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1.
Common Data Needs

1.1      Topography and Bathymetry

High resolution mapping of the near shore zone, both on the land side (topographic mapping) and the underwater portion (bathymetric mapping), is critical to providing the requisite information for: modeling flooding, erosion and low water level impacts within the Study; for assessing the impacts of various water level scenarios on wetland and environmental health and sustainability; and for assessing water level impacts on private and public shore properties, municipal water intakes and outflows, recreational boating facilities, and public bathing beaches. 

Recent technological advances in airborne laser mapping systems now provide unprecedented potential for the mapping of coastal topography and bathymetry using an airborne LIDAR (Light Detection and Ranging) system that has a ± 15 cm (6 inch) vertical and 3-metre (10-foot) horizontal accuracy. LIDAR is an active remote sensing system that uses pulses of light to illuminate the terrain. By accurately measuring the round trip travel time of the laser pulse from the aircraft to the ground, a highly accurate spot elevation can be calculated. 

While there are a number of companies offering topographic LIDAR collection, there are relatively few bathymetric LIDAR systems in the world. In North America the only system is the SHOALS (Scanning Hydrographic Operational Airborne LIDAR System) operated by the U.S. Army Corps of Engineers out of Alabama. The SHOALS uses a green laser to penetrate water and an infrared laser, which does not penetrate water to detect the water surface location as shown in Figure  1.

[image: image34.bmp]
Figure 1: SHOALS Green and Red Lasers
Initially it was hoped that the entire shoreline could be flown, however, the costs were prohibitive and so the Common Data Needs TWG undertook a prioritization of the shoreline.

Regional shore units were identified for the study area to facilitate the classification of the shoreline. The study area was divided into three geographic regions to define the shore units: Lake Ontario - U.S shoreline, Lake Ontario - Canadian shoreline, and the Upper and Lower St. Lawrence River (Wolfe Island to Cornwall and Cornwall to Trois-Rivieres).  A total of 30 shore units were identified for the Study area. The prioritization was conducted to provide an initial assessment of the areas most sensitive to water level changes and those areas critical to the impact assessments of the Study based on existing studies and reports and to identify existing sources of topographic, bathymetric and imagery data for the near shore zone. 

Evaluation sheets were compiled and provided a detailed breakdown of the ranking scheme and results for the Sensitivity Index and the Data Needs for the 30 individual shore units. Collectively, the results from the evaluation sheets were used to rank needs for new bathymetry, topography, and imagery data. The results were circulated to the other working committees for comment. The final priority areas are identified in Figures 2 and 3.
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Figure 2: Prioritization of Lake Ontario Shore Units
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Figure 3: Prioritization of St. Lawrence River Shore Units

From the assessment and prioritization exercise it was concluded that the highest priority for detailed topographic and bathymetric data collection in the U.S. was for shoreline units US2, US4 and US7 (within Orleans, Monroe, Cayuga and Oswego Counties, New York).  The topographic LIDAR collection for the U.S. shore units took place in May 2001 and the bathymetric LIDAR collection using SHOALS took place in August 2001. 

In Canada, the highest priorities for detailed bathymetric data were units CDN1, CDN7 and CDN11 (Niagara to Hamilton, Toronto, Durham and Northumberland and the Bay of Quinte).  SHOALS bathymetric LIDAR collection was completed in conjunction with the U.S. collection in August 2001. Due to the high vegetation cover during mid-summer in the wetland areas (which obstructs the path of the laser beam from reaching the lake bottom), the collection focused exclusively on the shoreline areas and not on wetland areas. For example, no data collection was carried out in CDN11 (Bay of Quinte) during this time. Data collection of 32 wetland areas is planned in Year 2.

With respect to topographic data collection in Canada, it was decided that for Lake Ontario, existing Flood Damage Reduction Mapping available for many parts of the areas at 1:2000 scale and to the 77 m (250-foot) contour plus a 15 m (50-foot) buffer could be used. Some work was required to get the data into a useable format. 

On the St. Lawrence River, both bathymetric and topographic priorities were identified from the Lakes of the Montreal Archipelago downstream to Trois- Rivières.  Due to the turbidity of the St. Lawrence River, it was decided that the SHOALS would not be used in the River. The SHOALS uses a green laser to penetrate water and can penetrate to 2-3 times visible depth, which does not allow bottom penetration of the St. Lawrence. As an alternative, traditional acoustic soundings from a small boat were used where possible and economically feasible. An emphasis was placed on the collection of topographic LIDAR during low water level periods in the fall. Topographic LIDAR collection was completed for the entire area Riv 7 through Riv 10 in November 2001.

Figure 4 summarizes the topographic and bathymetric data collection in Year 1 shown in blue (bathymetric LIDAR), yellow (topographic LIDAR) and green (existing flood mapping).
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Figure 4: Topographic and Bathymetric Data Collection

1.2      Imagery

Remotely sensed imagery data have also been identified as valuable data in the evaluation process. Imagery data can often fill in the gaps of missing information, can assist in checking of topographic data and are valuable in assisting with the determination of economic relationships by locating buildings, shore protection, docks, boat houses and marinas. The data are also valuable for vegetation classification for use by the Environmental TWG. The Common Data Needs TWG was tasked with the collection of all imagery data on behalf of the other TWGs. The Environmental TWG has identified Colour Infra-Red (IR) as a requirement for vegetation classification and the Coastal TWG is interested in acquiring ortho-imagery for the shoreline. 
Colour Infra-Red (IR) aerial photography was completed in late August 2001 for all 16 U.S. wetland sites and 5 Canadian sites where existing data were not available. Colour IR is particularly useful for vegetation classification. The photographs were distributed to the Environmental TWG. An example of the Colour IR photography is shown in Figure 5 along with the locations of the data collection. 
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Figure 5: Example of Colour IR Imagery and Locations of Imagery Collection

Existing ortho-imagery required by the Coastal Processes TWG for their priority zones for assessing top and toe of bluff and building footprints has been acquired where available in Canada. This includes most of the north shore of Lake Ontario and the Kingston area. The Common Data Needs TWG is in the process of making arrangements for some new data collection in the spring of 2002 for US 2, 4 and 7 and for CDN 1 that were identified as priority areas where existing data are not available. An example of an ortho-image is shown in Figure 6. Existing ortho-imagery purchased in Year 1 is identified back in Figure 4 (pink zones).

[image: image7.jpg]



Figure 6: Ortho-imagery for Kingston (courtesy of the City of Kingston)

1.3      GIS Development

Many of the TWGs will be using geospatial data which are data that have latitude and longitude coordinates. Geospatial data can be mapped, analyzed and modeled using Geographic Information Systems (GIS). To help facilitate the collection, use and distribution of geospatial data within the Study, the Common Data Needs TWG prepared a set of short-term GIS Guidelines to establish some standards. The GIS Guidelines include information on common base map layers to be used by all TWGs, projections, datums, measurement units and precision, metadata standards to be followed, common nomenclature, data access and data distribution sites. These guidelines have been distributed to all TWGs. In addition, the Common Data Needs TWG has compiled all of the basemap layers and made this available to the other TWGs via the Study ftp (file transfer protocol) site. Part of the basemapping exercise includes the development of a shoreline digital elevation model (DEM). The DEM will include all topographic and bathymetric data collected in Year 1 and existing data for the rest of the shoreline. An example of the detailed DEM is shown in Figure 7.
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Figure 7: Example of DEM with merged SHOALS data and FDRP mapping data (courtesy of Ontario Ministry of Natural Resources)

1.4      Information Management Strategy

Many of the TWGs will generate and/or access, manage, and provide considerable information resources, much of which will be in some digital form.  The types of data and information both required and generated will vary between TWGs.  While the H&H TWG has a focus on hydrologic and hydraulic modeling inputs and outputs, most of the other TWGs will be developing performance indicators (PIs) for evaluating the impacts of changes to the regulation plan and will be focusing on the data and information needed to support these PIs.  The Public Information Advisory Group (PIAG), will likely have more of a focus on information products and the Study Board on results.  And while a considerable amount of the data generated by the TWGs will be geospatial in nature, much of it will not.  The goal of the Common Data Needs Group is to attempt to address all of the information management (IM) issues facing the Study in a comprehensive manner.

To address all IM issues, the Common Data Needs Group has established an IM Strategy Team with experts from numerous agencies who have experience in IM. In addition, a contractor (Pangaea Inc.) has been hired to assist in the development of an IM Strategy. The contractor has contacted each of the TWGs to determine the types of data they are collecting and their IM needs. Together with the IM Strategy Team, and with the guidance of the Common Data Needs Group, a set of IM strategy options has been developed. The IM Strategy must address issues related to:

· Data access and distribution;

· Data ownership;

· Updates and maintenance; 

· Quality assurance/quality control;

· Database schema and formatting;

· Proprietary data and licensing issues, liability, security; and,

· Long-term database management. 

The Study Board must decide which IM strategy option to adopt and implement over the course of the Study.

1.5      Activities Planned for Year 2

During Year 2, the Common Data Needs TWG will focus on completing all data collection activities and on the implementation of the IM strategy adopted by the Study Board. Specifically, the Common Data Needs TWG will complete the following:

· Complete bathymetric and topographic data collection for specified wetland areas that were not collected in Year 1 (Figure 8);
· Collect digital ortho-imagery for priority areas that do not already have existing data, specifically shore units US2, US4, US7 and CND1;

· Complete development of DEM for areas not completed in Year 1, primarily on the Lower St. Lawrence River and for the 32 wetland areas; and
· Begin the implementation phase of the IM strategy developed in Year 1.
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Figure 8: Wetland Sites Requiring Topographic and Bathymetric LIDAR Collection in Year 2.

2.
Coastal Processes

Year 1 activities of the Coastal Processes TWG involved collective efforts to establish direction for the group as well as a division of tasks between the Lake Ontario/Upper St. Lawrence River and the Lower St. Lawrence River.  

2.1
Collective Year 1 Efforts

2.1.1
Development of Planning Objectives and Performance Indicators

Given all the possible riparian impacts that can occur for both high and low water levels, the key “problem” for the TWG was identified as the need to develop a methodology and a set of tools that can effectively take all possible impacts into consideration for each (or a range of) water level scenarios.  This methodology and its tools would be used to suggest a regulation scenario that provides an acceptable balance of benefits and disbenefits for the riparian interest group.

Planning Objectives
Given the above, a series of broad “planning objectives” for the TWG was drafted.  These objectives were meant to identify what the Coastal Processes TWG prefers to see in a regulation plan for Lake Ontario and the St. Lawrence River.  

These include:

· Reduce real/potential flood events and associated damages along the shores of Lake Ontario and the St. Lawrence River, over the planning horizon of the Study;

· Reduce real/potential erosion and associated damages along the shores of Lake Ontario and the St. Lawrence River, over the planning horizon of the Study; and

· Reduce real/potential extreme low water events and associated damages along the shores of Lake Ontario and the St. Lawrence River, over the planning horizon of the Study.

To achieve these broad objectives however, the TWG needs to first address a number of what might be considered more specific objectives.  These include:


· Determine the possible response of both Lake Ontario and St. Lawrence River shoreline types to changes in water levels and flows that may occur as a result of changes to the operation of the existing control structures on Lake Ontario at Cornwall;

· Based on the above responses, determine the various impacts (both positive and negative) that may result to the riparian interest group along these shorelines;

· Determine as well, the impacts (both positive and negative) of possible flooding or low water level scenarios that may occur as a result of changes to the operation of the existing control structures on Lake Ontario at Cornwall; and 

· Using the above evaluations, provide recommendations of new regulation criteria that best considers the needs of the riparian interest group.

Performance Indicators

Performance Indicators (PIs) are the measure of how well alternative plans meet the coastal planning objectives.  There are many possible PIs being discussed by the TWG, but some of the key ones that have been identified include:

· Percent change in the average annual recession rate and subsequent changes in the value of land/structures lost (or not) for each regulation scenario, over the planning horizon of the Study .

· Specifically this might be measured using the following for sandy/cohesive shores: "damage" = [distance from bluff crest to primary buildings on property (for residential)] x [Heinz factor (Federal Emergency Management Agency study determined reduction in real estate value with change in distance from building to bluff crest)] x [initial property value] but not greater than cost of Level A shore protection for the length of the property.

· This same formula could be refined to use for farmland, industrial, commercial and institutional lands.

· In areas of the St. Lawrence River where ship-generated waves cause much of the erosion, future ship traffic and design scenarios will need to be considered.

· Flooding (areas, location, timing, duration)

· Initial assessment: area (hectares) of land inundated (for a minimum period of time) in different levels (density) and categories of development (residential - different types, industrial, commercial - office and retail, institutional, etc.).

· Next: Apply economic techniques to estimate monetary damage.

· Costs for shore protection and percentage of shore requiring protection

· [Cost to adapt existing shore protection (e.g. for a higher design level), or increased maintenance cost] + [additional cost (or future avoided cost) of yet to be constructed protection].

· Cost to adapt to new lows, or value of added maintenance.

· Preservation of beaches/depositional areas and natural lands

· To some extent this is the opposite of reduction in erosion - erosion is a natural process that maintains beaches in depositional areas, so if erosion is reduced, beaches will be adversely influenced - initially at least the Coastal Processes TWG needs to highlight where these sediment budget issues are critical (there are not too many locations on the Lake).

· Some site-specific studies may also address how changes to dynamics of barrier beaches may influence back bay areas (wetlands, etc).

Other possible PIs may need to measure things like changes in riparian enjoyment/use of the shore zone (social impacts), loss of use issues (property, docks, access to shore or shallow areas), water quality/quantity (low water impacts).

2.1.2  Data Mining Report

Activities being undertaken by the TWG will utilize and build upon a range of long-term and ongoing data collection efforts that have taken place in the Lake Ontario – St. Lawrence River Basin.   This data will be utilized where possible in the modeling and impact assessment tasks.

To make use of the available data first required an understanding of the available data, the format that it is in, who has it, how it can be obtained, and an assessment of it’s applicability to the goals and objectives of the TWG.   In this regard, the TWG retained Christian J. Stewart Consulting (CJSC) to conduct a data inventory of various government agencies (federal, provincial, state, regional and local), consultants, academics, non-government organizations and public interest groups to determine what physical and “landside” data is available.  This also included an inventory of any mapping, GIS and aerial photography that exists for the Lake Ontario shoreline, as well as the U.S. and Ontario sections of the St. Lawrence River.  

All data sources discovered were summarized in a data mining report entitled, “A Review of Potential Data Sources for Use in Evaluating Coastal Process and Riparian Impacts Associated With Changing Water Levels on Lake Ontario and the St. Lawrence River.” This report is available in the TWG section of the ftp server that has been set up for this Study.

2.1.3  Modeling Workshop

The TWG has been tasked with determining the physical changes (primarily erosion and accretion) in Lake Ontario and the St. Lawrence River shore types that could potentially occur as a result of fluctuations in the water level regime that may be brought about by changes in the way that the outflows from Lake Ontario are regulated by the International Joint Commission (IJC) and the International St. Lawrence River Board of Control.  This information will be used to assess the potential impacts of this shoreline response on riparian and coastal zone interests.

The TWG is looking to build upon methods and recommendations regarding the response of shoreline types to water level change that have been developed as part of the 1991-1993 Levels Reference Study, and subsequently improved upon in more recent Great Lakes regional coastal studies including the Lake Michigan Potential Damages Study and the Lower Great Lakes Erosion Study.  Both of these recent studies have used state-of-the-art GIS technologies, detailed coastal process response models, and comprehensive coastal zone databases to assess and analyze the sensitivity of Great Lakes shore types to changes in water levels.  

For the Study, the TWG wished to evaluate the coastal process and shoreline response models developed for these studies, as well as any other coastal process/shoreline response models that were available to assist in the evaluation of the Lake Ontario shoreline.  In addition, the TWG wanted to evaluate coastal process, shoreline response and other hydraulic or hydrologic modeling techniques that are available for assessing shoreline response to water level and flow changes in the St. Lawrence River, both upstream and downstream of the regulation structure at Cornwall, Ontario.  It was not clear whether models developed for the open coast of the lakes would apply in this type of situation and the TWG wishes to evaluate other models that might be suitable.

To get an idea of the range of modeling techniques that were available for use in the Study, the TWG conducted a Modeling Workshop and invited a number of experts who presented various models that have been developed for both open lake and riverine settings and as to how these may be appropriate for use in the Study.   This workshop was coordinated by CJSC and was held August 14-15, 2001 at the Canada Centre for Inland Waters (CCIW) in Burlington, Ontario.   Minutes of this workshop are available in the TWG section of the ftp server that has been set up for this Study.

2.1.4  Modeling and Shoreline Classification

As part of their tasks within the Study, the TWG is hoping to characterize and understand the response of various open coast and riverine shoreline types and profiles to changes in the way the regulation of the levels and flows of the Lake and River are carried out.  To do this, the TWG is intending to utilize a series of models that can simulate and predict shoreline response to water level change.  On the open Lake and Upper River, the TWG will use a model known as the Flood and Erosion Prediction System (FEPS), which has been developed over the past 5 years by Baird & Associates.  For the Lower St. Lawrence River, a derivation of a model called SedSim is being developed as a joint effort of the Canadian Hydraulics Centre (CHC) and Pacific International Engineering (PIE).

Before both models can be used however, the data that is required for input to these models needed to be collected and developed.  A key data set in this regard is a comprehensive classification of the different shoreline types, shore protection types and nearshore geology that exist along both the Lake and the river shoreline.  These data sets are important because they all directly relate to the overall erodibility or erosion sensitivity of the shoreline.  It will also allow the identification and determination of the extent of these different shoreline types so that lake-wide and river-wide analysis can be made in the event that detailed modeling can only be carried out on a regional basis or at a few select representative sites.

2.2
Lake Ontario/Upper St. Lawrence River Activities

2.2.1
Shore Classification – Open Lake/Upper River

Classification of the Lake and Upper River was led by CJSC with the assistance of Baird & Associates and Environment Canada (EC).  The discussion below relates only to the development and application of the classification scheme to the Lake and Upper River.

Review of Past Classifications – Lake/Upper River

Over the years, the Lake Ontario and St. Lawrence River shoreline has been classified “physically” in a number of different ways.  Most recently, the “re-classification” of the U.S. shoreline was completed using a three-tiered erosion sensitivity classification scheme that originated in the 1991-1993 Levels Reference Study and was since refined for the Lake Michigan Potential Damages Study and the Lower Great Lakes Erosion Study.  This scheme takes into account the geologic shore type, the type, quality and extent of shore protection, and the nearshore geologic type and has been applied on a kilometer-by-kilometer basis along the Lake Michigan, Lake Erie, Niagara River, Lake Ontario and St. Lawrence River shores (U.S. side only).  

Information on this classification scheme was presented to TWG members on a number of occasions to illustrate its applicability in meeting the goals of the TWG.  The general consensus among the TWG was, that given the evolution of this classification scheme, it’s previous and consistent application to a large section of Great Lakes and connecting channel shoreline and that it has been developed to produce the type of data required for input to coastal models being considered for use in this Study (namely the FEPS), this scheme was the most appropriate for use by the TWG.  In addition, it will adequately define and characterize the various shoreline types that exist along the U.S. and Canadian shorelines of Lake Ontario and the St. Lawrence River.  

Comparison with Other Classifications

Despite the general consensus mentioned previously, a number of TWG members pointed out the existence of other Lake Ontario and St. Lawrence River classification schemes and wondered how these might be incorporated into the “IJC” scheme that had been applied in the previous studies.  As such, CJSC reviewed these other schemes and prepared a short discussion paper that reviewed each scheme and offered recommendations as to their integration.   

Refinement of Classification Scheme

Using the recommendations from the “shore classification review paper” as well as input from other TWG members and other consultants (Baird), a series of refinements were made to the base shore classification scheme in order to better incorporate all possible shore types and configurations that occur, as well as produce the full range of data that will be required for input into the coastal and riverine models that are proposed for use in the Study.  

Application of Classification Scheme

Once the refined scheme was developed, it was applied to the Lake Ontario and Upper St. Lawrence River shoreline.  Members of CJSC, Baird and EC did this during a 4-day “Classification Workshop” held at CCIW in Burlington, Ontario in February 2002. 

Prior to conducting the workshop, the spatial resolution at which the classification was to be conducted was determined.  The FEPS model makes best use of data collected on a kilometer-by-kilometer basis and as such this was the resolution selected.  In preparation for the workshop a new digital shoreline of Lake Ontario and the Upper River was obtained from EC and segmented into equal 1 km segments.  This segmented shoreline was then printed on a series of large plot sheets for use in recording data during the workshop.

To record data, CJSC, Baird and EC staff made use of various data sets including recent video tape of the shoreline (Ontario Ministry of Natural Resources and EC Environmental Emergencies), air photography (EC), topographic maps, bathymetric charts, geological maps, and other data reports and summaries to determine a classification category for each of the three tiers of the classification, for each kilometer reach segment.  Other data attributes were also collected where possible, including an estimate of the percent of each reach protected by Class 1 and 2 protection.  This data was recorded directly on the plot sheets for later data entry.

Data Entry and GIS Database Development

All data produced during the workshop was entered into an ArcView GIS for mapping and visualization purposes, as well as for later analysis in the FEPS model.  Once entered, a series of summary statistics were also generated, describing the lengths and extents of the various shore classification categories.   An example of the GIS mapping for this activity can be found in Figure 9.
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Figure 9: Example of Shore Type Classification Mapping for Western End of Lake Ontario and Hamilton Harbour (Thick Colour Lines = Shore Type Class, Thin Red and Blue Alternating Lines = Reach Breaks).

Once completed all mapping and data attribute files were delivered to Baird & Associates for incorporation into the FEPS GIS model.  Comprehensive metadata (descriptions of the data, its source, and other information) for each data set was also produced and delivered to the Common Data Needs Group for data inventory purposes.

Details on the shore classification activity will be available in a summary report that is currently being produced by CJSC.

2.3
Lower St. Lawrence River Activities

Six projects were initiated for the Lower St. Lawrence River to contribute to shoreline classification and the development of a recession rate model.  The following sections describe these projects, all of which are complete.

2.3.1
Erosion Processes:  Review of Data Sources and Definition of Data Requirements

The TWG identified the need for a Coastal Zone GIS compatible with the modeling tools to be used on the Lower St. Lawrence River. Although much information has been collected in the past by various agencies (ex.: CWS, CSL, CCG, MSC), the information has been handled locally for specific needs. PIE and CHC initiated a project aimed at defining the data required to feed the erosion and sediment transport numerical models that will be used on the Lower portion of the St. Lawrence River.  This effort included the exhaustive identification and review of relevant data sources and also provided recommendations on the data structure to ensure that information can be directly used for the upcoming numerical modeling work in the finite element numerical environment.  A report and an architecture for the GIS system were produced as part of this project.

2.3.2
Review of Erosion Processes and Evaluation of Modeling Techniques

PIE initiated a review of the physical processes affecting erosion and flooding on the St. Lawrence River. Emphasis was placed on the development of a clear understanding of the processes involved to assist in the development of representative and reliable performance indicators about coastal processes in the Lower St. Lawrence River. In order to develop practical modeling tools for the river, some preliminary assessment of physical processes, trends in navigation and ship wave processes were conducted. A review of available erosion models and preliminary recession modeling was also undertaken.  A report, datasets, and simulation results are products of this work.

2.3.3
Establishment and Preliminary Population of the Coastal Zone GIS Database

Members of the CWS worked to complete their current GIS database.  This effort included quality control of existing datasets, addition of new measured information concerning recession rates at specific locations, and a literature review of existing studies on recession rates. 

In addition, a trial conversion of the shoreline type data in the CWS GIS to the three-tier shoreline classification used in Lake Ontario and the Upper St. Lawrence River is currently underway.   If the conversion is successful, it will significantly reduce the efforts required to classify shorelines in the Lower St. Lawrence River.  The results of this trial will be reported in the near future.

2.3.4
Estimation of High-Resolution Recession Rates from Digital Imagery

Past studies of recession rates fail at defining the temporal evolution of the shorelines along the St. Lawrence River and recession rates have been calculated on partial segments and are averaged for large segments, inducing inaccuracies that are not compatible with the numerical models that will be used. As such, the Quebec Region of the Meteorological Service of Canada (MSC-QR) initiated a project to define a reliable set of recession rates calculated at a higher resolution along a continuous segmentation of the shorelines.  By-products of this project are the production of three shoreline delineations covering a period ranging from 1964 to 2000.  All aerial imagery used for this project will also be ortho-rectified and digitized. 

Products of this work include:

· Acquisition of orthophotos (1 m pixel);

 Digitization, ortho-rectification and mosaic arrangement of existing aerial imagery;

 Shoreline delineations; and

 Computation of high-resolution recession rates and re-segmentation of the shorelines.

2.3.5
Synthesis of Wind-Wave Climate for the Area Comprised between Montreal and Sorel  

MSC-QR initiated an analysis of wind climatology.   The analyzed data is currently being used in the SWAN model to assist in the production of wave characteristics on the Study domain for two different hydraulic scenarios.  The products of this work include data regarding wind climatology and two-dimensional (2-D) wave characteristics.

2.3.6
Refinement of the Finite Element Mesh for Selected Study Sites

The 2-D finite element mesh used by MSC-QR is currently being refined in selected areas to an element size ranging from 5 to 25 m (16 to 82 ft.).  This refinement will allow the mesh to more accurately support measured and simulation results on specific test sites.

2.4
Activities Planned for Year 2

During Year 1of the Study, the TWG focused their efforts on the development of a number of physical data sets that helped define the existing physical conditions on Lake Ontario and the St. Lawrence River.  This included the classification of shore types, shore protection and nearshore geology, as well as the updating and mapping of historical recession rates.  In addition, the TWG assessed and selected coastal and riverine process models that will be used to assess erosion, flooding and low water responses of various shoreline types to changes in water levels brought about by modifications to the regulation plan.  The TWG also initiated the development and collection of the required physical process input data that is required for these models, as well as the selection of a series of regional sites for a detailed application of the coastal and riverine process models.  

For Year 2, the TWG will focus its efforts outlined in the following sections.

Task 1 – Develop and Apply Coastal and Riverine Process Models in Site Specific Areas

The development of a series of coastal and riverine models and associated data inputs were initiated in Year 1of the Study.  These models and associated data will continue to be developed and collected in Year 2 and then applied to the regional site-specific areas that have been identified.  In doing the analysis, the overall objective will be to produce the following:

For erosion prone shoreline types in the site-specific areas:

 An evaluation of how these shore types will respond to changes in water level or river flow brought about by each of the proposed water level regulation scenarios; and

 Erosion model results for applicable shore types that provide future top-of-bank position predictions into the future for each water level regulation scenario.

For flood and low water prone shoreline types in the site specific areas, flood or low water model results for applicable shore types that provide potential extreme high or extreme low water elevations expected under each of the water level regulation scenarios (e.g. stage-damage relationships for flooding).

A Technical Review Committee, consisting of approximately four eminent authorities on coastal and riverine models, will be formed to provide external oversight on the development and application of these models.  The Committee will have monthly conference calls and semi-annual meetings.  This Committee will supplement, not supercede, the role of the TWG.

A description of Year 2 activities on the lower St. Lawrence has not yet been developed.

Task 2 – Develop “Landside” Data Sets

(Note: It is anticipated that the collection of this data will focus on the site-specific areas that are selected for analysis.  However, if there is an efficient way of collecting this data for the entire Lake or River shoreline, it will be considered by the TWG)
In order to determine and quantify the economic and other impacts on the riparian interest group of the changes in shoreline position, or changes in flood and low water events, a number of data sets pertaining to the existing and potential use of the shoreline will need to be developed.  These are outlined below.  

Existing Land Use 

Using existing land use maps, documentation, and aerial photographs of the shoreline, land use types will be determined at an appropriate resolution along the shoreline.

Land Use Trends

Building on information collected from previous studies and utilizing historic and current aerial photographs, meeting with planning officials and resource groups and reviewing planning documents, land use and land use trends will be determined along the shoreline and input to a digital database. 

It is anticipated that all relevant planning documents (e.g., master plans, zoning ordinances, etc.) will be collected, reviewed and evaluated for each site-specific area.  Using this information, likely land use changes will be generated through the planning horizon.  These projections will be made at the most detailed scale practical (i.e., at the parcel level if possible), covering the immediate Lake and River shoreline. 

Land Use Management Practices

In order to fully assess the degree of impact that a particular water level regulation scenario may have on the riparian interest group, it will be important to understand how existing and future riparian land use is managed relative to flood and erosion hazards.  For example, if a particular regulation scenario is found to increase the rate or extent of erosion in a particular area, the degree of economic impact may be closely related to whether or not a municipality currently implements setback regulations and as to the criteria that those setback regulations are based on, as well as how effective the regulation has been since originally implemented.  

A review should be made of the existing land use management practices, including zoning, and the effectiveness of existing regulations designed to minimize flood and erosion damage.  In addition, information gathering could focus on assessing the reaction of local communities to dramatic past water level changes and evaluating how well they have planned for future extreme events (either high or low water).

Parcel and Assessment Data

Many municipalities and townships are developing digital land parcel mapping as well as property assessment data.  This data can be very useful in determining property ownership, property value and other key data required for economic analyses.  All available parcel data and related property assessment data will be collected and assembled in a GIS system.

Shoreline Features and Structures

In order to assess impacts along the shoreline, it is important to know what man-made features and structures exist.  Using newly created and existing digital orthophotography for the site-specific study areas, all relevant features will be compiled and mapped within a GIS system.  Features will include, but not necessarily be limited to:

 Buildings (single and multi-family residential, industrial, institutional, agricultural, etc.);

 Transportation Networks (roads, rail);

 Recreational Facilities (marinas, parks, campgrounds); and

 Shore Protection Structures (walls, revetments, jetties, groins, breakwaters, etc.).

Task 3 – Integrate Modeling and Landside Data

To assess impacts we will need to integrate the physical process data developed in Task 1 above with the landside data developed in Task 2.  In this way, we will begin to see, for example, the number of structures that may be affected by changes in bluff-top position, or alternatively, those that may be flooded during extreme high water events.  It is anticipated that the integration of these data sets will be accomplished in a GIS environment.   

The possibility of establishing a coastal database server for access from outside of the consultant is being considered.  This server could provide internet access to the coastal database and modeling functionality through a customized web site.  Various levels of access could be provided to study participants and the public.  This proposal was further explored at the Information Management workshop on February 14-15, 2002.  Costs will be dependent on the scope of the server.

Task 4 – Conduct Economic Analyses in Site Specific Areas

(Note: Depending on the timing of the above tasks, much of this task may shift into a Year 3 activity)  

This is a critical component as it will ultimately provide the IJC with a quantitative description of the impacts and damages or benefits associated with alternative regulation plans on the riparian interest group.  There are a number of specific sub-tasks envisioned for Year 2.

Develop Methodology

A methodology for determining the impacts will need to be developed that is in keeping with generally accepted economic impact assessment techniques and that produces results that are compatible with the multi-objective impact assessment that is being developed for the overall study by the Plan Formulation and Evaluation Group (PFEG).  Various methods of relating erosion rates to potential economic losses are being developed as part of the Lake Michigan Potential Damages Study.  These will be examined for their applicability for this Study.   The TWG will work closely with the PFEG to develop a methodology for economic impact assessment that will produce the desired results.

Apply Methodology in Site Specific Areas

Once an agreed upon methodology has been developed, it will need to be applied in the site specific areas to determine the economic and other impacts that could potentially occur under the various water level regulation scenarios.  This evaluation will provide input to the development of PIs.  Specific items that may need to be addressed will include, but not necessarily be limited to:

 A quantification of the increase or decrease in real or potential erosion/flooding/low water damages to the riparian interest group and natural areas under each of the regulation scenarios examined;

 A quantification of the real or potential increase or decrease in expenditures for the construction of shoreline protection structures by the riparian interest group under each of the regulation scenarios examined;

 A quantification (if possible) of the real or potential increase or decrease in riparian property values under each of the regulation scenarios; and

 A quantification (if possible) or qualification of the real or potential increase or decrease in the “enjoyment” of the coastal zone by the riparian interest group (relates primarily to social impacts on shore property owners).

3.       Environmental

3.1
Overview

The Environmental Technical Working Group (EnvTWG) was given the task of answering the difficult questions concerning the effect of water levels and flows on different environmental indicators.  Specifically, during the first year of the study, 2001-2002, the EnvTWG focused on: 

· Wetland vegetation studies and mapping to provide recommendations on the regulation scenarios to maintain dynamic cycles and processes; 

· Faunal studies to protect significant habitat in coastal waters for fish species and communities; and

· Modeling and integration of data to estimate outcomes of water level scenarios on all environmental attributes. 

In addition, considerable effort was spent to determine a reasonable set of PIs that might best represent environmental effects of different water regulation plans, and in Year 2 the work plan for the group has been organized around each of these PIs, as described further below.

Consistent with the overall study, group membership was established to insure both Canadian and U.S. interests were represented, as well as geographic coverage over Lake Ontario and both the upper and lower river reaches.  In addition to group members, funded investigators have been invited to participate in group meetings and help shape its direction.  Discussions with the Study Board and with other TWGs also have helped develop the direction of the group and improve interaction between groups.

The work plan for the EnvTWG has been evolving over the past year and a half, as its mission has come into clearer focus.  One of the more difficult challenges has been to determine the best way in which “environment” should be defined.  In other words, the charge to the group is basically to evaluate effects of different water level regulation policies on the environment.  The group has defined “environment” primarily in terms of habitat assessments and biological indicators (see below).  That is, the main effect of different water levels and fluctuations is considered to be related to habitat quantity and quality, particularly wetlands.  In turn, biological parameters are strongly related to habitat characteristics.  In addition, water quality forms the basis for a further environmental indicator, particularly for portions of the St. Lawrence River.  Specifically, flows in the St. Lawrence River are mixed with other tributaries, resulting in different dilution effects and concentrations of chemical species of interest.  Water quality also is affected by varying water levels in the river, as sediments in shallow regions may be eroded more readily or may even become exposed to air.

Another main question for the group is, once “environment” is defined, what is the best way to assign a value to a particular change in an environmental parameter?  Ideally, an economic value would be assigned to various changes in the various environmental parameters, or used to quantify the change in a given environmental parameter to a change in water level and flow regulation.  It may be possible to do this in some cases, such as evaluating loss of tourism income due to loss of desirable fish stock.  However, in most cases this is a difficult task.  For example, how much is it worth to preserve a certain wetland, or how much of a loss is it if half the area of a wetland is lost due to changes in water levels?  Evaluation in terms of economic parameters would facilitate comparison of different regulation plans and these kinds of questions will require further evaluation by the group as the Study proceeds.  Public input is considered to be an important element in these deliberations.

3.2
Specific Activities

Projects funded during the first year fall into the following general groupings:

(  Wetlands;

(  Fish;

(  Birds;

(  Priority species; and

(  Integration and assessment criteria development

Specific funded projects are summarized in Table 1.

Much of the work dealing with wetlands has involved mapping and developing detailed bathymetric and topographic data, in order to clearly determine specific relationships between different water levels and geographic characteristics of each wetland under consideration.  A determination was made of characteristics required for study-site selection, and visits to many wetlands on the ground were conducted.  Wetlands in general have been divided into four types, and four replicates of each type have been chosen for both the U.S. and Ontario shores of the lake (thus, 16 sites each in Ontario and New York).  These 32 wetlands areas will be used to assess the impacts of previous water regulation on coastal wetlands and in development of predictive plant community assessment models for use within the environmental assessment framework.  Locations of these sites were forwarded to the Common Data Needs Group for acquisition of aerial photographs and topography/bathymetry.  Figures 10 through 14 illustrate several of these sites.  These photographs were obtained during flights over the study area to view and videotape wetlands along the Lake Ontario and St. Lawrence River shore from east of Rochester to Cornwall and then west along the Canadian shore past the Bay of Quinte.

After an extensive search of available historic aerial photographs, 1:20,000 black and white photos from 1958/1959 were selected to provide a pre-regulation reference photo set, so as to provide the desired baseline information.  Those 

Table 1:  Projects Funded During Year 1
Group
Title
Investigator

Wetlands
Relationships Between Lake Ontario Water Levels and Wetlands
Douglas Wilcox


Photo Interpretation Evaluation of Wetland Vegetation Changes Related to Regulation of Lake Ontario Water Levels
Nancy Patterson


Development and Testing of Models for Evaluating Impacts of Proposed Regulation Scenarios on Wetlands of Lake Ontario
Nancy Patterson


Effets Des Fluctuations Des Niveaux D’eau Sur La Distribution Spatiale Des  Marais Et Marécages
Martin Jean


Dynamique De La Végétation Des Milieux Humides Du Saint-Laurent
Guy Létourneau


Élaboration De Critères Environnementaux Intérimaires Pour La Régularisation Du Saint-Laurent Entre Beauharnois Et Trois-Rivières
Christiane Hudon


Calibration of Remote Sensing Imagery of Lake Ontario Coastal Wetlands
Mike Weimer


Optimum Water Depth and Flooding Duration for Native and Exotic Plant Species in Lake Ontario Shoreline Wetlands
Donald Leopold

Fish
Development and Demonstration of a Prototype Fish Habitat Impact Assessment Model for Lake Ontario
Charles K. Minns


Numérisation Et Validation De Données De Pêche Historiques Du Couloir Fluvial Du Saint-Laurent Entre 1928 Et 2000
Marc Mingelbier


Aquisition De Données Dans Les  Marais Aménagés De La Plaine Inondable Du Saint-Laurent Durant Une Période De Bas Niveau D’eau
Marc Mingelbier


Acquisition De Données De Pêches Dans Le Couloir Fluvial Du Saint-Laurent Durant Une Période De Bas Niveaux
Marc Mingelbier


Effets Des Variations Hydrologiques Du Saint-Laurent Sur Les Populations De Poissons Et Leurs Habitats
Marc Mingelbier


Impacts Des Fluctuations De Niveaux Et Débits D’eau Douce Du Saint-Laurent Sur Les Captures Et Temps De Migration Des Poissons
Yves de Lafontaine

Birds
Interactions Among Waterbird Diversity, Wetland Change, and Water-Level Management in The Lake Ontario/St. Lawrence River Region
James P. Gibbs


The Influence of Water Levels on Habitat Usage and Breeding Success of Colonial Waterbirds Nesting on Lake Ontario and the Upper St. Lawrence River
Lee Harper


Development and Demonstration of a Prototype Bird Habitat Impact Assessment Model for Lake Ontario
Nancy Patterson


Développement D’un Modèle De Prédiction Des Communautés Aviaires Des Milieux Humides Du Saint-Laurent
Jean-Luc DesGranges


Impact Des Fluctuations Des Niveaux D’eau Sur La Sauvagine En Reproduction Dans Le Tronçon Lac Saint-Louis/Lac Saint-Pierre
Denis Lehoux

Priority species
Effets Des Niveaux D’eau Sur Les Frayères En Eau Calme Du Saint-Laurent, Dans Le Tronçon Fluvial Boucherville - Sorel, Et Sur Le Recrutement Du Grand Brochet (Esox Lucius L.).  
Alain Armellin


Impacts Des Fluctuations De Niveaux Et Débits D’eau Douce Du Saint-Laurent Sur La Colonisation, L’abondance Et La Distribution  Des Moules Zébrées Et Autres Espèces Exotiques
Yves de Lafontaine

Integration and assessment criteria development
Experts Workshop to Select Environmental Regulation Criteria
Sandra E. Bonanno


Élaboration De Critères Environnementaux Intérimaires Pour La Régularisation Du Saint-Laurent
Christiane Hudon


Modeling Hydroecology Relations for Assessing Impacts of Water Regulation Plans on the Lake Ontario and the St. Lawrence River System
Mark Bain
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Figure 10:  Braddock Bay (photo courtesy of Douglas Wilcox)

photographs were acquired for all study sites, and photo-interpretation is now nearly complete.  Photo-interpretation of new air photos from 2001 also has been started.  All photo-interpretations have made use of a modified version of the Ecological Land. 

Classification for Southern Ontario as a classification system.  Once photo-interpretation is completed, all resulting vegetation maps will be georeferenced, digitized, and entered in an ArcInfo GIS file.  Ground-truthing will be conducted in Year 2.

A hypothetical topographic/bathymetric map depicting an open embayment wetland was constructed and used to develop a mathematical and GIS model that will be capable of predicting relative proportions of wetlands expected to be in various vegetation types during any given year under proposed new regulation plans.  The model was tested successfully using the SEO (Superior-Erie-Ontario) extended scenario generated during the IJC Water Levels Reference Study, and the results were presented at the EnvTWG meeting in Burlington on March 7-8, 2002.  The hypothetical model is now available for testing a “dry run” scenario to be prepared by the H&H TWG.  The program also is ready to be converted to real topographic/bathymetric models of the four wetland geomorphic types being studied, real plant community data to be collected in Year 3, and all new proposed regulation plans for Lake Ontario.
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Figure 11:  South and North Colwell ponds (photo courtesy of Douglas Wilcox)
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Figure 12:  Goose Bay (photo courtesy of Douglas Wilcox)
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Figure 13:  Kents Creek (photo courtesy of Douglas Wilcox)

In addition, on the Canadian side, a Lake Ontario and Upper St. Lawrence coastal wetland inventory was completed.  This inventory includes wetland name, location, geomorphic type and total area, and will be used to extrapolate study site results to basin level impacts.  Maps and databases have been created within ArcView GIS.  A similar coastal wetland inventory will be completed on the U.S. side in Year 2.

Activities for bird evaluations have included a review of bird use of Lake Ontario and St. Lawrence River nearshore habitats in Ontario, including bird species occurrence, distribution and sensitivities to water level fluctuations within the region.  Major conclusions of the review are:

· Bird communities that nest at or near the water surface are most sensitive to changes in water levels.  Species that nest within plant communities that are also impacted by water levels are at greatest risk of impacts due to water regulation.

· Of all nearshore habitats, wetlands support the highest diversity of breeding birds, support many bird species that nest at or near the water surface and contain habitats that are themselves easily lost or changed due to water level changes.  Specifically, bird communities that nest within shrub swamps, meadow and emergent marshes should receive priority attention within the environmental assessment.

· Changing water levels may significantly impact island nesting colonial waterbirds.  These communities may best be evaluated using a site-specific approach, as the topography of a nesting island will influence a colony’s vulnerability.

· Development of baseline conditions for bird-related PIs are critical to the objective assessment of future water regulation scenarios.

· Bird habitat suitability models must be linked to predictive habitat models and for several bird communities, incorporation of seasonal water level effects on nesting suitability is also required.

Work was also conducted towards development of a prototype model to predict wetland bird community diversity and abundance.  In Year 1, existing Lake Ontario and St. Lawrence River coastal wetland bird survey data was compiled and used to develop a prototype model.  Fifteen wetland bird habitat types were identified.  Future years of the study will be focused on improving the model’s predictive capacity and integrating this model with the wetland plant community predictive models under development for Lake Ontario and St. Lawrence River.

On the U.S. side, the two main goals of the Year 1 effort were:

· To perform a meta-analysis of the published waterbird literature to identify habitat variables that influence waterbird community structure and the occurrence of particular species of concern in the Lake Ontario/St. Lawrence region; and

· To recommend key wetland parameters to be included in wetland-waterbird habitat models that will permit interfacing with concurrent wetland modeling efforts to permit projection of likely secondary effects of different water-level management scenarios on the region’s waterbird communities.

At this point, 350 published articles have been reviewed and summaries have been compiled in the form of written synopses of habitat needs of the 25 species of waterbirds that are important components of the fringing wetlands of the Lake Ontario/St. Lawrence region.  Information is currently being collated to determine which species are most likely affected by water level regulation owing to their nesting heights and habitat associations.  Literature also has been compiled on the key habitat drivers of waterbird community structure and diversity.  When completed by mid-summer, products of the study will include identification of the key species most likely affected by water level regulation as well as the habitat parameters they are most sensitive to.  This effort will thus suggest key avian indicator groups to focus on as well as key habitat variables to measure and model during explorations by the EnvTWG of the ecological consequences of different water level management scenarios.

Activities related to integration and assessment criteria development have been mostly attempts to provide an integration of the activities of the EnvTWG, particularly recognizing the many interactions and interrelationships between the various groups.  One example of such interrelationships is the relationship between water level, wetlands and habitat, already noted.  In addition, relationships exist between different biota in the system, and care must be taken not to look at any one species in isolation.  The “experts workshop” is an effort to define statistical parameters describing a given hydrological state (e.g., mean water level, frequency of flooding at a given stage, frequency of maintaining a given desired maximum or minimum water level at specified times of the year, etc.) that are most meaningful for describing responses of wetlands and different species.  This effort is still on-going, with a workshop planned for late May 2002.
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Figure 14:  South Colwell pond (photo courtesy of Douglas Wilcox)

An important element of the Year 1 activities was identification of a series of PIs to use as a basis for evaluating the potential effects

of different water level and flow regulation plans.  Moreover, these PIs were used to provide an organizing framework for the Year 2 Work Plan.  Work group members and investigators were asked to propose candidates for PIs and each potential PI was evaluated according to the following criteria:

(  Relevance of PI to water levels and flow regulation;

(  Applicability of PI to formulate regulation criteria and test scenarios;

(  Quantitative relationship with manageable hydrological factor;

(  Information/expertise readily available;

(  Potential for integration with other studies;

(  Geographic area of applicability;

(  Usefulness of interim products or results; and

(  Usefulness to address PIAG and decision maker concerns.

From an original list of approximately three dozen candidates, the following indicators were chosen:

(  Wetland birds;

(  Wildfowl and colonial birds;

(  Amphibians and reptiles;

(  Fish;

(  Habitat quantity;

(  Habitat quality;

(  Water quality; and

(  Mammals.

Although not a true PI, data and model integration also were identified as significant needs.  Specifically, a framework for integrated assessment of the effect of a particular water level regulation scheme on environmental parameters is required.  Several ideas were discussed, including an Integrated Biological Indicator approach.  Ultimately, this was discarded and efforts are now underway to develop a process simulation-based model.  Discussions also have been held regarding required input to the PFEG (Plan Formulation and Evaluation Group) model – this will involve some prioritization of the PIs in terms of relative importance and possibly the assignment of some sort of value to changes in a PI, as discussed previously.

In order to better organize the work of the group, coordinators were assigned for each of the PIs listed above.  Coordinators were asked to help develop proposals for the Year 2 Work Plan through discussions with various investigators interested in working on a particular PI.  This was to provide adequate geographical coverage, as well as coverage of all relevant issues associated with that PI, and also to avoid duplication of effort.

3.3      Activities Planned for Year 2
Projects approved for Year 2 are summarized in Table 2.  Relative to the Year 1 organization, special interest habitat and species have been included with habitat and related biological PIs, respectively.  Not all PIs described above are represented in Table 2, depending on proposals that were submitted.  However, the intent is to address all PIs identified, as well as any new PIs developed during the course of the Study in future years.  It may also be noted that two projects, one dealing with water quality in the St. Lawrence River and one on habitat quality in Akwesasne areas at the eastern end of Lake Ontario and into the St. Lawrence River area have been approved in principle, but specific proposals have not yet been approved.

A further area currently being developed is that of integrative modeling.  As suggested above, this is currently being proposed on the basis of process simulation modeling.  There are several goals inherent in this effort.  Mostly, the model is to provide a means of developing quantitative relationships between hydrological variations associated with water regulation and the PIs identified above.  Processes to be simulated will relate changes in habitat quantity and quality to different water regulation, and also to changes in biological and water quality indicators.  It is desired to quantify these relationships so that simulations of full ecosystem response may be obtained.  The effort in Year 2 is to develop a conceptual approach to this process, and outline the general characteristics desired in the model, as well as to better define its intended use.  General requirements of the model are outlined in Table 3.  The US co-lead for the EnvTWG is currently working to develop this project with modeling experts familiar with Great Lakes conditions and requirements.

Table 2:  Approved Proposals for Year 2 EnvTWG Work Plan

(Note: LO = Lake Ontario; StL = St. Lawrence River)

PI
Area
Investigator(s)

Wetland Birds
Canadian LO
Ingram, Patterson


Canadian StL
desGranges


U.S. StL
Gibbs

Wildfowl and Colonial Birds
Dabbling Ducks
Lehoux

Amphibians and Reptiles
Turtles US LO
Gibbs

Fish
Canadian LO
Minns


Canadian StL
Mingelbier


Pike Canadian StL
Armellin


Pike 
Stewart


U.S. LO, StL
Farrell


Migration StL
deLafontaine

Habitat Quantity
U.S. LO
Wilcox


Canadian LO
Patterson, Ingram

Habitat Quality
Diversity Canadian StL



Plants Canadian StL
Hudon


Productivity Canadian StL
Hudon


Endg Species U.S. LO
Bonanno


Endg Species Canadian LO
Riley


Endg Species Canadian StL
Laporte


Akwesasne
TBD

Water Quality
StL
TBD

Integration
Expert workshop
Bonnano


Support and integration
Canadian co-lead


Support and integration (data/GIS)
U.S. co-lead/TBD


Model integration
TBD

(Logistics, administrative support)

Canadian co-lead/ U.S. co-lead

Table 3:  Integrative Model Requirements
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Overall guidelines for development:

(  provide interactive linkages between components

· hydrology-habitat (include coastal changes)

· habitat-biological indicator

· food-chain interactions

(  modular design (ease of upgrading)

(  ease of use

(  longevity (useful after study is completed)

(  incorporate sub-models easily

(  allow public input

Specific requirements

(  graphical output

(  easy interpretation of results

(  incorporation of sub-models for each performance indicator

(  compiled code and detailed user manual
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Figure 15 shows the conceptual relationships envisioned between the natural hydrological state of the system (input), the regulation plan, and effects on habitat and environmental PIs.  As suggested in this figure, there are possibly a number of components of the system that are not currently being addressed, whether or not they are a defined PI.  One of the benefits of the modeling exercise is that it can help identify areas where further information is needed.  This will be helpful as the EnvTWG progresses in its work, incorporating the current year’s studies and developing work plans for future years.

The figure is meant to illustrate connections between wetlands and biological and water quality parameters.  The boxes in red indicate elements of the ecosystem that are not identified as primary PIs, but that might be important components to provide a full understanding of ecosystem response to different regulation plans.  Also note that, for simplicity in the diagram, not all possible arrows are drawn.
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Figure 15:  Outline of Relationships Between Natural Hydrological Variations, Water Regulation, Water Levels and Flows, and Environmental PIs

4.
 Recreational Boating/Tourism TWG


Work performed or currently in progress for Year 1 includes:

· Marina inventory on Lake Ontario and the St. Lawrence River (US and Canada), including physical data collection (water depths, etc.); 

· Developing a marina physical impact survey;

· Using preliminary data from surveys on socio-economic valuation; and

· Working on a regional impact model and related topics.

4.1
Marina Surveys and Impact Studies

The most direct impact of water levels on boating activities lies with facilities all along Lake Ontario and St. Lawrence River. The first step was therefore to obtain an updated and complete profile of riparian infrastructures between Lake Ontario (Canada and U.S. side) downstream to Lake St. Pierre (Canada). This profile was viewed as a physical marina survey in order to obtain some site characterization data potentially linked with water level such as current water level condition with depth measurement at docks according to geocoded measures, protection measures, aquatic plants presence. 
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Figure 16:  Site Sketch - Example for Water Depth Measurement.

In the following figure (Figure 17), Lake St. Louis data were transposed in a GIS to shows riparian location for marinas and yacht clubs, infrastructures defined as most vulnerable to water level variations.  

[image: image17.wmf]
Figure 17:  Lake St. Louis Site Inventory Put on a GIS

Physical data measurement was completed for Lake Ontario, Upper and Lower St. Lawrence River (Canadian side) by St. Lawrence Centre for Lower River and a consultant CH2MHill and Scott Duff involved in the 1993 Levels of Reference Study for the Lake and the Upper River. All sites were visited (no sample) to insure a complete and comprehensive picture of all sites along the Lake and the River. Here is a summary of findings :

Lake Ontario :

· 85 marinas, yacht clubs or other clubs, 37 boat launching ramps (municipal)

· 55 (65%) are marinas with predominance of floating docks

· 54 (64%) are marinas with protection measure for boats (e.g. wall)

Upper River :

· 35 marinas, yacht clubs or other clubs, 27 boat launching ramps (municipal)

· 26 (74%) are marinas with predominance of floating docks

· 29 (66%) are marinas with protection measure for boats

Lower River :

· 43 marinas, yacht clubs or other clubs, 35 boat launching ramps (municipal)

· 40 (93%) are marinas with predominance of floating docks

· 26 (60%) are marinas with protection measure for boats

Almost all infrastructures inventoried were in good shape (fully usable), but many experienced moderate to high constraints due to aquatic plants (on-site examination). Mean water depth estimates according to selective reference measures were for what could be considered as unfavorable conditions :

· Lake: 2.48 m (8.14 ft) (Aug-Sept.2001)

· Upper River: 2.18 m (7.15 ft) (Aug-Sept.2001)

· Lower River: 1.9 m (6.23 ft) (Jul-Aug.1999 and Aug.2000)

This information must be carefully interpreted in order to measure selectivity (geometric approximation) and a huge standard variation between sites. Specifically for Lake St. Pierre there is an overestimation because of the time the data was collected.  Also, an operator survey gives a better picture of the water level conditions in terms of impact.  A marina on the Lower River is shown in Figure 18.
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Figure 18:  Lower St. Lawrence River Marina

For the U.S., there was an already good site inventory (marinas mainly) done in 1990 for the IJC Levels of Reference Study of 1993. Although considering the time period (ten years later) there was a need to update data in order to insure comparability with Canadian inventory. Therefore, NYS Sea Grant recently updated an inventory of marinas in a sample of three representative areas in late August/early September 2001. The three areas were Alexandria Bay to Clayton, NY, Great Sodus Bay and North Sandy Pond.  The comparison in measurement at the marinas was used as a basis to determine the necessity of a new collection effort for all marinas to replace the bathymetry established in 1990.  As for Canadian data, the Lake Ontario and St. Lawrence River portion of the data have been geocoded into a GIS for further use. All subsequent data collected at marina sites will then automatically have a geographic component which will help simulation and data integration with other TWG data (e.g. coastal, hydrology, environment).

Site identification is also a first step for impact analysis, giving a comparison basis before doing the impact survey.  The next step was to design an impact survey to review basic information about accessibility and services supplied by marinas, yacht clubs and other services alike and to obtain information about problem types and severity, water level preferences, adaptation measures, especially with low water level situations.  

A preliminary survey was completed in 2001 in order to test some question types and variability of response according to water level impact, economic situation, climatic factors and adaptation measures. This pre-survey was completed by literature review and further pre-testing of a new survey with TWG co-leads, a consultant and the Ontario Marine Operators Association (OMOA) in order to insure good understanding of the survey and limiting bias.

Although two consultants were hired (McCullough and Associates, Zins Beuchesne), the same survey form was used for the Lake, the Upper and Lower River (with a French translated version) to insure data comparability. All marina and club operators were selected for this survey in autumn 2001.  Response rates were therefore quite good (74% - Upper River ; 79% -Lower River and 87% - Lake). Collaboration with OMOA helped to insure this high response rate. The first PI has to do with boat capacity (number of slips and moorings). According to responses received, we can estimate the 2001 capacity for Canadian marinas is: 

· 14,620 places for the Lake;

· 3,465 places for the Upper River; and

· 5,289 places for the Lower River.

This will serve as the basis for estimating water level impacts on marina and club capacity, and information completed with other questions such as season length, occupancy rate, range of  “normal” operational conditions, boat type and draft requirements, impact identification and severity, critical point location (such as entrance channel), aquatic plants proliferation and adaptation measures (such as dredging and moving docks).  As showed in Figure 19, there are in general, different needs between watersheds.  



Figure 19:  Marinas and Yacht Clubs Water Level Normal Range of Preferences
Impact should be considered in relation with preferences which shows baseline in water level vulnerability. 

4.2
Developing a Regional Model 

The first task in developing a regional model was to establish performance indicators by which different regulation plans could be evaluated.  The approach followed was to define boating activities according to different groups of interests. From a literature review and TWG members experiences, three groups were considered: 

· Operators (already surveyed in Year 1) coping with infrastructure management; 

· Users (daily boaters or visitors); and

· Water related tourism (boating services such as cruising and charters and other inland tourism services linked with local economy).  

For each group there are similar types of indicators: physical or use impact, adaptation costs (mitigation measures), change in revenues or expenses (residual impact besides adaptation costs) (Table 4). 

Table 4:  Performance Indicator Matrix

Interest group/

Type of indicator by watershed
Operators
Users
Tourism Activities

Variation in physical impact (use)
Unusable docks (potential or actual)

Occupancy rate
Number of users

boater-days inside and outside marinas/yacht clubs
Number of services

tourism-day

Variation in adaptation costs
New operation costs (e.g. dredging) 
New devices/ products (e.g. sonar, shallow draft boat)
Subsidies...(public $ compensation)

Variation in revenues/expenses
Losses in revenues (besides adaptation costs)
Boater-days actual value, consumer surplus (willingness to pay), multiplier effect on the boat industry
Tourism-day expenses, multiplier effect on regional economy

The final objective is to have water level quantitative functions related with these impact indicators helping regulation plan evaluation.

Another task linked with developing a regional impact model was to define a spatial analysis type of function to make the relationship between water level and docks usability at the site level. A pilot study has been done by a graduate GIS student at the St. Lawrence Centre. This study was performed for the Lake St. Louis (Lower River) for which recent data and a GIS integration was possible in a relatively short time period. According to field data (inventoried in summer 1999), a sensitive site was chosen and water level fluctuation was analyzed according to water depth variability (scenarios). Three classes of draft constraints were also used in estimating potential impact for this site. These classes will be modified according to recent surveys done last autumn.  According to different water level scenarios (e.g., 1 m above and under chart datum), the marina’s accessibility was drastically changing.  Figure 20 shows this change. 

This is preliminary and more effort needs to be done in order to have a more comprehensive view and analysis of water level scenarios of the Lower River, the Upper and the Lake.

4.3
Evaluation of Tourism

A preliminary study was also done for the Lower River and more precisely on Old-Port of Montreal boat services in order to identify possible variability of impacts of water level variations. Some clarifications of issues and definitions had been made prior to this study’s completion, in collaboration with the University of Quebec in Montreal, Urban ecosystems Chair (Chaire sur les écosystèmes urbains). 


[image: image19.wmf]     Figure 20: Spatial Analysis of a Selected Marina for Lower St. Lawrence River
Preliminary results show differences of impact and possible ways of adaptation (changing service, itinerary, modifying docks, boat design, etc.).  It also shows the need for a more extensive examination of this economic sector according to sensitive areas along the Lake, the Upper and Lower River, and specific tourism areas such as Toronto waterfront,  Thousand Islands, and Lake St. Pierre Reserve of the Biosphere.

4.4      Activities Planned for Year 2

During Year 2, the TWG will complete data gathering for marina and yacht club operators in Canada and the U.S., design and implement a user survey for Canada and the U.S., and design and implement a service survey for charters, cruising and other water-related services.  All surveys will be conducted for the entire geographic area covered by the Study.

Task 1 - Boater Survey

Purpose

To assess the economic impact of changing lake levels on recreational boaters (use and expenses) and boating-related tourism businesses.

Method

A similar user-survey (boater)
 type should be used for the U.S. and Canada (same kind of questions) insuring comparable results but research strategy will adapt according to specific constraints.  

(U.S.) Use a two-stage survey approach.  In Stage 1, conduct screening telephone interviews with boaters (using boater registration listings) who identified a county along the Lake Ontario – St. Lawrence River shoreline in New York from Niagara County to St. Lawrence County as the county of principal boat use to determine if they boated on Lake Ontario or the St. Lawrence River.  In Stage 2, boaters identified in Stage 1 as using the Lake or River would be surveyed by mail to determine use, expenditures, days lost to high or low water levels, the non-market value of the loss, etc.

(Canada) Because boat registration (license) data is not readily available in Canada, information on boat licenses in Canada, another survey strategy (winter 2002) is identified. The most compatible strategy with the previous one is a general population survey. This will be done in two steps : defining “general” population and performing a screening survey to identify boaters ; and mailing a more complete survey to identified boaters in order to determine use, expenditures, days lost to high or low water levels, the non-market value of the loss, etc.

Year 2 Time Frame

Time frame is slightly different according to differences in fiscal years and financial constraints.

(U.S.) Winter – obtain list of boaters from Dept. of Motor Vehicles and draw sample.  Spring/summer – design screening telephone and mail survey instruments.  September – begin screening telephone interviews.  This includes sending out pre-notice letters about one week before boaters will be contacted by telephone.  Interviewing would be done by CAST (Cornell’s computer assisted survey research team) and supervised by HDRU staff.  September – purchase mail survey supplies and have mail questionnaires printed.

(Canada) Winter - Define strategy and consultants. Spring/summer  - design screening telephone and mail survey instruments, summer pre-test survey form. August or September – begin screening telephone interviews and mail survey instruments. Interviewing and follow-up and analysis will be performed by specialized consultants in large population survey. Autumn - compile data and draft reports.

Budget Assumptions

Same approach is used considering geographical differences and boat type (length/draft constraints). 

(U.S.) Study area is divided into three regions – western Lake Ontario, central Lake Ontario, eastern Lake Ontario and the St. Lawrence River.  Four boat length groups are defined: <16’, 16-25’, 26-39’, 40+’.  This results in 12 potential strata.  Ideally, we would obtain a sufficient sample (n=277, 90% confidence, + 5%) of boaters in each strata who boated the Lake or River and responded to the mail survey.  The population of 40+ length boats is too small and must be combined into one strata.  The proportion of <16’ boat owners who use the Lake or River is sufficiently small that detailed information by three regions is cost prohibitive, thus we combined them into 1 strata.  This results in eight survey strata.  For the phone survey we assume a 70% contact rate and a 95% completion rate.  For the mail survey we assume a 98% deliverable rate and a 50% response rate.  We estimate the initial sample of working telephone numbers needed is 8,800. 

(Canada) General population is defined mainly as inhabitants of riparian municipalities (similar to other survey performed under SLV 2000). Study area is divided into three regions - Lake Ontario (subdivision same as U.S. will be looked at if sample is sufficient), Upper River (as for U.S.), Lower River (only in Canada). Boat length (draft need) should be defined further in the analysis according to the sample available. For the phone survey we are looking for a minimum sample of boaters (initial sample of working telephone numbers is not defined yet). For the mail survey we assume a 95% deliverable rate and a 50% to 60 % response rate (three recalls) for each geographical sector (strata).  

Future Work 

(U.S. Year 3 time frame) October – finish screening telephone interviews.  October–December – implement mail survey in two waves with the first going out October 1 and the second November 1 to reduce memory recall time.  Survey methodology would follow the standard HDRU 4-wave reminder approach to achieve high response rates.  Rest of year - data entry, analysis and report writing.  Not sure at this point if work would be completed at the end of Year 3 or go into Year 4. 

(Canada) : Year 2 time frame September finish screening telephone interviews.  September–December – implement mail survey in two waves with the first going out September and the second October to reduce memory recall time.  Survey methodology would follow general standards (e.g. Gallup, SOM, CROP, Léger et Léger). November - completion of data collection and analysis. December- preliminary report and final report by the end of fiscal year (March 2003). Although regional impact should be looked at in Canadian Year 3, we’ll see the possibility of taking into account a more general Canadian survey on recreational boating financed by the Canadian Coast Guard that should started in 2002.

Task 2 - Marina Survey

Purpose

To assess the economic impact of changing lake levels on marina operations, including economic evaluation.

Method

General survey form used in Canada will be used and adapted in U.S.

(U.S.) Conduct personal interviews and take depth measurements at all marinas along the Lake Ontario – St. Lawrence River shoreline in New York from Niagara County to St. Lawrence County.

(Canada) Conduct complementary survey to Year 1, insisting on economic dimension (e.g., revenue losses, adaptation costs) using the same research strategy with marinas and yacht clubs (response rate for the first survey was over 75% for all marinas and yacht clubs along the Lake and River - Upper and Lower).  Private survey firms will be chosen for this work.
Year 2 Time Frame

(U.S.) Winter/spring – design interview instrument, obtain inventory of marinas, prepare letters of introduction to be sent to marinas in advance of phone contact to set-up personal interview. June-August - conduct interviews, enter data on computer.  September – clean-up data, match interviews with water level data. 

(Canada) Winter/spring 2002 – design interview instrument, prepare contracts and letters of introduction to be sent to marinas in advance of phone contact to set-up personal interview.  June-August - conduct interviews, enter data on computer.  September – clean-up data. October - match interviews with water level data. November - preliminary report, December 2002 - Final report.

Budget Assumptions

(U.S.) 300-350 marinas in operation along coast.  Interviewers could conduct an average of three interviews per day.  Interviewers work a long week in the field then return for a shorter week in the office to set-up the next week’s interviews.  Four full-time interviewers would be needed June-August.  

(Canada) A population of 200 to 225 marinas/yacht clubs in operations from the Lake to the Lower St. Lawrence River will be covered systematically (as for impact survey done in autumn 2002).  June-August is the most accurate period for operator survey (beginning of May or October should be excluded because of hauling in and hauling out period).

Future Work

(U.S.) Year 3 time frame - conduct analysis and write report. 

(Canada) No future work according to this item after Year 2.

Task 3 - Update Marina Inventory and GIS integration

Purpose

Insure an up-to-date inventory of boating services (marinas, yacht clubs, launching ramps) for surveys and modelization. 

(U.S.) To update the listing of marinas in operation along the Lake Ontario – St. Lawrence River shoreline in New York from Niagara County to St. Lawrence County during the summer of 2002. This will be in conjunction with the completion of the Year 1 task of determining marina/ yacht club bathymetry through depth measurements at selected marinas on Lake Ontario/St. Lawrence River. 

(Canada) Develop water level-impact modelization based on actual inventory realized in Year 1, perform new tests for water level fluctuation on sensitive sites (developing relationship between location, water depth and water level from reference station in International Great Lakes Datum (IGLD) 1985). 

Method

Same approach for U.S. and Canada. 

(U.S.) Inventory to be completed and validated. Most of the work for this project will be done under the Marina Survey.  Additional work done here will include verification of names, addresses, and phone numbers of all operating marinas and production of a list of all marinas.  Some additional verification by travel along the shoreline will be necessary to assure a complete inventory.

(Canada) GIS integration will be performed by using one-dimensional approach to water level fluctuations helping define decision rule for IJC.

Year 2 Time Frame

(U.S.) Winter/spring – design system to identify all operating marinas.  June-August – update list by conducting interviews associated with marina survey.  September – produce list of marinas.

(Canada) Choosing reference points and test water level fluctuations according to different depth measures and cross-checked with marinas’ survey information (GIS integration of IGLD points for Lake St. Pierre and testing for at least a marina in Sorel, plus at least one site in the Upper River and the Lake). 

 Budget Assumptions

Most of the work for this project will be done under the Marina Survey.  Some additional time for setting up the database and verification is included. For GIS, some work will be performed in order to develop a decision model based on geographical particularities for regulation plan evaluation.

Task 4 - Boating Related Tourism 

Purpose

Integrate boating related tourism (e.g. cruising lines, charters, etc.) potentially impacted by water level fluctuations. 

(Canada) Develop water level impact modelization based on actual inventory realized in Year 1, perform new tests for water level fluctuation on sensitive sites (developing relationship between location, water depth and water level from reference station in IGLD85). 

Method

Three step methodology. First, inventory water related tourism in order to identify sensitive services or areas to water level fluctuations. Second, develop a framework for identifying impact. Third, assess monetary impact of water level on sensitive services and/or areas. 

Year 2 Time Frame

(Canada) A preliminary analysis base on a specific geographic sector will serve as a test for a further evaluation framework integrating sensitivity of this economic sector to water level including adaptation capacity.

Budget Assumptions

(Canada) An initial step will be completed by March 31, 2002. According to this issue, exploratory analysis will be performed for two concentrated areas in the Lower River (e.g., Old Port of Montreal, Sorel Islands), two in Upper River and two others in the Lake will be characterized and impact defined. Students will be used or a contract will be given to a professional for this task.
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The responsibilities of the Hydrology and Hydraulics Technical Work Group (H&H TWG) can be summarized as:

· The development of appropriate hydrologic scenarios for use in the formulation and evaluation of the regulation plans; and,

· Construction of the necessary hydrologic and hydraulic models of the Lake Ontario - St. Lawrence River System to enable the simulation of levels, flows and other hydraulic conditions that would result from the application of various regulation plans given the different hydrologic scenarios including climate change.

5.1
Hydrologic Scenarios

Hydrologic scenarios are the sets of time series of:

· Net water supplies to each of the Great Lakes basins; 

· Outflows from the Ottawa River and other key tributaries to the St Lawrence River downstream of Cornwall-Massena; 

· Hydraulic effects of ice and aquatic vegetation; and,

· Diversions into or out of the Great Lakes that are needed to simulate the levels and flows in the Lake Ontario - St Lawrence River System.  The inflows to Lake Ontario from Lake Erie will be simulated from the net basin water supplies to each of the upper lakes, the existing Lake Superior regulation plan (Plan 1977-A), the existing connecting channel hydraulic conditions, and existing diversion flows.

Three hydrologic scenarios are being assembled or developed to evaluate the plans.   The first set being assembled is the recorded historic set of conditions.  In this case, estimates of the monthly or quarter-monthly net basin water supplies to each Great Lake exist for the 1900-2000 period.  Quarter-monthly mean records also exist of the combined inflows to Lac Saint Louis from the Ottawa River and local tributaries for the 1900-2000 period.  Records of other major downstream tributaries to the St. Lawrence River, such as the Des Prairies, Milles Iles, Richelieu, St. Francois and St. Maurice rivers, begin later than 1900 and estimates of these river flows need to be made if the entire 1900-2000 time series is to be used for the whole system.   The hydraulic effects of ice and aquatic vegetation in the Great Lakes connecting channels and Upper St. Lawrence River are available for the period beginning in the early 1960's.  Estimates of these hydraulic effects will be applied  to simulate levels and flows using the 1900-1960 net basin supplies time series.   Hydraulic effects of ice and vegetation on the levels of the St. Lawrence River downstream of Montreal are the subject of a study being done in Year 2.  

In all three sets of hydrologic scenarios, the water diversions into Lake Superior will be assumed to be 153 cms (5400 cfs) and the diversion out of Lake Michigan will be assumed to be 91 cms (3200 cfs) both of which equal their long-term averages for recent decades with consistent operating policy.  The Welland Canal diversion from Lake Erie to Lake Ontario will be set at the monthly long-term averages for the period with consistent operating policy. 

The second set of hydrologic time series being developed is known as the “stochastically” generated supplies.   The rationale for this second approach is given in the Plan of Study (IJC, 1999) as follows:

Lake Ontario Regulation Plan 1958-D was developed and tested using historical water supplies to Lake Ontario for the period 1860-1954 adjusted to the then current diversion and hydraulic conditions.  Since regulation began in 1960, more extreme supplies have been recorded. They include the low supplies in the mid-1960s, and higher supplies in the 1970s, mid-1980s and parts of the 1990s.  As a result, level and flow conditions outside the design range that is reflected in the existing IJC criteria were experienced.   With the existing criteria, these situations lead to regulation under criterion (k) with outflow management through discretion of the Board of Control and the Commission.   

Since the climate factors that produce supply sequences are random in nature, it is unlikely that the historical sequence will ever be repeated.  Periods of higher and lower supplies will occur in the future due to the natural variation in climate, even without the effects of anthropogenic increases of greenhouse gases in the atmosphere. To design a regulation plan that would be more useful under a wider range of supplies, a different design approach is needed. To account for this natural variability in supplies, it is proposed that extensive set of synthetic hydrologic sequences be developed based on the statistical properties of existing historical supply and related data sets.
To generate this set of supplies, a suite of stochastic, or statistical, models are being developed based on the statistical characteristics of the recorded historic supplies time series and other related time series for the Great Lakes such as precipitation.  These stochastic models preserve the important statistical relationships of the net basin supplies and tributary outflow series both temporally and spatially (eg. relationship between supplies among the lakes and the Ottawa River).  Once these models are developed, they will be used to generate thousands of samples of 50 or more year supply sequences to form a probability distribution of hydrologic and regulation outcomes.  For this stochastic hydrology scenario, sets of ice and vegetation effects will also be developed.

The third set of hydrologic scenarios are those generated from Global Climate Models (GCMs) that simulate climate change for a number of transient atmospheric change scenarios.   In this case, the predicted changes in temperature, precipitation and other climatic variables resulting from GCMs will be input into precipitation-runoff and evaporation models for the Great Lakes and the Ottawa River system to generate net basin water supply sequences for the system.  The results from a number of GCMs will be used.  Estimated ice and vegetation conditions based on changes in temperature will be developed.

5.2
Hydrologic and Hydraulic Model Development
Numerical models are required to determine the levels, flows and other hydraulic conditions in the system that will result from different regulation plans operating given the various hydrologic scenarios.  In addition, precipitation-runoff and lake evaporation models are needed to simulate the net basin water supplies for the Great Lakes and the Ottawa River basin for the climate change scenarios. 

Two types of numerical hydraulic models are of use in the study.  The first type are models based on principles of water balance (i.e., the difference between the inflow and the outflow to a lake in a period must equal the change in volume of water in the lake) and empirical relationships between river levels and flows.  These models require relatively little data to operate, are computationally very efficient, and can be easily incorporated directly into regulation plans and evaluation methods.   These models are well-suited for simulations of levels and flows at time scales of a week or longer (Lake Ontario outflows are regulated weekly).  In this study, they are being used to simulate the effects of weekly or quarter-monthly Lake Ontario outflow regulation plans on average weekly or quarter-monthly mean flows and levels. 

The second type of hydraulic model of use in the study is a 2-D hydrodynamic model.  These models are based on physical laws of motion and require detailed information of the bathymetry of the water body and the bottom roughness or friction.  These models can be used to simulate water levels, flows and velocities at fine spatial and time resolutions.  They are also able to simulate transient conditions, such as the gradual change in velocity or level of the river due to gradual changes of flow or upstream or downstream level (e.g., tides, wind effects).  The extensive input data requirements and short computational time-step of these models make them less suited for decades long simulations. However, they are useful to determine detailed hydraulic behaviour at locations of interest which can then be related to the level and flow conditions simulated by the water balance type models.

An existing water balance type model, the Coordinated Great Lakes Regulation and Routing Model, is available to simulate time series of Lake Erie outflows given time series of net basin water supplies to each of the upper lakes, diversions and connecting channel ice and vegetation effects.  This model produces quarter-monthly mean flows into Lake Ontario. These Lake Erie outflow time series are added to the Lake Ontario Basin supply time series to form the total supply time series to Lake Ontario.  The net total supply time series is the input to the various regulation plans that, according to their regulation rules, specify the outflow from Lake Ontario and thereby the Lake Ontario level for the quarter-month period.  The Lake Ontario mean level and flow for the period are used in existing stage-fall-discharge relationships to calculate the level at key sites (Figure 21) along the international section of the St Lawrence River.  Similar empirical models were needed to relate flows and levels at key St Lawrence River locations downstream of the Cornwall-Massena control structures.  
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Figure 21:  Upper St. Lawrence River Water Level Gauges

5.3
Year 1 Progress

The Year 1 projects of the H&H group included work towards the development of the hydrologic scenarios and also model development. The following is a summary of these projects.

5.3.1
Development of Empirical Relationships to Estimate Water Levels of the St. Lawrence River from Montreal to Batiscan

Empirical relationships were developed to enable the numerical simulation of quarter-monthly mean levels at gauge sites in the St Lawrence River at Montreal Jetty # 1, Varennes, Sorel, Lac St Pierre, Trois-Rivières and Batiscan (Figure 22).  These simple models relate levels for ice-free conditions to outflows of Lac St Louis and significant tributaries, backwater effects of tides from downstream, and a quarter-monthly varying term to account for the hydraulic effects of the seasonal growth and die-off of aquatic vegetation.  These relationships were developed by a multi-step process using linear and non-linear regression techniques.   It was found that including the outflows of smaller tributaries in the relationships did not improve the estimation of levels at these sites, and thus only the significant outflows were included in the final relationships.  This will simplify future work to model levels at these locations, as only the time series of outflows of the significant tributaries need to be generated rather than the flows from all of the tributaries.
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Figure 22:  Downstream Water Level Gauge Locations

The root mean square error, an indication of the degree of precision, of the final relationships ranged from 0.079 m (3 inches) at Montreal Jetty #1 to 0.132 m (5 inches) for the Lac St Pierre.  The final relationships and a complete description of this work is found in the report by Yin and Fay of March 2002.

These relationships will be used in subsequent years of the study to simulate the effects of Lake Ontario regulation and climatic variability and change on levels in the St. Lawrence River.  The empirical relationships are suited for use in the Shared Vision Planning model being developed by the Plan Formulation and Evaluation Group (PFEG), and future regulation plans.

The development of methods to estimate the hydraulic effects of ice on levels at these locations along the St Lawrence River is being conducted in Year 2.  Methods to interpolate between these gauge locations will also be developed.

5.3.2
Great Lakes Net Basin Supply and Ottawa River Inflows Stochastic Generation 

The objective of this work is to develop models to generate statistically valid hydrologic supply sequences to the Great Lakes and Ottawa River system for use in development and testing of regulation plans. In Year 1, work was carried out on two related activities.  An analysis of the historical net basin supplies (NBS) for each of the Great Lakes and the precipitation and temperature series was completed. This included an evaluation of available drought and flood statistics to assess the characteristics of the multivariate system to be explicitly modelled.  This work used several different statistical methodologies to analyze the NBS series and found an apparent shift in the average of the Lake Ontario and Lake Erie NBS series in approximately 1970 that was not evident in the Lakes Michigan-Huron or Lake Superior NBS time series.  The second activity was the update of an existing stochastic model known as the “multivariate shifting level model”, previously used in Great Lakes flood assessments, and its extension for use in the Great Lakes and Ottawa River system under the entire range from flood to drought conditions.  This stochastic model has been developed specifically to model the behaviour of time series with shifting means.

5.3.3
Climate Change Scenario Development

Three climate change scenario tasks were completed in Year 1.

The first task was the extension of the existing Great Lakes climate change scenario dataset to the Ottawa River basin.  This will enable later comparisons of these climate change projections with others to be generated in subsequent Study years for the entire Study area, using the most current GCM scenarios available.

In the second project, a comparison of available GCM climate scenarios within the Great Lakes – St. Lawrence River study area was made.  This work found that of the nine different GCMs available, only five provided all the climate variables necessary to run an hydrologic model.  But even with these five models, a choice of 32 climate change scenarios were available.  The annual changes in mean temperatures and precipitation produced in these scenarios were analysed and compared and a set of four different GCM outputs was proposed for future use.  These four scenarios represented that range of GCM outputs producing relatively warm and wet, warm and dry, cool and wet and cool and dry results.  This work is described in the report by Dr. Barrow (2002) titled “Climate Change in the Great Lakes-St Lawrence Region: A Comparison of Climate Change Scenarios.”

The third task described current methods for constructing regional climate scenarios and recent advances in regional downscaling techniques for GCM outputs.  The findings  provide necessary guidance on selecting the most appropriate downscaling techniques that may be used to estimate the changes in temperature, precipitation and other climate variables for the climate change scenarios.  This work is described in the report by Dr. Barrow (2002) titled “Obtaining Finer Resolution Scenarios of Climate Change: A review of Downscaling Methodologies”.

5.3.4
Ottawa River Regulation and Routing Model Upgrade 

The most important tributary of the St. Lawrence River downstream of Lake Ontario is the Ottawa River.  Characterized by many natural and man-made reservoirs, the Ottawa River System is operated to meet flood control, hydroelectric power generation, recreation and environmental objectives. Spring flooding risks exist at several municipalities in the Ottawa River basin and particularly in the Montreal region where the Ottawa River flows into the St. Lawrence. During the freshet, outflow decisions for Lake Ontario must take into consideration the inflow from the Ottawa River in order to reduce flooding in the Montreal area.

In order to simulate the outflows from the Ottawa River at the Carillon outlet site for the stochastically generated  inflow series and climate change scenarios, it is necessary to route the generated local inflows through the system of reservoirs and river reaches in the Ottawa River system considering the physical characteristics of each reservoir and control structures and their operating rules.  An existing model, MENVIQ, developed in the 1980s by the Quebec Ministry of Environment, was selected as the most suitable tool to simulate many years of inflows.  However, the model was outdated and the management rules it contained had to be revised to reflect the present policies of the installation owners and the different operating and environmental constraints.

Work was done jointly by specialists at Hydro-Quebec and the Quebec Ministry of Environment to upgrade the MENVIQ model for the simulation of the Ottawa River outflows resulting from the various hydrologic scenarios. The work performed focused on two main activities: the completion, validation and filtering of the inflows data set; and the validation of the mathematical equations used to model the different physical components of the installations.  With this information the MENVIQ regulation and routing model was updated and re-calibrated.

5.3.5
Hydrodynamic Modeling of the St. Lawrence River

Existing two-dimensional hydrodynamic models are available for use for two segments of the St Lawrence River.   These are a model for the Lake St. Francis section from the Moses-Saunders Dam to the Beauharnois Canal, and a separate model for the section from Montreal Harbour to Trois-Rivières.  In Year 1, work was done to do the initial development and make operational 2-D hydrodynamic models of the two separate sections of the St. Lawrence River for which models do not exist.  The first project developed a set of models for the upper St Lawrence River from the outlet of the Lake near Kingston/Cape Vincent to the control structure at Cornwall/Massena.  The second project developed a model for Lac St Louis.

The work carried out in Year 1 on the Upper St. Lawrence River model development included a literature review of previous modelling on the St. Lawrence River.  Stage, velocity, discharge, and base mapping data was gathered.  Bathymetry data in digital format for the model was obtained and underwent quality control checks.  Some bathymetry data for this section is not yet available in digital form but is expected in Year 2.  The model for this section is being broken into three separate reaches due to the extent of this area.  The reaches are from Kingston to Brockville, Brockville to Iroquois Dam and Iroquois Dam to the control structures.  Initial modelling work focused on the reach from the Iroquois Dam to the control structures, since complete bathymetry data was available for this reach.   The bathymetry data were used to construct a model mesh for this reach (Figure 23) and boundary conditions were established.  The modelers concluded that additional flow and velocity measurement data will be needed to fully calibrate the model and have work planned for Year 2 to collect these data.  Once the final bathymetry data are available for the other reaches, the model for these reaches will be prepared and calibrated.  A  complete description of this work is found in the report by Thompson (2002).
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Figure 23:  Sample Hydrodynamic Model Mesh

Work on the hydrodynamic model for the Lac Saint-Louis section also proceeded in the first year.   Digital bathymetry data were obtained and the model mesh was created.  Boundary conditions were determined and initial calibration of the model was completed.  Preliminary results from this model are available to illustrate to other TWGs the type of information the model will produce.  Similar to the Upper St Lawrence model, additional flow and velocity measurement data are needed to better calibrate the model and work is planned for Year 2 to collect these data.  This work is described in detail in the report by Morin (2002).

5.3.6
Lake Ontario Pre-project Outlet Hydraulic Relationship 

Prior to the construction of the St Lawrence Power project in the 1950s, the outflow of Lake Ontario was naturally controlled by shallow rock ledges that existed at the head of the Galop Rapids between Ogdensburg, New York and Cardinal, Ontario.  Due to the interest in the changes in Lake Ontario levels and flows that have taken place due to outflow regulation compared to the pre-project or unregulated condition, a review of the hydraulic relationship for the Lake Ontario pre-project outlet control section was conducted.  Although an existing pre-project outlet stage-discharge relationship existed, no documentation of the development of this relationship was available.  An investigation was made to review and document the derivation of the relationship, including the effects of crustal movement between Lake Ontario and the Galop section, and the hydraulic effects of ice in this historic pre-project condition.  Although a new pre-project relationship for this section was developed and documented, it was found that the new relationship produced essentially the same results as the existing relationship.  Some improvement in the estimation of ice effects on pre-project flows was achieved.   A report titled “Lake Ontario Preproject Outlet Hydraulic Relationship” by Caldwell and Fay (2002) describes this work.  
This model of the unregulated Lake Ontario outlet will be used to compute outflows and levels to compare with the results of regulation plans developed in the study for the three hydrologic scenarios.   For the stochastic hydrology scenarios and the climate change scenarios, estimations of ice effects for the pre-project condition need to be produced.  This work will be initiated in Year 2.

5.3.7
Review of Methods to Regulate Reservoir Outflows 

As a first step to determine if there are alternative methods to regulate reservoir outflows that may have good potential for application for the regulation of Lake Ontario, a review of the published water resources engineering literature and an internet search were conducted in Year 1.  The latter focused primarily on the information available from the utility companies on the operations of specific dams and reservoirs.  In addition, associations and governmental agencies were contacted for information on their reservoir regulation practices.  This review found that a host of optimization methods are available for consideration as multi-objective reservoir regulation techniques.  More detailed review of some of these techniques may be warranted in the formulation of possible future regulation plans for Lake Ontario.   The report on this review is titled “Review of Methods to Regulate Reservoir Outflows”

Future work on this subject is being considered by the PFEG.

5.3.8
Variation of Hourly Water Levels on the St. Lawrence River Downstream of Montreal

In this Study, water levels and flows are to be simulated on a weekly or quarter-monthly mean basis for use in evaluations of different Lake Ontario outflow regulation plans.  This is because Lake Ontario outflows are regulated on a weekly mean, or approximately a quarter-month.  In addition, simulations of regulation plans are being done on a quarter-monthly mean basis because the accurate simulation of water levels on an hourly time scale requires a much higher degree of effort.  Accurate hourly simulations of river levels downstream of Montreal must take into consideration many higher frequency processes (e.g., variations in winds, atmospheric pressure, hourly variations in flow at the Hydro Quebec power plants, etc.) that affect short-term water levels.   Such simulations would require far more data and more sophisticated models than required for simulations of levels and flows on a quarter-monthly time scale.  Fortunately, these short-term fluctuations of levels in the St. Lawrence River at Montreal and downstream are independent of Lake Ontario regulation and tend to average out on the quarter-monthly time scale. 

An analysis of the differences between hourly water levels and the quarter-monthly mean water levels in the Study area from Montreal downstream to Batiscan was conducted.  This analysis was done to illustrate these differences to those carrying out the evaluations of the effects of different regulation plans on various interests.  The variation of the hourly level around the quarter-monthly mean for a period may be of significance in some of these evaluations.  For example, in consideration of flood damage the quarter-monthly mean water level may not quite reach a flood threshold, but when the variation of hourly levels about that quarter-monthly mean level are taken into account, it may be that the level rose above the flood threshold for part of that quarter-month.

As an example from this analysis, it was found that at the Montreal Jetty 1 gauge site 90% of the time (i.e., from the 5% exceedence to the 95% exceedence levels),  the hourly level is within 20 cm (8 inches) of the quarter-monthly mean level.  The complete results of this analysis are reported in “Variation of St Lawrence River Hourly Water Levels About the Quarter- Monthly Mean” by Fan and Fay (2001).
5.4
Activities Planned for Year 2 (to be provided)
6.
Plan Formulation and Evaluation Group (PFEG)

The Plan Formulation and Evaluation Group (PFEG) is a Technical Working Group (TWG) whose job is to provide an integrated and effective system to formulate, evaluate and rank alternative Lake Ontario regulation plans.  The PFEG was created after the study began, in July 2001.  A four-member Plan Formulation Group (PFG) was established to develop the original work plan.  A ten-member Planning Group (PG) includes the PFG and also Board members and other Study participants to help formulate planning objectives.  The PFEG includes both the PFG and PG and also includes other Study Board members, representatives from PIAG and of the TWGs. The following diagram depicts this organization (Figure 24). 


Figure 24:  Plan Formulation and Evaluation Group and the Larger Study

The Study Board approved the multi-objective framework for evaluation of alternatives proposed by Dr. Peter Loucks.  In this framework, plans are quantitatively evaluated by measuring the success in meeting stated goals and objectives.  Measures of success include hydrologic attributes, PIs, and compounds of both types of measures.  Hydrologic attributes are physical characteristics of the water in the Lake and River such as level and flow that can be correlated with success in meeting an objective.  For example, if Lake Ontario levels fall below 74.95 metres (245.9 feet) in the first week of May, it is more difficult and expensive to launch recreational boats, so one measure of success for the objective of increased recreation is the probability that a regulation plan would keep lake levels above 74.95 metres in the first week of May. 

PIs are more direct measures of the success in meeting an objective or goal, and because of that have the potential to be more meaningful and useful than hydrologic attributes.  The economic value of recreation is a PI.  PIs are generally more difficult to define and measure than hydrologic attributes, but they should be related.

The Study Board directed the U.S. Army Corps of Engineers Institute for Water Resources (IWR) to use this framework to develop a prototype approach to formulating, evaluating and ranking alternatives.  This was accomplished in Year 1, and the results presented and tested in a workshop in Niagara Falls, New York in February 2002.  The prototype was an example of shared vision water management, an approach that incorporates the Loucks framework in a single computer simulation called the Shared Vision Model (SVM).  A SVM is built with the help of stakeholders, experts and decision makers.  This is an unusual model building approach; the norm is for “black box” models of particular parts of the managed system (such as coastal damages or river stages) to be developed in relative isolation by specialists.  The shared vision approach improves the chances that the model will simulate the things that people care about, and it makes it more likely that the model will be trusted and used in making Study decisions. 

The PFEG results from Year 1 are illustrated below using the relevant sections of the mock SVM.  The mock was not developed with stakeholders and decision makers; it was developed quickly by IWR with help from the H&H TWG to show the larger Study team what a SVM could look like.

6.1      The Mock Model

IWR developed a mock SVM using Microsoft Office software including Excel, PowerPoint and Word.  The model can be run on any computer that uses a recent version of Office, whether using an Apple or Windows operating system, so long as the computer has at least 128 MB of RAM.  The model is laid out like a book with a hyperlinked table of contents.  PowerPoint slide shows are embedded throughout the model.  Some, like the one shown below, also have an audible voice-over to make it easier to understand and use the model.


6.1.1    Articulation of Goals and Planning Objectives, Review of Criteria and Decision Factors

IWR developed a preliminary set of goals from the IJC directive for the Study and developed planning objectives based on dialogue with the TWGs.  The results of this work are included in the SVM under “Goals and Objectives” (see Table of Contents in figure, above).  These are not final determinations, only a starting point with goals and objectives refined as the Study progresses.

The Orders of Approval for the structural regulation include eleven criteria, lettered “a” through “k”.  There are from one to three separate hydrologic tests per criteria that were used to show that Plan 1958D met these criteria.  Where data were available or could be calculated, the SVM runs these tests on each alternative. The “real” SVM use a full set of criteria tests.

6.1.2    Formulation of Alternatives

The model allows the user to select from one of five well-known regulation plans or to build a new plan by modifying Plan 1958-D or Plan 1998.  As the figure below shows, the pre-programmed plan choices are Plan 1958-D, Pre-Project, Plan 1958-D with Deviations, Interest Satisfaction (IS), or Plan 1998.  A short description of the plan appears in the window to the right of the plan selection menu.

The model simulates Plan 1958-D or Plan 1998 by systematically applying the decision rules to the input data for each quarter-month of the simulation.  The model does not simulate Plan 1958-D with deviations, Pre-Project or IS.  Instead, it inserts releases calculated for those plans by David Fay and then calculates the resulting lake levels, river stages, hydrologic attributes, and performance indicators.

The model user in two ways can modify Plan 1958-D and Plan 1998.  First, the L, M, J, P and P* outflow limits (within the plans) can be adjusted.  Second, the plans can be “tweaked” by gradually increasing the releases when Lake levels are above 74.73 meters (245.18 feet) and gradually reducing the releases when the Lake is below 74.73 meters (245.18 feet).  The high and low tweaks can be applied independently and the rate of higher or lower releases can be adjusted from 0 to 2 cubic meter per second per centimeter of lake elevation above or below 74.73.  Tweaked releases are still bounded by the L, M, J, P and P* limits in Plans 1958-D and 1998.


6.1.3    Validity of the Simulation

The results of Plan 1958-D and Plan 1998 from previous studies were duplicated in the SVM.  A “validity” worksheet tracks even the smallest differences between the mock  SVM and previous model results, including the potential causes for the error (for example, the incorrect calculation of an adjusted supply indicator, the incorrect application of the “M” limit, or the violation of IJC rounding rules (numbers that are exactly halfway between two integers, such as 4.50000, must be rounded to an even rather than an odd whole number to avoid any accidental rounding bias).

The screen capture below shows there are no errors for Plan 1958-D; the model also simulates Plan 1998 without error.  It is important that these plans be simulated accurately in the SVM so evaluations of modified versions of these plans are credible.
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6.1.4    Identification of Hydrologic Attributes and Performance Indicators

The hydropower worksheet in the SVM (below) illustrates one set of hydrologic attributes and PIs.


The PI for hydropower is the average annual value of energy produced.  In the mock model, that concept was illustrated by using equations from previous IJC studies to calculate the energy produced at the Cornwall-Massena power plant (illustrated in the next screen capture from the mock model).  In the “real” model, new energy and power functions with current market values will be applied to this plant and to the Hydro Quebec facilities farther downstream.

Two kinds of hydrologic attributes were modeled in the mock SVM for the hydropower sector:

· Preference Indicators (despite the verbal similarity, these are not PIs) defined in a 1997 IJC study; and

· IS scores for Hydro Quebec and for New York and Ontario Power.  These are “scores”, from –100 to +100, given to specific hydrologic conditions at specific times of the year.  The IS curves for New York Power are shown in the figure below.


Figure 25:  Interest Satisfaction Curve for New York Power Authority

6.1.5    Generation of Time Series of Performance Indicator Values

The model simulates the regulation of Lake Ontario and resultant releases into the St. Lawrence River using one of several regulation plans.  The model input is quarter-month net basin supplies of water to Lake Ontario based on adjusted actual inflows, on-lake precipitation and evaporation from 1900 to 1995 and modern levels of withdrawals and diversions.   Hydrologic attributes and PIs are calculated from 4,608 quarter-months of simulated Lake levels and releases.  The figure below illustrates just a few of the statistics generated from the simulation of the baseline plan (1958D with Deviations) versus Plan 1958D without deviations.

6.1.6    Establish a Methodology for Generating Composite Values over Time and Space


The mock model illustrates one possible way to generate composite values of performance measures.  The performance of each plan is compared to the baseline plan according to how well it met each of the four goals shown above (economic and environmental prosperity, fairness and international harmony).  The aggregation of performance metrics was not reviewed or approved by the Study Board; it is used in the mock model to illustrate how aggregation can be done.  For example, the model uses the following logic to conclude that 1958-D is significantly worse than 1958-D with Deviations in meeting the goal of economic prosperity.

Net economic benefits are defined, for example, as the average annual value of hydropower produced minus the average annual coastal erosion and inundation damage.  If a plan has 20% more net economic benefits than the baseline plan; it receives a “++” rating for economic prosperity.  If it is between 2% and 20% better, it gets a “+”.  Similarly a 2-20% decrease in benefits rates a “-”, a greater than 20% decline scores a “- -”.  Plans within plus or minus 2% of the benefits of the baseline plan are given a “0” score, indicating no significant difference in how the plans meet the goal.

6.1.7    Establish Methodology for the Summation, Display and Comparison of Composite Performance Indicator Values.

The mock model includes several ways to compare plans based on performance measures:

· Raw performance scores for each alternative plan;

· Ranking of alternative plans by scores weighted by water service;

· Ranking of alternative plans by score weighted by geographic area; and

· “Vignettes” – showing which plans are best and worst for the lowest; and highest water years in the 96-year record.

Raw performance scores include quarter-month by quarter-month hydrologic information such as levels and flows for each plan as well as statistical representations of those data, such as the percentage of time the Lake is above or below a level for certain periods of the year.  

The mock model includes dozens of hydrologic attributes for the various water services (hydropower, navigation, etc.) The mock model uses an arbitrary (but illustrative) compositing of the attributes for each service – a simple average of all the hydrologic attributes for each service for each alternative evaluated.  The model allows the user to assign a weight to the importance of each service area score, and based on that weight, the model ranks the plans according to their overall hydrologic attribute score.  In the example illustrated below, the “Pre-project” alternative has the highest composite hydrologic attribute score when all services receive the same weight (100).  But when the weight for hydropower is reduced to zero, the plan ranking changes and the baseline plan (Plan 1958-D with Deviations) is the highest scoring.


The graph below the “Weighted Overall Hydrologic Attribute Score” graph in the two figures above show the plan rankings according to net economic benefits.  These scores are not affected by weighting and so are the same in both illustrations.  Based on economic benefits, the “Interest Satisfaction” plan is the highest ranking, primarily because of its lower coastal damages (illustrated by the buff colored bars hanging below the x-axis)

The same concept applies to the models ranking of plans based on how well the plans serve the needs of Lake Ontario versus the St. Lawrence River (see figure below).



The methods used to assign scores to the regional interest were assigned independently by IWR, for the sole purpose of illustrating how it could be done.  The scores used in the mock model have no real value.  They are based on simplifications that will almost certainly be rejected as stakeholders, decision makers and experts begin to fashion their own ranking schemes in Year 2.

Finally, plans were compared based on how well individual interests would have fared in 1964, the driest year on record and in 1993, the wettest year on record.   As the figure above shows, there was no clear winner among the plans.  Again, the use of the IS scores as they stand is arguable, but it illustrates one way to quantify a common sense test of a plan – how well it works at the extremes.

6.1.8    Summarizing These Results

The mock SVM includes a library of embedded Word documents (see next screen capture, below), including a mock “final” report.  The report is made up of some stock text (e.g., history of the Study) and some “paste-linked” expressions from the Excel model that (in a manner of speaking) “write” the report.  Some cell values in Excel were defined by logical or numerical statements based on the performance data for all alternatives.  Rankings shown throughout this report, for example, are based on  Excel functions that return the rank of one plan’s score compared to a column or row of scores, and “lookup” functions that associate a plan name with that score.  When this power is combined with the “concatenate” function which combines numbers and words, Excel can generate what is essentially an original sentence that can serve as a conclusion in the final report.  The purpose of linking the report so closely to the spreadsheet calculations is to show that the linkage can be transparent and defensible.


6.2
February 2002 Workshop

PFEG developed and executed the first planning workshop in February 2002, in Niagara Falls, New York.  The workshop was designed to walk the Study Board and the TWG co-chairs through the whole planning process - from problem identification to plan selection - even though the Study has just begun.  The goal in doing this “dress rehearsal” was to make sure the Board would have the information and the framework needed at the end of the Study to select the best plan.

In the first half of the workshop, the PFEG asked TWG co-chairs to present their problems, opportunities, planning objectives, hydrologic attributes, and PIs and then tell the Board how and when each TWG would deliver the information needed to support the PIs.  The TWG chairs were asked to articulate significant issues the Study Board needed to understand or make a decision on.  The TWG chairs were free to raise any issue, but had to at least respond to these four issues:

· Do the scopes of work in each TWG provide the information needed to measure plan performance using the PIs identified?

· What are the most important uncertainties and ambiguities related to these PIs?

· Will the stakeholders each TWG is associated with use decision factors other than the proposed PIs and hydrologic attributes to decide if they like a plan?  If so, why aren’t we using those decision factors?

· We would much prefer to perform evaluations in the SVM by importing utility functions or evaluation algorithms from your studies.  In some cases we know that you had anticipated using proprietary models to evaluate a list of alternatives provided to you.  If that is the case, please raise this and let us know in general terms what would be required to develop these curves or algorithms for the SVM.

These briefing showed that there are three classes of significant issues that must be addressed:

· Some TWGs plan on using proprietary evaluation models that might not be easily integrated into the SVM.  This would severely limit the SVM’s potential to evaluate a wide variety of plans.

· Some TWGs have developed performance measures that are not supported by data development.  For example, several environmental studies require water temperature data, but these data are not currently being developed.

· The PI for most TWG’s have still not been identified or validated.  In some cases (for example, environmental) it is because of controversies about how to measure, and in some cases (for example, coastal damages) because of controversy about what to measure (public or individual loss).

6.2.1
Breakout Session Responses 

The workshop participants, including Study Board members, TWG co-chairs, PIAG representatives, and others were split into three breakout groups, each built around two water services (hydropower, navigation, etc).  The photograph on the left was taken during the coastal and M&I breakout.  Each participant was given a copy of the mock “final” report, including a full set of evaluations for five plans.  The evaluations included all the hydrologic attributes and PI programmed into the mock SVM at this time.

Participants were asked to answering the following two questions:

· “What’s your favorite plan and why?”

· “What additional information would you like to better evaluate the different regulation plans?”

Participants were to consider only the narrow preferences of the interest group they were studying.  For example, in the coastal and M&I breakout session, participants would look for the favorite plan for coastal stakeholders and the favorite plan for municipal water stakeholders.  Participants did not have to consider impacts on other groups or pick a plan that was best on balance for everyone.  Even with that significant restriction all the breakout groups agreed that it was difficult to pick a favorite plan based on the hydrologic attributes and PIs in the model.  Since the model included most of the metrics that have been considered in previous IJC studies, this was dramatic proof that the study team had to develop more sophisticated measures and test them in additional dress rehearsals.  Study scopes may also have to be modified to make sure that the study team has the information it needs to use the metrics it prefers.  A brief summary of each of the breakout sessions follows.

Breakout Group #1:  Hydropower & Environment TWGs

Participants reported that: 

· Using the average of all scores isn’t a reflection of the performance of the plans

· There is no way of telling how poorly a plan performed, such as how often it failed, and by how much it failed (what’s better: a plan that regularly fails to a small degree, or a plan that very rarely fails but fails to a very large degree?)

· Only the physical attributes were scored, not the intangibles.

· We need a measure of dollars, or ecological productivity.

· Since there are inherent biases with each plan, masking the names of the scored plans allows the user to objectively judge the performance of each plan.

· In order to better judge the performance of the regulations, the scores should be highlighted or colored in the report and spreadsheet model

· There needs to be a method to weighing the PIs such that they can be prioritized in the evaluation model. 

· Both Hydropower and Environment felt that Pre-Project performed the best for their interests; with Plan 1958-D the second best choice for Hydropower.

Breakout Group #2:  Recreational Boating and Commercial Navigation
Participants reported that:

· The main problems occur at extremes, and participants were not sure these metrics provided enough weight for performance at the extremes.

· Participants were not confident that all the metrics considered important by boating and navigation interests were included or properly interpreted in the model.

· Frequency of levels is not sufficient to evaluate.  What about frequencies at levels more extreme than the indicator given?  Participants also wanted to see duration and magnitude of events beyond the threshold.

· Seasonal or monthly distribution of events beyond the thresholds needed.

· Complete geographic coverage is not included for the recreational boating interest. This needs to be added.

· There seems to be a lot of overlap in the metrics.  This leads to double counting and biases the average.

· A simple average of the metrics is not adequate.  The metrics need to be weighted within each interest.  This could best be done by the stakeholder groups or TWGs.

· Economic metrics would help.

· They would prefer that the plans be labeled “A”, “B”, “C” etc. so as to remove the pre-conceived biases. Especially important for the pre-project plan and Plan 1958D.

· Some members of the interest group would not accept some of these metrics; i.e. the threshold level given is too extreme.

· There is distrust with the model results.  Some errors are apparent and this destroys overall credibility.

· Some metrics are not sensitive to differences between the plans (i.e., some metrics not useful).

Breakout Group #3: Municipal and Industrial Water Uses, Coastal TWGs

Participants reported that:

· There were no significant performance differences among the plans for M&I stakeholders.  Is there no difference or do the metrics simply hide real differences?

· The model should be able to simulate the problem that occurred at Ingleside, ON, on Lake St. Lawrence in 1997. 

· All plans score a perfect 10 at Long Sault, yet we know of problems.

· Low level on Lac St. Louis in 1999 and 2001. Does the minimum level reflected in the report capture the minimums experienced in those years? (20.4 m)

· At what level do individuals (as opposed to municipal plants) experience problems?

· Number of people affected needs to be identified. Alternative approaches may be available for small populations (i.e. truck water in)

· Seasonal aspect is important. Water demand may be greater during the summer.

· In 1999 problem started to show up in September, but it may have been worse if the levels occurred in July.  Model should be able to capture that possibility.

· We need a metric for high water to reflect a concern of the sewage treatment infrastructure (water backup into sewers). There are no high water metrics in the report and these can be as severe an impact as the lows.

· Other water uses (e.g. agricultural) have not been considered.

· For Hydrologic Attributes, Plan 1998 fairs the best, and is a compromise between the other plans since others did better or worse in various categories.

· In the economic impacts, the IS does the best.

· IS does the worst in the regional comparisons.

· IS does a really good job of reducing the worst, but more of the moderately bad conditions occur.

· IS does really well on Lac St. Louis, does best regionally and does the best at reducing the really bad situations.

· We need better climate/weather forecasting

· We don’t have any coastal problems identified for low levels.

The February workshop capped the first year work for the PFEG.  In Year 2 we will continue to employ the iterative approach, walking through the whole planning process again from goals to decision-making, but this time we will work in more detail and we will respond to  weaknesses and gaps identified in Year 1.

6.3
Activities Planned for Year 2

Task 1 - Develop a First Generation SVM 

 

In Year 1, IWR developed a “mock” SVM.  Its purpose was to show what a SVM could look like and how it might work, but it was not built with the close collaboration of stakeholders, decision makers and experts.   The first generation SVM will borrow some useful components of the mock model, such as the validated simulation rules for Plans 1958-D and 1998, but it will otherwise be a new model with all new elements built collaboratively. 

The first generation SVM will be based in Excel, but PFEG will also develop a STELLA-Excel linked model variant (using the STELLA model of Lake Ontario developed separately) to determine if it is worth trading the power and clarity added by STELLA software for the nearly universal ability of people to open and run a Microsoft Office file. 

The new model will incorporate all of the work listed in the tasks below.  The goals, objectives, hydrologic attributes and PIs in this model will be based on work conducted in the Study (those elements in the mock model were drawn from previous studies).  The model design will proceed aggressively.  Where functions but not data are available from the TWGs, those functions will be programmed into the model and tested with synthetic datasets.

To the degree that they are developed by the TWGs, the model will be used to generate time-series of PIs, hydrologic attributes and composite values.

The PFEG will also develop prototype linkages between the SVM and the study GIS.  PFEG will develop a memorandum outlining the potential for the SVM to use the study GIS both as a source of input data and as way to represent or analyze output data.  

Task 2 -  Work with the other TWGs 

PFEG will take the lead in integrating the work of the TWGs to support the goals of the overall study.  There are three elements to this work:

Refine TWG Objectives and Metrics

In Year 1, PFEG developed memoranda from each of the TWGs except Municipal & Industrial Water Use outlining preliminary statements of the problems, planning objectives and performance metrics each TWG is addressing.  In Year 2, PFEG will create a memorandum describing the problems, planning objectives, and performance measures of the Municipal & Industrial Water Use TWG, and will work with the Coastal, Environmental, Recreation, Navigation and Hydropower TWGs to revise the memos developed in the first year of study.  Revisions will be based on the February 2002 workshop findings and follow-on interviews with each of the TWGs. 

Stakeholder Identification

PFEG will work with PIAG to identify the specific public(s) in each water service sector that would be affected by changes in the regulation plan.

H&H Output

PFEG will work with the H&H TWG to develop a memorandum describing the end uses of each of the products being developed by the H&H TWG, including how the data will be used in the SVM and any models used by other TWGs.

Link the TWG outputs to the SVM

PFEG will work with individual TWGs to specify the numeric form of the functions that will be used to link changes in regulation to the PIs.  Where possible, these functions will be included in the next generation of the SVM.

Identify data linkages between TWGs

PFEG will work with the IM group to specify all the information that will be required from other TWGs, including H&H, to solve the system of functions that allow plan evaluation.  This information will also be included in the revised TWG memos.

Link PFEG to the Information Strategy

PFEG will work with the IM and Common Data Needs TWGs to improve the availability and use of the SVM.  Together we will explore ways to improve linkages between study computer products and we will explore the use of the SVM by the general public.

Communication

The PFEG will re-invigorate the use of the Study website and ftp sites, and will initiate a series of regular teleconferences among the TWG chairs to monitor progress in developing and integrating the information needed to formulate and evaluate alternative regulation plans.

Task 3 -  Initiate a Plan Formulation Strategy

PFEG will develop a design process for alternative regulation plans that will improve the chances of formulating the "best" regulation plan. The current SVM allows model users to create a set of alternative plans by varying rules in the current plan.  But how sure are we that there is no plan outside this set that would be preferable to any plan in the set?  To improve the odds that we formulate the best plans the PFEG will:

· Review the H&H literature search on plan formulation methods, and add to it where possible.

· Deconstruct the weekly regulation decision into factors such as expected supply, time of year, and long-term versus short-term management goals and describe the options and uncertainty in formulating around each element (for instance, the use of forecasting to estimate expected supply).

· Interview the Study Board and the TWGs.  Revise the SVM to incorporate the plan formulation strategy. 

Task 4 - Revisit the Interest Satisfaction Curves

Revisit the IS curves to verify their relevance and accuracy, and create new IS curves where distinct preferences exist. Describe in plain terms the regulation plan that would provide the types of levels and flows preferred by each interest group, identify the key variables that go into the plan, refine the SVM to include those variables (or, if there is not enough data to employ those variables in the model, point that out and suggest a remedy).  Using the revised SVM, work with each TWG to model the plans they feel would best serve the interests they are studying.

Task 5 - Design a Decision Support Process

The SVM will evaluate any plan formulated, producing a set of performance measurements for each interest area, decision maker, and affected public.  It is highly unlikely that any plan will be superior by all measures to all other plans, so in making its final recommendation, the Study Board will almost certainly, and at least implicitly, value some aspects of plan performance higher than others.  This task is designed to give the Board a rigorous method to consider the performance tradeoffs explicitly.  Designing an explicit decision process in Year 2 will increase the chances that the study team will generate the information needed for an optimal decision over the course of the Study, even if the final decision does not employ a formal decision support process.  The PFEG decision support process design will be based on the following elements: 

· A brief description of what a decision support process is, especially how it differs from plan evaluation.

· A report on a review of the literature that PFEG will conduct.  The report will succinctly describe the general decision support methods available to those making new water management decisions such as the one the Study Board will make.  The report will also include a brief discussion of how decision support methods could be used to formulate a “smart” plan whose rules would change over time in response to changes in the hydrologic regime, climate change, or the value of impacts.

· Interviews with the Study Board members to determine the factors they will consider in making their recommendation on a regulation plan, and to identify their concerns about the risks of changing or not changing regulation.

· A facilitated workshop to present a draft decision support process to the entire Study Board.  The purpose of this workshop will be to validate the information gained from the individual interviews, to allow the Board to test and validate the collective process.

· Development of composite PIs where necessary to numerically score and rank alternative regulation plans according to the Study Board’s decision factors.  The composites will be combinations of the metrics developed with the TWGs in Tasks 2 and 4 to more closely quantify the decision makers’ decision factors.

· Incorporation of the decision process in the SVM. 

· A report on the facilitated workshop test and a recommendation for further work to develop a Year 2 preliminary decision support process.

Task 6 - Year 2 Plan Formulation and Evaluation Workshop

PFEG will conduct a workshop for the Study Board near the end of Year 2 to present and test the first generation SVM, including goals, objectives, performance metrics, and the ability of the model to formulate and evaluate plans.  Workshop participants will work in small groups to identify and evaluate plans that appear promising.  The small groups will present recommendations to the Study Board, and in a facilitated session, the Study Board will attempt to use the Year 1 preliminary decision support process (Task 5) to produce a mock Study recommendation.
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