Bonneville Power Administration

FY 2001 Innovative Project Proposal Review

PART 2 of 2. Narrative

Title
:  Waterbody and Aquatic Habitat Characterization Utilizing High Resolution Satellite Imagery and Aerial Imagery
Section 3. Project description

a. Abstract

Commercial high resolution satellite imagery is now available with the recent launch of the Space Imaging Corporation’s IKONOS satellite (Brown 2000).    Commercial satellite imagery products are delivered fully georectified and may be directly imported into Geographic Information Systems (GIS) as image themes.   Image themes enable spatial analysis of stream morphology and the primary physical characteristics of aquatic habitat.   Spatial analysis of imagery along a riparian corridor or throughout a basin helps aquatic biologists, fisheries managers and water quality modelers to assess waterbody and habitat condition on a stream reach or watershed scale.  Repeat satellite images are available as frequently as once every three days, providing a valuable image source for change analysis.  

Relatively easy to use software for GIS and remote sensing has been developed for the Microsoft Windows operating system.  In particular, products by Environmental Research Systems Incorporated (ESRI) including ArcView, Spatial Analyst, 3D Analyst, Image Analyst and ArcPad have greatly improved the accessibility of aerial imagery and remote sensing techniques for a broader user community.    Coupled with Global Positioning System technology (GPS) and handheld computers, GIS enabled aerial imagery provides an efficient means to record field data.    The combination of readily available high resolution aerial imagery, GPS technology and accessible  software brings an important new tool to the routine evaluation of aquatic resources (Teasdale 2000).  

Practicing fisheries biologists, aquatic scientists, and water quality engineers are generally unfamiliar with the advantages and limitations of the new high resolution satellite imagery.  Some may be unaware of the scope and cost effectiveness of aerial imagery alternatives such as traditional large format aerial film photography, small and medium format aerial film photography, digital aerial frame imagery, and aerial videography.   This project will acquire high resolution satellite and aerial imagery at selected stream, reservoir and upland sites,  and demonstrate its use for waterbody assessment in typical field applications.  An imagery use guidance manual will be developed that is designed to meet the needs of practitioners with little or no formal training in remote sensing. 

b. Technical and/or scientific background

High resolution aerial imagery can help aquatic scientists, water engineers and resource managers evaluate the physical structure of waterbodies.  Aerial imagery brings a perspective to aquatic assessment that is difficult to obtain otherwise and enables evaluators to extend an analysis to larger scales and plan effective use of limited field resources (Teasdale 2000). The importance of proper characterization of physical structure in running waters is well documented in the scientific and engineering literature.  Excellent summaries from an ecosystem perspective are available (Spence, Lomnicky et al. 1996).    

Alteration of the physical structure of habitat by human activities degrades aquatic resources (Karr 1991).   Evaluation of physical habitat structure is a crucial task in the assessment of stream biological integrity   Physical characterization includes documentation of general land use, description of the stream origin and type, summary of the riparian vegetation features, and measurements of instream parameters such as width, depth, flow, and substrate, channel morphology, and flow energy dissipation structures. (Barbour, Gerritsen et al. 1999).

At least three protocols for characterization  of wadeable stream habitat are used in northern Idaho: USEPA’s Rapid Bioassessment Protocols for Use in Streams and Wadeable Rivers: Periphyton, Benthic Macroinvertebrates and Fish (Barbour, Gerritsen et al. 1999)  as modified for the Pacific Northwest by Region 10 EPA (Hayslip 1993); the Protocols for Conducting Use Attainability Assessments for Determining Beneficial Uses to be Designated on Idaho Stream Segments developed by the Idaho Division of Environmental Quality (Meret and Jensen 1991); and the Hankin and Reeves Basin Wide Survey Methodology as adapted by the Nez Perce National Forest (Anderson and al. 1995).    Each of these methodologies has in common a need for a semi-quantitative analysis of stream physical structure.  Typical primary parameters include bottom substrate and instream cover, embeddedness, flow velocity for riffle/run prevalence streams; and pool substrate, instream cover, pool variability and canopy cover for streams with a glide/pool prevalence.   Secondary parameters include channel shape, channel sinuosity, width to depth ratio, and bank vegetative protection channel shape, pool/riffle ratio, width to depth ratio, and bank vegetative protection. Tertiary parameters include lower bank stability, disruptive pressures on the stream bank, a zone of influence in the riparian area.  High resolution aerial imagery can enable a quantitative spatial description of stream structure sequence and augment the evaluation of the secondary and tertiary channel parameters. 

A concern in development of Total Maximum Daily Load (TMDL) assessments is the development of nutrient pollutant criteria and modeling of nutrient impacts (EPA 1999).  An important area of research is the response of periphyton to nutrient loads.  It is not possible to properly characterize periphyton response without an understanding of the abiotic factors at work in a stream.   The dominant abiotic influence in many streams is the disturbance regime  (Lohman, Jones et al. 1992; Biggs 1996 ; Resh, Brown et al. 1988; Peterson 1996; Robinson and Minshall 1986).   An analysis of stream physical structure along with an evaluation of hydrologic variability must be conducted to characterize the disturbance regime.  Temporal and spatial analysis of high resolution aerial imagery enables such an analysis on a stream reach or watershed scale.  

Characterization of physical stream structure is important in fisheries management.  General guidelines for desirable trout habitat characteristics have been developed for various parts of the country such as those developed for use in Montana (Hunter 1991).  Important physical characteristics identified by Hunter include streamside habitat, vegetation overhang,  shading, bank stability, bank angle, bank height, bank undercut, water width to depth ratio, pool/riffle ratio, and instream aquatic vegetation.  Detailed methodologies have been developed for evaluating impacts of flow reductions (Bovee 1982) which depend on an adequate description of physical structure.   

Proper characterization of the physical structure of rivers and estuaries is crucial to the development of reliable hydrodynamic and water quality models (EPA 1997; ASCE 1996; Bedient 1992; Thomann and Mueller 1987).  Many commonly applied models (HEC1, HEC2, HEC-RAS, QUAL2E, WASP, HSPF, and EPA BASINS) used for flood prediction and waste load allocation require detailed spatial information of stream structure and watershed characteristics.  These models are widely used by the engineering community and water quality agencies to assess water quality impacts due to pollutants and land use change.  Aerial imagery has long been used to acquire basic geometric properties of streams and estuaries in the planning of water resource works and flow modeling (Leuder 1959).   EPA provides a comprehensive list of modeling tools for watershed analysis and TMDL development that required reliable spatial detail (Shoemaker, Lahlou et al. 1997). 

The methods and techniques of satellite and aerial image acquisition, processing and analysis are highly developed and covered in detail by standard works (Philipson 1997), (Slama, Theurer et al. 1980; Wolf and Dewitt 2000; Lillesand and Kiefer 1994; Cambell 1996; Jensen 1996).   Recent developments in space image processing have been summarized (Sanchez and P.Canton 1999).  Techniques, advantages and limitations of small format aerial imaging been discussed and summarized (Warner, Graham et al. 1996).    

For the last three years the project director has been using and refining the  techniques of small format aerial imaging in support of research work in water quality modeling and watershed characterization with a particular emphasis on TMDL analysis support.   Teasdale Environmental Associates owns and operates a light aircraft that is fitted with a variety of small format digital and film cameras capable of providing high resolution vertical and oblique aerial still images and digital videography.   While not yet widely applied in the Pacific Northwest, aerial digital imaging and color videography is being used in other regions of the U.S. and Canada to support environmental monitoring, natural resource assessment and stream characterization (ASPRS 1997).  Standards for acquisition of aerial imagery for stream assessment have been proposed in British Columbia (Ham 1996).  

Development of aerial image themes and spatial analysis using GIS systems are also highly developed and software driven (Aronoff 1993).  Utilization of remote sensing and GIS in  ecosystem management has been discussed (Sample 1994).  Publications demonstrating the techniques and applications of GIS analysis are available from developers of GIS software and other sources [ for example, Ormsby, 1999 #29].  

c. Rationale and significance to Regional Programs

Appendix A,  Recommendations Regarding Habitat Objectives and Funding Sources of The 1994 Columbia River Basin Fish And Wildlife Program identifies the need to better manage land use impacts from roads, grazing, timber harvest,  and mining  on   sediment supply, bank stability, water quality, riparian vegetation and stream morphology.  An essential step in management of these problems is characterization and monitoring of land use in critical areas along and adjacent to riparian corridors.  Appropriate use of high resolution aerial imagery can help scientists, engineers and resource managers accomplish this more efficiently.   

Section 3 of the plan, Coordinated implementation, Research, Monitoring and Evaluation, stresses the importance of monitoring and evaluation activities to ensure that the region systematically improves its knowledge of what measures do or do not work.  Spatial analysis of high resolution imagery offers an effective means to assess land use management practices and the temporal change of impact on aquatic resources.

The designation of critical habitat for salmonid species often includes the riparian zone because of its regulating effect on shade, sediment, nutrient/chemical regulation, streambank stability, and input of large woody debris/organic matter.  High resolution aerial imagery can help aquatic scientists identify, evaluate and monitor critical habitat in an ongoing monitoring process. The “ManTec” report (Spence, Lomnicky et al. 1996) recognized that rapid detection of trends depends on early and precise assessments of condition and that habitat conservation plans should encourage assessment monitoring.  It recommended development of data management systems based on compatible remotely sensed data and site observation.   Table 15-1 in the report suggested several evaluation parameters that may be evaluated with high resolution aerial imagery.  These include channel and watershed land cover parameters.  

d. Relationships to other projects 

As indicated by the “ManTec Report” and the above discussion, virtually all habitat conservation and stream restoration planning efforts can benefit from the acquisition high resolution aerial imagery and subsequent incorporation into GIS image themes.  The compendium of biological opinions by the Habitat Conservation Division of the National Marine Fisheries Service lists many current habitat conservation projects involve stream restoration.  It is important that stream corridor monitoring include periodic review of watershed cover and land use, including proposed changes (FISCRWG 1998), tasks which are greatly assisted with aerial imagery and spatial analysis.  Aside from quantitative and qualitative spatial analysis to support conservation plan development, high resolution aerial imagery offers an effective means to document implementation of restoration measures and monitor stability over time.  In addition, Cornett points out that GIS and remote sensing products can help facilitate public involvement in environmental management decision making. (Sample 1994).  

e. Proposal objectives, tasks and methods

Objective 1.  Demonstrate use of high resolution aerial imagery for waterbody assessment.

The overall goal is to enhance the techniques of aquatic resource evaluation, which in turn will enable more effective protection and restoration at a project level. 

a. Send introductory information about project objectives to selected agency technical personnel who have significant experience in the evaluation of aquatic resources.    Preliminary contacts indicate representatives from Idaho Fish and Game, Idaho DEQ,  The Nezperce Tribe Water Resources Department, and the Grant County Public Utility District may be interested in the practical use of high resolution aerial imagery.

b. Meet with prospective agency scientists and managers to select final study areas.   Study areas with strong potential include the Potlatch River in the Clearwater Basin for stream assessment, Wanapum reservoir for shoreline and macrophyte assessment, and burn areas in Hells Canyon from the summer 2000 forest fires for assessment of vegetation regrowth and stream recovery.  A major component of this project is to develop a practical guidance manual that meets the needs of practicing aquatic scientists, resource managers and water quality engineers who have little or no previous experience with aerial imagery, and who do not generally have access to professionally trained image interpreters, cartographers and photogrammetrists.  Discuss potential applications of aerial imaging.  Develop an initial list of waterbody attributes to be measured or interpreted from the aerial imagery.   Specify objective criteria for evaluating image effectiveness where possible.  

c. Seek and acquire historic film aerial photography for each project area.  Likely sources include the U.S. Geological Survey, U.S. Army Corps of Engineers,  U.S. Forest Service,  U.S. Bureau of Land Management, University of Idaho Aerial Photography Archives, Grant County Public Utility District, and Idaho Power Company.

d. Develop georectified image themes of the historic aerial photography.  GIS coverages will be developed with ESRI ArcView GIS and ESRI Image Analyst.  Other spatial themes will be acquired from public sources.  These will include digital elevation model coverages, USGS land use classifications, USGS digital raster graphic topographic quadrangles, National Hydrography Dataset coverages,  political boundaries, transportation system networks, soil type coverage, climate and hydrology themes, among others.  The purpose of the data assembly is to enable more informed interpretation of the aerial imagery and facilitate hydrologic analysis.  

e. Develop an initial watershed hydrology model of the selected stream assessment study area using the U.S. EPA BASINS program and the compatible Nonpoint Source Model (a derivative of HSPF).   The purpose of this task is to demonstrate the development of a fairly complex environmental model from imagery derived data. 

f. Purchase high resolution commercial satellite imagery for each project area.  Most likely the source will be Space Imaging Corporation, although other providers will be considered.    Imagery will be selected from that available for the summer of 2000.  Image products will include panchromatic (black and white) imagery at one-meter resolution and four-meter resolution color and infrared imagery.  Commercial satellite image products may be purchased without the necessity of contracting for aerial photographic services.  Commercial satellite imagery is not public domain and is licensed for individual or agency use. Licensing provisions must be respected and observed.  Several types of image products will be purchased and compared to demonstrate the utility of each type for waterbody assessment.  

g. Develop georectified image themes from the high resolution satellite imagery.  Compare the new and historic imagery and conduct an initial temporal change analysis.   Only panchromatic, color and color infrared imagery will be acquired and compared in this project.  No analysis of multispectral or hyperspectral data will be conducted.   

h. Conduct a spatial and interpretive analysis of the GIS image themes and attempt a determination of the desired waterbody attributes specified by the agency cooperators for each project area.

i. Refine the stream study area hydrologic analysis using the satellite imagery.

Objective 2.  Evaluate the ability of the historic aerial photography and high resolution commercial satellite imagery to provide the waterbody attributes desired by the agency cooperators. 

a. Meet with agency cooperators to review the aerial image themes and ancillary GIS data.  Discuss the image acquisition and image processing steps.  Demonstrate software processing techniques and attribute extraction.   Evaluate the image derived waterbody attribute information according to the evaluation criteria.

b. Conduct field evaluations to verify the accuracy of the image derived attributes.  It is desirable that the field be evaluation be done with participation of the cooperators. 

c. Compare field data with imagery assessments and evaluate the ability of the commercial satellite imagery to provide the desired waterbody attribute data. 

d. Demonstrate the watershed hydrologic analysis for the stream assessment project area and compare with historic stream data.  Discuss the results of the initial temporal change analysis for all study areas.  

e. Discuss the capabilities, advantages and limitations of small format aerial imagery with the agency cooperators and develop a supplemental small format aerial image acquisition plan.   Involve the cooperators in determining the relevant flight parameters such as format selection, target resolution,  flight altitude,  coverage area, and image product characteristics.  Revise the evaluation criteria if necessary.    

Objective 3.  Acquire and process supplemental high resolution small format aerial imagery for  each project area.

a. Acquire the small format aerial imagery as specified in the imagery acquisition plan.  Supplemental imagery will be obtained with aircraft and equipment owned or hired by Teasdale Environmental Associates.   It is not intended for agency cooperators to participate in actual flight operations.  

b. Process and georectify the supplemental small format imagery to produce GIS image themes.  Produce the image products specified in the acquisition plan. 

c. Conduct a spatial and interpretive analysis of the small format aerial image themes and attempt a determination of the desired waterbody attributes specified by the agency cooperators for each project area.

d. Meet with agency cooperators to review the supplemental aerial image themes.  Evaluate the image derived waterbody attribute information according to the evaluation criteria. Conduct supplemental field evaluations if necessary. 

Objective 4.  Demonstrate the use of a portable GIS/GPS field data acquisition system. 

a. In consultation with the agency cooperators, configure the GIS/GPS data acquisition  system to enable recording of the desired attribute information.   Aerial image themes can be displayed on the GIS/GPS to allow field evaluation and annotation of the aerial and satellite imagery.   This greatly facilitates field recording and subsequent office analysis of both the aerial imagery and field data.  The GIS/GPS system will based on ESRI ArcPad software and Trimble GPS equipment.  

b. Demonstrate the use of the GIS/GPS data acquisition system and collect field data within the project area.  

c. Review and summarize field data collected with the GIS/GPS data acquisition system.  Discuss data products with the agency cooperators.  

Objective 5.  Develop an aerial imagery use guidance manual.

It is not the intent to of this project provide extensive training in the use of GIS and remote sensing software, since these materials and training are available elsewhere.  Software applications will be used and demonstrated throughout the project.  Example applications and introductory tutorials will be included in the guidance manual.  

a. Review the success (or failure) of the high resolution satellite and small format aerial imagery to meet the cooperating agency expectations and objectives.  Prepare a preliminary outline of guidance manual topics.  

b. Meet with agency cooperators to review the outline of the guidance manual.  At this point the agency cooperators will have had some experience with the aerial imagery and GIS analysis software, will likely have a good feeling for the topics and level of detail they would like see in the guidance manual.    Incorporation of their views should greatly benefit development of the guidance manual.  

c. Develop a draft guidance manual with information developed from this project and other sources.  Supplemental sources will likely include material from standard references (with appropriate copyright observance) and remote sensing guidance manuals developed by federal agencies.  The overall guiding principle for development of the manual will be to keep it focused on the practical use of  satellite and aerial imagery.  

d. Seek and subcontract review of the draft guidance manual by qualified academics and professional practitioners.  

e. Review the draft guidance manual with the agency cooperators.

f. Develop and present at least three training seminars using the results of the practical demonstration of the satellite and aerial imagery and the guidance manual to a focus groups of practicing aquatic scientists, resource managers and engineers.    Evaluate the effectiveness of the guidance manual based on perception and comments in the seminars.  

g. Revise the guidance manual as appropriate based on comment from professional reviewers and seminar participants.  

h. Deliver the final project summary, guidance manual, and training materials to the grant sponsor to conclude the project.

f. Facilities and equipment

Most project tasks can be accomplished with typical office equipment, desktop computers and commercial software.  Teasdale Environmental Associates (TEA) has the capability to acquire small format film and digital aerial imagery.  TEA owns and operate a light aircraft (Cessna 182) modified for vertical aerial imaging.  TEA has a variety of film and digital cameras for acquisition of still or video imagery.   TEA also has conventional field equipment for evaluation of stream physical characteristics including survey instruments, sediment samplers, GPS equipment and equipment for measurement of stream flow velocity.  TEA has a four wheel drive vehicle for access to remote study locations.  TEA has  an 18 foot outboard motorboat suitable for lake sampling and mapping of the macrophyte beds anticipated in this project.  

Some equipment and software will be purchased under this project.  It is anticipated this equipment will remain the property of Teasdale Environmental Associates at the conclusion of the project.  These items include:

· A color infrared imaging camera and image capture system at approximately $15,000.  Color infrared imaging can greatly assist the delineation of water boundaries and characterization of vegetation.  Lease arrangements for this type of equipment are not typical, but may be possible and can be investigated.  

· An updated version of ESRI Image Analyst at $2495.

· Two Trimble GeoExplorer 3c GPS units for the demonstration of field data collection at a total cost of  $6990.

· Two copies of ESRI ArcPad for field data collection at $990. 

· Two PocketPC handheld computers for demonstration of field acquisition for $1000.  

Final Disposition of the Aerial Imagery

Satellite imagery purchased under this project is a significant cost component.  It is intended to be jointly licensed to the grant sponsor, the cooperating agencies and Teasdale Environmental Associates, depending on restrictions imposed by the provider.   Imagery acquired by Teasdale Environmental Associates will be licensed for unrestricted within-organization use of the grant sponsor and the cooperating agencies.  No use restrictions are anticipated on the historic imagery obtained during this project.    
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Academic and Professional Qualifications
Doctoral candidate Civil Engineering, Washington State University

M.S. Civil Engineering, University of Idaho, 1985
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Academic Teaching and Research (1995-2000)  Visiting faculty member at the Department of Civil Engineering,  University of  Idaho.  Instructed courses in environmental engineering, advanced hydrological analysis, surveying and Photogrammetry, fluid mechanics, and engineering economics. (1998-1999).   Field research investigating limnology of the lower Snake River and evaluation of ground and surface water quality impacts of a wastewater treatment land application system for U.S. EPA. .Instructed courses in engineering economics and mechanics of materials for the Department of Civil and Environmental Engineering at Washington State University.  

Civil/Environmental Consulting Engineer  Private consulting engineering while pursuing studies at Washington State University including environmental assessments, stormwater and flood analysis, sediment transport investigation,  water and wastewater system design,  drinking water well design,  roadway design,  site grading,  erosion control plans,  and building structural analysis. 

Regional Administrator Idaho Division of Environmental Quality (1991-95)  
Water Quality Engineer  Idaho Division of Environmental Quality  (1990-91)
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Graduate Research Engineer, University of Idaho (1982-86)  Graduate research with the Department of Civil Engineering and U.S. Forest Service Intermountain Forest and Range Experiment Station.  Assessment of forest road construction methods, costs and productivity.  Masters thesis was development of a road construction productivity model.  Road erosion studies.   Related field work in forest road erosion control.

Forestry  (1979-82) Forest tree nursery planting crew supervisor. Timber harvesting and forest engineering with Mcfarland-Cascade.  
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