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Introduction

State and federal agencies, local conservation groups, and others need improved information to better assess the condition and trend of Oregon’s riparian areas.  This information is essential for 1) creating effective and scientifically-based policies, rules, regulations, and incentives related to fish and wildlife habitat, and water quality improvements; 2) prioritization and implementation of riparian protection and restoration activities; 3) effectiveness monitoring of these activities; 4) effective outreach and public education; and 5) improving knowledge about better integrating timber harvesting and other resource management activities into riparian protection and restoration activities. 

This workplan applies techniques that combine multi-scale imagery and field data to produce riparian information useful to multiple entities for answering a broad range of questions. The proposed projects listed in this workplan are coordinated among the relevant state and federal agencies and attempt to maximize value from expenditures and to create a more collaborative environment.

Justification

The need for a statewide riparian assessment is widely recognized. There have been numerous attempts to initiate such an assessment. During the last two years interest in a cooperative statewide project has increased.

· The Independent Multidisciplinary Science Team (IMST) for the Oregon Plan for Salmon and Watersheds:

· Noted the need for a statewide riparian inventory

· Noted the need for consistency and coordination between state agencies regarding riparian assessments

· Emphasized the need for a landscape approach in land management

· In 2002 the Core Team for the Oregon Plan published a Statewide Riparian Policy. The policy-

· Emphasizes the need for a landscape approach to assessing riparian functions.

· Outlines the need for collaboration between agencies to create cost effectiveness, information sharing, flexibility, accountability, and adaptive management.

· Emphasizes the need for consistency and common terminology to enhance the effectiveness of management.

· State agencies need coordinated and consistent riparian information for meeting legislated and other agency mandates.  For example, the Oregon Department of Forestry is required to analyze the economic impacts of changing Forest Practice rules and has made developing better riparian inventory information a key element in agency research and monitoring plans.

· Federal agencies have also recognized the need for coordinated and consistent riparian information. The Northwest Forest Plan's  "Interagency Vegetation Standards Implementation Recommendations" reported on a "Riparian Vegetation Data - Data Gap."  The report stated that:  "All through the Strike Team effort a high need for riparian vegetation information was repeatedly expressed. The detailed level of information related to describing riparian vegetation was at a much finer scale than the 1.5 to 2 acre minimum feature the strike team was attempting to address. Classification for riparian vegetation would require extensive ground based effort. This appears to be a data gap that is not being adequately addressed at this time.” http://www.iricc.org/veg-report/vip-rec.html#Appendix%20A%20-%20Team%20Members 

Current Situation

State agencies use a variety of riparian information regardless of scale or consistency. In most cases, agencies develop their own approaches and data analysis techniques out of necessity.  Although, some agencies have in-house remote sensing and GIS capabilities, others rely on existing data sources.  In summary:

· Uncoordinated agency efforts result in increased cost and loss of knowledge sharing;

· Data are collected on a project by project basis or coarse-scale data acquired for another purpose is used;

· The ability to do landscape-scale assessments is restricted;

· Integration of multi-scale data and existing data sets is limited;

· Linkages between riparian and upland data are difficult to make.

Needs

Presently, there is considerable opportunity for state natural resource agencies to coordinate on the development of a riparian inventory. This coordinated project will result in increased efficiency and effectiveness due to data sharing and collaboration between agencies. The governor has stressed the need for increased efficiency in state government and has reiterated the importance of this efficiency in fostering a more stable state economy. ODF, DOGAMI, OWRD, DEQ, ODF&W, DLCD, OWEB, OPRD, DSL, and ODA routinely use this type data.  The following efficiencies can be realized through this project.

· Using common multi-scale geospatial data sets will increase consistency and collaboration between agencies.

· These common data sets can be processed in different ways depending on each agency’s jurisdiction and project objectives.

· These data sets can be used to derive secondary data sets usable by multiple agencies. 

· This approach assists agencies to more fully implement a landscape approach urged by the IMST and the Statewide Riparian Policy.

· These data sets could be used in an integrated way to increase the usefulness of each individual data set.

· Using this approach would facilitate coordinating riparian inventories with riparian and upland plots in the FIA inventories of Federal and nonfederal forestland plots in Oregon.

Information 
about riparian vegetation and its relationship to streams and upland conditions is needed for many ongoing planning efforts.  State and federal agencies, watershed councils, soil and water conservation districts, and private landowners have a need for a statewide assessment of riparian condition that can also be used as a baseline for trend detection.  For example, this information is needed to address issues such as:  

1. How are forest practices affecting water quantity, water quality, hydrologic functions, and aquatic and riparian habitat?

2. What is the likely impact of the concentration of wood fiber production in intensively managed plantations on private land on watershed health?

3. What is the general condition of riparian vegetation in agricultural lands?  How much is degraded?

4. What is the trend in riparian vegetation growth in agricultural areas where agricultural water quality plans have been established?

5. How to prioritize riparian restoration activities?

6. How effective are riparian restoration activities?

7. What is the relationship between riparian condition, aquatic habitat conditions and fish abundance and distribution?

Related Riparian Projects

ODF and PNW completed a riparian inventory needs assessment (Runyon and Andrus 2000) to better specify information needs, available information, and how to coordinate efforts to compile existing information and to gather missing information.  This project developed an overview of the needs for information about riparian vegetation in Oregon's forests, compiled specific data needs and prioritized ODF riparian assessment data collection efforts.  The analysis relied on input from scientists and resource experts in forestry, aquatics, and forest inventory.  The overall goal of this project was to provide information necessary for successfully designing a riparian inventory for Oregon. 

Ongoing research is developing methods that better integrate remote sensing information with ground data on riparian vegetation.  A riparian pilot test project is using several different remote-sensing methods to classify the structural characteristics of riparian vegetation in the Yaquina watershed.  An accuracy assessment and costs of the methods are being compared, and findings about the prospects for using remote-sensing information for cost-effectively obtaining riparian inventory information will be reported.  These results will guide the selection of appropriate remote sensing data for subsequent projects.   


A study of the feasibility of using aerial photography for the identification and mapping of riparian vegetative structure for 57,000 acres of the Yaquina Watershed has been completed.  A similar project using satellite imagery over the same area is almost completed.  Accuracy assessments are ongoing.  The aerial photography will be used to assess the accuracy of the satellite data.  Reports documenting the findings from these studies will be published in the 2003-2005 biennium.

ODA has been developing a Site Capability framework (Barrington et al. 2001) that provides a way to assess sites based on their capacity to provide certain riparian functions. The need for this approach was initiated in the TMDL process as a way to implement Agricultural Water Quality Management Area Plans (AgWQMAP). The site capability framework relies heavily upon geospatial data such as described in this workplan. Riparian site capability determinations will be used in three modes – technical landowner assistance, voluntary compliance and outreach, and TMDL model refinement.

ODA has previously used aerial photography to assess compliance with specific rules of agricultural water quality plans.  Past projects for rule compliance were performed in the Tualatin and Umatilla Basins.  These projects involved manual interpretation of features observed on photographs, combined with extensive ground truthing.  Results of this type of monitoring suggested that a more comprehensive type of monitoring for agricultural water quality plans would involve landscape condition, as opposed to compliance with specific rules.  ODA is expecting that this proposed project will also serve as a pilot project for landscape condition-type monitoring.

OWEB 
has produced a Riparian Assessment Framework (in review) to provide guidance for assessing riparian conditions, restoration actions, and tracking changes in riparian vegetation over time.  This proposed effort builds upon concepts outlined in the Framework.  The Riparian Assessment Framework is a guide for developing an assessment approach and answering questions about riparian conditions. The document is intended for anyone engaged in riparian project planning or evaluation including government agencies, watershed councils, and Soil and Water Conservation Districts.  The chapter on field methods summarizes commonly used approaches and parameters for monitoring riparian structure and restoration using a field-based approach.  Monitoring protocols and field methods depend on the management goals, monitoring objectives, riparian characteristics, and time and resource constraints. However, there are some basic plot designs, techniques and parameters that are common to most monitoring objectives and are well established in riparian ecology research and evaluations. The last chapter provides information on the use of remote sensing data for assessing and monitoring riparian conditions.

Proposed Work

Using the results from these related projects, our goal is to develop an efficient and effective riparian data collection protocol by: 

· Maximizing the usefulness of finer-scale data that are more time consuming and expensive to acquire;

Thus we use these data to increase the value of other data sets in the project. Field data can be used for fine-scale (i.e. site or reach) assessment questions and extrapolated to larger areas for broader-scale analyses. Fine-scale data is essential in remotely sensed applications as training sites, for classifying spectral data and to provide ground-truth data for accuracy assessments.  Fine-scale data can also stand alone to make assessments over large areas if the data are selected with a statistically rigorous design.    

· Using multi-scale data in sample site selection;

Lower-resolution data collected over large geographical areas can be used to prioritize areas for field data collection and finer-scale image capture.  For example, coarser data can be used to limit finer-scale collection efforts to areas with riparian vegetation.

· Viewing the riparian landscapes hierarchically.  

Spatial patterns are observable at both fine and coarse resolutions because the processes that create these patterns are temporally and spatially variable.  To adequately assess riparian landscapes the techniques used should address multiple spatial and temporal scales.  The coordinated use of the following data and methodologies addresses the multi-scale nature of riparian landscapes.

· Gradient analysis and nearest-neighbor technique

· Coarse scale remotely sensed data – 25 meter

· Medium scale remotely sensed data – 5 meter

· Fine scale digital aerial photography – 0.5 meter

· Ground-based plot sampling

· Automated assessments of ground cover

· Pilot testing;

We will evaluate methodologies and data types in selected Oregon watersheds that represent regional landscape differences. These results will help create a more efficient and effective statewide riparian assessment.

· Taking a multidisciplinary approach;

All state natural resource agencies have been contacted to ensure this project addresses their needs for riparian data and assessments.

Tasks include:

1. Mapping detailed ground attributes of riparian and upland vegetation for the several basins including the Yaquina Basin-- to provide consistently mapped information on vegetation composition and structure for both riparian areas and adjacent uplands across all land ownerships and land uses.  Mapped attributes of vegetation structure and composition will be of sufficient detail to support analysis of alternative management practices that influence vegetation, fish and wildlife habitat, and agriculture, and timber resources.  We propose to map riparian and upland vegetation in these basins
:  

a. Using the Gradient Nearest Neighbor (GNN) method.  GNN has been proven to produce vegetation maps of similar or better accuracy than other Landsat-TM-based methods, but provides much richer detail. We will modify GNN to provide improved information for riparian areas, and to map nonforest land classes. 

b. By using GNN to develop a statistical model based on direct gradient analysis to ascribe detailed ground attributes of vegetation to each pixel or polygon in a digital landscape map.  To be determined is whether to develop a basic land use land cover layer from satellite imagery before we use the GNN method.  

c. By developing the statistical model using remote sensing data from the recently completed study of riparian vegetation stratification and mapping (described above); mapped data on climate, topography, elevation, ownership; and ground measurements of vegetation collected on 100 field plots distributed across the Basin (described below). 

d. Testing aerial photos and methods proposed by the Oregon Department of Agriculture to be used as training sites for project satellite imagery.  It may be possible to use a limited number of training sites and the satellite imagery to look for presence/absence of vegetation across large areas.

2.  Design and pilot test riparian inventory -- to develop and field-test a sampling design for riparian forests
.  In forested areas, riparian forests are defined as forested areas within a fixed-width buffer straddling a hydrologic network.  The sampling design will have the following characteristics:

(1) The inventory will allow for unbiased estimates of the extent and characteristics of riparian forest at the regional level. This will be accomplished by selecting, with known probability, plots from the entire area of riparian forest in the region of interest.  

(2) The location of the plots will not depend on a priori assumptions on the location and extent of riparian areas, such as a GIS stream layer
. Otherwise, mistakes or omissions in the GIS layer could lead to biased estimates of the riparian characteristics. Independence from prior assumptions will allow for a field-based estimate of the area of riparian forest.    

(3) The plot design will provide for future flexibility in riparian forest definitions (e.g., alternate widths), and facilitate post-sampling stratification within the riparian forest (e.g., based on distance from the stream, geomorphic characteristics).

(4) The inventory design will be as compatible as possible with existing, landscape-scale, vegetation inventory efforts like the USDA Forest Service Forest Inventory and Analysis (FIA) program.

Field-testing the inventory design will begin in the Yaquina Basin and will interface with the completed riparian pilot test project using several different remote-sensing methods to classify the structural characteristics of riparian vegetation.

3. Conducting riparian condition assessments using digital aerial photography and automated photographic interpretation.  Coverage of the selected basins includes satellite imagery in addition to aerial photography, though this task addresses primarily the aerial photograph usage.  The previous task descriptions specified activities that will address the use of satellite imagery.  When combined with these tasks, this task will include comparison of the results and versatility of aerial photography versus satellite imagery. Coarse-scale satellite imagery will be purchased as part of another interagency effort at the state level. This will be Landsat 7 data from 2002 or 2003 and will likely be a spring or summer scene. Both fine and coarse-scale satellite data will be used to support the digital aerial photograph analysis. 
The approach relies on low-altitude digital aerial photographs supplied by ESR, Inc.  ESR has previously worked with ODA in two areas of the state, and regularly supports the Department of Geology and Mineral Industries (DOGAMI) by supplying aerial photographs of mined lands.  Photographs and resultant products obtained from ESR are not proprietary. 

Pilot areas under consideration are the Yaquina, Yamhill, Williamson, Middle Deschutes basins, and DSL lands in southeast Oregon.  The Yaquina was chosen because ODF already has begun a pilot project there, which would reduce the total amount of resources needed for the assessment.  The Yamhill was chosen because of its varied land uses, it convenience for ground truthing efforts, and because ODA is planning a compliance monitoring project for that basin this spring.  The Williamson was to represent a more arid environment, and the DEQ already has FLIR imagery of parts of the basin that would add to our abilities to compare aerial photography to satellite imagery. Once pilot areas have been determined the process will occur in the following steps.

(1) Determining Appropriate Image Scale

Based on past work with aerial photography conducted by ODA, we are planning on using photographs at a scale of approximately 1:10,000.  Pixel resolution on these images will be about 0.5 m per pixel.  With the 35mm dual camera digital format used by ESR, each photograph will cover approximately one square miles.   The photographs will be orthorecified automatically.

(2) Selecting Stream Segments

Using the 1:100,000-scale hydrography database as a guide, stream segments will be selected in each pilot area. Sample segments will be selected using a random number routine. Sample density will be determined later.

(3) Image Acquisition and Storage Plan

Flight plans will be developed by using GPS coordinates for all the streams to be photographed.  These GPS coordinates can be taken directly from our GIS database of hydrography.  Streams to be photographed will be chosen using a randomization method.  ESR will use supplied GPS coordinates to design efficient flight plans.  We have previously employed this approach in the Tualatin and Umatilla basins without difficulty. In some cases two or more streams could be captured in a single photograph.  In addition, this method typically captures smaller streams not mapped on the 1:100,000 hydrography, besides the ones targeted.  We will include any smaller streams captured in the photographs in our riparian analysis.

Photographs will be stored electronically and written to CDs and/or DVDs.  Each photograph will have a unique number and include the coordinates of each corner of the image.  A database of all images for use with further processing and GIS will be created to allow each image to be easily located by unique id number and geographic location.

(4) Image Acquisition

At this time we would expect to acquire the photographs during the mid-spring through early summer months (April through early June).  This period is ideal for use of the vegetation software we are proposing to use, because the green portion of the spectrum is most pronounced during the period of maximum growth.  From previous work, we calculated that 500 photographs would require approximately 18 hours of flight time.  Photographs will only be taken during the periods of least shadow (11:30 AM to 1:30 PM) to minimize problems with calibrating the spectral signature of vegetation.  

(5) Image Processing and Data Analysis

ESR with orthorectify and georeference each photograph to Oregon's Lambert Conformal Conic projection using ERDAS( software (Leica Geosystems).  These images will then be analyzed using the Vegetation Presence (VegMeasure() (Johnson et al. 2003) software being developed by the Rangeland Resources Department at Oregon State University.  This software provides accurate quantification of vegetation cover.  ODA is currently working with professors Doug Johnson and Bill Ripple to expand the capabilities of the software so that it can quantify woody vegetation, non-woody vegetation, and bare ground. These developments will be crucial to enable more sophisticated analyses such as those described by Schuft, et al. (1999) and Meyer, et al. (1996).

4. Accuracy Assessment

An accuracy assessment is essential to determine if the remote sensing methods are capable of delivering useable products.  The assessment will be done with fine-scale data. This allows an accuracy assessment of the aerial photos to be done with the field plots. Accuracy assessments of the GNN product can be done using manually interpreted data from the aerial photos and field plots.  The results will provide guidance for designing and conducting a statewide riparian assessment
.  Estimate errors can be generated for the field inventory part.

Products

· A protocol that can be used to create an accurate statewide riparian inventory

· A protocol that can be used to gather riparian data useful to multiple state agencies

· Riparian data (from field plots, aerial photos, and satellite imagery) for pilot areas

· Metadata for each riparian data set

· Feasibility report 

Data Management

· Oregon GeoSpatial Data Clearinghouse was established to store and disperse geospatial data sets commonly used by all state agencies. The Clearinghouse could manage any digital aerial photo data sets generated from this project.

· Oregon Plan for Salmon and Watersheds Information System Strategy.

· FIA for field plot information. 

Budget

The budget for this pilot project is $300,000, and includes

1) Acquisition of georeferenced satellite imagery – 5 meter resolution

2) Acquisition of georeferenced digital aerial photography – 1:10,000

3) Development of GNN approach for riparian areas

4) Additional development of the VegMeasure software

5) Field plot data acquisition and analysis

6) Accuracy assessment

7) Data storage and processing needs (Preparations for statewide implementation-presentations, proposal writing, report writing, etc.)
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