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I. Executive Summary

In July 1997, the Chesapeake Bay Program’s Principal Staff Committee and Implementation Committee became concerned with the apparently uncoordinated approach that various Bay Program agencies currently use with regard to the acquisition and application of land cover and land use data.  The GIS Work Group of the Information Management Subcommittee agreed to research the problem and recommend potential solutions.

The GIS Workgroup established a Land Use/Land Cover Team comprised of CBP partners to discuss and compile land cover and land use policy and protection requirements necessary to carry out the strategies and commitments under the Chesapeake Bay Agreement. The following are the Land Use/Land Cover Team’s findings and recommendations.

Findings

· Six programmatic areas of the Chesapeake Bay Program were found to have specific technical requirements for accurate land cover, land use, and practices data.  The six programmatic areas are:   (1) Wetlands Protection Status and Restoration Trends; (2) Riparian Forest Buffer Restoration; (3) Forest Cover Trends; (4) Nutrient Reduction Tributary Strategy Implementation; (5) Basin-wide Toxics Reduction and Prevention; and (6) Land Growth and Stewardship Indicators. Improved land cover data are primarily required to delineate wetlands, forest buffers, forest cover, and toxics (impermeable land cover). Improved land use and land practices data are required for a variety of tasks, including implementation of the tributary strategies (nutrient management, watershed modeling, BMPs) and Land Growth and Stewardship activities (build-out, urban sprawl, open space).

· Ten Chesapeake Bay Program Subcommittees and Advisory Committees require accurate land cover, land use, or land practices data to effectively and efficiently carry out their charges.

· Current land cover/ land use/land practices data do not fully, or in some cases even partially, meet the needs of the Chesapeake Bay Program subcommittees. This shortcoming is due to inadequate data resolution, lack of required data classes, or the timeframe of the existing data.

· Land Cover must be differentiated from Land Use, which must be differentiated from Land Practices. Land cover is the vegetation, impervious surfaces, and barren land on the earth’s surface (e.g. 1. forest, 2. built-up, 3. Cropland). Land use is the use that is associated to the land by man (e.g. 1. timber production, 2. residential or industrial, 3. Hay land). Land practices are the activities that man conducts on the land (e.g. 1. clear cut vs selective timber harvest, 2. open-space, 3. No till).

· Land cover, land use, and land practices should be retained as separate data layers because they are generated using different types of source and ancillary data and serve different purposes in land management programs.  A Geographic Information System (GIS) can be used to integrate the data as necessary.

· Satellite and aircraft imagery can be used to classify land cover and partially classify land use. Aerial photography and ground surveys, in addition to the imagery, are required to accurately classify land cover. Some land uses can be inferred from satellite and aircraft imagery and its associated ancillary data.

· Land use classification requires specific ancillary data related to man’s use of land. These include political boundaries, property boundaries, zoning, permits, plans, land ownership, and specific land uses (e.g. city boundary = built-up land use; zoning = urban/suburban/industrial; permits = lots/building and parking; ownership = agriculture; land uses = crops and pastures). Detailed land uses, in most cases, can not be directly sensed by satellite imagery or aerial photography.

· Land Practices are activities that are applied to land uses. These include decisions made to protect land (parks and protected lands), to make land available for public use (open spaces), crop rotation, installation of Best Management Practices (BMPs), high/low tilling, urban wetlands to reduce sediment and nutrient runoff, and forest buffers for stream-side improvement of water quality.
· Updated land cover and land use data, for the entire basin, are required every 5 years to support Chesapeake Bay Program activities implemented by federal, state, and local government agencies.

Recommendations

1. Each Signatory State should establish a Center of Excellence for processing land cover and land use data.
· Each State must take ownership of their part of the process so that the process and products are institutionalized and knit into the fabric at the State and local levels.

· Each Center would be responsible for creating accurate land cover data from satellite imagery, obtaining ground truth data, and quality assessing the data to meet common accuracy requirements. The processed data would be made freely available to the Chesapeake Bay Program, partners at the federal, regional, state and local levels, and to the public.

· Each Center would be responsible for establishing land use data, including zoning, land ownership, property boundaries, or other data essential for determining land use. This would require partnerships with local government agencies which manage these types of information. Currently this information is not all in computerized format and the data are not held by single organizations.

· Each Center would be responsible for conducting analyses to support State-related Chesapeake Bay Program implementation, restoration, and protection activities.

· The annual cost to support each Center is on the order of $200-300K per year. First year costs would be higher to establish the Center, purchase hardware, software, data, and fund the necessary staff. Proposed staff requirements include 1 full-time project manager/analyst and 3 part-time field staff/analysts. The four staff would work in pairs in the field to collect ground-truthing data and quality assess the land cover data produced from imagery. Costs can be reduced if the computer infrastructure and trained staff already exist and can be utilized for this program.

· Imagery would be processed over a 2 year cycle (must have cloud-free imagery from early Spring; late Winter imagery is required for determining cropping). Imagery would be quality assessed, and change detection analyses conducted over the following 3 year cycle, to provide updated products on a 5-year schedule.

· The imagery would be processed multiple times using slightly different procedures to develop the various products required to support the Chesapeake Bay Program.

2. The Chesapeake Bay Program Office should establish a full-time technical analyst/coordinator to manage the basin-wide land cover and land use program. This person would be responsible for coordinating the program, establishing standards and procedures for processing satellite imagery, purchasing satellite imagery and aerial photography, quality checking State products, and conducting land cover and land use analyses to support the Chesapeake Bay Program. This person would be responsible for coordination with signatory and non-signatory states to obtain land cover and land use data for land in New York, West Virginia, and Delaware. Processed data from each Center of Excellence must be merged together so that there are no seams (as along state boundaries) so that a uniform basin-wide product is developed.

3. Full LandSat Thematic Mapper (Landsat TM) imagery should be purchased for 1998-1999-2000 for use in establishing the land cover baseline, required for the Executive Council Directive 97-2  Year 2000 “wetland status and trends”. This Year 2000 land cover would be used to cross-check the NWI database (which includes data from the late 1970’s to present) being developed. This one-time cross-check is necessary since the two products are created using different technologies and different timeframes. Future 5-year updates will rely on satellite imagery, so there must be a compatible baseline from which to compare.

4. For the near-future, LandSat TM (30 meter resolution) remains the preferred source of imagery, since it has sensors in the mid-infra-red which are required for sensing wetlands. Images from the new Landsat satellite will be managed by the Federal Government, so individual images (17 images cover the Basin) will cost approximately $400 (rather than $4000) in the future. The CBP should work with NASA, NOAA, and USGS to obtain imagery at no cost, on a regular basis, as part of the Bay Program partnership. 

5. Higher resolution imagery (5 meter resolution) is needed for Forest Buffer analysis, so the appropriate imagery will be required in selected areas. This higher resolution data is just becoming available, and the costs are not well understood at this time. Higher resolution data will also require faster computers, larger disk drives, and faster networks to process the large images. There will be technical trade-offs that must be made during the image processing.

6. The Coastal-Change Analysis Program (C-CAP) protocol for processing and classifying land cover is recommended for Chesapeake Bay Program use. The C-CAP protocol was developed in the late 1980s to address the former Chesapeake Bay Program Remote Sensing Workgroup requirements. 

· C-CAP provides a classification scheme that is appropriate for wetlands (incorporating the U.S. Fish and Wildlife Service’s Cowardin system) as well as uplands. 

· Most importantly, the C-CAP protocol requires adequate quality assessment to provide data of known quality, which is a Chesapeake Information Management System (CIMS) requirement.

· The C-CAP protocol also incorporates change detection as a fundamental capability.

· The NOAA Coastal Services Center in Charleston, SC, has tentatively agreed to provide technical support and training so that the C-CAP products developed by the State’s Centers of Excellence are compatible and of acceptable quality.

7. A phased approach to developing land use and land cover data is recommended.

· Purchase 1998-2000 LandSat data in FY1998.

· Establish Centers of Excellence in each of the signatory states in FY1998.

· Learn and become proficient with C-CAP protocol in FY1998/1999.

· Begin capturing ground-truthing data in FY1999.

· Reprocess the 1984 and 1988-1989 C-CAP LandSat data to gain proficiency and to give an earlier baseline for change analysis for specific programs. Obtain and process the 1984 and 1988-1989 LandSat data for the non-tidal portion of the basin, if the data are available in FY1999.

· Begin processing the 1998-2000 LandSat data as it becomes available in FY1999.

· Cross-check Year 2000 C-CAP product with Year 2000 NWI and establish baseline in FY2000.

· Establish dialog with local jurisdictions to obtain zoning and land records to develop land use databases required for Land Growth and Stewardship in FY1998/1999.

· Reprocess the 1991-1993 MRLC LandSat data using the C-CAP protocol in FY2001.

· Process the 1973-1983 NALC (80 meter) LandSat data to obtain a 25-year baseline prior to the latest surge in growth and development in FY2002. While the numbers would not be quite as resolved, valuable numbers could be generated.

· Begin purchase of data for 2005 analysis (FY2003/2004).

II. Background

Land-based activities are the primary threat to the Chesapeake Bay, however, there is no accurate ground verified land cover\land use database for the Chesapeake basin. Given that our understanding of processes affecting the Bay now indicates the importance of land-based activities throughout the watershed, it seems essential that the Chesapeake Bay Program have a strong, basic commitment to monitoring land use and land cover.

In April, 1997, the Wetlands Workgroup reported to the Principals’ Staff Committee (Appendix D) that:

“The goal of monitoring the status and trends of wetlands in the Chesapeake Bay watershed can best be achieved by committing to a continuing program of acquisition, classification and analysis of satellite imagery.  This approach will serve many purposes within the CBP in addition to wetlands monitoring.  The technology and techniques for this type of analysis currently exist and need only a commitment to funding to produce short-term results.   The principle issue to be resolved across CBP subcommittees and workgroups is the classification protocol.  This should not be a complex nor lengthy discussion.  The technical issues could be resolved by the end of 1997 and status and trends monitoring could begin in 1998.  Because of the cross program benefits, initiation of this approach should be a high priority.”

In July 1997, the Chesapeake Bay Program Principal Staff Committee and Implementation Committee became concerned with the apparently uncoordinated approach that various agencies use with regard to land use data acquisition and application.  The Principal Staff Committee and Implementation Committee were also concerned with an apparent duplication of data.  The GIS Work Group of the Information Management Subcommittee agreed to research the issue and to recommend potential solutions to the Implementation Committee.

To aid in the investigation, the Chesapeake Bay Program Land Use/Land Cover Team was created to discuss and compile land use and land cover data requirements for the Chesapeake Bay Program.  The Team was comprised of Chesapeake Bay Program Subcommittee Coordinators and other interested GIS Workgroup members (Appendix E).  Prior to the Land Use/Land Cover Team meetings, the Living Resources Subcommittee’s Wetlands Workgroup made some very specific recommendations regarding the collection of wetland status and trend data. 

III.  Findings

The Land Use/Land Cover Team produced a list of Chesapeake Bay Program technical data requirements.  The requirements are all driven by specific Chesapeake Bay Agreement goals, policies, directives, strategies, plans and/or commitments. Six different programmatic areas yield a variety of land cover, land use, or land practices technical data requirements (Appendix A).  The six programmatic areas are:  (1) Wetlands Protection Status and Restoration Trends, (2) Riparian Forest Buffer Restoration, (3) Forest Cover Trends, (4) Nutrient Reduction Tributary Strategy Implementation, (5) Basin-wide Toxics Reduction and Prevention, and (6) Land Growth and Stewardship Indicators.  Below are the key technical data requirements and policy links for the six areas.

Wetlands Protection Status and Restoration Trends

· Executive Council Directive 97-2 calls for “wetland status and trends in the Bay watershed every five years”.
· National Wetlands Inventory (NWI) Program data for the entire watershed is to be used as a year 2000 baseline.  

· Wetland type, wetland function and surrounding land use are required to implement the directive.  The NOAA Coastal Change Analysis Program  (C-CAP) or F&WS national wetlands inventory (NWI) classification systems are acceptable for categorization of wetlands data.

· Thirty-meter resolution is acceptable for wetland status and trends.  However, while thirty-meter resolution is a viable trade-off between the amount of wetlands captured and data management needs, not all wetlands would be captured.  A finer spatial resolution would increase the accuracy of the assessment, especially since many wetland changes are small.

· Extensive fieldwork (i.e. ground truthing) is required for satellite image classification as well as for a classification accuracy assessment.  Wetlands are the most complex land cover to identify and classify.  Accuracy assessment is essential to producing meaningful data.

Riparian Forest Buffer Restoration

· The Adoption Statement on Riparian Forest Buffers specifies a commitment to repeating the inventory of riparian forests in the Chesapeake Bay watershed at periodic intervals.  

· The traditional source of remote sensing imagery, LandSat Thematic Mapper (TM), has a thirty-meter ground resolution that is insufficient to detect thirty-five foot wide riparian forest buffers.  A minimum of five-meter ground resolution is required (the imagery pixels must fall within the buffer to identify what exists in the buffer).  However, greater resolution would provide improved information on the location and species of riparian buffer.

· The required data must distinguish between deciduous, evergreen, and mixed forestland as well as forested wetlands.

Forest Cover Trends

· Implementation of both the Executive Council Directive 94-3 Framework for Habitat Restoration and the 1987 Chesapeake Bay Agreement: Population Growth and Development statement necessitate the mapping and monitoring of forest cover.

· Thirty-meter resolution would be sufficient to monitor forest cover.

· Distinction between deciduous, evergreen and mixed forestland would be adequate until the vegetative communities required for habitat restoration are known.

Nutrient Reduction Tributary Strategy Implementation

· The Executive Council Directive 97-1:  Bay-wide Nutrient Reduction Progress and Future Directions states a commitment to refine the modeling of the Bay and its watershed.  Land cover and land use data is an important component of Chesapeake Bay Program modeling efforts.

· Data requirements for modeling take from three distinct types of information: land cover, land use and land management practices.  Land cover data includes cropland, forests, water bodies, impervious surfaces, and wetlands.  Land use includes the location of commercial, residential, and industrial facilities.  Practices include agricultural best management practices (BMPs).

· Fifteen- to ten-meter resolution is an estimation of the resolution required to locate the data classes required for watershed modeling.  The estimation is based on the fact that thirty-meter LandSat TM data has been insufficient in the past to map the required land use information.

Basin-wide Toxics Reduction and Prevention

· The Chesapeake Bay Basin-wide Toxics Reduction and Prevention Strategy requires land use and land cover data to model and estimate chemical contaminant loadings to the Chesapeake Bay and its tidal tributaries.

· Similar to other modeling efforts, the most important specification is the degree of impervious surface covering the land.

· Impervious surfaces are predominantly a result of human land use.  Fifteen-meter resolution is the current estimated resolution required to locate and differentiate the required features.   The estimation is based on the fact that thirty-meter LandSat TM data has been insufficient in the past to map the required land use information.
Land Growth and Stewardship Indicators

· The 1987 Chesapeake Bay Agreement:  Population Growth and Development as well as the 1996 Executive Council Adoption Statement on Land, Growth and Stewardship both call for the monitoring of trends in land development in the Chesapeake Bay watershed.

· The indicators sought cover the spectrum of land cover and land use.  Requirements include agricultural, forested, wetland, residential, commercial and industrial lands.

· The Land Growth and Stewardship Subcommittee has a greater need for land use and land management practice information than for land cover information.

· Unique to the Land Growth and Stewardship Subcommittee’s requirements are a need to know agricultural and forested land preserved from further development as well as open space and conservancy plans.  Additionally, zoning and property boundaries are needed for build-out analysis.

· The data collection methods for land use and land management practices is not as simple as acquiring satellite imagery.  A land-record geographic database needs to be maintained for the entire Bay watershed.

· County and municipal land-record data for the watershed is not readily available.  A long-term program is required to collect and standardize land-records within the watershed.

Ten Subcommittees and Advisory Committees of the Chesapeake Bay Program Require Land Cover or Land Use Information

Comments received from ten Chesapeake Bay Program subcommittees and advisory committees indicated their need for land cover or land use information, primarily to support the initiatives identified above. At the Chesapeake Bay Program Office, the GIS team routinely responds to requests to provide these Bay Program Subcommittees with detailed land use data and information for various assessment and implementation projects. The data that are currently available have not been fully quality assured and, therefore, erroneous numbers are making their way into analyses and reports. Primarily, the regional MRLC data are currently used, and are thought to be representative on a basin-wide level, however, its accuracy at a sub-basin level is suspect.

Existing Data Do Not Meet the Needs of the Chesapeake Bay Program

Current land cover/land use data do not fully, or in some cases even partially, meet the needs of the Chesapeake Bay Program subcommittees to address the Chesapeake Bay Agreement’s goals, policies, directives, strategies, plans, or commitments. This shortcoming is due to inadequate data resolution, lack of required data classes, or the timeframe of the existing data (Appendix A). Since there is no long-term program for developing and ensuring full access to consistent land cover and land use data for the entire Chesapeake Bay basin, projects that require these types of data have to rely on data developed for other uses. All of the existing data were collected between 1983 and 1993, so they do not meet the timeframe requirements to support the most recent Executive Council Directives under the Chesapeake Bay Agreement. The C-CAP data have the necessary classification and quality, but have been applied to only the tidal portion of the basin. The Chesapeake Bay basin portion of the MRLC database does not meet the quality requirements or the classification requirements but does provide basin-wide coverage.

Land cover, land use, and practices should be retained as separate data layers

Land Cover must be differentiated from Land Use, which must be differentiated from Land Practices. Land cover is the vegetation, impervious surfaces, and barren land on the earth’s surface (e.g. 1. forest, 2. built-up). Land use is the use that is associated to the land by man (e.g. 1. timber production, 2. residential or industrial). Land practices are the activities that man conducts on the land (e.g. 1. clear cut vs selective timber harvest, 2. open-space). Land cover, land use, and practices should be retained as separate data layers because they are generated using different types of source and ancillary data and serve different purposes in land management programs.  A Geographic Information System (GIS) can be used to integrate the data as necessary. Satellite and aircraft imagery can be used to partially classify land cover. Aerial photography (including digital orthophotos) and ground surveys, in addition to the satellite imagery, are required to accurately classify land cover. Some land uses can be classified directly from satellite or aircraft imagery and its associated ancillary data.

Land use classification requires specific ancillary data related to man’s use of land. These include political boundaries, property boundaries, zoning, permits, plans, land ownership, and specific land uses (e.g. city boundary = built-up land use; zoning = urban/suburban/industrial; permits = lots/building and parking; ownership = agriculture; land uses = crops and pastures). Land uses, in most cases, can not be directly sensed by satellite imagery or aerial photography.

Land Practices are activities that are applied to land uses. These include decisions made to protect land (parks and protected lands), to make land available for public use (open spaces), crop rotation, installation of Best Management Practices (BMPs), high/low tilling, urban wetlands to reduce sediment and nutrient runoff, and forest buffers for stream-side improvement of water quality.
Quality assessing the land cover and land use data is the most important requirement in developing a useful database. Since decisions that are made from the land cover/land use database will have direct impact on land-owners and programs for improving the environment, the data must be of known accuracy. At a basin-wide level, the numbers are fairly generalized and generally within the “ballpark”. However, when conducting change analyses, the errors must be very small, so that small changes can be detected. These small changes occur all over the basin and add up to a significant change, if each of the small changes can be detected. The requirement is to be able to detect the small changes accurately, so they can be assessed on a basin or sub-basin level. For State or small watershed-level programs, accuracy is even more important, since there is a need to accurately represent land cover and land use for a small area. Therefore, the common denominator for accuracy for basin-wide and watershed programs is high resolution data with high quality.
Updated land use and land cover data are required every 5 years

The Wetlands Protection and Restoration Goals initiative states that wetlands will be assessed every 5 years (Appendix A). The Baywide Nutrient Reduction Progress and Future Directions initiative requires reassessment every 5 years. The Watershed Modeling initiative requires new land use data every 5 years. The Basin-wide Toxics Reduction and Prevention Strategy requires new land use data every 5 years. The Riparian Forest Buffers, Habitat Restoration Framework, and Land Growth and Stewardship initiatives require new land cover and land use data every 10 years.

IV. Recommendations

The Chesapeake Bay Program has a need for land cover, land use, and land practices information that will allow it to plan, track and evaluate the efforts to “restore and protect” the Bay.  There is currently no organized program to develop new land data for the entire Chesapeake basin, although activities on land are the primary source of sediments and pollutants that impact the Bay.

Land cover data can be readily developed using existing technology. Satellite imagery can be processed on a regular basis to provide data required for most of the Chesapeake Bay Program initiatives. In some cases, higher resolution imagery is required and can be applied in smaller areas to make detailed analyses. The most important requirement for land cover data is that it must be quality assessed to provide the quality of data required for basin-wide, as well as, watershed level analyses. Data must have a high level of quality, or else the data can not be used effectively.

Some broad categories of land use data can be determined as part of the land cover development described above. However, more detailed land use data is required for Land Growth and Stewardship activities (Appendix A). Detailed land use and practices data are the primary land database information required by the Chesapeake Bay Program to carry out the restoration and protection actions under the Chesapeake Bay Agreement.

While land use and land management practice information is an overwhelmingly important component of the Bay Program technical requirements, collection of this data is expensive. The primary reasons for the high cost of land use and land management practice information are that the data are not compiled in a uniform manner across counties, may not be held in a digital format, or may not be held at a central location.  Typically, land use or practices data are held by county or municipal governments.  Researching existing data, collecting data where none exists, and compiling numerous and variable data sets would be a large and costly under taking.  

The laborious and costly process of compiling land use and practice data is in contrast to the comparatively straightforward collection of land cover data from ground-truthed satellite imagery.  Satellite derived land cover data that has been verified in the field is essential to the wetland initiative and also meets several other technical requirements from the other five programmatic areas.   Realistically, given limited resources and a need to address many different projects, it is not possible to provide everyone with the perfect data set for their interests.  Instead, the practical solution is to provide a useful data set for as many of the projects or the highest priority projects as possible, and then tailor the analyses as required.

Based on the above statements, recommendations for meeting the Chesapeake Bay Program technical requirements for land cover, land use, and land practice data are as follows.

Collect Land Cover Data from Satellite Imagery

Priority requirements can be met by collecting land cover data from satellite imagery.   Wetlands status and trends is the first priority.  Satellite imagery can provide the data required for wetlands assessment.  It is important to note that the process of identifying wetlands and detecting changes in distribution necessitates the assessment of all the other things occupying the land surface.  As a consequence, developing a data base for wetlands will simultaneously create a data base useful for modeling non-point source pollution, tracking riparian forest restoration, targeting habitat restoration, and to some degree assessing development patterns.  In short, the data base can provide a wealth of useful information for other programmatic activities.  

Coordinate State efforts to collect land use data
The collection of zoning and land records for all states in the watershed would be a powerful source of information which would benefit the Land Growth and Stewardship program. Data should be collected in a standardized manner and incorporate Chesapeake Bay Program technical requirements.   Coordinating and collecting land use information will be a long-term (possible 10 or more years) effort.  For the short-term, digital orthophoto quad coverage of the Chesapeake Bay Watershed will be achieved by the year 2001, and will be available for land use interpretation when appropriate.  Large-scale digital land use data does exist for limited areas in the watershed, but is not owned, and therefore, not readily accessible within the Chesapeake Bay Program.

Satellite Remote Sensing 

It must be noted that satellite imagery is not a panacea.  Indeed, satellite imagery rarely provides the perfect resolution for all analyses. Given limited resources and a need to address many different projects, it is not possible to provide everyone with the perfect data set for their interests. The important point for the Chesapeake Bay Program to note is that satellite imagery is the optimal solution in terms of economical data collection over the entire watershed for multiple purposes.

The utility of satellite imagery for the Chesapeake Bay Program will depend, in part, on two things: the classification protocol and the error analysis.  The classification protocol must be selected to address as many of the Chesapeake Bay Program’s issues as possible, without becoming unwieldy.  The ability to distinguish various kinds of land cover and land use comes at a cost.  The more refined the classification is, the more difficult it becomes to sustain a high level of accuracy over a large area and multiple time intervals.  Selection of the optimal level of resolution is not a complex problem, and can be based on the Land Use/Land Cover Team’s review of programmatic objectives and an explicit identification of classification needs.  The final procedure, which is not completed to date, can be structured as a hierarchical analysis, in which finer resolution classifications can be undertaken in limited areas on an “as needed” basis.  In other words, the initial analysis need not address all requirements in order to be useful.

The second thing that will affect the utility of satellite imagery for the Chesapeake Bay Program is the attendant error analysis.  Because the resolution of the imagery and the limitations of the classification scheme will prevent the final data set from achieving 100% accuracy, it will be critical that any use of the data be supported by an explicit assessment of the inherent errors.  This is clearly true for any one set of imagery; it becomes doubly important when change through time is assessed by comparing a time series of images. 

In order for satellite imagery to meet the needs of the Chesapeake Bay Program, four things must happen:
      1. there must be a commitment and a process for acquisition of the raw satellite images on regular basis;

      2. there must be consensus on a classification scheme and an error analysis protocol;

      3. there must be a continuing arrangement (preferably distributed regionally within the watershed), for classification, change detection, and error analysis on each succeeding set of satellite images; and

      4. there must be a mechanism for archiving and distribution of the base data.

Recommended Procedure for Satellite Land Cover Data Processing and Estimated Costs
1. It is recommended that each Signatory State establish a Center of Excellence for processing land cover and land use data.

· Each State must take ownership of their part of the process so that the process and products are institutionalized and knit into the fabric at the State and local levels.

· Each Center would be responsible for creating accurate land cover data from satellite imagery and quality assessing the data to meet common accuracy requirements. The processed data would be made freely available to the Chesapeake Bay Program, partners at the federal, regional, state and local levels, and to the public.

· Each Center would be responsible for establishing land use data, including zoning, land ownership, property boundaries, or other data essential for determining land use. This would require partnerships with local government agencies which manage these types of information. Currently this information is not all in computerized format and the data are not held by single organizations.

· Each Center would be responsible for conducting analyses to support State-related Chesapeake Bay Program implementation, restoration, and protection activities.

· The annual cost to support each Center is on the order of $200-300K per year. First year costs would be higher to establish the Center, purchase hardware, software, data, and fund the necessary staff. Proposed staff requirements include 1 full-time project manager/analyst and 3 part-time field staff/analysts. The four staff would work in pairs in the field to collect ground-truthing data and quality assess the land cover data produced from imagery. Costs can be reduced if the computer infrastructure and trained staff already exist and can be utilized for this program.

· Imagery would be processed over a 2 year cycle (must have cloud-free imagery from early Spring; late Winter imagery is required for determining cropping). Imagery would be quality assessed, and change detection analyses conducted over the following 3 year cycle, to provide updated products on a 5-year schedule.

· The imagery would be processed multiple times using slightly different procedures to develop the various products required to support the Chesapeake Bay Program.

A standing contract for such services with state universities is likely to be a cost-effective approach.  An additional advantage of this approach is that it gets the data integrated into on-going research centers which will likely encourage creative uses.  Involving universities also creates a cadre of analysts and researchers familiar with the product who can then be a resource for special analyses required by groups within the Chesapeake Bay Program.

2. The Chesapeake Bay Program Office should establish a full-time technical analyst/coordinator to manage the basin-wide land use and land cover program. This person would be responsible for coordinating the program, establishing standards and procedures for processing satellite imagery, purchasing satellite imagery and aerial photography, quality checking State products, and conducting land cover and land use analyses to support the Chesapeake Bay Program. This person would be responsible for coordination with signatory and non-signatory states to obtain land cover and land use data for land in New York, West Virginia, and Delaware. Processed data from each Center of Excellence must be merged together so that there are no seams (as along state boundaries) so that a uniform basin-wide product is developed.

3. Full LandSat Thematic Mapper (LandSat TM) imagery should be purchased for 1998-1999-2000 for use in establishing the land cover baseline, required for the Executive Council Directive 97-1  Year 2000 “wetland status and trends”. This Year 2000 land cover would be used to cross-check the NWI database (which includes data from the late 1970’s to present) being developed. This one-time cross-check is necessary since the two products are created using different technologies and different timeframes. Future 5-year updates will rely on satellite imagery, so there must be a compatible baseline from which to compare.

4. For the near-future, LandSat TM (30 meter resolution) remains the preferred source of imagery, since it has sensors in the mid-infra-red which are required for sensing wetlands. Images from the new LandSat satellite will be managed by the Federal Government, so individual images (17 images cover the Basin) will cost approximately $400 (rather than $4000) in the future. The CBP should work with NASA, NOAA, and USGS to obtain imagery at no cost, on a regular basis, as part of the Bay Program partnership. Higher resolution imagery (5 meter) is needed for Forest Buffer analysis, so the appropriate imagery will be required in selected areas. However, higher resolution data requires faster computers, larger disk drives, and faster networks to process the large images. There will be trade-offs that must be made during the image processing.

5. The Coastal-Change Analysis Program (C-CAP) protocol for processing and classifying land cover is recommended for Chesapeake Bay Program use. The C-CAP protocol was developed in the 1980s to address Chesapeake Bay Program Remote Sensing Workgroup requirements. 

· C-CAP provides a classification scheme (Appendix C) that is appropriate for wetlands (incorporating the U.S. Fish and Wildlife Service’s Cowardin system used for NWI, Appendix B) as well as uplands. 

· Most importantly, it requires adequate quality assessment to provide data of known quality, which is a Chesapeake Information Management System (CIMS) requirement.

· The C-CAP protocol also incorporates change detection as a fundamental capability.

· The NOAA Coastal Services Center in Charleston, SC, has tentatively agreed to provide technical support and training so that the C-CAP products developed by the State’s Centers of Excellence are compatible and of acceptable quality.

6.
A phased approach to developing land use and land cover data is recommended.

· Purchase 1998-2000 LandSat data in FY1998.

· Establish Centers of Excellence in each of the signatory states in FY1998.

· Learn and become proficient with C-CAP protocol in FY1998/1999.

· Begin capturing ground-truthing data in FY1999.

· Reprocess the 1984 and 1988-1989 C-CAP LandSat data to gain proficiency and to give an earlier baseline for change analysis for specific programs. Obtain and process the 1984 and 1988-1989 LandSat data for the non-tidal portion of the basin, if the data are available in FY1999.

· Begin processing the 1998-2000 LandSat data as it becomes available in FY1999.

· Cross-check Year 2000 C-CAP product with Year 2000 NWI and establish baseline in FY2000.

· Establish dialog with local jurisdictions to obtain zoning and land records to develop land use databases required for Land Growth and Stewardship in FY1998/1999.

· Reprocess the 1991-1993 MRLC LandSat data using the C-CAP protocol in FY2001.

· Process the 1973-1983 NALC (80 meter) LandSat data to obtain a 25-year baseline prior to the latest surge in growth and development in FY2002. While the numbers would not be quite as resolved, valuable numbers could be generated.

· Begin purchase of data for 2005 analysis (FY2003/2004).
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Appendix A –  Chesapeake Bay Program Land Use and Land Cover Data Requirements.

Wetlands Protection Status and Restoration Trends

Table 1a.  Chesapeake Bay Program technical requirements for addressing Wetland Initiative policy and program management needs.

Chesapeake Bay Program Policy

Spatial Extent Required
Period of Update Required
Minimum Spatial Resolution Required
Maximum Spatial Resolution/Scale Required
Classification Requirements
Ground Truth Required (Yes/No)
Other Requirements

Wetlands Protection and Restoration Goals.

Chesapeake Executive Council Directive 97-2


Chesapeake Bay Watershed
5 year intervals
30  meter(s)
1 –10 meter(s)

C-CAP or NWI 
 wetlands classification system.
Yes
1.  Surrounding Land Use.

2.  Wetland function.

Table 1b.  Comparison of requirements to existing data sources.

Land Use Land Cover Programmatic Need
Existing Data Source
Spatial Extent Requirements Match
Period of Update Requirements Match
Minimum Spatial Resolution Requirements Match
Maximum Spatial Resolution/Scale Required Match
Classification Requirements Match
Ground Truth Requirements Match
Other Requirements Match

Locate Wetland Cover
C-CAP
No
No
Yes
No
Yes
Yes
1.  Yes

2.  Yes


EMAP
Yes
No
Yes
No
No
Yes
1.  Yes

2.  No


MRLC
Yes
No
Yes
No
No
No
1.  Yes

2.  No


NWI
No
No
No
No
Yes
Yes
1.  No

2.  Yes

Riparian Forest Buffer Restoration

Table 2a.  Chesapeake Bay Program technical requirements for addressing Riparian Forest Buffer Restoration Initiative policy and program management needs.

Chesapeake Bay Program Requirements

Spatial Extent Required
Period of Update Required
Minimum Spatial Resolution Required
Maximum Spatial Resolution/Scale Required
Classification Requirements
Ground Truth Required (Yes/No)
Other Requirements

Adoption Statement on Riparian Forest Buffers.

87 Chesapeake Bay Agreement: Population Growth and Development


Chesapeake Bay Watershed (or subset 35 feet adjacent to all streams within the watershed)
10 year intervals
10  meter(s)
1 meter(s)

Deciduous Forest Land

Evergreen Forest Land

Mixed Forest Land
Yes
1.  Wetland Identification. 

2.  Groundwater recharge areas.  3.  Surface Waterbodies.

Table 2b.  Comparison of Riparian Forest Buffer Initiative technical requirements with existing data sources.

Land Use Land Cover Programmatic Need
Existing Data Source
Spatial Extent Requirements Match
Period of Update Requirements Match
Minimum Spatial Resolution Requirements Match
Maximum Spatial Resolution/Scale Required Match
Classification Requirements Match
Ground Truth Requirements Match
Other Requirements Match

Locate Riparian Forests
C-CAP
No
No
No
No
Yes
Yes
1.  Yes

2.  No

3.  Yes


EMAP
Yes
No
No
No
Yes
Yes
1.  Yes

2.  No

3.  Yes


MRLC
Yes
No
No
No
Yes
No
1.  Yes

2.  No

3.  Yes

Forest Cover Trends

Table 3a.  Chesapeake Bay Program technical requirements for addressing forest cover program management needs.

Chesapeake Bay Program Requirements

Spatial Extent Required
Period of Update Required
Minimum Spatial Resolution  Required
Maximum Spatial Resolution/Scale Required
Classification Requirements
Ground Truth Required (Yes/No)
Other Requirements

Framework for habitat restoration.  Chesapeake Executive Council directive 94-3.

87 Chesapeake Bay Agreement: Population Growth and Development


Chesapeake Bay Watershed
10 year intervals
30 meter(s)

Deciduous Forest Land

Evergreen Forest Land

Mixed Forest Land

Yes


Table 3b.  Comparison of forest cover technical requirements with existing data sources.

Land Use Land Cover Programmatic Need
Existing Data Source
Spatial Extent Requirements Match
Period of Update Requirements Match
Minimum Spatial Resolution Requirements Match
Maximum Spatial Resolution/Scale Required Match
Classification Requirements Match
Ground Truth Requirements Match
Other Requirements Match

Locate and Differentiate Forest Cover Types
C-CAP
No
No
Yes

Yes
Yes



EMAP
Yes
No
Yes

Yes
Yes



MRLC
Yes
No
Yes

Yes
No


Nutrient Reduction Tributary Strategy Implementation

Table 4.1.a.  Chesapeake Bay Program technical requirements for addressing tributary strategy implementation and air and watershed modeling needs.

Chesapeake Bay Program Requirements

Spatial Extent Required
Period of Update Required
Minimum Spatial Resolution Required
Maximum Spatial Resolution/Scale Required
Classification Requirements
Ground Truth Required (Yes/No)
Other Requirements

Baywide Nutrient Reduction Progress and Future Directions.  Executive Council Directive 97-1.


Chesapeake Bay Watershed
5 year intervals 
15 meter(s)


6 Anderson developed classes. 

1.  Residential.  

2.  Commercial.  

3.  Industrial.  

4.  Transportation, etc. 

5.  Industrial and    Commercial Complexes.  

6.  Mixed Built-up.
Yes
Accurate categorization of impervious surface essential.

Bay Program partners must accept the lu/lc methodology for the data to be useful. 

Table 4.1.b.  Comparison of the technical requirements for tributary strategy implementation with existing data sources.

Land Use Land Cover Programmatic Need
Existing Data Source
Spatial Extent Requirements Match
Period of Update Requirements Match
Minimum Spatial Resolution Requirements Match
Maximum Spatial Resolution/Scale Required Match
Classification Requirements Match
Ground Truth Requirements Match
Other Requirements Match

Distinguish between 6 Anderson developed classes.

1.Residential.  2.Commercial.  3.Industrial. 4.Transportation, etc.           5.Industrial and Commercial Complexes.               6.Mixed Built-up.
C-CAP
No
No
No

No
Yes



EMAP
Yes
No
No

No
Yes



GIRAS
Yes
No
No

No
Yes



MRLC
Yes
No
No

No
No


Nutrient Reduction Tributary Strategy Implementation (continued)

Table 4.2..a.  Chesapeake Bay Program technical requirements for monitoring of agricultural land.

Chesapeake Bay Program Requirements

Spatial Extent Required
Period of Update Required
Minimum Spatial Resolution Required
Maximum Spatial Resolution/Scale Required
Classification Requirements
Ground Truth Required (Yes/No)
Other Requirements

Watershed Modeling.

Chesapeake Executive Council Directive 97-1.



Chesapeake Bay Watershed
5 year intervals
30 meter(s)


Cropland.  

Pasture.  

Hayland.  

Confined Feeding Operations.  

Low and High Till Agricultural Land.
Yes


Table 4.2.b.  Comparison of technical requirements to existing data sources.

Land Use Land Cover Programmatic Need
Existing Data Source
Spatial Extent Requirements Match
Period of Update Requirements Match
Minimum Spatial Resolution Requirements Match
Maximum Spatial Resolution/Scale Required Match
Classification Requirements Match
Ground Truth Requirements Match
Other Requirements Match

Locate and Identify:  Cropland

Pasture

Hay Fields

Confined Feeding Operations.
C-CAP
No
No


Yes
No
No
Yes



EMAP
Yes
No
Yes
No
No
Yes



GIRAS
Yes
No
Yes
No
No
Yes



MRLC
Yes
No
Yes
No
No
No


Nutrient Reduction Tributary Strategy Implementation (continued)

Table 4.3.a Chesapeake Bay Program technical requirements for monitoring of agricultural land.

Chesapeake Bay Program Requirements

Spatial Extent Required
Period of Update Required
Minimum Spatial Resolution Required
Maximum Spatial Resolution/Scale Required
Classification Requirements
Ground Truth Required (Yes/No)
Other Requirements

Watershed Modeling.

Chesapeake EC Directive 97-1.


Chesapeake Bay Watershed
5 year intervals
10 meter(s)

1 meter(s)
Best Management Practices
Yes


Table 4.3.b Comparison of technical requirements to existing data sources.

Land Use Land Cover Programmatic Need
Existing Data Source
Spatial Extent Requirements Match
Period of Update Requirements Match
Minimum Spatial Resolution  Requirements Match
Maximum Spatial Resolution/Scale Required Match
Classification Requirements Match
Ground Truth Requirements Match
Other Requirements Match

Locate and Identify:  Best Management Practices
C-CAP
No
No
No
No
No
No



EMAP
Yes
No
No
No
No
No



GIRAS
Yes
No
No
No
No
No



MRLC
Yes
No
No
No
No
No


Basin-wide Toxics Reduction and Prevention

Table 5a.  Chesapeake Bay Program technical requirements for addressing the Basin-wide Toxics Reduction and Prevention Strategy urban stormwater modeling needs.

Chesapeake Bay Program Requirements

Spatial Extent Required
Period of Update Required
Minimum Spatial Resolution Required
Maximum Spatial Resolution/Scale Required
Classification Requirements
Ground Truth Required (Yes/No)
Other Requirements

Chesapeake Bay Basin Wide Toxics Reduction and Prevention Strategy. 


Chesapeake Bay Watershed
5 year intervals
15 meter(s)


6 Anderson developed classes. 

1.Residential.  2.Commercial.  

3.Industrial.  4.Transportation, etc.  5.Industrial and Commercial Complexes. 

6.Mixed Built-up.
Yes
Accurate categorization of impervious surface essential.

Table 5b.  Comparison of technical toxics strategy requirements with existing data sources.

Land Use Land Cover Programmatic Need
Existing Data Source
Spatial Extent Requirements Match
Period of Update Requirements Match
Minimum Spatial Resolution Requirements Match
Maximum Spatial Resolution/Scale Required Match
Classification Requirements Match
Ground Truth Requirements Match


Distinguish between 6 Anderson developed classes.

1.Residential.  2.Commercial.  3.Industrial.  4.Transportation, etc.           5.Industrial and Commercial Complexes.               6.Mixed Built-up.
C-CAP
No
No
No

No
Yes



EMAP
Yes
No
No

No
Yes



GIRAS
Yes
No
No

No
Yes



MRLC
Yes
No
No

No
No


Land Growth and Stewardship Indicators

Table 6.1.a.  Chesapeake Bay Program technical requirements for tracking land use and land cover patterns.

Chesapeake Bay Program Requirements

Spatial Extent Required
Period of Update Required
Minimum Spatial Resolution  Required
Maximum Spatial Resolution/Scale Required
Classification Requirements
Ground Truth Required (Yes/No)
Other Requirements

96 EC Adoption Statement on Land, Growth and Stewardship.

87 Chesapeake Bay Agreement: Population Growth and Development


Chesapeake Bay Watershed
10 year intervals
30  meter(s)

1-3.  Low, Medium and High Density Residential. 

4.  Commercial.  

5.  Industrial.  

6.  Institutional/Open Bare Ground.

7.  Agricultural Land.

8.  Forest Land.

9.  Wetland.

10.  Extractive/Barren Land.


Yes


Table 6.1.b.  Comparison with technical requirements with existing data sources.

Land Use Land Cover Programmatic Need
Existing Data Source
Spatial Extent Requirements Match
Period of Update Requirements Match
Minimum Spatial Resolution  Requirements Match
Maximum Spatial Resolution/Scale Required Match
Classification Requirements Match
Ground Truth Requirements Match
Other Requirements Match

Status and Trends of:

1-3. Low, Medium, High Density Residential. 

4.  Commercial.  

5.  Industrial.  

6.  Institutional/Open Bare Ground.

7.  Agricultural Land.

8.  Forest Land.

9.  Wetland.

10.  Extractive/Barren Land.
EMAP
Yes
No
Yes

Yes/No

Yes



MRLC
Yes
No
Yes

Yes/No

No



GIRAS
Yes
No
Yes

Yes/No

Yes


Land Growth and Stewardship Indicators (continued)

Table 6.2.a.  Chesapeake Bay Program technical requirements for tracking the status of preserved agriculture or forest land.

Chesapeake Bay Program Requirements

Spatial Extent Required
Period of Update Required
Minimum Spatial Resolution  Required
Maximum Spatial Resolution/Scale Required
Classification Requirements
Ground Truth Required (Yes/No)
Other Requirements

96 EC Adoption Statement on Land, Growth and Stewardship.

87 Chesapeake Bay Agreement: Population Growth and Development


Chesapeake Bay Watershed
10 year intervals
30 meter(s) 

Preserved Agricultural land Forested land
Yes


Table 6.2.b.  Comparison of requirements to existing data sources.

Land Use Land Cover Programmatic Need
Existing Data Source
Spatial Extent Requirements Match
Period of Update Requirements Match
Minimum Spatial Resolution  Requirements Match
Maximum Spatial Resolution/Scale Required Match
Classification Requirements Match
Ground Truth Requirements Match


Status and Trends of:

Land preserved as agricltural or forest.
State plans
Uncertain if digital data exists for the whole watershed.
Data characteristics vary by state.
Data characteristics vary by state.

Data characteristics vary by state.
Uncertain



County plans
Uncertain if digital data exists for the whole watershed.
Data characteristics vary by county.
Data characteristics vary by county.

Data characteristics vary by county.
Uncertain



Local agricultural preservation plans
Uncertain if digital data exists for the whole watershed.
Data characteristics vary by locality.
Data characteristics vary by locality.

Data characteristics vary by locality.
Uncertain


Land Growth and Stewardship Indicators (continued)

Table 6.3.a.  Chesapeake Bay Program technical requirements for tracking status and trends of lot sizes.

Chesapeake Bay Program Requirements

Spatial Extent Required
Period of Update Required
Minimum Spatial Resolution  Required
Maximum Spatial Resolution/Scale Required
Classification Requirements
Ground Truth Required (Yes/No)
Other Requirements

96 EC Adoption Statement on Land, Growth and Stewardship.

87 Chesapeake Bay Agreement: Population Growth and Development


Chesapeake Bay Watershed
10 year intervals
Large Scale

Parcel Boundaries (lot size)



Table 6.3.b.  Comparison of requirements to existing data sources.

Land Use Land Cover Programmatic Need
Existing Data Source
Spatial Extent Requirements Match
Period of Update Requirements Match
Minimum Spatial Resolution  Requirements Match
Maximum Spatial Resolution/Scale Required Match
Classification Requirements Match
Ground Truth Requirements Match


Location and size of Parcel Boundaries
County data
Digital data may not exist for the whole watershed.
Digital data may not exist for the whole watershed.
Digital data may not exist for the whole watershed.

Digital data may not exist for the whole watershed.




MD Property View
No
Possibly
Yes (MD only)


Yes



Land Growth and Stewardship Indicators (continued)

Table 6.4.a.  Chesapeake Bay Program technical requirements for tracking the status and trends of recreational, conservation and open space land.

Chesapeake Bay Program Requirements

Spatial Extent Required
Period of Update Required
Minimum Spatial Resolution Required
Maximum Spatial Resolution/Scale Required
Classification Requirements
Ground Truth Required (Yes/No)
Other Requirements

96 EC Adoption Statement on Land, Growth and Stewardship.

87 Chesapeake Bay Agreement: Population Growth and Development


Chesapeake Bay Watershed
10 year intervals
Large Scale 

Recreation and open space plans; land trust and conservancy plans.
Not Applicable


Table 6.4.b.  Comparison of requirements to existing data sources.

Land Use Land Cover Programmatic Need
Existing Data Source
Spatial Extent Requirements Match
Period of Update Requirements Match
Minimum Spatial Resolution Requirements Match
Maximum Spatial Resolution/Scale Required Match
Classification Requirements Match
Ground Truth Requirements Match


State and county recreation and open space plans; land trust and conservancy plans.
State plans
Uncertain if digital data exists for the whole watershed.
Data characteristics vary by state.
Data characteristics vary.

Data characteristics vary by state.
Uncertain



County plans
Uncertain if digital data exists for the whole watershed.
Data characteristics vary by county.
Data characteristics vary.

Data characteristics vary by county.
Uncertain



Land trust and conservancy plans.
Uncertain if digital data exists for the whole watershed.
Characteristics vary organization.
Characteristics vary organization.

Characteristics vary by organization.
Uncertain


Appendix B - US FWS (Cowardin) Wetland Classification Scheme:  National Wetlands Inventory

1.0
Marine

1.1 Subtidal

1.11 Rock Bottom

1.12 Unconsolidated Bottom

1.13 Aquatic Bed

1.14 Reef

1.2 Intertidal

1.21 Aquatic Bed

1.22 Reef

1.23 Rocky Shore

1.24 Unconsolidated Shore

2.0
Estuarine
2.1 Subtidal

2.11 Rock Bottom

2.12 Unconsolidated Shore

2.13 Aquatic Bed

2.14 Reef

2.2 Intertidal

2.21 Aquatic Bed

2.22 Reef

2.23 Streambed

2.24 Rocky Shore

2.25 Unconsolidated Shore

2.26 Emergent Wetland

2.27 Scrub-Shrub Wetland

2.28 Forested Wetland

3.0
Riverine
3.1 Tidal

3.11 Rock Bottom

3.12 Unconsolidated Bottom

3.13 Aquatic Bed

3.14 Streambed

3.15 Rocky Shore

3.16 Unconsolidated Shore

3.17 Emergent Wetland

3.2 Lower Perennial

3.21 Rock Bottom

3.22 Unconsolidated Bottom

3.23 Aquatic Bed

3.24 Rocky Shore

3.25 Unconsolidated Shore

3.26 Emergent Wetland

3.3 Upper Perennial

3.31 Rock Bottom

3.32 Unconsolidated Bottom

3.33 Aquatic Bed

3.34 Rocky Shore

3.35 Unconsolidated Shore

3.4 Intermittent

3.41 Streambed

4.0
Lacustrine

4.1 Limnetic

4.11 Rock Bottom

4.12 Unconsolidated Bottom

4.13 Aquatic Bed

4.2 Littoral

4.21 Rock Bottom

4.22 Unconsolidated Bottom

4.23 Aquatic Bed

4.24 Rocky Shore

4.25 Unconsolidated Shore

4.26 Emergent Wetland

5.0  
Palustrine

5.11 Rock Bottom

5.12 Unconsolidated Bottom

5.13 Aquatic Bed

5.14 Unconsolidated Shore

5.15 Moss-Lichen Wetland

5.16 Emergent Wetland

5.17 Scrub-Shrub Wetland

5.18 Forested Wetland

Appendix C - C-CAP Coastal Change Analysis Program Classification System

1.0 Upland

1.1 Developed Land
1.11 High Intensity

1.12 Low Intensity

1.2 Cultivated Land
1.21 Orchards/Groves/Nurseries

1.22 Vines/Bushes

1.23 Cropland

1.3 Grassland
1.31 Unmanaged

1.32 Managed

1.4 Woody land
1.41 Deciduous

1.411 Forest

1.412 Scrub/Shrub

1.42 Evergreen

1.421 Forest

1.422 Scrub/Shrub

1.43 Mixed

1.431 Forest

1.432 Scrub/Shrub

1.5 Bare Land
1.6 Tundra
1.7 Snow/Ice
1.71 Perennial Snow/Ice

1.72 Glaciers

2.0 Wetland
2.1 Marine/Estuarine Rocky Shore

2.11 Bedrock

2.12 Rubble

2.2 Marine/Estuarine Unconcolidated Shore

(Beach, Flat, Bar)

2.21 Cobble-gravel

2.22 Sand

2.23 Mud/Organic

2.3 Marine/Estuarine Emergent Wetland
2.31 Haline (Salt Marsh)

2.32 Mixohaline (Brackish marsh)

2.4 Estuarine Woody Wetland

2.41 Deciduous

2.411 Forest

2.412 Scrub/Shrub

2.413 Dead

2.43 Mixed

2.431 Forest

2.432 Scrub/Shrub

2.433 Dead

2.5 Riverine Unconsolidated Shore
(Beach, Flat, Bar)

2.51 Cobble-Gravel

2.52 Sand

2.53 Mud/Organic

2.6 Lacustrine Unconsolidated Shore

(Beach, Flat, Bar)

2.61 Cobble-Gravel

2.62 Sand

2.63 Mud/Organic

2.7 Palustrine Unconsolidated Shore
(Beach, Flat, Bar)

2.71 Cobble-Gravel

2.72 Sand

2.73 Mud/Organic

2.8 Palustrine Emergent Wetland

(Persistent)

2.9 Palustrine Woody Wetland
2.91 Deciduous

2.911 Forest

2.912 Scrub/Shrub

2.913 Dead

2.92 Evergreen

2.921 Forest

2.922 Scrub/Shrub

2.923 Dead

3.0 Water and Submerged Land
3.1 Water

3.11 Marine/Estuarine

3.12 Riverine

3.13 Lacustrine (Basin >20 acres)

3.14 Palustrine (Basin <20 acres)

3.2 Marine/Estuarine Reef

3.3 Marine/Estuarine Aquatic Bed

3.31 Algal (e.g., kelp)

3.32 Rooted Vascular (e.g., seagrass)

3.321 (High Salinity (> 5 ppt; Meshohaline, Polyhaline, Euhaline, Hyperhaline)

3.322 Low Salinity (<5 ppt; Oligohaline, Fresh)

3.4 Riverine Aquatic Bed

3.41 Rooted Vascular/Algal/Aquatic Moss

3.42 Floating Vascular

3.5 Lacustrine Aquatic Bed (Basin >20 acres)

3.61 Rooted Vascular/Algal/Aquatic Moss

3.62 Floating Vascular 

Appendix D - Wetlands Workgroup Report to the Principals’ Staff Committee Chesapeake Bay Program
At the April 25, 1997 meeting of the Chesapeake Bay Program (CBP) Principals’ Staff Committee (PSC), the Wetlands Workgroup of the Living Resources Subcommittee was asked to report on three issues: (1) development of a status and trends analysis of wetlands resources in the Bay watershed; and (2) establishment of goals for wetlands management, and (3) status of the Wetlands Initiative.

The Wetlands Workgroup met to consider the first two issues and was able to reach agreement on each.  The consensus reached by the Workgroup is summarized below.

Wetlands Status and Trends Monitoring
The goal of monitoring the status and trends of wetlands in the Chesapeake Bay watershed can best be achieved by committing to a continuing program of acquisition, classification and analysis of satellite imagery.  This approach will serve many purposes within the CBP in addition to wetlands monitoring.  The technology and techniques for this type of analysis currently exist and need only a commitment to implementation to begin producing results.   The principle issue to be resolved across CBP subcommittees and workgroups is the classification protocol.  This should not be a complex nor lengthy discussion.  The technical issues could be resolved by the end of 1997 and status and trends monitoring could begin in 1998.  Because of the cross program benefits, initiation of this approach should be a high priority.

Establishment of Goals for Wetlands Management
The PSC expressed a desire for numeric goals which might be used to guide and evaluate wetlands management efforts within the Bay watershed. The establishment of specific acreage goals for wetlands management in the Chesapeake Bay watershed is complicated by the lack of a sound basis for selecting a target.  Absent good information on status and trends, practical options are difficult to identify.  The best the Workgroup can do at the present time is rely on the assessment completed in 1994 of Bay watershed wetland trends.  This study suggests a 3,000 acre per year restoration/creation target, based on the CBP commitment to a "no‑net loss" policy for wetlands.  The Workgroup, however, believes this rate to be unrealistic in the face of current activities, costs, and other CBP goals.  Ideally, a CBP wetlands restoration goal would not be established until one could be developed based on results from the wetlands status and trends data collection and assessment.

Wetlands Status and Trends Monitoring
Background:
Accurate mapping of wetland resources has been and remains a technically difficult task.  To date, no method has been developed which is simultaneously very accurate and capable of covering large areas synoptically.  In consideration of all the available methods, and the attendant limitations of each, the Wetlands Workgroup is of a consensus that the Chesapeake Bay Program (CBP) should concentrate on utilization of satellite imagery for CBP status and trends reporting. 

There are three reasons for believing the CBP should focus on satellite imagery as the solution to wetlands status and trends monitoring: (1) cost; (2) coverage; and (3) currency.  Acquisition and classification of satellite imagery is cheaper than any other wetlands mapping method by at least an order of magnitude.  In addition, classified satellite imagery will provide coverage of many different resources in addition to wetlands.  This imparts a utility to the information that is well beyond the interests of the Wetlands Workgroup (e.g. CBP modeling, forest buffer restoration, habitat restoration targeting, Land, Growth, & Stewardship interests, etc.).  Finally, satellite imagery is the only effective means to achieve a nearly synoptic assessment of conditions throughout the Bay watershed.  All other methods have proven to take years to either collect or evaluate the base information. 

A CBP commitment to satellite based monitoring must address several additional concerns in order to be truly useful for monitoring wetland resources.  First, the classification protocol used to identify land cover/land use types must resolve wetland types to the maximum extent possible.  The classification scheme currently used for CBP land cover information does not provide information on wetland types.  The Wetlands Workgroup believes that a commitment to completion of National Wetlands Inventory program mapping of the entire watershed can mitigate some of this problem.  If the effort to generate new, digital NWI maps for the entire watershed could be brought to an expeditious conclusion, that information could be used as a benchmark for all future satellite imagery based inventories. Second, the change detection protocol used for trends analysis must be well established and must include an error assessment.  At the present time, NOAA's Coastal Change Analysis Program (C‑CAP) comes closest to meeting these requirements, but there are also other programs with relevant strengths. 

Conclusion:
The goal of monitoring the status and trends of wetlands in the Chesapeake Bay watershed can best be achieved by committing to a continuing program of acquisition, classification and analysis of satellite imagery.  This approach will serve many purposes within the CBP in addition to wetlands monitoring.  The technology and techniques for this type of analysis currently exist and need only a commitment to funding to produce short-term results.   The principle issue to be resolved across CBP subcommittees and workgroups is the classification protocol.  This should not be a complex nor lengthy discussion.  The technical issues could be resolved by the end of 1997 and status and trends monitoring could begin in 1998.  Because of the cross program benefits, initiation of this approach should be a high priority.

Establishment of Goals for Wetlands Management
Background:
1.
Establishment of a wetland acreage goal for the current Wetlands Initiative would be inappropriate given the objective of this effort.  The Initiative is intended to provide local users with a planning tool that will assist them in incorporating wetlands into the local planning process.  It is designed to to be implemented on a watershed basis and to serve purposes largely determined by the local user.  As a result there is no basis for expecting, nor desiring a change in the complement of wetlands as a direct result of this Initiative.  Rather, the hope is to preserve the public benefits derived from existing wetlands by enabling "informed" decision‑making.  If there is a desire to establish a numeric goal related to this Initiative, it would be most appropriate to establish a goal for the number of areas implementing the planning process.  At the present time the Initiative is described as having a tentative goal of application of the process to all interested areas within the Bay watershed within ten years.  This could be more solidly articulated if desired. 

2.
The consensus was that a preservation goal would be difficult to track and almost impossible to target.  The Workgroup considered a number of approaches to establishing program‑wide goals for wetlands preservation, restoration and/or creation.  Preservation is currently driven primarily by permitted losses to the resource (i.e. compensation for unavoidable losses is achieved by purchasing existing wetland acreage).  Therefore, establishing a preservation goal is tantamount to setting a goal for destruction of the resource.  

3.
Establishing a restoration/creation goal can best be justified on the basis of documented losses to the resource, particularly given the CBP commitment to a "no‑net loss" wetlands policy.  The best available estimation of losses is developed in the recent Tiner report on trends within the Chesapeake Bay watershed.  That study estimated net wetland losses over the 1982 to 1989 period to approach 21,000 acres.  From this one might extrapolate a need for restoration/creation of wetlands at a 3,000 acre per year rate in order to achieve the stated "no‑net loss" goal. 

However, the Workgroup is of the opinion that a 3,000 acre per year restoration/creation goal is unrealistic.  This assessment is based on at least three considerations:

(a)
The current rate of wetland restoration/creation is no where near 3,000 acres per year.  There is no basis for anticipating that it would be possible to accelerate to such a level. 

(b)
The costs of restoring/creating a wetland are significant.  Typical costs can range up to $60,000 per acre.  At this level the costs of achieving a 3000 acre per year goal would be $180,000,000 per year.  

(c)
Related CBP goals are much more tractable.  For example, the riparian forest buffer restoration goal of 2010 miles by 2010 equates to approximately 1136 acres per year, and riparian forests are generally far easier to restore than wetlands.

Finally, a CBP wetlands goal should take into consideration existing goals already established in the Bay watershed (e.g., the State of Maryland’s 60,000 acre goal and the Chesapeake Bay Foundation’s 200,000 acres by 2010 goal).

Conclusion:
The PSC expressed a desire for numeric goals which might be used to guide and evaluate wetlands management efforts within the Bay watershed. The establishment of specific acreage goals for wetlands management in the Chesapeake Bay watershed is complicated by the lack of a sound basis for selecting a target.  Absent good information on status and trends, practical options are difficult to identify.  The best the Workgroup can do at the present time is to rely on the assessment completed in 1994 of Bay watershed wetland trends.  This study suggests a 3,000 acre per year restoration/creation target, based on the CBP commitment to a "no‑net loss" policy for wetlands.  The Workgroup, however, believes this rate to be unrealistic in the face of current activities, costs, and other CBP goals.  Ideally, a CBP wetlands restoration goal would not be established until one could be developed based on results from the wetlands status and trends data collection and assessment.
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USDA NRCS
@epamail.epa.gov

Howard Weinberg
CBP / Living Resources
@epamail.epa.gov

Nita Sylvester
EPA / CBPO
@epamail.epa.gov

Mark Lane
CRC / CBPO / Monitoring SC
@epamail.epa.gov

Heather Daniel
CRC / CBPO / Toxics
@epamail.epa.gov

Lori Bouman
CRC / CBPO / Wetlands
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Jennifer Koss
CRC / CBPO / LGSS
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Joel Michalski
NOAA
joel.michalski@noaa.gov

Patrick Nowlan
CRC / CBPO / GISWG
@epamail.epa.gov

Kelly Eisenman
EPA / CBPO / Toxics SC
@epamail.epa.gov

Ann Lackey
CRC / CBPO
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Carin Bisland
LRSC / CBPO Ecosystem Cluster
@epamail.epa.gov
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EPA / CBPO / Monitoring SC
@epamail.epa.gov

Rich Batiuk
EPA Science Cluster
@epamail.epa.gov

Jim Hannawald
NSC / CBPO
@epamail.epa.gov

Kate Hopkins
CRC / CBPO / Modeling
@epamail.epa.gov

Roger Barlow
USGS / GIS WG
rbarlow@usgs.gov

Susan Clark
USGS / GIS WG
sccclark@usgs.gov

Lewis Linker
EPA / CBPO / Modeling
@epamail.epa.gov

Menchu Martinez
EPA / CBPO / LGSS
@epamail.epa.gov

Carl Hershner
VIMS, Wetlands Workgroup
carl@wetlan.vims.edu

Tim Foresman 
UMBC, GISWG
foresman@umbc.edu

Chris Daniel
UMBC
cdaniel@umbc.edu







� The Directive calls for  “wetland status and trends in the Bay watershed every 5 years” and completion of the National Wetlands Inventory Program mapping for the entire watershed to be used as a baseline. 


� While 30 meter resolution is a viable trade-off between the amount of wetlands captured and data management needs, not all wetlands would be captured.  Some coastal fringe wetlands are as small as 1 meter in width.  While the great majority of wetlands would be captured for status and trends, a finer spatial resolution would increase accuracy of the assessment, especially since many wetland changes are small.


� See Appendix A for C-CAP and Appendix B for NWI.


� The Adoption Statement specifies a commitment to repeating the inventory of riparian forests in the Chesapeake Bay watershed at periodic intervals, continually refining the technological capabilities and resolution of the inventory, in order to accurately measure progress and program accomplishments against baseline findings of the inventory completed in 1996.


� The CBP will plan for and manage the adverse environmental effects of human population growth and land development in the Chesapeake Bay Watershed.


� Ten meter resolution would cover 32.8 feet of a 35 foot buffer; better resolution will provide improved information on the location and species of riparian buffer.


� The CBP will continue to develop additional quantifiable goals for habitat restoration and improve the scientific and analytical base for program integration and targeting through the development of a geographic data base. 


� The CBP will plan for and manage the adverse environmental effects of human population growth and land development in the Chesapeake Bay Watershed.  Land development has led to the loss of forested land and an increase in forest fragmentation.  Inventorying forested land is essential to forest management.


� The CBP has a commitment to continue efforts to refine the modeling of the Bay and its watershed to assess the effectiveness of nutrient reduction goals to improve water quality and sustain living resources in the Bay and its tidal tributaries.  Land cover data is an important component of the model.


� Fifteen meters is an estimation of the resolution necessary to remotely sense the specified data classes. In the past, satellite sensors with thirty meter resolution have been unable to differentiate between these six classes.


� Mapping and accurately classifying impervious surfaces is of great importance to watershed modeling efforts.


� The CBP has a commitment to continue efforts to refine the modeling of the Bay and its watershed to assess the effectiveness of nutrient reduction goals to improve water quality and sustain living resources in the Bay and its tidal tributaries.  Land cover data is an important component of the model.


� While thirty meter resolution may be adequate to distinguish these features, there may not be enough spectral uniqueness to differentiate between these classes in an automated manner.


� The CBP has a commitment to continue efforts to refine the modeling of the Bay and its watershed to assess the effectiveness of nutrient reduction goals to improve water quality and sustain living resources in the Bay and its tidal tributaries.  Land cover data is an important component of the model.


� Ten meters is only an estimation of the resolution required to locate and distinguish Best Management Practices.


� The strategy commitments focuses on point source discharges to surface waters and other  sources identified as significantly contributing to chemical contaminant loadings to the Bay--stormwater runoff and atmospheric deposition. Land use and land cover data is required so the CBP can report on progress towards the strategy goal and implementation of the commitments by modeling the toxic component of urban storm water runoff.


� Fifteen meters is an estimation of the resolution necessary to remotely sense the specified data classes. In the past, satellite sensors with thirty meter resolution have been unable to differentiate between these six classes.


� Develop a database for land, growth and stewardship to analyze trends, measure goals and provide technical assistance.


� Plan for and manage the adverse environmental effects of human population growth and land development in the Chesapeake Bay Watershed.


� EMAP does not have “medium residential” or “extractive/barren” land.


� MRLC has no “medium residential” class.


� GIRAS has only one residential class.


� Develop a database for land, growth and stewardship to analyze trends, measure goals and provide technical assistance.


� Plan for and manage the adverse environmental effects of human population growth and land development in the Chesapeake Bay Watershed.


� Develop a database for land, growth and stewardship to analyze trends, measure goals and provide technical assistance.


� Plan for and manage the adverse environmental effects of human population growth and land development in the Chesapeake Bay Watershed.


� A GIS coverage of parcel centroids exists.  Parcel boundaries are not in vector format.  This is a potential limitation on the usefulness of the data.


� Develop a database for land, growth and stewardship to analyze trends, measure goals and provide technical assistance.


� Plan for and manage the adverse environmental effects of human population growth and land development in the Chesapeake Bay Watershed.
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