BONNEVILLE POWER ADMINISTRATION

FY 2001 INNOVATIVE PROJECT PROPOSAL REVIEW

Section 3. Project Description

Section 3a. Abstract

The recovery of listed fish and wildlife species in the Columbia River Basin and the Pacific Northwest is a multi-scalar problem.  While landscape study and management has improved with the development of digital elevation models (DEMs) and geographic information systems (GIS), one of the major limitations has been the resolution at which landscapes can be accurately measured.  A new innovative remote sensing technology, Light Detection and Ranging (LIDAR) has the potential to alleviate some of the above challenges.  LIDAR provides multiple layers of high-resolution (1-m to 5-m pixels) surface data, including ground-surface topography and vegetation canopy height.  Traditional data acquisition methods are of lower resolution and typically only include a single elevation layer, potentially making LIDAR a superior tool for landscape analysis.  This study investigates the feasibility of combining remote sensing data (LIDAR), computer modeling of stream temperature, large-woody debris and sediment, and GIS techniques to conduct accurate cost-effective watershed analyses and better quantify many of the physical attributes used in EDT Modeling.    The success of the Council’s habitat program as well as those of the NMFS, USFWS, and state and tribal fisheries agencies are all built upon the hypothesis that habitat can be improved to a level that will recover listed fish stocks throughout the Columbia River Basin.  Data to support this hypothesis is currently lacking and therefore there is a high risk that the habitat based approach outlined in the Council’s program and NMFS recent BiOP may fail.  The purpose of the proposed work is to develop the methods that would incorporate LIDAR data in a comprehensive landscape analysis that would assess current watershed and river health, identify problem areas and the environmental attributes that are potentially limiting populations of fish and wildlife species, develop the habitat treatments to cure these problems, and monitor treatment effectiveness over time.

Section 3b. Technical and/or Scientific Background

Introduction

Through the Multi-species Framework process, the NPPC recently developed a joint fish and wildlife scientific framework for the Columbia River Basin.  The Framework was designed to help the region develop a collective vision and approach for fish and wildlife recovery in the Basin. The Framework is based on the premise that proposed actions are designed to affect a set of 45 environmental attributes in a manner that changes biological performance to better meet basin goals. 
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The Ecosystem and Diagnosis Treatment Methodology is the modeling tool used to determine fish performance response to changes in the ecological attributes.  By using the EDT model, Council staff was able to identify environmental problems, test the effects proposed treatments (strategies) have on salmon performance and then prioritize these treatments.  What EDT does not do however is to determine how best to implement the treatment on the ground.  For example, EDT may have identified Fine Sediment (1 of 45 attributes) as a major problem in the mainstem Yakima River and that by reducing sediment input by 15%, salmon productivity would increase by 30%.  What EDT cannot do however, is to tell you where the majority of the sediment comes from, or how to cost-effectively reduce sediment input.  In short, the EDT model does not solve the critical problem of how to implement effective habitat actions on the ground, nor monitor their effectiveness over time. 
We propose to solve this problem by investigating the feasibility of combining remote sensing, landscape computer modeling, and GIS techniques to conduct rapid watershed analysis.  We believe that by combining these tools into a complete package we may be able to conduct watershed analysis more cost-effectively, at a finer scale and with more accuracy than is currently available.   These tools combined with EDT Modeling would allow the Council to identify appropriate actions, determine which ecological attributes the actions affect, forecast resulting fish production, and determine the scale and location of the action in the watershed.

Scientific Background

Cumulative effects and non-point source pollution are increasingly recognized as important environmental problems. The scale and potential impact of these problems means that management decisions need to be made now, and information on the effectiveness of management actions must be rapidly available as feedback on whether these decisions (and the resulting management actions) are achieving the desired objectives (National Research Council 1996ab, 1999, Stouder et al. 1997, Reid 1998). 

Accomplishing this task is complicated by the fact that detailed field surveys are costly and time consuming. In response to this problem there is growing appreciation of the need for a highly efficient process to analyze land-use practices at the landscape scale. While landscape analysis presents significant challenges in terms of the difficulties of gathering and analyzing large amounts of spatially explicit data, this analysis technique has been shown to be highly effective (Montgomery et al. 1997, Morrison et al. 1998, Naiman et al. 1998, Olson and Orr 1998, National Research Council 1999).

The proposed study is based on the principle that watershed analysis must assess the magnitude, timing, and spatial distribution of watershed inputs (e.g., water, sediment, large woody debris, and solar radiation) and that these inputs are influenced by natural and anthropogenic disturbance.  Changes in disturbance regimes and hence watershed inputs, alter important geomorphic processes (e.g. temperature, sediment transport and channel migration). These processes construct geomorphic attributes that determine habitat suitability, structure, complexity and connectivity.  Species abundance and population dynamics, community composition, and trophic structure are directly affected by these habitat attributes. 

Analyzing natural resource issues at the watershed scale for salmonids and other species of interest requires assessment, planning, and action at site-specific, watershed, and regional scales.

Remote sensing and GIS techniques provide the potential means for rapid regional (or landscape) analysis and at finer scales.  This should make watershed and channel assessment analysis more efficient (Montgomery et al. 1997).  Modeling within a GIS, based on remotely sensed information, allows formation of predictions and hypotheses prior to field efforts. Thus, field efforts are specifically focused on potential problems and testing predictions, thereby making field efforts more streamlined and time efficient.

In the context of developing a GIS for watershed analysis, a digital elevation model (DEM) provides a versatile tool for landscape analysis. A DEM specifies the location of the channel and can be used to calculate channel slope.  Stillwater Sciences has developed algorithms to determine the drainage area of particular stream reaches and extend the channel network to determine debris-dominated channels that are important sources of sediment. Such derived information is critical to forming basic hypotheses for field testing such as grain size predictions and channel dimensions. When DEM’s are coupled with existing GIS data sources, such as geology, vegetation, or soils maps, they can be used to predict spatially explicit “undisturbed” or reference conditions.

The resolution of USGS 30-m grid data for developing DEM’s, although inexpensive and readily available, is not of sufficient resolution to allow analysis of channel characteristics such as confinement, bedform and small debris flows. As a result, substantial fieldwork and aerial photo analysis are necessary to address these issues. This problem is not overcome even with the finest resolution 10-m DEMs that can be generated, at some cost, from readily available USGS data (i.e., 7.5 minute topographic map contours). However new technology, known as LIDAR, now exists and is capable of generating elevation data of dramatically higher resolution (i.e., 1-4 m grid data) and has the potential to address some of these issues and allow more complex hypothesis forming to occur prior to extensive fieldwork. The potential saving of time and other resources in developing landscape models is high.
LIDAR Overview

LIDAR (Light Detection and Ranging) technology, coupled with recent advances in GIS technology and computer modeling, provide promising means of collecting and analyzing high-resolution remote sensing data that could overcome certain data limitations currently faced by scientists and natural resource managers in the Pacific Northwest (Figure 3.1).

LIDAR is a new remote sensing technology that uses an array of laser pulses emitted from an airborne sensor to measure the elevation of objects at or near the earth’s surface.  Many LIDAR scanning units are capable of emitting 15,000 pulses per second, and the airborne sensor is capable of processing five return signals for each pulse.  These measurements can be converted into high-resolution three-dimensional surfaces that are not only locally accurate but also spatially expansive.  LIDAR data have been used to accurately measure forest structure characteristics such as canopy height (Ritchie 1993, Naesset 1997, Magnussen and Boudewyn 1998, Means et al. 1999) and basal area (Nelson et al. 1997, and Lefsky 1999).  Other studies have shown LIDAR capable of accurately characterizing topography (Dietrich et al. 1998).  Collection of similarly detailed information for extensive areas by other means (e.g., ground-based measurements) would be both time and cost prohibitive.  

While the increased resolution provided by LIDAR data provides dramatically improved DEM results, the purpose of the proposed study is to take a broad view of the role of a high resolution DEM in the watershed analysis process as a whole.

As shown in Figure 3.2 it is possible to get up to 5 returns from a LIDAR pulse.  This allows researchers to develop detailed representations of topography, forest canopy and understory.  The Laser Footprint of the Saab TopEye system proposed for mapping stream reaches in this study ranges from 0.1-meter to approximately 4-meter.  Measurement accuracy is expected to be within a few centimeters dependent on the environmental conditions of the area being sampled.   One question we will be examining in this study is whether or not this level of accuracy is independent of stream type (large versus small) and sample periods. 

The cost per square mile of data collection varies between $400 and $1,000 dependent on the vendor and the LIDAR instrument used. After the LIDAR data is collected, considerable post processing and filtering is needed to correctly separate the five pulses (Figure 3.2).  Data filtering costs can range from $1,000 to $3,000 per square mile.  In comparison, it has been our experience that stream habitat data collected by field crews using standard stream inventory techniques ranges from $500 to $1,500 per linear mile, dependent on stream size and accessibility.  
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Figure 3.1- Digital elevation analysis using LIDAR

[image: image3.png]First Echg

Last Echi

¥

First Echo

andEeho

y srdEtho

P

4th Echo

v

Last Echa

Digital Elevation Analysis
LIDAR

Multiple Laser Recordings
Post Processing - filtering

« Erroneous measurements
« Erroneous Objects




Figure 3.2- Example of echo returns from a typical LIDAR system.

The last echo from the LIDAR system is used to map ground elevations at the study site.  Figure 3.3 shows a typical LIDAR image of a small (< 3 cfs) westside stream.  The cross-section data are shown to give the reader an idea as to the level of accuracy that can be obtained from this system. 

By using existing stream and GIS based modeling tools it is then possible to predict the water flow network (channel configuration) for the sample site (Figure 3.4).   This type of data is highly useful for modeling streamflow and run-off pattern and direction in a watershed.
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Figure 3.3- Typical LIDAR image taken of a Westside stream with base flow of less than 3 cfs.
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Figure 3.4- Modeled channel configuration

Once the stream channel water network has been defined.  It is then possible to model a stream’s floodplain (or flood fill) at different flow levels (Figure 3.5).  Although this type of data is probably of little importance for a small stream, the ability to collect this type of data in a large stream would allow scientists to estimate total stream habitat available at different flow levels, identify historic side-channels that could be reconnected as part of restoration and determine river course if dikes or other man-made structures were removed.
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Figure 3.5- Estimated stream flood fill from LIDAR image.

In this study we also propose to use LIDAR to evaluate its use in determining the extent and quality of riparian habitat.  Figure 3.6 shows canopy structure in the area near the stream.  The five pulses from the LIDAR system allows researchers to estimate riparian stand height, crown circumference, crown cross-section and crown volume.  From this information it may be possible to determine the size of each tree in the riparian zone, tree density, distribution and the amount of shading provided to the stream channel. This type of data would then be incorporated into a Large-Woody-Debris recruitment model to estimate wood recruitment to the stream, and a stream temperature model to predict changes in water temperature as a result of proposed actions.
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Figure 3.6- Canopy structure estimated from LIDAR image.

It is envisioned that the LIDAR derived data on riparian habitat, channel morphology, stream flow network and flood fill information would then be combined to develop a scientifically defendable riparian buffer zone on a stream specific basis (Figure 3.7).  In addition, LIDAR data could be collected on a 5-10 year basis in key salmonid producing streams as both a monitoring and compliance tool.  The accuracy of the LIDAR system may allow foresters and fisheries biologists to actually track individual trees over time.
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Figure 3.7- Example of proposed riparian buffer zone based on LIDAR analysis.

In this proposal we also plan on investigating the feasibility of using LIDAR images to quantify the physical habitat related attributes used by EDT to forecast salmonid performance.  Based on current knowledge of the technology we believe it is possible to get accurate data on the following attributes:

· Channel Length

· Channel Width Max

· Channel Width Min

· Confinement Natural

· Confinement Hydro

· Gradient

· Habitat Types (Pool, Riffle and ?)

· Off-channel Factor

· Obstructions

· Riparian Function

· Temperature

· Water Withdrawals

· Large-Woody-Debris

The Project Team

The project team has extensive experience using GIS technology to address landscape analysis issues through the use of modeling approaches to provide managers with useful information and predictions of management action outcomes. These GIS modeling approaches include:

Channel Network Models—Extends USGS “blueline” stream network create a more complete channel network coverage

Channel Typing Models—Predicts channel habitat types based on channel slope and predicted dominant particle size and bankfull conditions

SHALSTAB—Predicts shallow landslide potential

SEDMOD—Predicts sediment production due to roads

BasinTemp—Predicts changes in water temperature in a channel network associated with changes in riparian vegetation

Wood Delivery Modeling—Predicts input of large woody debris

Population Response Modeling—Predicts population response of key fish or wildlife species to changes in watershed conditions associated with different land use practices or natural disturbances.

This study will compare the degree to which enhanced DEM resolution improves the results of channel assessment and watershed analysis approaches and models, such as those listed above, and determine whether the increased expense of acquiring LIDAR data is justified in terms of its potential to save time and money on field data collection efforts and/or achieve significant improvements in precision and accuracy of assessment end products. In other words, will the use of LIDAR lead to more effective assessment, planning, and management of aquatic and watershed resources?  If true, then it may be possible to define and place more effective habitat actions on the landscape then is currently possible.

This project builds upon the collaborative efforts between Stillwater Sciences and University of California at Berkeley and Mobrand Biometrics over the past 5 years to develop new tools and methods for conducting watershed, landscape, and stream channel assessments. These tools and methods have been applied in a wide variety of contexts in California and the Pacific Northwest. Examples of past and current projects include:

· Multispecies Habitat Conservation Plans and Sustained Yield Plans in Forested Watersheds in California for Louisiana-Pacific, Mendocino Redwood Company, and California Department of Forestry and Fire Protection

· Watershed Analysis as part of Hydropower Relicensing, North Umpqua River Basin, Oregon

· Endangered Species Consultation for Hydropower Projects on the Sandy, Clackamas, Willamette, and Deschutes rivers in Oregon

· Technical Support to EPA for Sediment and Temperature TMDLs in the South Fork Eel River Basin, California

· Application of the SHALSTAB shallow landslide hazard prediction model in Washington, Oregon, and California

· Channel Assessment and Salmonid Population Response Modeling as part of Technical Support to the Regional Water Quality Control Board for TMDL development in the Napa River Basin, California

· Pilot Project to Develop GIS Methods for Regional Analysis for the 4,000-mi2  San Francisco Bay region for the Regional Water Quality Control Board, California

The resumes of proposal staff who have worked on these projects are included in section 4.0.

Mobrand Biometrics is the developer of the EDT Model used in the Council’s Multi-Species Framework Process.  Mobrand staff has conducted EDT analysis on river basins throughout the Pacific Northwest.  Modeled basins include all anadromous chinook bearing stream above Bonneville Dam, the Sandy River, Cowlitz River, 13-basins in Puget Sound and Hood Canal.  The incorporation of Mobrand staff allow the Team to coordinate EDT Modeling results and processes into the analysis.  Resumes of Mobrand staff participating in this proposal are also presented in Section 4.0.

Drs. Ma and Needham of Weyerhauser have tested, evaluated and brought LIDAR data into business use at Weyerhaeusr Company over the last 3 years.  They have 

evaluated both large footprint LIDAR generated from the Optech Co. ALTM  

(Airborne Laser Terrain Mapper) system and small footprint LIDAR generated from Aerotec Co. Saab-Top Eye system.  Approximately 250,000 acres of ground elevation in Washington and Oregon have been collected using the Optech system to generate 5-meter DEM’s.  This ground topographic data is being used to engineer new road and harvest landings.  Drs. Ma and Needham have also processed over 5,000 acres of ground and canopy elevation data collected with the Saab-Top Eye system for testing and evaluating the utility of the topographic data.  It is hypothesized that LIDAR generated data will be efficiently and cost effectively used to plan and implement riparian forest management plans as required under the new Washington "Forest and Fish" state forest regulations.  Drs. Ma and Needham are evaluating the Saab-Top Eye system's ability to measure and characterize stream and adjacent land features and individual tree crown dimensions as part of their on-going research in this area.  Resumes for Dr. Ma and Needham can be found in Section 4.0.

Section 3c. Rational and Significance to Regional Programs

As noted above, this proposal is meant to fit well within the scientific foundation proposed by the NPPC as part of their Multi-species Framework.  The proposal simply takes the process to the next logical step; i.e. developing the tools needed to place effective habitat actions on the landscape and monitoring them over time.  The success of the Council’s habitat program as well as those of the NMFS, USFWS, and state and tribal fisheries agencies are all built upon the hypothesis that habitat can be improved to a level that will recover listed fish stocks throughout the Columbia River Basin.  Data to support this hypothesis are currently lacking and therefore there is a high risk that the habitat based approach outlined in the Council’s program and NMFS recent BiOP may fail.

Significant cost savings to the Region may also be realized if it can be shown through this proposal that a remote sensing system combined with computer modeling and GIS information systems allows you to both collect needed data and perform needed monitoring.  Monies not spent in these two areas would then be available for funding on the ground actions.

A habitat based approach to recovery implies that habitat will improve over time.  Monitoring habitat improvement is difficult as the region is currently unsure of just exactly how much improvement is needed or how to monitor the change.  If a set of tools could be developed that would allow more precise measurement of key variables, it may be possible to better define the key ecological attributes that drive salmon performance.  The identification of these key physical attributes is a major focus of the NMFS Strategic Watershed Assessment Methodology (SWAM).

Section 3D. Relationships to Other Projects

The BLM recently collected LIDAR data on the mainstem Yakima River.  Scientists working on this project are currently processing the data and looking for ways to incorporate these data into salmon recovery plans for the Yakima River Basin.  The proposal Team will be contacting BLM staff to determine their satisfaction with the contractor and known data collection problems, and to inquire as to the quality of their data processing programs.

The Puget Sound LIDAR Consortium is also collecting large foot-print LIDAR data over a large portion of Mason and Pierce Counties in Washington State.  They are currently checking the quality of last year’s data, and getting ready for the new field season.  This group has been primarily interested in using LIDAR for mapping fault lines in Puget Sound.  However, they claim that they have improved the post processing component of LIDAR analysis considerably and have also developed methods to improve data collection accuracy.  The proposal Team will be meeting with this group to determine if the new programs are available for use on this project.

Project staff will also be meeting with SWAM researchers to coordinate the field surveys needed to ground truth collected data.  NMFS researchers may by then have specific attributes that they would like examined by LIDAR technology.

Section 3e. Proposal Objectives, Tasks and Methods

Objectives 

The objective of this study is to use laser altimetry, a new form of remote sensing technology, as a diagnostic tool to quantify and identify attributes of the North Fork Teanaway River Basin that directly influence the structure and function of stream ecoystems.  Because LIDAR (Light Detection and Ranging) is a relatively new technology some aspects of its performance are unknown.  Therefore we propose to collect data using two different flight plans (“intensive” and “diffuse”).  We propose to assess the performance of these data in a number physical and ecological models.  Specifically we intend to use LIDAR data sets to develop a fluvial geomorphic assessment, quantify streamside forest structure and assess the potential for delivery of large wood to streams, to model landslide potential, and use LIDAR derived forest structure and topography to improve existing temperature models.  

Nature of the proposed work

This study has two principal objectives.  The first is to assess the performance of two LIDAR data acquisition methods, “diffuse” and “intensive.”  The wide scan or diffuse approach will provide elevation measurements for most, if not all, of the North Fork of the Teanaway Basin.  The narrow scan or intensive approach will capture data along the stream corridor from the North Fork of the Teanaway River to the headwaters of Standup Creek.  LIDAR data for the intensive sampling will be collected in two seasons, both “leaf on” (mid-summer) and “leaf off” (fall). The second principal objective is to use the LIDAR-derived topographic and forest structure measurements to assess several physical processes and habitat conditions critical to the function of stream ecosystems.  This second objective has several components. First, we propose to use LIDAR-derived topographic surfaces to perform a fluvial geomorphic assessment of streams in the North Fork Teanaway River Basin.  This work will include the development of a stream channel network using Stillwater Sciences and U.C. Berkeley channel initiation algorithms to identify headwater streams that typically omitted, or incorrectly placed, when using standard digital terrain models and 30-m DEMs.  We will also use LIDAR to quantify stream channel characteristics that define how streams respond to natural and anthropogenic disturbances.  Included among these characteristics are slope and channel constraints.  We intend to perform the fluvial geomorphic assessment with both the wide and narrow scan data in order to assess the performance of the data sets.  Second, we propose to use LIDAR data to assess the potential of streamside forests to deliver large woody debris to the streams.  LIDAR can be used to delineate the source areas from which trees may fall into streams as well as quantify the potential delivery of a range of wood diameter classes (Fleece 2000).   Third, we propose to use LIDAR-derived topographic surfaces to quantify the shallow landslide potential of some selected portion of the basin using the model SHALSTAB.  We will identify areas of the landscape that are especially susceptible to shallow landsliding.  These shallow landslide hazard predictions can be used to mitigate or lessen the impact of various land uses on sensitive aquatic species. Finally, we propose to use LIDAR derived forest structure information to increase the predictive power of stream temperature modeling.  

Tasks and Methods

Task 1. Reconnaissance and Review of Existing Data

This task will involve review of existing data sources for the study area and several reconnaissance trips during 2001 to gain familiarity with the basin and select appropriate sites for field data collection under Task 4 and Task 5. Some of these selected sites will be surveyed during 2001 to serve as training sites for processing and application of the LIDAR data. Additional sites will be selected for field sampling during 2002 to serve as test or validation sites for the LIDAR-derived data and various components of the channel assessment and watershed analysis applications. The project will attempt to take full advantage of existing data sources, including recent field surveys of channel and watershed conditions and LIDAR data for the mainstem Yakima.

Task 2. LIDAR data acquisition.

It is the objective of this study to capture a full range of topographical and channel characteristics.  For this reason we propose to acquire LIDAR data for the North Fork sub-basin of the Teanaway River Basin.  The North Fork Teanaway sub-basin (NFTB) contains a wide variety of stream types, ranging from small, steep headwater streams to larger, lower gradient reaches on the North Fork near its confluence with the mainstem Teanaway River.  There are also a number of different land uses and landowners in the NFTB ranging from the United States Forest Service, to industrial forest lands, to agriculture, and residential. In addition, a detailed EDT analysis has been completed for this basin for the Yakama Indian Nation. Also, the Washington Department of Ecology completed a ten meter DEM model for portions of this basin. For these reasons we believe that working in this basin will allow us to assess the performance of LIDAR data across a wide range of topographic, ecological, climatic, and human land use configurations.  This kind of sampling is very difficult to implement in traditional field sampling efforts, often, due to the inability of crews to gain access to private property. 

Because the use of laser altimetry for these objectives is relatively new we propose to acquire LIDAR data under two distinctly different flight plans.  Under the first approach we intend to cover as much area as possible, dependent on contractor costs.  The data acquisition parameters such as scan width, footprint size, pulse spacing, and pulse strength will be adjusted to maximize the total area covered while maintaining a data resolution (1-4 meters) higher than any currently available resource(10-30 meters).  A fixed-wing aircraft will be used as the platform for this phase of LIDAR data acquisition. We anticipate acquiring data for several complete sub-basins within the NFTB.

The second flight plan will intensively sample up to 15 miles of stream channel and adjacent riparian vegetation along a longitudinal profile from a tributary headwater stream to the mainstem of the North Fork Teanaway River.  We intend to alter the data acquisition parameters such that all laser measurements are taken within a relatively narrow band along the stream corridor.  A helicopter aircraft will be used as the platform for this phase of LIDAR data acquisition. The 15 miles of stream channel will be surveyed twice: once in mid-summer (i.e., during the peak “leaf-on” period, to optimize data collection for deciduous riparian vegetation) and once during the fall (during “leaf-off” and low baseflow conditions to maximize data collection for stream channel attributes).

The reason for using two approaches is to determine whether wide scan data acquired from a fixed-wing aircraft are sufficiently accurate to capture desired channel characteristics.  The chief advantage of wide-scanning technology is that more area is sampled.  The disadvantage is that sampling is less intense in the areas that are sampled (i.e., data density is lower).  While the wide-scanning diffuse approach may be of sufficient detail and accuracy for some purposes (e.g., forest structure characterization and ground surface topography) it may not be sufficient for stream channel assessment. 

This task also includes processing of the LIDAR data to generate ground surface and canopy elevations. Deliverables from the LIDAR subcontractor will include the raw data, ground surface elevation data, elevation contours, and upper canopy surface elevation data.  We will also explore opportunities for collecting digital photography during LIDAR flights to produce digital orthophotos to aid in interpreting LIDAR data and for use in various channel assessment and watershed analysis tasks.

Task 3. Generation of Digital Elevation Models and GIS Base Layers

The objective of this task is to generate digital elevation models (DEMs) from the LIDAR data and then use the DEMs to generate base GIS coverages (or data layers) that are used in channel assessment and watershed analysis. The types of base data layers we plan to create include:

· DEMs at various resolutions (probably from 1-m to 5-m) 

· Channel network

· Channel type (slope, confinement, predicted dominant particle size) Roads and landings

· Canopy height (by subtracting ground elevation from canopy elevation)

One particular question of interest is what is the highest resolution DEM that can reasonably be developed from each LIDAR source. Based on past experience, we expect the fixed-wing wide-scan data will be suitable for generating DEMs with 2-m to 5-m resolution, while the helicopter narrow-scan data should be suitable for producing 1-m, or possibly finer, DEM. A key issue to explore is the tradeoff between cost of data acquisition or data density versus data processing costs and maximum DEM resolution. Resolution of 1-m or better may be required for assessment of some of the channel attributes we hope to measure (see below), while coarser 2-m to 5-m DEMs may suffice for certain analyses (such as landslide hazard prediction).

These data layers will be subject to rigorous QA/QC by Stillwater Sciences, University of California at Berkeley, and Weyerhaeuser team members. In addition, we may conduct further processing of raw and derived LIDAR data to assess performance of different filtering algorithms and to extract additional information about vegetation structure (such as leaf area index or biomass) for particular riparian stands.

Task 4. Testing the Use of LIDAR Data for Stream Channel Assessment and Monitoring

The use of lower resolution digital terrain models (or DEM’s) in basin-scale fluvial geomorphic assessments is a recent innovation that has become part of our standard approach for many channel assessment and watershed analysis projects.  The resolution of these DEM’s (10 to 30 meters), and consequently the accuracy, is low.  Therefore extensive and costly field verification is required to validate channel typing derived from this data.  Based on our previous work, we believe that the resolution and accuracy of LIDAR derived DEM’s greatly exceeds that of even the best publicly available data (Dietrich et al. 1998, 2000).  Because the resolution of LIDAR derived DEM’s approximates that of stream habitat units, confidence in extrapolations based on these data leads to more refined and focused field efforts. The primary objectives of the fluvial geomorphology assessment are to: (1) develop assessments of the current condition of stream channels at selected sites in the NFTB  in terms of their physi​cal forms and processes, (2) develop and evaluate hypotheses concerning the processes and events that have shaped the current condition of stream channels (with regard to the hypothesized, natural reference condition) in the assessment area, including the changes in channel morphology that have likely occurred in response to land use disturbances, (3) provide information on channel conditions and pro​cesses that contributes to assessments of aquatic and riparian habitat and watershed sensitivity, and (4) evaluate the merits of the two LIDAR data acquisition approachs (i.e., determine which level of spatial resolution is required to accurate assess  various channel features).

Stream channel characteristics reflect variations in local geomorphology, climatic gradients, spatial and temporal scales of natural disturbances, and riparian vegetation characteristics (Naiman et al. 1993). Representative reaches of different stream channel types are assessed in the field to determine how the geomorphic processes operating in these reaches give rise to channel morphology, and consequently to fish habitat (e.g., pool depth, size distribution of spawning gravels). The field assessment also determines how sensitive the channel morphol​ogy and habitat of each channel type are to land management-related increases in sediment supply. 

The fluvial geomorphology analysis uses a channel classification system that is developed on the basis of channel gradient and confinement. In this classification system, channel reaches are delineated according to process-based morphologies relating to sediment transport processes, including broad categories of “Source”, “Transport”, and “Response” reaches and alluvial channel types (Montgomery and Buffington 1993, 1997). Source reaches, generally located adjacent to steep hillslopes, have gradients > 20% and are often colluvial hollows which, if disturbed, can contribute large amounts of sediment to downstream channels. A transport reach (3–20% gradient) often has enough sediment transport capacity to move an elevated sediment load downstream without significant deposition or alteration of its channel morphology. Channel morphology in this reach type generally changes with decreasing gradient from cascade (6-20%) to step-pool (3-6%).  Response reaches (<3% gradient) tend to be most affected geomorphically by changes in sediment load from upstream reaches.  Channel morphology in this reach type generally changes with decreasing gradient from plane bed (1.5-3%) to pool-riffle (<1.5%). The specifics of the classification system can be adjusted to fit channel characteristics in a given geomorphic province or ecoregion.

Generally, a sediment-sensitive watershed would have a high proportion of its landscape occupied by unstable, sediment producing hillslopes and by relatively large number (or length) of response reaches. Watersheds are less sensitive if they have fewer upstream source reaches or fewer response reaches. This channel classification system is used to distinguish channels that are characterized by different sediment transfer processes and channel morphology and thus have different sensitivity to changes in sediment load, hydrology, or other physical disturbance.

Methods used to select field sites and methods for field evaluation of fluvial geomorphic conditions and processes are as follows:

1. Select field sites using the stream channel network stratification and watershed/landscape classification based on other GIS mass wasting, soil erosion, fish distribution, and aquatic and riparian habitat analyses (dependant upon availability). Select reaches that represent a range of potential and actual (if seen on aerial photographs) sediment loading, as indicated by the mass wasting and soil erosion assessments. 

2. Conduct channel assessment surveys concurrently with aquatic and riparian habitat surveys to collect complementary information at survey sites and to reduce unnecessary time expenditure and expense. Review field site selection methods from the aquatic and riparian habitat sections prior to final site selection.

3. Conduct a field evaluation of representative reaches per channel type to assess past and current geomorphic processes and channel forms, biological value, and sensitivity to changes in input variables such as sediment supply, water, and large woody debris. Evaluate all or some of the following diagnostic features:

 •   Physical constraints on channel morphology and processes (e.g., presence of bedrock in channel floor or banks, degree of valley confinement)

•   Source, quantity, and caliber of hillslope/streamside sediment inputs to the stream

•   Channel gradient (measurements of gradient can be used to validate DEM predictions of channel slope used in the channel classification at all channel survey field sites).  

•   Channel pattern characteristics (meandering/braided/straight, sinuosity, width-depth ratio, longitudinal profile)

•   Floodplain or bankfull characteristics (e.g., width, topographic features, depositional history, vegetation age)

•   Channel bedforms and type (plane-bed, pool-riffle, forced pool-riffle, step-pool, cascade, colluvial)

•   Characteristics of alluvial features (gravel bars), including morphology, location, size, vegetation, frequency of mobilization

•   Large woody debris characteristics (volume, frequency, key pieces)

•   Channel roughness elements (e.g., bedrock outcrops, LWD, planform)

•   Evidence of channel aggradation or incision (downcutting)

•   Bank condition (i.e., material and existing erosion)

•   Mean bed particle size (“mobile” d50, total d50) and bed texture (i.e., sorting, armor-ing, grain angularity and lithology)

•   Fine sediment in the substrate (“embeddedness”) and on top of coarse substrates in pools (“V*”)

4. Produce sketch-maps of valley cross-sections for the channel survey sites. Construct general, refined hypotheses about status of the geomorphic system and past changes in fluvial processes and channel morphology in the  assessment area.

Based on information collected through channel classification, empirical data collected during the field assessment of existing conditions, and in combination with analyses of land use history, surface erosion, mass wasting, and the rapid sediment budget, current channel conditions in representative and sampled channel reaches are described and inferences are drawn about background reference (pre-disturbance) channel characteristics and channel-forming processes (e.g. sediment production, transport, and storage).  This type of analysis allows identification of channel types that may respond positively or negatively to changes in land use.   

The purpose of this exercise is to identify which types of channel characteristics listed above can be assessed using various resolutions of LIDAR data. Training sites will be selected and surveyed during 2001 to provide accurate field data to be used in data processing and testing. After processing and testing of the LIDAR data collected during 2001, we will predict channel conditions for a range of channel types in the basin. Validation sites will be selected and field surveys conducted in 2002 to test the accuracy of these predictions. Results of this testing will be described in the final report (Task 6).

Another key test will be comparison of the midsummer (leafon) and fall (leafoff) LIDAR data for selected reaches. This will allow evaluation of the best time for collecting LIDAR data (i.e., when can you achieve maximum level of detail – we hypothesis that data collected during low baseflow conditions after leaf drop in the fall will provide maximum level of detail of key channel features). It wil also provide a test of the utility of using repeated LIDAR surveys to monitor channel conditions. A key test will be whether the two flights provide identical data for channel features that have not changed between midsummer and fall 2001 LIDAR surveys. If problems arise with location accuracy or differences in resolution between these two flights, it will cast doubt on the utility of current commervially available LIDAR technology for long-term monitoring.

Task 5. Application to Other Watershed Analysis Tools

The purpose of this exercise is to identify which types of watershed analysis tools can produce improved results using various resolutions of LIDAR data. Training sites will be selected and surveyed during 2001 to provide accurate field data to be used in data processing and testing. After processing and testing of the LIDAR data collected during 2001, we will predict wood delivery potential, shallow landslide hazard, and maximum weekly average temperature for selected portions of the basin. Validation sites will be selected and field surveys conducted in 2002 to test the accuracy of these predictions. Results of this testing will be described in the final report (Task 6).

There are a wide variety of watershed and landscape analysis tools that might benefit for the use of high resolution topographic and vegetation data derived from LIDAR. We propose to focus specifically on three of the modeling tools that Stillwater Sciences has been developing over the past several years in collaboration with Professor Bill Dietrich (UC Berkeley) and other colleagues:

1) modeling and diagnosis of wood delivery potential

2) modeling of shallow landslide instability 

3) modeling of stream water temperature.

High resolution LIDAR data has many other potential applications. Some exmples that project team members are interested in, but are not proposing to test explicitly under this proposal include:

· terrestrial wildlife habitat modeling

· modeling of headwater stream amphibian habitat 

· prediction of the location of perennial flow vs. intermittent flow reaches in channel networks

· modeling of deep-seated landslides

· modeling of soil creep (hillslope diffusive processes)

· modeling of road surface erosion (use of  SEDMOD)

· modeling of hillslope hydrology (shallow subsurface flow, saturation overland flow) 

· road and landing inventory and monitoring (can high resolution LIDAR imagery replace the need for certain types of ground-based road surveys?)

Although we are not proposing to directly test the use of various resolutions of LIDAR data in these additional applications, the results of this study should help identify the feasibility of using LIDAR for at least some of these other applications.

A critical question we hope to answer during Tasks 4 and 5 is which of the following types of fine-scale topographic features that are very difficult and/or expensive to delineate accurately with existing methods can be identified and mapped using high-resolution LIDAR DEMs:

· small alluvial fans that record recent erosion and deposition

· deep-seated landslides

· small alluvial valleys (important for identifying and mapping alluvial channel segments)

· roads, landings, skid trails (especially currently unmaped “legacy roads and landings”

· channel knickpoints

· riparian vegetation structure, including potential for LWD recruitment to the stream channel

· in-channel LWD (especially key pieces and debris jams)

· channel heads (and thus extension and placement of the channel network)

· channel gradient, confinement and entrenchment

· modifications to the hydrologic network caused by roads

· fine-scale unchanneled colluvial hollows.

Information on each of these features is needed when conducting watershed analysis.

Modeling and Diagnosis of Wood Delivery Potential


Large wood plays a crucial role in the structure and function of stream ecosystems in the Pacific Northwestern United States.   Large wood in streams increases the retention of dissolved organic matter (Bilby and Likens 1980, Bilby 1981), particulate matter (Angermeier and Karr 1984, Trotter 1990), the number and volume of pools (Evans et al. 1993, Ralph et al. 1994), and provides cover or refugia for a number of fish species (Angermeier and Karr 1984, Moore and Gregory 1988a, Moore and Gregory 1988b, Harvey et al. 1999).   Human activities (e.g., timber harvesting, agriculture) have changed the structure of streamside forests and altered the natural delivery of wood to streams (Evans et al. 1993, Headman et al. 1996, McHenry et al. 1998), thereby degrading the streams and their ecological functions.  Recent studies have shown that it is possible to use LIDAR data to delineate the areas within streamside forests from which trees may fall in streams (Fleece 2000, Fleece in press).  

The objective of this portion of the study is to delineate the source areas for trees that may fall in streams and to quantify the potential for delivery of large or key wood pieces to the streams.  This work will be accomplished through each of the following steps.

1. Build the three-dimensional forest structure models

2. Collect ground-based height and diameter measurements.

3. Delineate source areas using ground based structure measurements

4. Compare ground based forest structure measurements to LIDAR forest structure models.

5. Model source areas using LIDAR data and compare to ground-based source area delineation’s.

6. Predict diameter class delivery potential.  

While we will not analyze the impact of the configuration of the streamside forests on fish and wildlife species, the results of this study can provide baseline data for more detailed analyses. For example, this analysis, in combination with the fluvial geomorphic assessment, will allow us to identify which streamside forests can deliver key wood pieces to streams.  This information can aid in focusing field efforts to measure standing stocks of wood as well as in the development of prescriptive measures designed to place wood in impoverished reaches.

Shallow landslide modeling and analysis


Shallow landslides most commonly occur in steep valleys without stream channels where topographic convergence forces both the accumulation of thick soils over geologic times and the concentration of shallow subsurface storm runoff.  Depending on soil properties in a watershed, these shallow landslides which mobilize at the heads of first-order basins often generate debris flows capable of scouring the steep colluvial channel to bedrock and burying downstream lower gradient channels with sediment.  Debris flows only come to rest on slopes of sufficiently low gradients, where the mass yield strength is no longer exceeded.  These slopes typically range from 6 to 10% in the Pacific Northwest.  Shallow landslides, while often small (i.e., affecting an area of the order of 100m2 or 1075ft2), can be sufficiently numerous to introduce large quantities of sediment to the river system, particularly after road construction and timber harvesting.

Unlike 10-meter and 30-meter elevation data, finer resolution LIDAR-derived DEM’s would enable significant improvement in capturing local topographic controls on runoff and erosion mechanism, and thus increase the accuracy of SHALSTAB.  Note that with 30-meter and 10-meter DEM’s SHALSTAB captures only large and medium sized landslides (Dietrich et al. 1998).

A mass wasting assessment is typically conducted using aerial photographs, geologic and geomorphic maps, a topographic and hydrologic model of potential shallow landslide instability (the SHALSTAB model), and limited field observations.  The objective of the analysis is to develop information to:

1. Produce maps showing potential shallow landslide instability hazards.

2. Recognize mass wasting features and processes active in the study area (e.g., map shallow-rapid landslides, deep-seated slope failures, and debris torrents).

3. Describe the relative potential for mass wasting impacts associated with specific land-scape units and the relative sensitivity of different portions of the landscape to land-use-related mass wasting.

4. Describe temporal and spatial variability in shallow landsliding rates, as permitted by available aerial photograph coverage and budget.

A landslide inventory of shallow landsliding features is then developed to help identify prior and current baseline conditions.  These conditions are used to predict potential erosion responses to future forest activities.  A prediction of the mass wasting potential is made by associating the occurrence of shallow and deep-seated landslides with terrain or geologic features in catchment.  Similar mass wasting characteristics and triggering mechanisms help define the mass wasting characteristics of each area.  This study does not explicitly analyze the impacts of shallow landsliding on aquatic species, also sediment and LWD delivery to streams can have significant direct and cumulative effects on aquatic organisms. 

Results of a sediment source assessment in the South Fork Eel River Basin using 10-m and 30-m DEMs to apply SHALSTAB, SEDMOD, channel network modeling, and other methods can be viewed at the following EPA web site: http://www.epa.gov/region09/water/tmdl/eel/eel.pdf
The application of the South Fork Eel River Basin sediment source assessment to the Sediment TMDL developed by EPA can be viewed at the following EPA web site: http://www.epa.gov/region09/water/tmdl/eel/eel.pdf



Stream Temperature Modeling and Analysis 

The BasinTemp model predicts water temperatures throughout a stream channel network.  BasinTemp couples a solar flux model, which calculates solar irradiance across large basins, with an energy balance and hydrologic model which calculates the heat transfer between each reach and the environment and the transport of heat downstream under steady-state conditions.  BasinTemp was originally developed to support investigation of a temperature TMDL (Total Maximum Daily Load) for the South Fork Eel River basin in Northern California, where cold-water salmonid habitat is the primary beneficial use (EPA 1999).  It has recently been tested in the North Umpqua River Basin in the Western Cascades of Oregon. The model is currently configured to predict various stream temperature metrics including the maximum weekly average temperature (MWAT), the metric selected by the EPA, and which is commonly used to identify temperature suitability for freshwater fish (Brungs and Jones 1977, Armour 1991).  The model can also be used to evaluate the effect of riparian-zone vegetation management strategies on stream temperature metrics (such as MWATs). A general description of the model structure, data requirements, model assumptions and limitations, and model output are provided below.

The model draws on existing research on solar radiation and stream temperature physics to develop a simple model structure that uses a minimum of field-measured stream temperature data for calibration but does not require comprehensive field data for model parameterization.  BasinTemp can predict various temperature metrics including maximum weekly average stream temperature (MWAT), providing a means of identifying parts of the stream channel network where excessive temperatures will degrade salmonid habitat, and conversely, where in the stream network where water temperatures are or are not suitable for use by salmonids.

One of the primary roles of BasinTemp is to allow resource and land managers to explore the relationship between vegetation and stream temperature.  The vegetation data necessary to explore these relationships can be derived from a variety of sources, including Landsat TM or infrared aerial photography.  The important consideration is that the data be of sufficiently high resolution to allow for characterizing riparian vegetation at a small reach scale (e.g., ~25 meters).  

For certain types of vegetation data (e.g., Landsat TM) information on diameter-at-breast height (DBH), crown cover closure, and vegetation type classes need to be converted to height data to allow radiation predictions.  Tree height data are then added to the topographic DEM creating a cumulative vegetation-topographic digital elevation model (DEM).  The stream channel network is overlain onto this vegetation –topographic DEM.  The elevation of individual stream reaches is set equal to the topographic elevation.  The visual effect of this DEM superimposition is to generate ‘stream corridors’ where relatively tall riparian vegetation exists.  Where early seral or grassland and shrub vegetation types exists, the stream surface will tend to be relatively exposed.  This exposure is also contingent on the surrounding topography.  The height and orientation of the riparian vegetation, in conjunction with topographic shading, determines the relative contributions of direct and diffuse solar radiation, and hence determines the amount of solar energy available to heat the stream.  

By using LIDAR-derived vegetation DEM the accuracy of the height measurements should be greatly increased. In addition, the LIDAR-derived higher resolution topography may improve model performance compared to reliance on USGS 10-m or 30-m DEMs. These assumptions will be tested by applying BasinTemp to selected portions of the basin. Details will depend upon available water temperature monitoring data. If necessary, thermographs will be deployed during summer 2001 to collect sufficient data to apply Basin Temp to one or more sub-basins for the purposes of comparing the relative merits and costs of using 10-m and 30-m USGS DEMs vs. 1-m to 5-m LIDAR-derived DEMs.

Results from the application of BasinTemp to the South Fork Eel River Basin in California may be viewed at the following EPA web site: 

http://www.epa.gov/region09/water/tmdl/eel/eel.pdf



Task 6. Report Writing and Production

This task includes writing and production of the project report. The report will be the final deliverable. It will include evaluation of the technical problems and successes involved in acquiring and processing LIDAR data, including comparison of the relative benefits and costs of the two methods of LIDAR data acquisition. Sample data will be presented to illustrate various technical points. The report will also evaluate the usefulness, relative to costs and the availability and cost of alternative methods of data collection and analysis, of LIDAR-derived data for various aspects of channel assessment and monitoring and selected watershed analysis tools. Sample data from the basin and the results of model applications will be included to illustrate successes and failures of the various applications. Comparisons of LIDAR field and model data will be used to confirm the physical attribute ratings used in EDT modeling in the Teanaway basin. The project team will summarize the effectiveness of the combined tools to place habitat actions on the landscape and monitor changes in EDT ecological attributes over time.

Task 7. Project Management and Meetings

This task covers basic project management and administration, plus participation in project planning and coordination meetings.

Section 3f. Facilities and Equipment

The team has all of the facilities required to process and analyze the data. However, a subcontractor will be hired to collect the field LIDAR data.
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Section 4. Key Personnel

In this section we include a list of possible key personnel for the project as well as their resumes.  Because of the uncertainty associated with funding for this project, the number of man-hours has not been assigned on an individual basis.  This results from the fact that each staff person is billed out at a different rate, and this rate will change at the start of the new year (January 1, 2001).  The cost estimate for this project is based on the average hourly costs for the group as a whole.  Some members are billed at significantly higher rates than other.  In order to keep study costs as low as possible, upon award of contract Lars Mobrand will work with BPA contracting staff to develop man-hours for each individual based on the level of experience needed for the task.
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Fishery Technician, Wash. Dept. of Fisheries, Olympia, WA, 1986. Enumerated and coded-wire tagged coho salmon smolts migrating from the Skykomish River.

Fishery Biologist, National Marine Fisheries Service, Seattle, WA, 1985-86. Collected catch data from Japanese fishing vessel in the Bering Sea. Collected biological data on selected fish species and monitored ship for compliance with U.S. fishing regulations.

Fishery Biologist, Univ. of Wash., Seattle, WA, 1984-86. Assisted in sampling of juvenile and adult sockeye salmon and limnological data at Alaskan field stations. Collected data from nearshore habitat of Bristol Bay.

KEVIN M. MALONE
Biologist


CURRICULUM VITA

EDUCATION

M.S., Biology, 1985

Central Washington University, Ellensburg, WA

B.S., Biology, 1980

Central Washington University, Ellensburg, WA

PROFESSIONAL HISTORY

Fisheries Biologist, Mobrand Biometrics, Inc., Vashon, WA, 1999-present. Mr. Malone is involved in conducting EDT analysis throughout the Columbia River basin. He is also involved in developing and analyzing fish passage systems at Columbia River hydroelectric projects as well as the Lewis River, Cowlitz River, and other basins throughout the Northwest. 

Harza Engineering Company. Bellevue, WA. 1990-99. Mr. Malone’s duties at Harza included analyzing the impacts to salmonid populations from hydroelectric development and operation and conducting environmental assessment work, fish entrainment studies and habitat surveys for 13 hydroelectric projects located across the United States.

Hydroacoustic Technology Incorporated. Seattle, WA, 1988-90. Performed hydroacoustic work for Priest Rapids and Wanapum Dams.

Washington Department of Fisheries. 1987-88. Worked for the Washington Department of Fisheries as a Scientific Technician 3 at the Priest Rapids Salmon Hatchery.  Duties included assisting hatchery personnel with the care and feeding of juvenile fall chinook, spawning of adults, adult trap operations including transport and other hatchery practices. Additionally, Mr. Malone was responsible for a crew of three technicians conducting spawning and carcass surveys in the Hanford Reach of the Columbia River.

Grant County PUD. 1986-87. Performed fyke net testing to determine fish guidance efficiency, and descaling analysis and species composition of juvenile salmon being diverted by a prototype in-turbine stationary screen.  Conducted redd surveys for fall chinook at Vernita bar on the Columbia River and collected biological data on steelhead at the Priest Rapids coded-wire-tag trap.  Assisted hatchery personnel with adult spawning of fall chinook.

RICK PAQUETTE

Biometrician

CURRICULUM VITA

EDUCATION

Post Master Studies, Biomathematics, 1969-1974

University of Washington, Seattle, WA

M.S., Microbiology, 1969


University of Washington, Seattle, WA

B.S., Microbiology, 1966

University of Minnesota

PROFESSIONAL HISTORY

Mobrand Biometrics, Inc., Vashon, WA, 2000-present. Mr. Paquette recently (March 2000) joined the staff at MBI, where he develops Visual Basic tools for accessing and displaying information for Access databases.

Weyerhaeuser, 1991 –2000. Timberlands Strategic Planning—Forest Management Analyst. 

· Primary responsibility: develop, enhance and maintain FORTRAN timber growth and management applications. 

· Other Software Development Projects: 

– Developed an individual tree model for thinning Douglas fir stands to allow more accurate financial analysis of product flows.  

– Implemented a method for tracking software development and version control.
· In addition to software development, used the applications for analysis in a number of strategic plan activities.

Georgia Lands and Timber, April-October, 1997. Temporary Assignment.
· Purpose: to gain operational Experience as part of a GIS team in Georgia.

· Used ARC/INFO and AMLs.  Imported, exported, built and modified coverages.  

Building Materials Distribution Support, 1988-1991.  Information Analyst.
· Developed a methodology for monitoring and maintaining HP computer equipment for lumber distribution centers across the U.S.

· Created questionnaires to access customer acceptance of software that was being developed and to set direction for further software development.  Submitted and presented a paper on this process at the 1990 Interex meeting in Reno.

· Developed course materials and supervised training to sales and administrative staff.
Pierce Junior College, Fall Quarter, 1997. Evening Instructor.

· Taught a course in Basic PC Operating Systems.

DAVID E. FAST

Fisheries Resource Management

Yakama Nation

P.O. Box 151

Toppenish, Washington  98948

509‑966‑5291

A. Education

University of Washington, Seattle, Washington  


Doctor of Philosophy in Fisheries Science, 1987.       

University of Puerto Rico, Mayaguez, Puerto Rico 


Master of Science in Marine Sciences, 1974.             

St. John's University, Collegeville, Minnesota 

     
Bachelor of Science in Zoology, 1969.

Research Experience

1988-Present:  Research Manager. Fisheries Resource Management  Program, Yakima Indian Nation. Responsible for the design, development, and implementation of a major supplementation and research facility to test the concept of using artificial production to rebuild natural spawning populations of spring chinook salmon in the Yakima Basin. Write detailed project plans, develop short- and long-term project goals and objectives, and supervise professional and technical staff. 

1985‑1988:  Project Leader. Spring Chinook Enhancement Study.

Responsible for research project designed to determine the best methods of enhancing the spring chinook salmon population in the Yakima Basin.  Evaluate survival through various life stages and total production of naturally producing salmon. Determine methods of supplementation with hatchery reared fish while minimizing adverse genetic impacts.   

Selected Publications.

Fast, D.E.  1987.  The behavior of salmonid alevins in response to light, velocity and dissolved oxygen during incubation.  Pages 84-92 in Salmonid Migration and Distribution Symposium (E.L. Brannon, ed.), School of  Fisheries, University of Washington, and Directorate for Nature Management, Norway, Trondheim, Norway.

Fast, D.E., J.D. Hubble, T.B. Scribner, M.V. Johnston, W.R. Sharp.  1989.  Yakima/Klickitat Natural Production and Enhancement Program.  1989 Annual Report to Bonneville Power Administration.  Project 88-120.  107 pp.

Fast, D.E., J.D. Hubble, M.S.Kohn, and B.D.Watson.  1991.  Yakima River Spring Chinook Enhancement Study.  Project Completion Report to Bonneville Power Administration.  Project 82-16.  Volume 1 - 345 pp. and Volume 2 (Appendices) 133 pp.

BRUCE  D. WATSON

            Fisheries Resources Management

            Yakama Nation

           (509) 966-5156

            watson@yakama.com

BACKGROUND

1984-present:

Fisheries Biologist/Information Specialist, Yakama Nation.

1981-1984:

Masters Program, University of Idaho

1974-1976:

B.S. Zoology, University of Massachusetts.

1967-1971:

B.S. Psychology, Dartmouth College

SELECTED PUBLICATIONS

[Principal author of] YIN (Confederated Tribes and Bands of the Yakama Indian Nation).  1990.  Yakima River Subbasin Salmon and Steelhead Production Plan.  Prepared by the Confederated Tribes and Bands of the Yakama Indian Nation, Toppenish, WA; and Washington Department of Fisheries and Department of Wildlife, Olympia, WA; for the Northwest Power Planning Council and Agencies and Indian Tribes of the Columbia Basin Fish and Wildlife Authority.

Fast, D.E., J. Hubble, M. Kohn and B.  Watson. 1991. Yakima spring chinook enhancement study: Final Report.  Bonneville Power Administration, Division of Fish and Wildlife, Project 82-16.

Lichatowich, J. And B. Watson.  1993.  Use of artificial propagation and supplementation for rebuilding salmon stocks listed under the Endangered Species Act.  Bonneville Power Administration, Portland, OR.

Watson, B.D.  1993.  Proposed natural production objectives for upper Yakima spring chinook under the Yakima/Klickitat Fisheries Project.  Internal YFP report.

Busack, C., B. Watson, T. Pearsons, C. Knudsen, S. Phelps and M. Johnston.  1997.  Yakima Fisheries Project Spring Chinook Supplementation Monitoring Plan.  Report for the Yakima/Klickitat Fisheries Project, DOE/BP number 64878-1 April 1998 3C.

Paul Edwin Huffman

PRIVATE 

4707 Scenic Drive, Yakima, WA 98908

Office phone: 509-972-4747   ph2738@ixpnet.com ph2738@coastaccess.com
EDUCATION
M.S. in Fisheries, University of Washington, College of Fisheries, Seattle.  1982.  Thesis title: The effects of environmental factors on diet, size, and condition of Skagit River juvenile salmonids.

B.S. in Fisheries, University of Washington, College of Fisheries, Seattle.  1975

EMPLOYMENT
GIS Consultant.  Proprietor. 6/96 to present. Advised clients on GIS hardware and software acquisition.  Installed systems and GIS data.  Developed Avenue applications, Arcview projects, and Access reports for clients.

Computer Services Coordinator. Quinault Department of Natural Resources.  Forestry Division, 12/91 to 1/00. Managed the data processing/GIS section.  Selected and purchased personal computers, peripherals, and software.  Selected and purchased a SPARC 10 workstation and converted Arc/Info GIS applications from PRIME to the SPARC.  Migrated from Sun OS 4.1.3 to Solaris 2.6.  Upgraded Arc/Info from 6.1 to 7.2. Used Arc/Info products TIN, GRID, NETWORK, and COGO.  Assisted our Forest Inventory Department select contractors and oversee contracts for satellite imagery vegetation cover interpretation.  Installed digital elevation models from WDNR.  Utilized WDNR's WARIS stream database. Photointerpreted natural resources from digital orthophotos. Assisted in the selection and implementation of a forest inventory system and developed links between the inventory and our GIS.  Integrated GPS field data from into ARC/INFO using Trimble and CMT systems. Installed a TCP/IP local area network to provide GIS to Arcview users with PC’s and to provide Internet access.  Created Arcview Avenue applications and projects. Maintained office personal computers and supported software and applications, including Office 97, WordPerfect, Lotus 123, Rbase, Dbase, Access, PC Anywhere and Procomm. Helped support Novell Netware LAN services. Designed positions, hired, and supervised data entry personnel.  Ran a payroll system for tree planting crews.  Selected an Arc/Info instructor for our personnel, set up an Arc/Info training lab using Exceed X-windows emulation and Hummingbird NFS, and systems support for the class.  Participated in the Quinault and Salmon River Watershed Analysis.  Created a marine fishery negotiation tool in Arcview. 

Assistant Harvest Manager.  Quinault Department of Natural Resources. Fisheries Harvest Management Section, 10/79 to 12/91.  Managed Quinault Indian Nation's Grays Harbor fisheries, ocean troll fisheries, Lake Quinault sockeye project, and razor clam fisheries. Participated in Pacific Fishery Management Council meetings. Supervised division personnel.  Wrote proposals and management plans.  

JOEL D. HUBBLE

Fishery Biologist

CURRICULUM VITA

EDUCATION

M. S., Biology 1992

Central Washington University, Ellensburg, Washington

B. S., Fisheries, 1978

University of Washington, Seattle, Washington

PROFESSIONAL HISTORY

Fishery Research Biologist III, Yakama Nation, Toppenish, WA.  1993-Present.  My primary responsibilities are associated with Yakima/Klickitat Fisheries Project (YKFP).  I’m a participant in the development of the YKFP monitoring/evaluation program and budget.  I have oversight of all adult salmonid video-monitoring activities in the Yakima basin.  Since1995, I have been actively involved with Ecosystem Diagnosis Treatment (EDT) modeling in the Yakima and Klickitat basins.  I have oversight of the Methow Basin Spring Chinook Supplementation monitoring and evaluation study.  
Fishery Research Biologist II, Yakama Nation, Toppenish, WA.  1989-93.  Project Leader for the BPA funded Yakima\Klickitat Fisheries Project.  Duties included oversight of the Yakama Nation's work statement, preparation of the annual budget, work plan and report, plus oversight of field research activities and data analysis.

Fishery Research Biologist I, Yakama Nation, Toppenish, WA.  1982-88.  Lead field biologist for the Yakima Basin Spring Chinook Enhancement Study.  Responsibilities included supervision of field crews, collection of field data, data analysis and report writing.

Fishery Biologist I, Yakama Nation, Toppenish, WA.  1979-82.  Primary responsibility was to inventory the salmonid populations in reservation streams.  This involved the collection of life history data, such as, population density, estimates of biomass, length/age composition, estimates of steelhead smolt production in selected tributaries, and report writing.  Secondary responsibilities included spawner surveys, monitoring tribal fisheries, the culturing of coho and chinook salmon, and inventory of fish passage problems in reservation streams.

Fishery Biologist I, Washington State Department of Game, Forks, WA.  1978-79.  Monitored the steelhead sport fishery (Nov - Apr) in the Quileute Basin.  Responsible for collection of CPUE data from sportsman; collection of life history data from fish caught; and preparation of steelhead scales for reading.

B. PUBLICATIONS

Fast D., J. Hubble, M. Kohn, B. Watson.  1991.  Yakima River Spring Chinook Enhancement Study, Final Report.  Project No. 82-16.  Bonneville Power Administration.  Portland, Oregon.

Scott E. Needham Ph.D.
2712 N. 26th St, Tacoma, Washington 98407 USA

Home Phone: 253-759-6862, Work Phone: 253-924-2128

Email: SNee961026@cs.com

Education

Ph.D.  Department of Resource Development.  Michigan State University.  East Lansing, Michigan  USA

Dissertation Title - Assessing a GIS and ANN-AGNPS Water Quality Model:  A Case Study
M.A.  Department of Geography.  Ohio University.  Athens, Ohio  USA

Thesis Title - A GIS for Assessing Environmental Relationships in the West African Savannah Nation of Senegal

B.A.  Department of Geography.  Oregon State University.  Corvallis, Oregon  USA

Major - Cartography / Minor - Planning

Languages: French & German - Basic Conversation
Professional Experience

Forestry Information Technology Manager, 1994-Present

Weyerhaeuser Company - Timberlands / Federal Way, Washington  USA

Foresty Information Technology Lead

Manage forestry information technology team that provides strategic information technology leadership to Weyerhaeuser - Timberlands  through the identification, evaluation and integration of new information technologies into forest resource management.  Technologies include:  Remote Sensing, GPS, Hand Held Data Collection, GIS, Visualization, and Web-Applications. 

Spatial Analysis Team Lead

Manage GIS Spatial Analysis team in the development of GIS products for operations and corporate staffs. GIS services  include application programming, map generation and spatial data analysis/modeling. Projects include: habitat conservation planning, land acquisition planning,  hillslope stability analysis, hydrology modeling, and  stream characterization. Team's responsibility also includes stewarding Weyerhaeuser's spatial database.

Company-wide GIS Technology Deployment and Support Lead

Planned and managed  staff  in successful deployment of UNIX-based Arc/Info GIS and Oracle relational database technologies to user base distributed across US.  Deployment included development and delivery of GIS training and continued ongoing support for GIS activities throughout company incorporating Web-based learning and communication tools.

Corporate Timberlands Staff Group Information Manager

Manage IT relationship with corporate Timberlands staff groups, including Timberlands Minerals Resources, Timberlands Strategic Planning, Timberland Research and Development and Timberlands Acquisitions and Dispositions.  Facilitate development of strategic plans to integrate technology use into Timberlands support staffs.  Support staffs in development of annual Timberlands IT plans and budgets.  

Adjunct Professor/Scientist/GIS Lab Manager, 1992-'94

University of Wyoming.  Wyoming Water Research Institute / Laramie, Wyoming  USA

Developed and managed GIS lab at Wyoming Water Research Institute. Responsible for administratively managing projects and staff.  Coordinated GIS support and involvement of research staff in larger projects.  Major projects included: State-wide spatial database development, Wyoming ground water vulnerability analysis and mapping, well head protection planning, archeological site mapping, citizen ground water testing,  surface hydrology modeling.  Also coordinated development and delivery of   Arc/Info and ArcView training to federal and state agency personnel.

Senior Scientist, 1990-'92


US Department of Agriculture - Agriculture Research Service





Morris, Minnesota  USA

Designed and managed field data collection of hydrology information.  Coordinated with other scientist in data analysis and algorithm generation describing watershed hydrologic processes.  Managed team of  programmers in the planning, design and development of a watershed nonpoint pollution computer modeling tool.  Coordinated technical phone support and training classes for the computer modeling tool.

ZHENKUI  MAPRIVATE 

Weyerhaeuser,TIS/WWC-2E2

Federal Way, WA

Phone: 253-924-4772, Fax: 253-924-2301

Email: zhenkui.ma@weyerhaeuser.com

 EDUCATION

Doctor of Philosophy in Natural Resources (1990).

The University of Michigan, School of Natural Resources, Ann Arbor, MI.

Master of Science in Natural Resources (1985).

The University of Michigan, School of Natural Resources, Ann Arbor, MI.

Bachelor of Science in Forestry (1982).

Beijing Forestry University, Forestry Department, Beijing, PRC.

PROFESSIONAL EXPERIENCES
1996-present Senior Remote Sensing Specialist, TIS, Weyerhaeuser, Federal Way, WA.

Develop remote sensing strategy--provide company wide technical expertise in the use of remote sensing technologies for forest management: including film based aerial photography, airborne digital photography, satellite based earth observation systems, Radar, Lidar, hyperspectral and microwave sensors. 

1994-1996 International Consultant, Food and Agri. Org. of The U.N., Rome, Italy.

Consulted for setting up national forest resources monitoring system in China using remote sensing and GIS technologies. Helped build GIS data base using AVHRR data at national level and TM data at province level, and wrote interface program for dynamic link between remote sensing and GIS software.

1991-1996 Post Doctoral Scholar/Research Associate, Wildlife Spatial 

     Analysis Lab., MT CWRU, University of Montana, Missoula, MT.

Developed algorithms for digital image processing, classified and mapped existing vegetation cover types, built GIS data base for archiving and retrieving spectral and biophysical data, assessed accuracy of classification of remote sensing data.  Developed spatial environmental model for riparian vegetation, applied remote sensing, GIS, and GPS technologies for natural resources management and wildlife habitat studies.  Mapped forest resources and setup GIS data base for U.S. forest service. 

PROFESSIONAL SKILLS
STATISTICS. Proficient in statistical packages, including SAS, BMDP, OSIRIS, SPSS, and MIDAS, excellent knowledge of statistical methods.  

RS/GIS/GPS. Proficient in remote sensing and GIS software, including ERDAS/IMAGINE, ERMAPPER, and ARC/INFO applications. Proficient in data base management and spatial environmental modeling. Excellent knowledge of various types of remote sensing data (MSS, TM, SPOT, AVHRR, VIDEO images, aerial photos, and Lidar) and practical GIS applications. Excellent knowledge of GPS application with GIS.

COMPUTER.Proficient in C, FORTRAN, BASIC, and PASCAL programming languages. Proficient in data base software (dBase, FoxPro, INFO) and ARC/INFO AML programming. Proficient in using PC, mainframe, workstation, as well as UNIX, DOS, WINDOW and NT operating system.

SOFTWARE DEVELOPED. VISUALIZATION / MAPPING (VIMAP) software.

RECENT PUBLICATIONS
Ma, Z., 1995.  Merging "salt pepper" / small regions with large neighboring regions based on similarity of attributes. GIS'95 Symposium on Natural Resources, Environment and Land Information management, Vancouver, British Columbia, Canada, pp. 834-837.

Ma, Z. and R. L. Righter, 1995.  A method for modeling riparian distribution in mountainous terrain.  GIS'95 Symposium on Natural Resources, Environment and Land Information management, Vancouver, British Columbia, Canada, pp. 542-547.

Ma, Z. and R. L. Redmond, 1995.  Tau coefficient for accuracy assessment of classification of remote sensing data.   Photo-grammetric Engineering and Remote Sensing, 61(4):435-439.

Ma, Z. and R. L. Redmond, 1993.  Using LANDSAT TM data and a GIS to classify and map existing vegetation.  Second International Conference/Workshop on Integrating Geographic Information System and Environmental Modeling, Breckenridge, Colorado.

Rafael Real de Asua, GIS and Image Processing Analyst

M.L.A., University of Pennsylvania; Landscape Architecture; 1990
B.A., Universidad de Zaragoza, Departamento de Geografia, Spain; Physical Geography, with emphasis in Geomorphology; 1983

Stillwater Sciences (1997 – Present) 

EA Engineering, Science and Technology, Inc. (1993 – 1997) 

OXFAM America. (1993 – 1994)

Expert Information Systems, (1991 – 1993)

Coe Lee Robinson Roesch Landscape Architect (1989 – 1991). 

Research Assistant, Landscape Architecture and Regional Planning, University of Pennsylvania. (1987 – 1989)
Mr. Real de Asua has over 12 years of experience in computerized mapping and GIS analysis. His areas of expertise include GIS project management, data gathering and analysis, image processing, remote sensing, and aerial photo interpretation.  He has extensive knowledge of the ArcInfo/Arcview programming environments (AML and Avenue), and has worked with other CAD/GIS solutions such as ERDAS, Intergraph, and Microstation.  Mr. Real de Asua has worked in a range of projects for both the public and private sectors in the United States and abroad.
Most recently, he has used a GIS for hillslope analysis and the production of sediment yields and for selecting best aquatic and riparian connectivity options for different terrestrial species affected by a network of canals for the North Umpqua project.  Mr. Real de Asua has developed an Arcview interface for a salmon population model (Reference Model) for the North Umpqua River and written an Arcview interface for the  Shallow Landslide Potential (SHALSTAB) model developed by Dr. William Dietrich of the University of California, Berkeley.

He has developed and managed a stream GIS for a number of project sites to help generate sample areas, analyze, query and plot the data, assess the influence of human impacts in channel morphology, and determine riparian and salmonid habitat at various flows for the North Umpqua, Tuolumne and Merced projects.
Mr. Real de Asua has also performed quality control on digitized data, queried and generated reports based on vector and raster queries performed in ARC/INFO to be incorporated in hydrologic models and water rights issues, built a regional spatial database at several scales and executed database queries for economic and water quality consultants charged with impact assessments. He has defined stream channel conditions for use in different sedimentation analyses.  He has delineated vegetation cover along several watersheds.

Selected Publications and Poster

Dietrich, William, E. , Bellugi, D., and  Real de Asua, R.  1999. Validation of the shallow landslide model  SHALSTAB, for forest management. Submitted for review for the influence of land use on the hydrologic-geomorphic responses of watersheds. American Geophysical Union, Water Resources Monograph.

Real de Asua, R.  1996.  Predicting Fish Habitat Using Geographic Information Systems. Poster. 1996 ESRI Users Conference. Palm Springs, California.

Real de Asua, R.  1996.  Hayfork AMA Forest Health Analysis.  Speaker. 1996 California GIS Conference.  San Francisco, California.

Sharon H. Kramer, Senior Fisheries Ecologist/Biologist

Ph.D., Marine Biology, UC San Diego, Scripps Institute of Oceanography, 1990

M.S., Zoology, University of Hawaii at Manoa, 1983

B.A., Aquatic Biology, UC Santa Barbara, 1979

California Rapid Bioassessment Protocols, 1998

River Channels, Teton Science School, 1997

Washington Department of Natural Resources Watershed Analysis, 1994

National Environmental Policy Act, 1994

Stillwater Sciences (2000-present)

National Marine Fisheries Service, (1997-2000)

Metropolitan Water District of Southern California (1996)

U. S. Fish and Wildlife Service, (1994-1995)

Dr. Kramer has over 20 years of experience in aquatic ecology and fisheries biology in the Pacific Northwest, Central California, Australia, and Hawaii.  She has been involved in technical teams with academics, resource agencies and environmental groups under the Interagency Ecological Program (IEP) of CALFED.  She provided expertise in modeling, assessment of restoration actions and impacts of water supply operations in the Delta, as well as providing technical expertise on a variety of IEP project work teams.  Her broad background in Central Valley and Sacramento-San Joaquin Delta fisheries issues provides much of the technical expertise for the CALFED White Paper to assess the effects of diversion on fish populations in the Sacramento-San Joaquin Delta.  Dr. Kramer also has broad experience with water supply and diversion impacts to aquatic species and their habitats.  She was a scientist involved in implementing the Bay‑Delta Accord and in the early stages of CALFED while working as a Resource Specialist for the Metropolitan Water District of Southern California in Sacramento, CA in 1996. She has extensive research experience in freshwater, estuarine and marine ecology.

Dr. Kramer also has extensive experience in watershed analysis, habitat conservation planning, and developing monitoring and adaptive management strategies.  Since 1994, Dr. Kramer has been a recognized expert on Pacific salmon and the Endangered Species Act (ESA). Dr. Kramer coordinated and developed aquatic conservation strategies for salmonids and bull trout in multi-species HCPs on non-federal lands under sections 10 and 7 of the Endangered Species Act (ESA). These projects also required NEPA and CEQA compliance. She served as the Regional Science Coordinator for the National Marine Fisheries Service (NMFS) in Arcata, CA from 1997 to 2000 and as a Fish and Wildlife Biologist with the U.S. Fish and Wildlife Service in Olympia, WA from 1994-1995. 

Dr. Kramer is an experienced project manager and has provided technical experience on a wide variety of interdisciplinary projects, including watershed analysis and habitat conservation planning; development of monitoring and adaptive management strategies; and habitat and aquatic species inventories and assessments.

Selected Publications

Kramer, S.H., and R. Klein. 1999.  Distribution and function of large woody debris in Prairie Creek, CA, a pristine redwood watershed. Paper presented at the Wildlife Society Dead Wood Symposium, Reno NV, October 1999.

Kramer, S.H. 1999. Habitat Conservation Plans as a tool for recovery of coho salmon in northern California redwood ecosystems.  Paper presented at the American Fisheries Society, Cal‑Neva Chapter, March 1999.  

Steven Kramer, Fisheries Biologist

M.S., Natural Resources/Fisheries, Humboldt State University, 1993

B.S.,  Fisheries Biology, University of Massachusetts,  Amherst, 1979

U.S. Coast Guard-Boat Operators License - 6 passengers, 100 ton vessels, 100 miles offshore.

NAUI certified SCUBA diver (>200 logged dives) & N.O.A.A. dry suit training.

Stillwater Sciences (2000-present)

National Marine Fisheries Service (1997-2000)

California Dept. Fish & Game (1996; 1988-1989)

Washington Department of Fish and Wildlife (1995) 

Pacific Estuarine Research Lab, San Diego State Univ. (1993-1994)

Australian Institute of Marine Science (1991-1993)

U.S. Forest Service, Shasta Trinity National Forest (1988)

Various biological and wildlife technician, and consulting fisheries positions for  private, state and federal agencies (1976-1988)

Mr. Kramer has over 20 years experience in fisheries biology, including implementing federal fishery protection policies, and has field expertise in sampling and habitat assessment. While with NMFS, Mr. Kramer evaluated the impact of forest land management projects and other activities on federal public and private lands in northern California that present potential or actual adverse impacts to threatened and endangered fish species (coho, chinook, and steelhead salmon) and their habitat, and developed policies, agreements, and restrictions for the conservation and management of fishery resources. He was responsible for the implementation of federal and state statutes and reggulations (such as ESA Section 7 and 10, and NEPA and CEQA) to ensure protection of fishery resources. He has extensive research experience in freshwater estuarine, and marine ecology. Mr Kramer was responsible for collecting data in the field from the Sacramento and American Rivers as part of a CALFED monitoring project researching the outmigration patterns of juvenile salmonids through the two rivers using screw traps, fyke nets, diver observations and other fisheries sampling equipment.

Mr. Kramer surveyed fish and invertebrate populations and collected water, sediment and plant community data in Tijuana Estuary and other estuaries and lagoons in San Diego County that are impacted by habitat degradation and untreated sewage flows. His Masters thesis focused on habitat utilization and population assessment of juvenile steelhead in the Klamath Mountain Province Ecologically Significant Unit.  He has also conducted habitat typing surveys, population surveys, mapped key fish habitat in streams and rivers and installed habitat improvement structures for resident and anadromous salmonid fish stocks. Shasta Trinity National Forest. Mr. Kramer has used underwater video photography to better understand bull trout and its habitat.

C. Selected Publications

Kramer, S.H., S.H. Kramer, and S.J. Newman. 1994. New deep-water fish records from the Great Barrier Reef, Australia, Pacific Science 48 (1):70-79.

Kramer, S.H., S.H. Kramer, and S.J. Newman. 1993. Potential deep reef slope fishery resource off the Great Barrier Reef. Australia Fisheries 52 (1): 18-21.

Barnhart, R.A., J.D. Glaze, and S.H. Kramer. 1991 Temporal utilization by naturally produced steelhead juveniles of various habitat types within selected South Fork Trinity River tributaries. Final Report (F-43-R-1) to California Department of Fish and Game, Sacramento, 65 

William Eric Dietrich, Professor of Geology and Geophysics
Ph.D.,University of Washington, 1982

M.S., University of Washington, 1975

B.S., Occidental College, 1972

Chair of Department of Earth and Planetary Science, 1999 - present

Geological Science Senior Faculty, Earth Science Division, Lawrence Berkeley National Laboratory

Professor, University of California, Berkeley, Department of Geology and Geophysics and the Department of Geography, 1990-present

Associate Professor, University of California, Berkeley, 1986- 1990

Assistant Professor, University of California, Berkeley, 1981-1986

Research Assistant, University of Washington, 1978-1981

Dr. Dietrich chairs the Earth and Planetary Science Department, University of California, Berkeley. Dr. Dietrich’s research has been instrumental in the development of the watershed analysis methodologies that are now being used to guide much of the planning effort for the restoration of Pacific salmon. Much of his recent work has focused on the downstream effects of dams and land use on fluvial systems, including the linkages between physical processes and aquatic biota, and the development of methods for restoring degraded rivers. Professor Dietrich's expertise in both hillslope and fluvial geomorphology have led to the development of some of the digital terrain models that underlie Stillwater Sciences' approach.

Selected Publications

Dietrich, W.E., D. Bellugi, and R. Real de Asua, submitted, Validation of the shallow landslide model, SHALSTAB, for forest management, in M..S. Wigmosta, and S. J. Burges, editors, The influence of urban and forest land use on the hydrologic and geomorphic responses of watersheds, Amer. Geoph. Union, Wat. Res. Monograph.

Montgomery, D.R, K. M. Schmidt, W. E. Dietrich, H. M. Greenberg, 2000, Forest clearing and regional landsliding in the Pacific Northwest, Geology 

Roering, J. J., J. W. Kirchner, and W. E. Dietrich, 1999, Evidence for non-linear, diffusive sediment transport on hillslopes and implications for landscape morphology, Water Resources Research, v. 35, no.3, p. 853-870
Dietrich, W. E. and D. R. Montgomery, 1998, SHALSTAB:  a digital terrain model for mapping shallow landslide potential, NCASI (National Council of the Paper Industry for Air and Stream Improvement) Technical Report, February 1998, 29pp.

Montgomery, D. R. W. E. Dietrich and K.O. Sullivan, 1997, The role of GIS in watershed Analysis, in Lane, S.N., Richards, K. S. and Chandler, J.H. (edts), John Wiley and Sons Ltd. p.241-162.

Dietrich, W.E., Reiss, R., Hsu, M., and Montgomery, D.R., 1995, A process-based model for colluvial soil depth and shallow landsliding using digital elevation data, Hydrological Processes, Vol. 9, 383-400.

Montgomery, D. R. and W.E. Dietrich, 1994, A physically-based model for topographic control on shallow landsliding, Water Resources Research, vol.30,no.4, p.1153-1171.

Montgomery, D.R. and W.E. Dietrich, 1994, Landscape dissection and drainage area-slope thresholds, in Process Models and Theoretical Geomorphology', edited by M.J. Kirkby, John Wiley and Sons, p.221-246.

Dietrich, W.E., C.J. Wilson, D.R. Montgomery, and J. McKean, 1993, Analysis of erosion thresholds, channel networks and landscape morphology using a digital terrain model, J. Geology, Vol. 101, No.2, p.161-180.

William Cody Fleece, Aquatic Ecologist

Stillwater Sciences (1999-present)

Indiana Department of Environmental Management (1990-1996)

M.S., Environmental Studies, University of Oregon, 2000

Post-baccalaureate, Environmental Studies, University of Oregon, 1996-1997

B.S., Political Science, Ball State University, Muncie, IL

Currently employed at Stillwater Sciences, Mr. Fleece is a Watershed Scientist specializing in landscape modeling and analysis.  His primary focus is the relationship between terrestrial landscapes and aquatic systems. Mr. Fleece’s recently completed graduate work used scanning laser altimetry to characterize 28-square kilometers of western Oregon forests.  This data was then used as a diagnostic tool to assess the potential of the streamside forests to deliver large wood to 55 stream kilometers.  Prior to graduate school Mr. Fleece was an employee of the Indiana Department of Environmental Management.  In his capacity at IDEM he managed several multi-million dollar contaminated sediment removal projects. Mr. Fleece is also well-versed in the use of Light Detection and Ranging Data (LIDAR).

Worked with a multi-disciplinary consortium of researchers affiliated with various universities, government agencies, and private contractors to assess current ecological and human demographic trends within the Willamette River Basin and forecast futures for the year 2050. Modeled the supply and demand of water for 19,000 municipal, industrial, agricultural, decreed, and reservoir rights in a network of 178 sub-basins. 

Mr. Fleece was a field assistant for Lotic Intersite Nitrogen Experiment. He used stable Nitrogen isotope (N15) as tracer in lotic nutrient cycling study.  Collected and identified aquatic vertebrates and macroinvertebrates for Lotic Intersite Nitrogen Experiment (LINX). Collected and processed water/nutrient chemistry samples for LINX project. Captured and marked cutthroat trout and pacific giant salamanders as part of long term population study at the H.J. Andrews Experimental Research Forest in western Oregon.

D. Selected Publications

Fleece, W.C. (in press). Modeling the delivery of large wood to streams with Light Detection and Ranging Data (LIDAR) data. Proceedings of the Ecology and Management of Dead Wood in Western Forests.

E. Poster Presentation

Buckley, Aileen R., William C. Fleece, and Michael Renslow. Development of stream indicators using LIDAR (Light Detection and Ranging) data.  Proceedings of the Fourth Internation GIS and Environmental Modeling Conference, Banff, Canada, September 2000.

Fleece, William C., Aileen Buckley, and Michael Renslow.  The use of light detection and ranging data to assess the wood delivery potential of streamside forests.   First International Conference on Wood in World Rivers, Corvallis, Oregon, October 2000.
Douglas Allen, Geomorphologist and Computer Modeler

Ph.D. Candidate, Department of Geology and Geophysics, University of California at Berkeley, 1996 - present

Graduate work in Water Resources and Hydrology, University of Arizona, Tucson, 1990

B.S., Physical Geography, University of Leeds, 1987

Currently employed at Stillwater Sciences, Mr. Allen has over 10 years of experience in physical geography and geology, with an emphasis on hillslope and fluvial geomorphology, digital terrain modeling, remote sensing, and GIS.  Mr. Allen co-developed a basin-scale stream temperature model (BasinTemp) that predicts reach-based and cumulative stream temperatures throughout a stream channel network.  The effort was in support of a temperature and sediment TMDL that the EPA conducted for the South Fork Eel river basin in Northern California.  This work continues and is being applied to other basins in Northern California and Oregon.

Mr. Allen has worked on several watershed analysis projects. He has conducted digital terrain modeling and GIS analysis tasks for the Louisiana‑Pacific SYP/HCP and the North Umpqua Watershed Analysis projects, including generation of shallow landslide hazard potential, channel network, channel gradient, CDF watercourse classification, and substrate particle size coverages. He has also been involved in field studies regarding hillslope and fluvial geomorphology for these projects.

Mr. Allen works with Dr. William Dietrichs geomorphological modeling research laboratory in the Department of Geology and Geophysics at UC Berkeley. Projects include digital terrain modeling, digital watershed analysis, GIS modeling and analysis of fluvial environments. He has also worked with Dr. John Radke in the Applied Environmental GIS Laboratory in the College of Environmental Design at UC Berkeley. Projects included the East Bay hills emergency fire response project; the Klamath GIS project; Oakland, Orinda/Moraga Hills digital terrain modeling; and the City of Richmond toxic flume analysis.

Mr. Allen has worked on several projects for the Overseas Development Natural Resources Institute (UK). In Belize, he worked with the Soil Survey of Corozal District, conducting field surveys, augering, and soil profile sampling of 6‑ to 8‑ foot soil pits. Analyzed remotely sensed information with reference to soil catenas. He also conducted hydrological surveys of the Cayo District in Belize, assessing the agricultural potential of land resources. Tasks included field sampling and measurement of soil hydrological parameters, bathymetric surveys of selected rivers, and meteorological data collection and analysis. At the Shipstern Lagoon Wildlife Reserve in Belize, Mr. Allen performed soil surveying and water quality analyses of a newly established wildlife reserve, for the purposes of designing a management plan for the reserve.

Mr. Allen is proficient with UNIX, Windows, and Macintosh operating environments; the C and Java programming language; geographic information systems (ARC/INFO, GRASS); remote sensing and image processing software (Erdas Imagine, PCI, Envi); CAD (Integraph Microstation); and various statistical packages.

Frank K. Ligon, Senior Aquatic Ecologist/Geomorphologist

M.S. Wildland Resource Science (emphasis in fluvial geomorphology and freshwater ecology), UC Berkeley, 1986

B.S. Conservation of Natural Resources, UC Berkeley, 1982

Stillwater Sciences (1996-present)

EA Engineering, Science, and Technology (1986-1996)

Mr. Ligon has almost 20 years experience examining the role of fluvial processes on the ecology of stream fish, invertebrates, and plant communities in California, Oregon, Georgia, and New Zealand.  In conjunction with biologists and geomorphologists from U.C. Berkeley and Humboldt State University, Mr. Ligon has developed a geomorphologically-based approach to protecting and preserving stream biodiversity below dams. He has conducted research on fluvial geomorphology and stream ecology on the Tuolumne, Noyo, and Clavey rivers, San Pablo and Clear creeks, and many other northern California streams, as well as the Umpqua and Sandy rivers in Oregon. He is the project manager for a restoration study on the Tuolumne River investigating the ecology of chinook salmon  and developing a cost-effective salmon enhancement program.  He has been involved with this project for over 10 years.  He is also currently working with scientists and CALFED staff to develop rapid assessment protocols to evaluate ecosystem function for Central Valley streams and to prioritize restoration actions in response to key factors identified requiring immediate attention for greatest possible ecosystem benefit. Mr. Ligon has also managed the fluvial geomorphology component of several hydroelectric relicensing projects, on both the McKenzie and Umpqua rivers in Oregon (FERC and NEPA processing).  In addition to his expertise in geomorphology, Mr. Ligon has managed many complex, long-term projects involving watershed analysis and salmon ecology and restoration (FERC, NEPA, CEQA, and ESA processes), and is particularly familiar and experienced with Central Valley watersheds. He is one of the lead authors of a CALFED White Paper on the effects of diversion of fish in the Sacramento-San Joaquin Delta.

Selected Publications

Ligon, F.K., A.L. Percival, and T.P. Speed.  Submitted.  The effects of turbidity on largemouth bass feeding rate and implications for salmon management.

Ligon, F.K., W.E. Dietrich, and W.J. Trush.  1995.  Downstream ecological effects of dams:  A geomorphic perspective.  BioScience.

Baker, P.F., T.P. Speed, and F.K. Ligon.  1995.  The influence of temperature on the survival of chinook salmon smolts (Oncorhynchus tshawytscha) migrating through the Sacramento ‑ San Joaquin River Delta of California.  Canadian Journal of Fisheries and Aquatic Sciences. 

Ligon, F.K. and W.E. Dietrich.  1991.  River management for floodplain development and salmon - are they compatible?  A geomorphological analysis of a cobble‑bedded alluvial river ecosystem.  Presented at the Fifth International Symposium on Regulated Streams.

Martin Trso, Geomorphologist

B.A., Geology, University of California at Berkeley, 1993.

Stillwater Sciences (1996 – present)

EA Engineering, Science, and Technology (1994-1996)

Space Sciences Laboratory (1988-1992)

Currently employed at Stillwater Sciences, Mr. Trso is a geologist and geomorphologist with experience in geologic mapping and interpretation as well as quantitative processes in geomorphology. Mr. Trso’s work includes assessment of past and current stream channel conditions, assessment of potential effects of dam removal on channel morphology, constructing watershed- and reach-scale sediment budgets, and determining impacts of timber harvesting on hydrology, hillslope erosion, and channel morphology, especially with regard to landsliding, sediment production and salmon habitat in the North Umpqua and Sandy River basins in Oregon,  and Jackson State Demonstration Forest and South Fork Eel River basin in coastal northern California.

Mr. Trso assesses spatial relationships between hillslope processes and stream channel responses to changes in inputs of sediment, water, and wood. He gathers information on climate, geology, topography, tectonics, hillslope and fluvial geomorphic processes, hydrology, and catchment sediment yield, and delineates geomorphic terrains. In collaboration with GIS and GIS-DTM analysts, develops partial and full time-averaged watershed- and reach-scale sediment budgets for periods before and after land use.

Mr. Trso performs analyses of sediment yield and sediment transport frequency in stream channels, which include identifying and classifying stream channels, conducting geomorphic and channel hydraulic surveys, documenting current channel conditions and evaluating evidence of past geomorphic changes, and identifying sensitivities and responses of channels to changes in inputs of wood, water, and sediment.

Mr. Trso gathers information on geology, hillslope processes, and background erosion and sediment transfer rates using scientific literature. He also performs geotechnical calculations of hillslope stability and has been involved with the validation study of the GIS-DTM shallow slope stability model (SHALSTAB) in forested lands of northern California Coast Range.

F. Selected Publication

Dietrich, W. E., R. Real de Asua, J. Coyle, B. K. Orr, and M. Trso.  1998.  A validation study of the shallow slope stability model, SHALSTAB, in forested lands of northern California.   Prepared for Louisiana-Pacific Corporation by Department of Geology and Geophysics, University of California, Berkeley and Stillwater Ecosystem, Watershed & Riverine Sciences, Berkeley, California.
Bruce K. Orr, Senior Ecologist/Biologist

Ph.D., Entomology, UC Berkeley, 1991

B.A., Biological Sciences and Environmental Studies, UC Santa Barbara 1979 

California Native Plant Society series classification/releve training, 1999

USFWS Habitat Evaluation Procedures (HEP), 1992

Wetlands Delineation (COE)

CDFG certification in California Wildlife Habitat Relationships (WHR) system,    1995

Stillwater Sciences (1996-present)

EA Engineering, Science, and Technology (1988-1996)

Dr. Orr has over 20 years of experience in population and community ecology of  aquatic, terrestrial, and fresh and saltmarsh wetland habitats in California and the western United States. He is currently working with scientists and CALFED staff to develop rapid assessment protocols to evaluate ecosystem function for Central Valley streams and to prioritize restoration actions in response to key factors identified requiring immediate attention for greatest possible ecosystem benefit. During the past 5 years, Dr. Orr has managed a variety of complex, multi-year projects that have focused on the use of watershed analysis and ecosystem management approaches to meet a variety of regulatory needs, including TMDLs, state and federal Endangered Species Acts, California Forest Practice Rules, and the Federal Energy Regulatory Commission (FERC). Dr. Orr has worked on Habitat Conservation Plans (HCPs), Sustained Yield Plans (SYPs), and Environmental Impact Statements/Environmental Impact Reports (EISs/EIRs). He has conducted TES faunal and floristic surveys in a variety of wetland, aquatic and terrestrial habitats throughout California and the Pacific Northwest and is familiar with NEPA, CEQA and ESA regulatory processes. He is familiar with general limnology and stream ecology and has been trained in the EPA’s Rapid Bioassessment Protocols of macroinvertebrates.  Dr. Orr is also well-versed in field survey techniques and identification of both terrestrial plants, insects, and vertebrates and aquatic organisms.

Selected Publications

Olson, C. and B. Orr. 1998. Combining tree growth, fish and wildlife habitat, mass wasting, sedimentation, and hydrologic models in decision analysis and long-term forest land planning. Forest Ecology and Management 110: 1-10. (Paper presented at First Biennial North American Forest Ecology Workshop, Raleigh, NC. June 23-27, 1997.)

Orr., B.K. 1997. Use of a regional watershed analysis approach in long-term forest management planning in California. Watershed Management Council Networker 7 (3): 1, 4-16, 13.

Orr, B.K. 1997. Ecosystem health and salmon restoration: a broader perspective. Invited paper prepared for a special session on The role of applied ecological research in the management of a regulated river: New Don Pedro Dam and the Tuolumne River, International Association for Hydraulic Research Conference, San Francisco, CA. August 11-15, 1997.

Christian Braudrick, Geomorphologist

M.S.; Oregon State University; Geology (Fluvial geomorphology); 1997

B.A.; University of California Santa Cruz, Earth Sciences (Geology); 1993

Currently employed at Stillwater Sciences, Mr. Braudrick is a geomorphologist who has conducted research on the dynamics and geomorphic role of large woody debris in streams in the Pacific Northwest and California.

He has developed and conducted flume experiments that examined large woody debris dynamics, and analyzed flume experiments on the influence of wood entering mainstem channels.  He has experience in mapping channel morphology, channel dynamics and wood movement. He has surveyed cross-sections on low-order and high-order streams and longitudinal profiles of headwater streams in the north Umpqua basin, Oregon.

His current work involves assessing the geomorphology and hydrology of the lower Tuolumne and Merced rivers, as well as research on headwater stream geomorphology, assessment of habitat structure adjacent to woody debris, and various field mapping and surveying projects. 

Selected Publications and Presentations

Braudrick, C. A., G.E. Grant, Y. Ishikawa, and H. Ikeda. 1997. Dynamics of Wood Transport in Streams: A Flume Experiment. Earth Surface Processes and Landforms: V. 22, 669-683. 

Presented at GSA National Meeting, Seattle, WA (1994) 
Braudrick, C. A. 1997. Entrainment, Transport, and Deposition of Wood in Streams: Results from a Series of Flume Experiments.  M.S. Thesis, Oregon State University, 101, pp.

Braudrick, C. A. and Grant, G. E. 1997. When do logs move in rivers? Water Resources Research: V. 36, 571-583

Presented at GSA National Meeting, Salt Lake City, UT (1997) 

Grant, G. E., C.A. Braudrick, T. Yamada, and H. Ikeda. 1998. Dynamic Interactions Among Woody Debris, Channel Morphology, and Sediment Transport: Results from Flume Experiments.

Presented at the IUFRO meeting in Kyoto, Japan by Braudrick (1998)

Braudrick, C. A., and G. E. Grant. 1999. When do logs start and stop moving in streams? Presented at the Symposium on the Ecology and Management of Dead Wood in Western Forests. Western Section of the Wildlife Society. 
Abstract

Braudrick, C. A., G.E. Grant, and J.A. Jones. (In review) Transport and deposition of large wood debris in streams: A flume experiment (accepted to Geomorphology pending revisions)

Poster presented at AGU National Meeting, San Francisco, CA (1997) 

Christine Champe, Wildlife Ecologist

M.S., Wildlife and Range Sciences, University of Florida, 1993

B.S., Biology and Environmental Studies, Tufts University, 1987

Stillwater Sciences (1996-present)

EA Engineering, Science, and Technology (1988-1989; 1994-1996)

USDA Forest Service (1989)

Ms. Champe is a wildlife biologist who conducts ecological research, wildlife habitat planning, and environmental impact assessment. She has studied populations of birds, amphibians, and other wildlife in several regions of the US and the tropics.

Ms. Champe has been responsible for wildlife analyses on several forest    management and hydroelectric projects for the US Forest Service and private industrial clients. Her current work involves watershed analysis for hydroelectric relicensing (including the Umpqua watershed assessment), habitat conservation planning (HCPs) for compliance with the ESA, and designing sampling protocols for birds, mammals, amphibians, and plants. Ms. Champe has expertise with the California Department of Fish and Game’s Wildlife Habitat relationships (WHR) systems, modeling habitat suitability, predicting biodiversity levels before and after timber harvest, and preparing of biological assessments and NEPA/CEQA compliance documents.

Ms. Champe has incorporated modeling into habitat restoration efforts in a variety of projects.  She used USFWS Habitat Suitability Index (HSI) models to evaluate habitat for waterfowl and furbearers in Oregon’s Klamath Marsh, and helped to develop new models for waterfowl. She has used the US Forest Service Snag Recruitment Simulator model to estimate required densities of snags for cavity-excavating birds in California forestlands. Ms. Champe also has modeling experience with DISTANCE population density estimation software and mark‑recapture models.

G. Selected Publications

Champe, C.M., D.J. Levey, and E. Van der Werf.  1993.  Life history traits do not provide a simple explanation for population declines of Nearctic‑Neotropical migrant birds.  Presented at the Annual Meeting of the Ecological Society of America.  Madison, Wisconsin.  August.

Champe, C.M.  1993.  Bird communities in native and agricultural habitats in south‑central Florida.  Presented at the Annual Meeting of the Cooper Ornithological Society, Sacramento, California.  March.

Champe, C.M.  1994.  Book review:  Ecology and conservation of neotropical migrant landbirds (D.W. Johnston and J.M. Hagan, eds.).  Florida Field Naturalist.

