FY 2007-09 F&W Program Innovative Project Solicitation

Section 10. Narrative

A. Abstract and statement of innovation 
This proposal would establish and maintain a Master Sample of monitoring sites for the entire Columbia Basin. A variety of federal, state, tribal, and local organizations are involved in sampling or monitoring fishery related resources in the Columbia Basin. Frequently, these organizations have similar concerns and may even target the same resource at the same place. Unfortunately, there has been little coordination among this variety of organizations.  The idea behind a Master Sample is to create an intense, statistically valid probability sample of all the streams and rivers in the Columbia Basin, from which sub-samples can be drawn to meet specific needs of particular assessment or monitoring programs. One of the features of this strategy is that an intense sample can be easily sub-sampled to produce an efficient sample of any required size, say to meet the needs of several agencies working in the same area. Because the same design principles are followed, these individual samples can be incorporated into a broader design that facilitates integrated monitoring and data sharing. This proposal is innovative because it targets the entire Basin. Its contribution will be to maximize the amount of information available to make decisions about natural resources monitored in the Basin. Each survey will be based on an efficient sample, which will increase the quality of the data. Furthermore, data from different studies will be easily coordinated, allowing detection of relationships, e.g. between habitat characteristics and species abundance.
If such a Master Sample is to be successful, a “gate-keeper” organization is needed to assist agencies in obtaining samples; to keep track of which agency has sampled which responses; where and when the responses were sampled; and as necessary, to tailor the selection to special needs.  StatNat, a group of environmental statisticians located in the Department of Statistics at Oregon State University, proposes to manage the Master Sample.
B. Technical and/or scientific background

In the United States, State and Federal agencies are increasingly taking on the responsibility to monitor the ecological and commodity related condition of natural resources under their management responsibilities through the design and implementation of natural resource surveys.  At the federal level these agencies include the Environmental Protection Agency, the Geological Survey, Department of Agriculture, Forest Service, the Fish and Wildlife Service, and the  National Oceanic and Atmospheric Administration.   At the state level, these include departments of fish and wildlife, forestry, agriculture, and environmental quality.  Even if agreement is reached regarding the need to design sound statistical surveys (often it isn’t), each entity often has agency specific objectives leading to designs that are independent of other agency designs even though their geographic domains of interest might overlap and some of their condition indicators might be identical.  Some agencies have partially resolved this problem through the establishment of national statistical surveys based on a common statistical design and standard indicators that can be augmented locally or regionally (Department of Agricultures National Agriculture Statistical Survey, Forest Service’s Forest Inventory and Analysis/Forest Health Monitoring program).  However, evaluating the condition of aquatic ecosystems has only recently begun to be based on sound statistical survey techniques.  Particularly in the Pacific Northwest, a plethora of agencies are responsible for assessing and managing stream conditions and fish populations including the U.S. Environmental Protection Agency, U.S. Department of Interior (including Forest Service, Bureau of Land Management, U.S. Geological Survey), NOAA Fisheries, U.S. Fish and Wildlife Service; Bureau of Reclamation at the federal level:   at the quasi federal level, the Bonneville Power Authority and the Northwest Power and Conservation Council;  at the state level the departments of environmental quality, forestry, agriculture, water resources, and fish and wildlife of multiple states; at the private level,  timber management companies; and numerous more local interests including tribal nations, locally formed watershed councils, and county governments.  For the most part, stream monitoring is not integrated across these entities, even though many measure the same stream biological, chemical, physical and habitat conditions. 

Traditionally, stream ecosystem monitoring has relied on local site-specific efforts (e.g., the condition above and below point source discharges; the effectiveness of local habitat restoration projects), but is now expanding to include broad, regional scale programs that address questions concerning the status and trends in the ecological condition of these systems.  Compiling status and trend information derived from individual monitoring efforts not designed to address regional questions results in summaries of unknown statistical quality.  Some evidence points to severe biases in compilations derived from site-specific studies (Paulsen et al.1998; Peterson et al. 1998).  In conjunction with the shifting need for information at local to regional scales has been the evolution of survey design principles developed in other fields (Cochran 1987; Lohr 1999; Thompson 2002) adapted to unique features of stream systems.  These unique features include continuous linear network structures, changing stream sizes as streams grow from headwaters to down stream terminus,  and  the varying  spatial structure of the range of possible stream condition indicators (physical, chemical, biological, geomorphic, riparian).  

Stevens and Olsen (2004) reviewed various design approaches that have been developed to survey natural resources.  They state: “Sampling the gamut of natural resources requires a technique that can select a spatially balanced sample of finite, linear, and areal resources with patterned and possibly periodic responses, using arbitrarily variable inclusion probability with imperfect frame information, in the presence of substantial nonresponse”[emphasis added].  However, none of the current approaches met all their perceived requirements.  Building on and integrating the strengths of previous designs, they developed a general approach, called generalized random tessellation stratified (GRTS) design, to designing surveys for natural resources that would meet these requirements.  The rationale and design is described in Stevens and Olsen (2004).  The design has been implemented in various ways including:  1) As an “R” function (R Development Core Team 2004); consult the website: www.epa.gov/nheerl/arm ; 2) as a Fortran-based application, S-Draw available at:  www.west-inc.com (McDonald, 2004) ; and 3) as a Reversed Randomized Quadrant-Recursive Raster algorithm implemented in a geographic information system (Theobald, et al., In press).   Instructions for downloading “R” are available at the above EPA website.  An illustration of the concept applied to stream systems appears there as well.  While developing the GRTS design, Stevens and Olsen (2003) also created a local variance estimator that captures the actual precision achieved by the GRTS design when spatial structure is present.

One of the useful features of the GRTS design is that it produces an ordered list of sample points (in one, two, or three dimensions) in which each successive point maintains spatial balance and meets the other design requirements.  Spatial balance is a critical feature of a sampling design for a natural resource because of spatial pattern in the resource response.  A spatially balanced design capitalizes on the pattern to produce a gain in efficiency.  EMAP’s experience has been that a spatially balanced design is 2 to 10 times more efficient than simple random sampling, i.e. the same precision can be obtained with 30 to 70 percent less data.  One of the strengths of GRTS and similar designs is that a sample of a specified size can be selected, along with an “over-sample” of extra sites. This capability is especially useful for developing and implementing stream surveys because stream frames (e.g., digital representations of the stream network) are often imperfect, yielding sites that are non-target, or sites that are physically inaccessible or denied access by landowners.  The over-sample works as a buffer because each site rejected in the original sample can be replaced by a site in the over-sample, selected sequentially from the ordered list as needed.  This process maintains the spatially balanced random sample.  Although our case study addresses stream networks, the concept and application of a master sample is equally relevant to the range of other natural resources, e.g., estuaries, wetlands, forests, rangelands, etc.  Many of the same issues that we face in sampling stream networks are faced in these other domains to a greater or lesser extent.  In fact, both McDonald’s S-Draw and Theobald et al.’s RRQRR draw essentially a two-dimensional master sample, but without naming the result a “master sample”.  

StatNat’s usual practice for developing stream network designs in the Pacific Northwest has been to select samples using this process to meet individual monitoring design needs.  Because the same design principles are followed, monitoring data can be combined if agencies happen to have overlapping geographic domains and wish to combine their data provided that the same frame, sample elements and sampling protocols are used (e.g., Larsen, et al., 2007).  A logical extension is to reverse the usual process and begin by selecting a very large sample, a “master sample” (King and Jessen 1945; Yates 1981), from which sub-samples can be drawn to meet specific needs of particular monitoring programs.  As long as the sites that comprise the sub-sample are drawn in the order they appear in the master list, the sub-sample meets the important design criterion of spatial balance, as well as randomization.

C. Rationale and significance to the Council’s Fish and Wildlife Program
The supplemental information for FY 07-09 project solicitation process for the Columbia Basin Fish and Wildlife Program noted that 

…RM&E across multiple geographic and temporal scales requires standardized approaches and programmatic, long-term commitments and interconnections for effectively combining information and answering program management questions.  The objectives and management questions of the Fish and Wildlife Program overlap with those of other regional state, federal and tribal agencies. The costs of the monitoring and research needed to adequately address these common management questions are more than BPA or any one program can afford to cover alone. Only through the combined efforts of multiple entities can an adequate level of information be developed to guide these regionally shared resource management decisions. Only through coordinated, standardized and programmatic approaches to monitoring can this information be combined across multiple agencies and monitoring programs…
  (http://www.efw.bpa.gov/Integrated_Fish_and_Wildlife_Program/05RME_BPA_solicitation%20guidance1122b.pdf)
The Monitoring Strategy for the Upper Columbia Basin (Hillman, 2003) recommends using the GRTS design (Stevens & Olsen, 2004) for status and trends monitoring.  The availability of a Master Sample implementing a GRTS sample over the entire Columbia Basin along with statistical analysis methods tailored to the Master Sample, as proposed here, would greatly advance the likelihood of achieving a coordinated, standardized and programmatic approach to monitoring.

D. Relationships to other projects

In 2001, USEPA funded two four-year Science to Achieve Results (STAR) projects: "Designs and Models for Aquatic Resource Surveys" (DAMARS) at Oregon State University (OSU) and "Space-Time Aquatic Resources Modeling and Analysis Program" (STARMAP) at Colorado State University. The focus of these programs was the statistical design and analysis of surveys of aquatic resources, with dual objectives of developing methodology and transferring it to states and tribes. The DAMARS program enabled OSU research statisticians to work in close cooperation with the Oregon Department of Fish and Wildlife (ODFW) and the Oregon Department of Environmental Quality (ODEQ) in developing the survey design and analytical tools used to monitor the status and trend of fish and habitat in Oregon Coast, Lower Columbia, and John Day River.  This relationship has been vital to the success of the monitoring program, which is now the most sophisticated natural resource monitoring program in the world.  Information obtained through this monitoring program had a major influence on NOAA’s decision to not re-list coastal coho under the Endangered Species Act.

StatNat is a unit within the Statistics Department that is focused on continuing the activities that were initiated under DAMARS and STARMAP especially developing and implementing statistical tools for monitoring natural resources. StatNat has partial funding for one year from the Oregon Watershed Enhancement Board under the project 204-932-5751: Statistical Support for the OWEB Monitoring Team.  
The Pacific Northwest Aquatic Monitoring Partnership (PNAMP) was chartered to encourage coordination among the various entities engaged in aquatic monitoring in the Northwest, and the Collaborative Systemwide Monitoring and Evaluation Project (CSMEP) is developing evaluating and developing standard design approaches for status and trend monitoring, and action effectiveness research.  Our proposal would complement these efforts by creating the Master Sample framework within which particular designs can be implemented, making available statistical tools for evaluating status and trend that are especially suited to Master Sample applications, and providing guidance and consultation to organizations on how to apply the Master Sample and analyze the results. . Our proposal is consistent with and would help implement  PNAMP’s recommendation to create an Integrated Monitoring Survey Design for regional aquatic status and trends monitoring using the GRTS design .  PNAMP also recommended a demonstration project in Lower Columbia River ESU, which our project would also support.
As noted in Section C, the Upper Columbia Basin Monitoring Strategy recommended using a GRTS-based sampling design.  Moreover, there are other ongoing GRTS based sampling projects supported by BPA/NPCC funds.  As those projects refine and update their sampling approaches, and initiate analyses of GRTS-based data sets, they will directly benefit from the existence of the Master Sample and the accompanying analysis tools.
E. Proposal objectives, work elements, methods, and monitoring and evaluation

1. Objective: Implement and Maintain Master Sample for the Columbia Basin
A. Work element: Create, Manage, and Maintain Database

Methods: The creation of a master sample is a reasonably straightforward application of GRTS (or other site selection algorithms), and Master Samples currently exist for Oregon, Idaho, and parts of Washington.  This work element would create a Master Sample for the remainder of the Columbia Basin.

The management of the master sample involves implementation across multiple agencies. Technical challenges arise when different agencies monitor the same natural resource but have partially differing objectives, legislative mandates, domains of interest, monitoring histories (legacy monitoring programs that cannot be dropped) and partially overlapping indicators.  These challenges are particularly evident for agencies monitoring stream systems in the Northwestern U.S. where numerous agencies monitor stream networks. This work element would apply statistical sampling expertise and oversight to ensure efficient coordination of these numerous monitoring efforts.
2. Objective: Develop statistical tools that are appropriate for analyzing samples selected from the Master Sample
A. Work element: Develop RM&E Methods and Designs
Methods: In 2001, USEPA funded two four-year Science to Achieve Results (STAR) projects: "Designs and Models for Aquatic Resource Surveys" (DAMARS) at Oregon State University (OSU) and "Space-Time Aquatic Resources Modeling and Analysis Program" (STARMAP) at Colorado State University. The focus of these programs was the statistical design and analysis of surveys of aquatic resources, with dual objectives of developing methodology and transferring it to states and tribes. Some of the outputs of these two programs have already been incorporated into aquatic monitoring programs in the Pacific Northwest, notably the Oregon Coastal Coho Salmon monitoring. Other techniques that were developed by the Projects and published in peer-reviewed statistical literature have potential application to the analysis of aquatic monitoring data. Presently, these techniques are accessible only to an experienced statistician. This project would implement some of these techniques in the open-source language R, and make them web-accessible. The implementation of the tools would be designed to be compatible with samples selected from the Columbia Basin Master Sample. 

3. Objective: Advise potential users of the Master Sample on statistical design and analysis issues pertinent to applications of the Master Sample.
A. Work element: Produce Design and/or Specifications
Methods: The Master Sample will be available to any entity.  In the most straightforward cases, selecting a sample could be simple. However, most applications will entail some additional adaptation of Master Sample to specific project requirements.  For example, sequential selection will result in a synoptic sample with favorable properties for status estimation.  However, a rotating panel design may give better trend detection power without sacrificing substantial status description power. This project would provide the assistance that a user of the Master Sample might require to create the panel structure.  

The Master Sample could also be used for objectives other than status or trend estimation, for example, evaluation of a management technique or of an ecological relationship. The Master Sample sites could be profitably used for such an analytic survey, but again the choice and use of specific statistical tools would greatly benefit from expert statistical advice.  

This project would also support the participation of the investigators in workshops and seminars involving participants from other BPA-funded projects.  The Senior Research Professor has delivered two short courses on spatial and environmental sampling, and will deliver one for Columbia Basin monitoring personnel if the interest level is sufficient. 

F. Facilities and equipment 

The project will be carried out in faculty and graduate student offices on the campus of Oregon State University using existing computing equipment. Statistical tools will be implemented in the open-source language R (R Development Core Team, 2004).
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RESEARCH OVERVIEW

Dr. Madsen’s research focuses on problems in environmental and ecological statistics, particularly spatial statistics and analysis of correlated count data. She is currently developing a promising new method for estimating regression parameters from data with a spatially correlated discrete response. This new method will allow the adaptation of well-established geostatistical procedures for discrete data analysis and prediction problems.
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Since 1989, Dr. Stevens has been engaged in developing the statistical sampling theory supporting EMAP’s spatially balanced probability sampling, and simultaneously applying that theory to sampling designs for lakes, streams, wetlands, estuaries, and forests. Some examples include a multi‑year panel design for Coho salmon in Oregon coastal streams for the Oregon Department of Fish and Wildlife; a nested, multi‑level design for sampling the Southern California Bight for the Southern California Coastal Water Research Project; and the design currently being used by the San Francisco Estuary Regional Monitoring Program.  He has a history of successful collaboration with both physical and biological scientists, with joint publications in disciplines such as aquatic ecology, wetland ecology, geography, limnology, geochemistry, soil science, forestry, radiation biology, aerosol physics, and veterinary medicine. 
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William Gaeuman, Graduate Research Assistant, 0.5FTE plus 2 months summer salary
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Ph.D. Candidate, Statistics, Oregon State University, 2006 - present

M.S., Statistics, Oregon State University, 2006
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Kandep Provincial High School, Papua New Guinea  1989 - 1990


Bilingual High School of Yaounde, Cameroon  1984 - 1986
Research Interests
With some15 years teaching experience as a mathematics instructor at a variety of levels, Mr Gaeuman returned to school in 2004 to pursue study toward a Ph.D. in statistics at Oregon State University.. Presently, his particular focus is on sampling theory, especially adaptive sampling. Additional areas of interest include point process theory, computer intensive resampling methods, and extreme value theory. Mr Gaeuman’s responsibilities as a GRA at Oregon State University have also generated an interest in the problem of trend detection in the arena of natural resource monitoring and assessment by such agencies as the Oregon Department of Fish and Wildlife and the U.S. Forest Service. 
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