provided to the Committee by the United States Section of the Interna-
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tional Joint Commission.

Wetlands, and Species at Risk — SAR

LOWER ST. LAWRENCE SPECIES AT RISK Sylvain Giguere and Pierre La-
porte, Reports 2003-2004, & Mar. 2005 pending,.

SELECTED PERFORMANCE INDICATORS OF THE ENVIRONMENTAL
TECHNICAL WORKING GROUP (LLOWER ST. LAWRENCE ). Jean
Mortin ¢# al., October 2004.

EVALUATION OF THE EFFECT OF LLAKE ONTARIO WATER LEVEL
REGULATION ON WETLAND PLANT COMMUNITY ABUNDANCE
AND DISTRIBUTION Joel Ingram, Nancy Patterson ez /., Canadian Wildlife
Service, Environment Canada, Ontario Region

MODELS FOR SUBMERGED VEGETATION AND RELATED ENVI-
RONMENTAL CHANGES INDUCED BY DISCHARGE (WATER
LEVEL) VARIATIONS IN THE ST. LAWRENCE RIVER (QUEBEC)
Christiane Hudon, Pierre Gagnon ¢ al. St. Lawrence Centre, Environment
Canada, Montreal, December 2003

HISTORICAI. CHANGES IN HERBACEOUS WETLAND DISTRIBUTION
AND BIOMASS : EFFECTS OF HYDROLOGY ON FAUNAI. HABI-
TATS IN LAKE ST. PIERRE (ST. LAWRENCE RIVER, QUEBEC
CANADA) Christiane Hudon, Pierre Gagnon et al.,Environment Canada, St.
Lawrence Centre, Montreal

Context reference already published Can. J. Fish. Aquat. Sci. 2004

Hudon, Christiane, SHIFT IN WETLAND COMPOSITION AND BIOMASS
FOLLOWING ILOW-LEVEL EPISODES IN THE ST. LAWRENCE
RIVER: LOOKING INTO THE FUTURE

RELATIONSHIPS BETWEEN LAKE ONTARIO WATER LEVELS AND
WETLANDS, U.S. YEAR 3 REPORT FOR THE WETLAND HABITAT
QUANTITY PERFORMANCE INDICATOR STUDY. Douglas A. Wilcox,
Kurt P. Kowalski, and Martha L. Carlson. (200 page report: 45 pages of text,
tables and figures, remainder is appendices with detailed tabular plant quadrat
sampling results. Analysis includes all 32 study sites, including data from 16
CND sites).

EVALUATION OF WATER LEVEL REGULATION INFLUENCES ON
LAKE ONTARIO AND UPPER ST. LAWRENCE RIVER COASTAL
WETLAND PILANT COMMUNITIES —FINAL PROJECT REPORT
Douglas Wilcox, Joel Ingram, Kurt Kowalski Martha Carlson, Greg Grabas,
Krista Holmes and Nancy Patterson. 100+ pages, Multi-year, binational report
on all wetland work completed during the study.
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Giguére, S. et P. Laporte (2003) LES ESPECES EN PERIL. INFLUENCEES
PAR LA GESTION DES NIVEAUX D”EAU DU SAINT-LAURENT
FLUVIAL (CORNWALL — TROIS RIVIERES). Rapport annuel déposé a
la CMI (2002-2003). Environnement Canada, Région du Québec, Service
canadien de la faune, 179 p.

Giguere, S, ]. Morin, P. Laporte and Mingelbier, M. (2005) Evaluation des impacts
des fluctuations hydrologiques sur les especes en péril. Troncon fluvial du
Saint-Laurent (Cornwall — Pointe-du-Lac). Rapport final déposé a CMI (2002
- 2005). Environnement Canada, Région du Québec, Service canadien de la
faune, 100 p. + appendix (litterature review = 100 p.)

Species At Risk Performance Indicator Documents
(aa) Black Tern

(ab) Least Bittern

(ac) Lower St. Lawrence River Bridle Shiner

(ad) Lower St. Lawrence River Eastern Sand Darter
(ae) Lower St. Lawtrence Softshell Turtle

(af) Lake Ontario Meadow Marsh
(ag) King Rail and Yellow Rail

The following documents will become available at the end of March 2005 or
shortly thereafter:

(baa)  Lower river wetlands report (vegetation PI)

(bb) Least Bittern (Lake Ontatio) and Least bittern (Lower River, Lake St.
Louis to Trois Rivieres) reproductive index

(bc) Fish SARs report (supplement to overall SAR report)

(bd) Bird SARs report supplement to overall SAR report

(be) Black Tern Reproductive Index. Drolet, Ingram and DesGranges.

(bf) Least Bittern Reproductive Index. Gigueere, Ingram, Drolet, Des-
Granges & Laporte

(bg) Lower St Lawrence River SAR  2002-2003 Report (explains which
species were looked at, which species were selected to focus on, and reasons lead-
ing to these choices) (in French)

(bh) 2003-2004 Report, (includes literature reviews for all selected species,
reasons why some of these species were discarded from the study, all work that
supports developed performance indicators) (in French)

(bi) SAR report for Lake Ontario and the upper St. Lawrence River (will
include discussion of all work over the last 2 years; including basic information on
birds and fish, which we expect will be detailed in additional reports (in French)

(b)) General introduction and overview of ETWG study and ETWG
Contextual Narrative

IERM (Integrated Ecological Response Model)

A version of the IERM model (to enable reviews to gain hands-on experience,
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and see how information is displayed).

Summary Documentation and Users’ Manual for IERM (contains a listing of
all key performance indicators and the Plan Formulation and Evaluation Group’s
template).

FEPS (Flood Erosion Prediction System)

A version of the FEPS model (to enable reviewers to gain hands-on experi-
ence and see how information is displayed.)

Automated Lake- wide Flooding Predictions and Economic Damages
on Lake Ontario Peter J. Zuzek, MES, P.Geo. and Dr. Robert B. Nairn, P.Eng.
(10 pages)

Automated Lake- wide Erosion Predictions and Economic Damages on
Lake

Ontario Dr. Robert B. Nairn, P.Eng. and Peter J. Zuzek, (10 pages)

SVM (Shared Vision Model)
A version of the SVM (to enable reviewers to gain hands-on experience and
see how the information is displayed.)
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Documents and Models for Review and
Background

SHARED VISION MODEL

For Review

SVM 1 Evaluation Process Overview

SVM 2 Shared Vision Model For The Design and Evaluation of Alternative
Regulation of Lake Ontario Releases Into The St. Lawrence River [zip file].

SVM 3 Shared Vision Model for the Design and Evaluation of Alternative
Regulation of ILake Ontario Releases into the St. Lawrence River.
Documentation Report. February 15, 2005.

For Background

SVM 4 Preliminary Critetia and Metrics for the Plan Formulation and Evaluation
Group (PFEG).

SVM 2 Contextual Narratives for evaluating the work of the technical working
groups (embedded in the Shared Vision Model).

SVM 6 SVM Informal Decision Tool Program

FLOOD EROSION PREDICTION SYSTEM MODEL
For Review
FEPS 1 Zuzek, PJ., and R. B. Nairn. nd. Automated Lake wide Flooding
Predictions and Economic Damages on LakeOntario.

FEPS 2 Nairn, RB., and PJ. Zuzek. n.d. Automated Lake wide Erosion
Predictions and Economic Damages on LakeOntario.

For Background
FEPS 3 FEPS Model
FEPS 6 Memorandum from Zuzek, P.J., nad R. Roblin (Baird & Associates) to

IJC Study Participants re: Integration of Beach User Economics into the
Shared Vision Model. Aptil 7, 2004.
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FEPS 7 Baird & Associates. March 2004. Erosion Performance Indicator:
Methodology and Shared Vision Model Application. Prepared for 1.J.C. Plan
Formulation and Evaluation Group.

FEPS 8 Baird & Associates. February 2005. Flooding Performance Indicator:
Methodology and Shared Vision Model Application. Prepared for IJC Plan
Formulation and Evaluation Group. Oakville, Ontario: Baird & Associates.

FEPS 9 Baird & Associates. February 2004. Shore Protection Performance
Indicator: Methodology and Shared Vision Model Application. Oakville,
Ontario: Baird & Associates.

FEPS 4 Scitemammano, F., and S. Renzetti. 2005. FEPS/Coastal Discussion
Paper

FEPS 18 Minutes/Observations from FEPS Independent Technical Review
12/13/2002 and 7/26/2002 notes.

FEPS Contextual Narratives

FEPS 11 Contextual Narrative for “Sediment Budget PI” Lake Ontario and the
Upper St. Lawrence River.

FEPS 12  Contextual Narrative for Erosion, Flooding, and Existing Shore
Protection PIs Lake Ontario and the Upper St. Lawrence River.

FEPS 13 Contextual Narrative for “Beach Access” and “Barrier Beaches &
Dunes PIs” Lake Ontario and the Upper St. Lawrence River.

Performance Indicator Summaries

FEPS 14 Baird & Associates. Erosion Performance Indicator Summary.

FEPS 10 Barrier Beaches and Dunes PI Summary

FEPS 15 Baird & Associates. Flooding Performance Indicator Summary

FEPS 16 Sediment Budget PI Summary

FEPS 17  Baird & Associates. Existing Shoreline Protection Performance
Indicator Summary.

FEPS 5 Baird & Associates. Beach Access Performance Indicator Summary

INTEGRATED ECOLOGICAL RESPONSE MODEL
For Review
IERM 1  Descriptive Documentation; Limno-Tech, Inc. April 2005. Draft
Development of an Integrated Ecological response Model (IERM) for the

Lake Ontario-St Lawrence River Study.
IERM 2 1ERM Model (version 4.1.1)
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For Background

IERM 3 Development of the IERM for the Lake Ontario — St. Lawrence River
Study (Match 4, 2005 — Limno-Tech).

IERM 4 1ERM User’s Manual (two versions: a) html version with hyperlinks; and
b) text version which is also Attachment B of the descriptive documentation).

IERM 5 RS — 107 Wetlands Model for the Lower St. Lawrence River [French].

IERM 6 RS — 108 Species at Risk Model for the Lower St. Lawrence River
[French].

ENVIRONMENTAL TECHNICAL WORKING GROUP (ETWG)
For Review

ETWG 1 Introduction and Overview of the ETWG
ETWG 2 ETWG Contextual Narrative

For Background

ETWG 3 ETWG Year 3 Technical Report (Not officially reviewed and approved
by Study Board; Final draft.).

WETLANDS

For Review

W1 Wilcox, D. A., K. P. Kowalski, and M. L. Carlson. 2005. Year 3 Report of
Relationship between Lake Ontario Water Levels and the Wetlands. Ann
Arbor, MI: Great Lakes Science Center, U.S. Geological Survey.

W2 Evaluation of Water Level Regulation Influences on Lake Ontario and Upper
St. Lawrence River Coastal Wetland Plant Communities.

For Background!
W5 Wetland Meadow Marsh P1

W6 Wetland Meadow Marsh Fact Sheet.
IERM 5 RS -107 Wetlands Model for the Lower St. Lawrence River [French]?

w3 [models for submerged vegetation, Lower St. Lawrence River] and W 4 [Historic
changes in the distribution of wetlands and biomass on Lac St. Pierre] have been removed
from review. They have already been peer reviewed and have no impact on determining
the Study’s regulation plan options.

2 This a cross reference. Included under IERM since it is the Lower St. Lawrence River
IERM modeling component.
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SPECIES AT RISK

For Review

SAR 1 Water Fluctuation Impacts on Species At Risk Cornwall to Pointe due Lac
[French].

SAR 2 lake Ontario Species at Risk Supplement (Least Bittern and Black Tern
Reproductive Index PIs).

SAR 3A Impact of Water Level Regulation on Nearshore Habitat Availability and
SAR.

SAR 3B (Supplement) Impact on dunes and SAR.

SAR 4 Species at Risk Fish Supplement (Year 4 Modeling Group Report).

SAR 5 Lower St. Lawrence Species at Risk Final Report (2005) [French].

For Background

Species at Risk Perform Indicator Background Briefs

SAR 6 Black Tern

SAR 7 Bridle Shiner

SAR 8 Eastern Sand Darter

SAR 9 King Rail

SAR 10 Yellow Rail

SAR 11 I.east Bittern

SAR 12 Spiny Soft Shell Turtle

IERM 6 RS — 108 Species at Risk Model for the Lower St. Lawrence River
[French]?

GENERAL BACKGROUND
ON THE LAKE ONTARIO ST. LAWRENCE RIVER STUDY

Background Reference Documents®’

BACK1 1.OSLR Study General Overview Summary

BACK 2 ]JC (International Joint Commission). 1999. Plan of Study for Criteria
Review in the Orders of Approval for Regulation of Lake Ontario-St.
Lawrence River Levels and Flows. Available on-line at
bttp:/ [ www.gje.org/ php/ publications/ html/ pos/ pose.himl. Accessed September 2005.

BACK 3 1JC Directive to the Study Board

® This is a cross reference — included under IERM since it is the Lower St. Lawrence SAR
modeling component of the IERM.
* Other background resource used is the http://www.losl.org website.
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BACK 4 Economic Advisors Issues and Findings with respect to economic
evaluation of various Study metrics

BACK 5 Year 3 Study Report

BACK 6 Peer Review Triage Strategy (draft)
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AARR
COSMOS

ETWG
FEPS
GCM
IERM
IjC
ISL.LRBC
LOSLR
LO-USL
LSL
NGO
NRC

PI
PIAG
POS
QA/QC
RPO
RSC
RSPM
SAR
SAV
STELLA

SVM
SVP
WAVAD

Appendix C
Acronyms

average annual recession rate

an erosion model; a process-based numerical model used to
calculate coastal sediment transport and morphology
environmental technical working group

flood-erosion prediction system

global circulation model

integrated ecological response model

International Joint Commission

International St. Lawrence River Board of Control

Lake Ontario-St. Lawrence River

Lake Ontario-upper St Lawrence

Lower St. Lawrence

non-governmental organization

National Research Council

performance indicator

Public Interest Advisory Group

plan of study

quality assurance/quality control

regulation plan options

Royal Society of Canada

river shore protection model

species at risk

submersed aquatic vegetation

a computer simulation model written in the STELLA computer
language

shatred vision model

shared vision planning

a wave model; numerical model that generates wave fields in a
lake basin with varying winds and bathymetry
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Water Science and Technology Board

R. RHODES TRUSSELL, Chair, Trussell Technologies, Inc., Pasadena, California

MARY JO BAEDECKER, U.S. Geological Survey (Retired), Vienna, Virginia

JOAN G. EHRENFELD, Rutgers University, New Brunswick, New Jersey

DARA ENTEKHABI, Massachusetts Institute of Technology, Cambridge,
Massachusetts

GERALD E. GALLOWAY, Titan Corporation, Reston, Virginia

PETER GLEICK, Pacific Institute for Studies in Development, Environment, and
Security, Oakland, California

CHARLES N. HAAS, Drexel University, Philadelphia, Pennsylvania

KAIN. LEE, Williams College, Williamstown, Massachusetts

JAMES K. MITCHELL, Virginia Polytechnic Institute and State University,

Blacksburg

CHRISTINE L. MOE, Emory University, Atlanta, Georgia

ROBERT PERCIASEPE, National Audubon Society, New York, New York

LEONARD SHABMAN, Resources for the Future, Washington, DC

KARL K. TUREKIAN, Yale University, New Haven, Connecticut

HAME M. WATT, Independent Consultant, Washington, DC

CLAIRE WELTY, University of Maryland, Baltimore County

JAMES L. WESCOAT, JR., University of Illinois at Urbana-Champaign

GARRET P. WESTERHOFF, Malcolm Pirnie, Inc., White Plains, New York

Staff

STEPHEN D. PARKER, Ditector

LAUREN E. ALEXANDER, Senior Staff Officer

LAURA J. EHLERS, Senior Staff Officer

JEFFREY W. JACOBS, Senior Staff Officer

STEPHANIE E. JOHNSON, Senior Staff Officer

WILLIAM S. LOGAN, Senior Staff Officer

M. JEANNE AQUILINO, Financial and Administrative Associate
ANITA A. HALL, Administrative Assistant

ELLEN A. DE GUZMAN, Seniot Program Associate/Research Associate
DOROTHY K. WEIR, Research Associate
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Biographical Information

James L. Wescoat, Jr., Chair, is a professor and head of the Department of
Landscape Architecture and a faculty affiliate in the Department of Geography at
the University of Illinois, Urbana-Champaign. Previously, he was on the faculty of
the Department of Geography and member of the Institute of Behavioral Sciences
at the University of Colorado, Boulder. His research interests include the historical
and cultural geography of water management in North America; and the spatial
logic of water law, policies, and institutions. Dr. Wescoat is a member of the Water
Science and Technology Board, served on the National Research Council's
Committee on the Future of Irrigation in the Face of Competing Demands, and
chaired the Committee on Grand Canyon Monitoring and Research. He has
conducted comparative analyses of international water policy issues in the
Colorado, Indus, and Aral Sea basins; and he recently co-authored a volume with
Gilbert F. White titled, Water for Life: Water Management and Environmental Policy
(Cambridge University Press, 2004). Dr. Wescoat received his M.A. and Ph.D
degrees in geography from the University of Chicago.

Patricia Chow-Fraser is a professor at the Department of Biology in
McMaster University, Hamilton, Ontario. Her research focused on development
of wetland ecosystem-health indicators based on water-quality charactetistics,
periphyton, zooplankton, benthic macroinvertebrates, aquatic macrophytes and fish
obtained from 150 coastal wetlands throughout the U.S. and Canadian shoreline of
all five Great Lakes; use of Geographic Information System (GIS) and remote
sensing technology to map wetland features (wet meadows, emergent beds, mixed
floating-emergent beds, and submergent beds/open watert) in coastal wetlands of
Georgian Bay and Lake Ontario, and to investigate the spatial relationship between
fauna/flora and coastal wetlands, and to determine the impact of land-use
alterations and shoreline development on wetland quality; and development of
ecological models to determine the aggregate response of coastal wetlands to
watetlevel fluctuations, urbanization, and exotic invasions in Lake Ontatio. She
received her B.Sc. and M.Sc. from the University of Waterloo, and her Ph.D. in
zooplankton ecology from the University of Toronto.

Desmond N.D. Hartford is specialist engineer for dam safety risk assessment
at British Columbia Hydropower Authority. His areas of expertise and research are
in dam safety and catastrophic loss risk management of large dams, hydroelectric
facilities, and water resource infrastructure. He is primarily responsible for the
development and implementation of risk management solutions for BC Hydro’s
portfolio of 43 dams. Dr. Hartford also advises dam and water resource agencies
across Canada and internationally on dam safety and risk management of wet
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infrastructure. Dr. Hartford is co-author of Risk and Uncertainty in Dam Safety
and is one of the five principal authors of the International Commission on Large
Dams (ICOLD) Bulletin 130 on Risk Assessment in Dam Safety Management.
Prior to joining BC Hydro Dr. Hartford held senior positions on international
infrastructure projects. He is active in training and professional development of
engineers in risk management of dams around the world. He received his B.A.L. in
civil engineering, M.A. in mathematics, and Ph.D. in soil mechanics from Trinity
College in Dublin.

Janet R. Keough is the Acting Director of EPA’s Office of Research and
Development (ORD) Mid-Continent Ecology Division of the National Health and
Environmental Effects Research Laboratory. Her research background is as a
wetland ecologist, and she spent most of her research career conducting studies
within the Department of Interior, with the U. S. Fish and Wildlife Service,
National Biological Service, and U. S. Geological Survey. Dr. Keough’s research
has focused on the functions of primary producers in wetland habitats and food
webs in studies in the Great Lakes and Chesapeake Bay. As Acting Director for
this EPA Division, Dr. Keough now guides research to enhance monitoring and
assessment programs for large ecosystems, such as Great Lakes nearshore and
coastal systems and Great Rivers, and research to improve the predictive capability
of risk assessments for chemicals. She serves on the Science Advisory Board for
the Minnesota Sea Grant, the Regional Workgroup for the Great Lakes Task Force,
and has served on workgroups for NSF in planning for NEON (National
Ecological Observing Network). Dr. Keough received her B.S. in biological
sciences from Cornell University; her M.A. in plant ecology from Western
Michigan University, and her Ph.D. in aquatic ecology from the University of
Wisconsin.

Lynn Alison Maguire is an associate professor ath the Nicholas School of
Environment and Earth Sciences at Duke University. Her research interests are in
conservation biology; applications of decision analysis for environmental decisions
and dispute resolutions; public involvement in environmental decision making; and
collaborative planning. Dr. Maguire received her A.B. in biology from Harvard
University, her M.S. in resource ecology from the University of Michigan, and
Ph.D. in ecology from Utah State University.

Joseph C. Makarewicz is a Distinguished Professor in the Department of
Environmental Science and Biology at the College at Brockport. His research has
focused on Great Lakes research in phytoplankton and zooplankton ecology, the
ecology of exotic species and their effect on pelagic food webs, pesticide
movement in food webs, and fate and transport of nutrients and herbicides in
watersheds. He was recently honored by the Chancellor of the SUNY system for
outstanding scholarship and grantsmanship. He is a recipient of the Chandler-
Meisner Award for Outstanding Contribution to the Journal of Great Lakes
Research by the International Association of Great Lakes Research. Dr.
Makarewicz received his Ph.D. from Cornell University
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Daene C. McKinney is a professor at the Department of Civil Engineering,
University of Texas in Austin. Dr. McKinney's tresearch interests include
developing and applying numerical methods for simula-tion, optimization, and
uncertainty analysis of environmental and water resource management problems,
and the development of laboratory and field experimental techniques for the
characterization and remediation of aquifer and groundwater contamination. He is
currently engaged in research on: water resource management in the Aral Sea
Basin; management and modeling of the Edwards Aquifer in Central Texas; large-
scale water-balance computations; expert geographic information systems for water
and environmental management; optimal aquifer management and remediation;
characterization and remediation of subsurface NAPL contamination; modeling of
bioremediation in NAPL contaminated aquifers; and risk-based decision analysis
approach for aquifers contaminated with NAPLs. Dr. McKinney received his B.S.
from Humboldt State University and his M.S. and Ph.D. from Cornell University.

David H. Moreau is professor in the Departments of City and Regional
Planning and Environmental Sciences and Engineering at the University of North
Carolina at Chapel Hill. Dr. Moreau teaches water resources planning and regional
environmental planning. His research interests include analysis, planning, financing,
and evaluation of water resource and related environmental programs. He is actively
engaged in water resources planning at the local state, and national levels. He has
chaired or served on several NRC committees, most recently as a member of the
Committee on Water Quality Improvement for the Pittsburgh Region. Dr. Moreau
serves as chairman of the North Carolina Environmental Management Commission,
the state’s regulatory commission for water quality, air quality, and water allocation.
Dr. Moreau received a B.S. and M.S. from Mississippi State University and North
Carolina State University, respectively, and a Ph.D. in water resources from Harvard
University.

Slobodan P. Simonovi¢ is a professor and research chair at the Department
of Civil and Environmental Engineering at the Institute for Catastrophic Loss
Reduction, The University of Western Ontatio. His research encompasses
reservoit, flood control, hydropower energy, and operational hydrology.
Specifically he is interested in systems modeling; risk and reliability; water resources
and environmental systems analysis; computer-based decision support systems
development; water resources education and training. He received his B.S. in civil
engineering and M.Sc. in interdisciplinaty studies, from the University of Belgrade,
Belgrade, Yugoslavia and his Ph.D. from University of California, Davis. He is a
certified Professional Engineer at Ontario.

Przemyslaw Andy Zielinski is a senior quantitative analyst with Ontario
Power Generation. As a senior analyst he develops quantitative and qualitative
methodology and analytic tools in assessing operational risk for Ontario Power
Generation. He had been previously involved in dam design and development as a
dam safety hydrologist and then later as a senior scientist at Ontario Hydro. He
was also assistant professor at Warsaw Technical University in Poland. His
expertise is in the areas of risk analysis, assessment, and management; applied
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probability, statistics and stochastic processes; decision making under uncertainty;
linear and onlinear optimization; modeling of dynamical systems; and hydrology
and water resources management. He presently chairs the Committee on Dam
Safety of the International Commision on Large Dams. Dr. Zielinski received his
masters in mathematics from the University of Warsaw and his masters in civil
engineering and Ph.D. in stochastic hydrology from Warsaw Technical University
in Poland.

Staff

Lauren E. Alexander is a senior staff officer with the National Research
Council's Water Science and Technology Board. Her research interests include
hydro-geomorphic processes and plant diversity in forested wetlands, and she has
studied these issues in different coastal plain systems in the United States. Dr.
Alexander received her B.S. in applied mathematics and her Masters of Planning in
environmental planning from the University of Virginia, and her Ph.D. in
landscape ecology from Harvard University. She joined the NRC in 2002.

Ellen A. de Guzman is a research associate with the National Research
Council’s Water Science and Technology Board. She has worked on a number of
studies including Managing the Columbia River, Valuing Ecosystem Services, and
Privatization of Water Services in the United States. She co-edits the WSTB
newsletter and annual report and manages the WSTB homepage. She received her
B.A. degree from the University of the Philippines. She joined the NRC in 1995.
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