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Provide project detail for headings a through g. 

a. Abstract

We propose to improve the accuracy, efficiency, and reliability of stream temperature modeling through improved input data quality.  The most important component of riparian habitat for controlling stream temperature is shade from vegetation.  Basin-wide assessments of vegetation height are needed to model stream temperature, but vegetation height can only be estimated approximately by most remote sensing techniques.  Airborne scanning lidar is the only technique that offers the spatial and vertical resolution [~ 0.5 m] to map vegetation height at the basin scale.  Yet lidar data is expensive, so to be economically feasible efficient sampling protocols are needed.  We will develop such protocols in this study.  

This proposal is innovative in using a new remote sensing technique to help assess the most important cause of fish stock decline upstream of dams in the Pacific Northwest.  Lidar is the only technique that can provide high-precision maps of riparian vegetation height above the stream at the basin scale.  It will also provide stream gradient, a measure of incision at channel margins and valley floor topography.  The link with modeling will provide an integrated basin perspective on the effects of current vegetation [or lack of vegetation], while a simple inventory of vegetation not linked to stream temperature would be of much less value in riparian vegetation management.  The modeling this enables can provide managers with information on where vegetation shade is adequate to maintain suitable stream temperatures, where additional vegetation shade could be developed and what its effect would be on stream temperatures throughout the basin.

b. Technical and/or scientific background

Scientific Background

Salmon production in the Columbia Basin is intimately connected to the quantity and quality of habitat available.  Likewise, the capability of a salmon-bearing watershed to produce and maintain salmon habitat and to create conditions conducive for salmon restoration is directly related to abundance and health of the habitat.  In a modeling sense, salmon habitat can be conceived of hierarchically as a stream system having an immediate environment (riparian system), a more extended effective environment (floodplain and bankfull channel system), and a full, spatially inclusive environment (the watershed) (Frissell et al. 1986, McCullough 1987, 1990).  For specialized modeling purposes, the broader levels in this hierarchy would include regional climate and vegetation that help to define ecoregions.  Ecoregion modeling assists in making extrapolations from one watershed to other similar watersheds within the ecoregion.  On a finer spatial scale, the series of reaches and even finer scale riffles and pools (channel units) comprise important elements of fish habitat that are primary spatial sampling units of the fishery biologist.

However, it is generally accepted in fishery science now that the character of a stream, as a whole, is a reflection of its watershed.   Watershed characteristics can be used in statistical models to predict hydrologic behavior (e.g., 7Q20/7Q10 or 10QF/ QAA) and this in turn can be related statistically to channel morphologic characteristics (Orsborn 1990).   In a minimally developed watershed, a stream takes on characteristics that can be conceived of as fluctuating in dynamic equilibrium with respect to its long-term climatic characteristics and variation.  Channel form may vary within limited and predictable bounds (Rosgen 1996).  A watershed that is minimally developed has a distinctly different sediment routing curve from the same watershed in a highly developed state.  Among the stream characteristics that attain relatively predictable states in a minimally perturbed watershed are channel width, channel depth, substrate composition, riparian vegetation species composition, and mean annual discharge, all with respect to drainage area and elevation at each point on the river continuum.  

In a highly developed watershed, on the other hand, irrigation diversions resulting in alterations in water flows, road building in the floodplain leading to altered seasonal flow patterns, riparian vegetation removal via timber harvest, interference with vegetation recovery via livestock grazing, streambank degradation via logging or grazing, increased levels of sedimentation owing to watershed-wide road development and other impacts all contribute cumulatively to shifts in in-channel conditions as well as the riparian zone.  These altered conditions tend to degrade salmon habitat, necessitating a lengthy habitat recovery process.  Biologically, these degradative and restorative processes result in declines in salmon population productivity and can threaten populations with extirpation, given a lengthy period in which productivity ratios (the lambda factor used by NMFS in their VSP document to express spawner-to-spawner ratios) are negative.

Fish production over the past decades has been predominantly correlated with habitat quality and quantity on a stream reach basis where habitat is taken as riffle/pool and riparian systems.  However, consideration of factors influencing fish production has broadened greatly even though there is yet no accepted universally applicable model of fish production based on habitat quality (Fausch et al. 1988, Shirvell 1989, Reeves et al. 1989).  Juvenile salmon and juvenile or adult trout or char species are known to utilize habitat on a watershed scale due to their in-basin migratory behavior  (Gowan et al. 1994).  Also, as salmonids develop from one life stage to another and their requirements change, they frequently undertake intra-basin migrations.  For example, summer-rearing salmon juveniles may use relatively exposed reaches covered by fine sediment but as fall proceeds, these juveniles may seek reaches that have highly intact riparian stands contributing large amounts of large woody debris (Thedinga et al. 1989).  Juvenile salmon also have been observed extending their downstream distribution greatly after emergence from natal habitat in spring through early summer and then migrating headward as summer temperatures increase (Lindsay et al. 1986).  The annual variation in spatial extent of habitat that is useful for summer rearing is largely dependent on annual climatic variation and the condition of the stream channel and the entire riparian zone condition.

In-channel fish habitat factors recognized to be of great significance to fish production include water temperature, substrate sediment composition, occurrence of large woody debris (amount and size), pool volume and frequency, seasonal water discharge quantity and pattern (see Fish and Wildlife Program, Section 7).  Riparian condition has a major influence on numerous in-channel habitat conditions.  For example, riparian condition controls a variety of factors: direct solar radiation reaching the water (through canopy shading); streambank stability (through bank protection by stems and reinforcement by roots); channel width (through control on streambank stability); channel depth (via encroachment on and narrowing of the channel); pool volume (by contribution of LWD).  Riparian vegetation condition and streambank stability are key factors of the riparian zone and banks.  Even though these features are not in-channel features, they can still be conceived of as essential elements of fish habitat.  They are elements that affect, in direct and indirect ways, in-channel habitat features (both structural and water quality features).  Riparian vegetation and streambank stability at a reach influence water temperature at the reach (both maximum water temperature and diel fluctuation), but water temperature at a site is also controlled by the temperature of the input to the reach.  The temperature of the input is controlled by the riparian and streambank characteristics in all upstream reaches.  In a similar manner, streambank stability of any reach is partially controlled by riparian vegetation of the reach as well as bank materials (see discussion of streambank stability in McCullough 1999) and also is controlled by upstream watershed effects, such as sediment delivery and peak water discharge to the reach.  These sediment  and water discharge inputs to the reach that can shape the reach are themselves influenced by cumulative watershed level and total riparian system characteristics (both inherent characteristics and the man-caused alterations imparted through development).

The previous scientific background highlights the key importance of the riparian vegetation condition and streambank stability as key elements controlling fish habitat quality of each reach.  However, more importantly, the discussion emphasizes that the current condition of the entire riparian system (including streambank condition) upstream of any point in a watershed is vital information for understanding the status of salmon habitat.  Monitoring riparian condition for the entire riparian system through time from a baseline provides important trend information that can inform salmon managers about whether progress is being made.

New aerial survey technologies are becoming available for application to aquatic resource monitoring, such as LIDAR and hyperspectral analysis.  LIDAR (Light Detection and Ranging) offers the ability to accurately map forest or riparian canopy surfaces and also ground surfaces (Means et al. 1999).  Timber volumes can also be determined by statistical analysis of LIDAR data.   Future addition of hyperspectral analysis would provide an ideal means to amplify the data content of LIDAR data, due to the ability of this technique to discriminate vegetation species, major vegetation types, or other features with unique spectral qualities (e.g., woody debris, exposed rock, etc.).  LIDAR alone, however, is a powerful tool that allows precise mapping into a GIS system of tree locations relative to stream channels, channel topography, canopy area, and tree height, all features that are essential data needs for modeling water temperature in streams.

Multispectral satellite data such as that from Thematic Mapper can provide information of proportions of hardwoods and conifers and differentiate some hardwood species  QUOTE "(Cohen and Spies, 1992)" 
(Cohen and Spies, 1992)
.  They provide only very coarse information on vegetation height, that is inadequate for TMDL assessments  QUOTE "(Cohen et al., 1995)" 
(Cohen et al., 1995)
.  Newly available hi-resolution satellite data hold little promise of improving height resolution.  Synthetic aperture radar (SAR) data are less effective in dense, high-biomass vegetation  QUOTE "(Waring et al., 1995)" 
(Waring et al., 1995)
 such as that found in the Pacific Northwest.  Highest spatial resolutions are about 10m, probably inadequate for the DEQ stream model.

Airborne LIDAR systems got their start as research instruments. Early airborne LIDARs were used in experimental assessments of topography and stand height in Canada  QUOTE "(Aldred and Bonnor, 1985)" 
(Aldred and Bonnor, 1985)
, and in the eastern USA  QUOTE "(Nelson et al., 1984)" 
(Nelson et al., 1984)
.  The LIDAR pulses aimed directly below the plane provided a profile look at the ground and vegetation along a single track.  Modern airborne scanning LIDAR systems became commercially viable with increased repetition rates and accuracy allowed mapping topography  QUOTE "(Flood and Gutelius, 1997; Wehr and Lohr, 1999)" 
(Flood and Gutelius, 1997; Wehr and Lohr, 1999)

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\15d:\5Creferences\5Callrefs\03\00\08WEHR1999\1DWehr & Lohr 1999 WEHR1999 /id\00\1D\00 
. 

Airborne scanning LIDARs all share a laser rangefinder, inertial navigation system and global positioning system mounted in a fixed wing airplane or a helicopter.  See the Spencer B. Gross, Inc. web site for further explanation and pictures  QUOTE "(Spencer B.Gross Inc., 2000)" 
(Spencer B.Gross Inc., 2000)
.  The laser rangefinder scans the land below the advancing plane.  Return times, and orientations of reflections are recorded and calculated so that footprint locations can be calculated with high accuracies in horizontal and vertical directions.  

Recently, interest and capabilities have increased.  Forest stand characteristics have been predicted with data from small-footprint LIDAR  QUOTE "(Means et al., 2000)" 
(Means et al., 2000)
  QUOTE "(Naesset, 1997)" 
(Naesset, 1997)
and large foot-print LIDAR  QUOTE "(Means et al., 1999)" 
(Means et al., 1999)
.  Large-footprint LIDARs are NASA instruments and are only available for a few NASA-funded studies. Using small-footprint LIDAR, Means et al. (2000) were able to predict mean tree height, basal area and volume with coefficients of determination of 0.98, 0.94 and 0.95, respectively, on forest plots in the western Oregon Cascades.  Height was mapped in 10m pixels for the whole study area and the images are available on the web  QUOTE "(Means, 2000)" 
(Means, 2000)
, and in 2m pixels for one example area [Figure 1].  
Though LIDAR providers have been mapping topography commercially for about five years, and claim high accuracies [15-30cm]  QUOTE "(Baltsavias, 1999)" 
(Baltsavias, 1999)
, a test of their accuracy under vegetation has not been published in the refereed literature. The LIDAR accuracy listed by Spencer B. Gross, Inc. (SBG 2000) is 0.5 ft vertical RMSE; horizontal accuracy is ( 3 ft, though we will probably not use their Aeroscan instrument.  Many DTM products are for areas with sparse vegetation such as road right-of-ways, cities, and electric transmission lines.  Such tests are now ongoing on the Capital Forest of Washington, where preliminary results are good for gentle topography in the central area (Reutebuch et al. 2000), but a steep slope near a stream shows a problem  QUOTE "(Means, 1999b)" 
(Means, 1999b)
 that needs to be corrected.  This project will address this issue.
Oregon Department of Environmental Quality has completed several TMDL analyses using its Heat Source Model, a temperature model developed by Matthew Boyd of ODEQ.  Among the TMDLs produced using this model is that done for the upper Grande Ronde (ODEQ 1999).  The Heat Source water temperature model is a state-of-the-art model whose output reliability, as with all models, depends upon the quality of its input data.  The riparian and near-stream topographic data mentioned above is laborious and costly to interpret from aerial photos.  LIDAR data in a GIS format offers the ability to model water temperature accurately at more moderate costs and accurately for extensive geographic areas.

c. Rationale and significance to Regional Programs

The 1994 Fish and Wildlife Program set up a series of model watersheds (Section 7.7B.2) that established a watershed approach for restoration of subbasins.  It is recognized that experimental approaches are needed for making progress in fish and habitat restoration.  Among the steps identified in implementing model watershed projects are to: 

Set out a path and procedures for filling gaps and addressing conflicts.

Identify key factors limiting salmon and steelhead productivity.

Identify priority on-the-ground actions to address key limiting factors.

The Fish and Wildlife Program supported riparian-oriented watershed health performance standards (Section 7.6C.5).  This direction specifies:

Restore as necessary and retain existing vegetation in riparian areas to stabilize banks, prevent warming of water, provide fish cover and food, and supply woody debris in the stream;

The direction for Streambanks and Streambeds to the states, federal land management agencies and tribes is (Section 7.8D):

Work with model watershed and other appropriate groups to identify and protect riparian and underwater lands associated with perennial and intermittent streams contributing to salmon and steelhead production, regardless of whether a particular portion of a stream is fish-bearing.  Where water quality standards are being met, retain existing shade, vegetation, standing and down large woody debris, and small woody debris.  Where water quality standards are not being met, initiate action to increase shade, re-vegetation, standing and down large woody debris and small woody debris.

In terms of Coordination of Watershed Activities (Section 7.7A), the Program specified that:

Each state should select a lead entity…to support local subbasin efforts to coordinate watershed activities.  This support should include providing technical or other resources…

To summarize the preceding sections of the Fish and Wildlife Program, the Northwest Power Planning Council recognized the key significance of riparian condition in supporting fish habitat quality and fish productivity.  Riparian condition also is instrumental in stabilizing streambanks.  These factors are frequently key limiting factors to fish production.  Consequently, there is need to establish performance standards for these habitat elements to protect existing habitat quality and promote recovery.  So that watershed restoration in subbasins can be implemented effectively, technical support should be provided that includes gathering information on current condition of key fish habitat elements (including riparian and streambank condition) and in conducting monitoring and evaluation to establish trends in these same factors.

The Strawman conceptual framework for salmon recovery under the Fish and Wildlife Program (http://www.nwppc.org/strwmn-2.htm), the riparian zone is included in the hierarchical structure of the ecosystem, whose qualities control the biological productivity and diversity of fish populations.  Riparian zone plant community composition and structure and the degree of linkage to the stream system constitute key determinants of ecosystem character and function.

The recently adopted charter of the Pacific Northwest Electric Power and Conservation Planning Council for its Regional Assessment Advisory Committee (http://www.nwppc.org/raac/charter.htm) indicates that:

There is broad agreement among the Council, NMFS, and state, tribal, and federal fish, wildlife, and land and water managers in the region that a critical first technical step in developing science-based fish and wildlife implementation plans at a subbasin scale is the completion of science-based assessments of each subbasin.

“The Council and NMFS agree that EDT, CRI, VSP, and KEF [i.e., Ecosystem Diagnosis and Treatment, Cumulative Risk Initiative Viable Salmonid Populations, and Key Ecological Functions] are necessary and appropriate tools for completing subbasin level assessments to support fish and wildlife program amendments and recovery planning under the NWPA and ESA respectively. The Council has approved funding for the completion of subbasin assessments throughout the region using these tools over the next 6-9 months.”  

To summarize the adopted charter of the RAAC, the EDT methodology has been adopted as a tool to synthesize and analyze information gathered for purposes of conducting subbasin assessments.  The assessment template was developed by state, federal, and tribal groups to provide guidance on critical habitat characteristics for which data are needed.

The EDT method is a comprehensive and complex expert system for expressing biological performance (life history diversity, productivity, and capacity) as a function of key environmental attributes (Mobrand, August 1999 draft).  Among the habitat attributes rated for all life stages, reaches, and months are channel stability, riparian condition, and water temperature.  

Although riparian vegetation is identified as having great importance in modeling biological performance in the EDT process, it is apparent that more clarity needs to be given to descriptions of the vegetation categories in category 1 attributes for them to meaningfully predict biological performance.  Presently, there are efforts underway to reduce the complexity of EDT parameterization.  If EDT output primarily relies on attributes such as water temperature, the model might tend to downplay the importance of riparian vegetation data.  However, as described in the scientific background above, riparian vegetation is an attribute that controls a great number of other attributes, most of which are also EDT attributes.  Because riparian vegetation is a controlling variable that is one of the most significant variables that is directly affected by land managers, riparian vegetation should be made to take a more central role in estimating biological performance in the EDT process.  Currently, riparian attributes are estimated on a reach-by-reach basis based on expert opinion or at best a cursory sampling of aerial photos.  It is our opinion that riparian condition is one of the most significant sources of data for purposes both of modeling fish population performance and simply monitoring habitat recovery trends.  At the same time, it is one of the least available or accessible types of environmental data.  Even on national forest lands, it is rare to find any comprehensive assessment of riparian condition, including streambank stability, despite there being targets for these objectives.

d. Relationships to other projects 

As stated in the All-H Paper (NMFS and Federal Caucus, July 27, 2000, Volume 1, p. 12):

"The ultimate performance standard for habitat is fish productivity" (NMFS and Federal Caucus, July 27, 2000, Volume 1, p. 60).  Population trends and risk of extinction will be modeled using methods such as the Cumulative Risk Initiative (CRI) and the Viable Salmonid Populations (VSP) models by NMFS and under PATH by various federal, state, and tribal agencies (NMFS and Federal Caucus, July 27, 2000, Volume 1, p. 26-27).  These models are dependent on habitat data that are not generally available.  Habitat-based tools that are available include the Ecosystem Diagnosis and Treatment (EDT), the Interior Columbia Basin Ecosystem Management Project (ICBEMP), and the Watershed Processes Program of the NMFS (NMFS and Federal Caucus, July 27, 2000, Volume 1, p. 27-28).  EDT has been adopted by the NPPC as its preferred habitat modeling tool for prediction of salmonid productivity.  ICBEMP utilizes a Bayesian belief network for estimating habitat capacity and population status.  The NMFS Watershed Processes Program developed documents such as that of Bilby et al. (2000).  All three of these models based their procedures on information on riparian vegetation condition.  The EDT and ICBEMP are both expert systems that rely on opinion when data from actual surveys are not available.  ICBEMP data available in GIS formats are available only in very crude resolution and do not provide riparian coverage.  Management direction, however, has been established under the Northwest Forest Plan to delineate riparian management areas (NMFS and Federal Caucus, July 27, 2000, Volume 2, p. 12); this presumably means collecting extensive and accurate survey data on riparian condition.  The NMFS WPP statistical modeling specified collection of riparian data using LANDSAT-TM imagery, but with a 30-m pixel, this resolution is so coarse that accuracy is compromised.

The primary relationship that the proposed project has to the previously mentioned projects (EDT, ICBEMP, NMFS WPP, and the population models that these habitat models support) is one of being able to provide a source of key habitat information that has been largely either not available or difficult, time-consuming, and costly to acquire.

The federal land management agencies, states, and tribes have recognized the need to integrate the Clean Water Act and the Endangered Species Act in a subbasin context in regard to habitat and salmon restoration.  In addition, Indian treaty rights are also central to any discussion about habitat goals, water quality standards, and consequent data needs.  Under the Clean Water Act, water temperature is one of the most significant water quality concerns that causes a major limiting factor for fish production.  In 1998 there were 13,892 miles of stream on EPA's 303-d list of water quality limited streams (http://waterquality.deq.state.or.us/wq/303dlist/303dFactSheet.htm).  Water temperature violations are probably the predominant water quality limitation.  

Oregon DEQ's temperature TMDL effort so far has produced TMDL reports for the Umatilla, Tualatin, Tillamook, and Nestucca River watersheds.  These analyses were based on use of Heat Source, a stream network temperature model developed by Matthew Boyd.  See attachment providing the essential details of stream thermodynamic processes (Boyd 2000) (also available on-line at http://www????).  The existing TMDL modeling has been conducted by reliance on Landsat-TM data (30-m pixel size) and analysis of aerial photos (1:12,000 scale).  Both these methods of gathering riparian condition data are limited in their resolution, thereby creating a finite limitation to their accuracy.  Aerial photo analysis is very labor intensive.  This dilemma and the need for total stream system riparian data to run the Heat Source model provide the need for application of new technologies in this data collection.

Oregon DEQ will be selecting two study sites in Oregon for a new set of TMDLs.  One site will be in the North Santiam River (Willamette River system) and the other will be in the upper Deschutes.  In each study area ODEQ will contract FLIR evaluations of extensive portions of the stream systems to assess water temperature.  The objective of the current proposal is to take advantage of this opportunity to provide high quality riparian canopy cover data to use in the Heat Source model for validation using the FLIR temperature data.

A smaller study area selected for collection of LIDAR data is the lower six miles of the Warm Springs River.  This study area was the subject of a recent baseline investigation (McCullough 1999) of riparian and streambank recovery after riparian fencing to exclude livestock grazing.  This study produced high resolution maps of terrain along a 50-m wide buffer on each side of the lower 1-mile reach of the river.  In addition, stereo photography (1:6000 scale) was used in mapping riparian vegetation by height and class (tree, shrub, forb/grass, cobble, bare ground).  This site provides a unique opportunity to validate the capability of LIDAR to create high quality ground DTM data and to accurately map riparian tree canopy location and height.
Collaboration

This project will involve collaboration between staff at Oregon State University (Corvallis, OR), Columbia River Inter-Tribal Fish Commission (CRITFC, Portland, OR), Oregon Department of Environmental Quality (ODEQ, Portland, OR), and the Confederated Tribes of the Warm Springs Reservation of Oregon (CTWSRO, Warm Springs, OR).  The reasons for interest in the success of this project and the proposed involvement in the work are described below by agency:

Oregon State University, Department of Forest Science.  Dr. Joseph Means has been conducting research for several years to further the application of LIDAR (Light Detection and Ranging) technology to forestry (see attached personal vitae).  The proposed project will transfer this experience to surveys of riparian forest stand structure.  Primary research objectives include improving the capability to process the large data volumes associated with LIDAR data capture at 1-m average spacing; describing the stand structure in terms of tree height, canopy cover, and canopy density; mapping tree location relative to the stream channel; creating a high resolution ground DTM that adequately represents topography in the vicinity of the stream channel that provides the most effective shading; validating LIDAR data (for tree location and height), ground DTM) with accurate field measurements and recent studies (e.g., those collected in McCullough 1999).   Oregon State University provides a regional center of expertise in forestry and application of new technology to resource problems.  As such it functions as a center for research and technology transfer.

CRITFC.  Dr. Dale A. McCullough and Jill Ory will be the primary CRITFC staff involved in this LIDAR work.  Involvement will be centered on project management and field validation.  CRITFC has been involved in many ways in the past several years in fish habitat, watershed, and riparian assessment and development of monitoring methods and protocols (see attached personal vitae).  In addition, staff is currently working on watershed assessment of the Deschutes River basin under a currently funded BPA project.  Based upon past involvement in Columbia River basin salmon habitat quality issues, CRITFC staff has recognized the opportunity that new technologies such as LIDAR and hyperspectral analysis offer in riparian vegetation analysis and its application to long-term monitoring and water temperature modeling.  Improved riparian condition data on an extensive geographic basis offers the potential to make habitat models such as EDT more meaningful. CRITFC staff have sought the assistance of experts in LIDAR (OSU), temperature modeling (ODEQ), and GIS (CTWSRO) in conducting a research project of this caliber.  Given the probable future need for this technology and the need to collaborate to be successful, CRITFC is seeking a reasonable amount of training of CRITFC and tribal staff to facilitate our future ability to participate more fully in this type of analysis.  The nature of this training will be limited to developing the skill to make use of GIS data using ARCVIEW modules for presentation and interpretation.  CRITFC supports the application of LIDAR to gather needed data for conducting riparian vegetation, stream channel morphology, and streambank trend monitoring.  This type of monitoring will assist in answering the question of whether net improvement is being made in riparian condition with changes in management.  CRITFC also supports the use of LIDAR to improve the ability to model stream water temperature and estimate the capability of riparian restoration to result in basinwide improvement in a key fish habitat quality factor.

ODEQ.  Matthew Boyd developed the Heat Source stream temperature model that is used in all Oregon TMDL development.  TMDLs will be developed in all Oregon subbasins over the next seven years.  For TMDLs to be as accurate as current technology might allow and at a reasonable cost, given the thousands of miles of stream for which riparian stand structure and terrain data are needed in temperature modeling, it is important to hasten the development and application of needed data acquisition technology.  Collaboration with ODEQ provides a unique opportunity to apply LIDAR data and test its ability to improve accuracy of water temperature modeling over extensive stream lengths in different vegetational settings (eastside and westside of the Cascades).  ODEQ will contract FLIR data collection on two extensive stream systems in the upper Deschutes River basin and in the North Fork Santiam, respectively.  These data will be used for model validation.  Development of the highest quality TMDLs to represent current condition is vital to ODEQ and the state to make its Salmon Plan a success and to complete its TMDL assessments in a timely manner.

The LIDAR sampling protocols will allow DEQ to obtain LIDAR data in the most efficient manner to meet its needs for assessing TMDLs.  This will allow much more accurate assessments because riparian vegetation structure and its effect on stream shading is now the weakest link in this process.  The increased confidence in the assessments will make them more likely to be used in changing riparian management on thousands of miles of Oregon streams and rivers.

CTWSRO.  This project has the support of the Natural Resources Department of the Warm Springs Tribe (Bobby Brunoe, manager) and the GIS Department (James Crocker, manager).  The Tribe has been a key proponent of restoration of the entire Deschutes River subbasin and was instrumental in getting the EDT evaluation completed for this subbasin.  This analysis represented an integration of the current understanding of all the major watersheds in the subbasin, which are of concern to the many watershed councils.  As stated in the introduction, the quality of EDT data is frequently dependent on professional judgement and most rapid conventional means of estimation.  Consequently, improved data quality and geographic coverage of streams in the subbasin are important in improving understanding of current riparian vegetation condition.  We anticipate that Marissa Stradley, with over 17 years of experience in GIS (ARCINFO), will apply these computer skills to LIDAR data (for the upper Deschutes watershed selected by ODEQ and the lower Warm Springs River) in raster form, processed and provided by OSU, to validate LIDAR data with field-collected data.

e. Proposal objectives, tasks and methods

Objectives
 

1. Improve the accuracy, efficiency, and reliability of TMDL stream water temperature modeling, as performed by ODEQ, through improved input data quality.

2. Conduct trend monitoring in habitat quality of certain key limiting factors on a stream system scale for use in EDT, other habitat modeling processes, watershed analysis, and for assessment of current condition and long-term progress in restoration.


Tasks and Methods
 

1.1 Select study areas

For this project we will choose portions or all of the North Santiam River basin and the upper Deschutes River basin because the subbasins to which these watersheds belong will be the focus next year of the ODEQ’s work to develop TMDL assessments.  They are, respectively, on the west side of the Cascades, which has a maritime climate, and on the east side of the Cascades, which has a continental climate.  As a result, they have different hydrologic regimes and riparian vegetation, and cover the two major river basin environments of the Pacific Northwest.  These sites provide the opportunity to test LIDAR across a wide range of vegetation types and height classes.

Primary responsibility:  ODEQ will select study areas to meet its needs in TMDL work.  All study watersheds are within the Columbia River basin.

1.2 Collect stream temperature data

Collect in situ stream temperature data at 100-200 locations in each basin and collect Forward Looking Infrared (FLIR) data in the upper Deschutes and North Santiam.  These data will be available to participants of this project.

Method:  DEQ will collect in situ stream temperatures at 100-200 locations within each basin where they also collect other ground data such as vegetation cover.  Their protocol calls for this data to be collected over the five months of the year with the warmest stream temperatures.

FLIR studies have been shown to be a very effective means to collect geographically extensive measurements within a narrow time frame within a stream system (McIntosh et al. 1995, Torgerson et al. 1995, 1999, ODEQ 1999).  These data have accuracies of approximately 0.1(C and provide a means to identify sources of groundwater and tributary entry and longitudinal profile information.  

Primary responsibility:  ODEQ will conduct field sampling,  contract FLIR flights and conduct data processing and analysis from separate funds designated for TMDL work.

1.3 Collect LIDAR data 

One LIDAR collection will be made for each basin in leaf-on conditions.  This will provide the best LIDAR estimate of vegetation top surface elevation.  One LIDAR collection flight will be made in leaf-off conditions, which will provide the best estimate of valley floor topography and channel width and incision.  The best season for lidar data collection will be identified in the protocols.

The leaf-on LIDAR flight will occur in the summer of 2001.  The leaf-off flight will occur in winter/early spring of 2001 if all arrangements can be made in time, or in fall/winter of 2001/2002.  Field work and FLIR flights will be made in 2001.  Data analysis and simulations will commence after data are obtained.  

Data will be collected at low flying speed, high scan rate [scans/second] and narrow swath width to attain high average shot density corresponding to post spacing of ~1x1m.  These data will be subsampled in the lab by retaining every second, third or fourth scan line and/or LIDAR shots to simulate LIDAR data collected at greater initial spacing.  

Before a lidar contractor is selected we will examine lidar data from at least one recent job of theirs to look at the minimum distances between successive returns.  A minimum distance of more than 1m would make reflections from the ground less likely to be sensed.  Instruments with this problem will not be used.  To our knowledge this problem has not been acknowledged in the literature or by word of mouth by scientists or lidar providers.

Primary responsibility.  OSU will contract the services of a provider of raw LIDAR data.

1.4 Process LIDAR data

All LIDAR data analysis of the approximately 430*106 lidar shots will be done at OSU.  Various methods for calculating DTMs will be used and the results compared to the cross-stream transects.  These data will be subsampled in the lab by retaining every second, third or fourth scan line and/or LIDAR shots to simulate LIDAR data collected at greater initial spacing.  The method that best represents ground surveys will be used in the different basins and vegetation conditions.  

DTMs and DEMs will be constructed from the full data set and each of the subsampled data sets for use in simulations.  Provide data to ODEQ for use in Heat Source model runs.

Method

The first lidar data analysis job will be to choose method[s] for deriving DTMs.  Several different methods will be used to make DTMs and these will be compared to the cross-stream transects.  The method[s] that produce[s] DTMs that best represent ground surveys will be used in the different basins, vegetation conditions and patterns of lidar shots.  Different methods may be best for different circumstances.  

Although one method has been published for building DTMs and DEMs  QUOTE "(Pfeifer et al., 1999)" 
(Pfeifer et al., 1999)
, one has been developed at OSU  QUOTE "(Means et al., 2000)" 
(Means et al., 2000)
 and at least two more have been reviewed by Dr. Means for journal publication , the best approach is unknown.  Methods have been developed by most companies that fly LIDAR instruments but these are proprietary, unavailable to researchers, costly to management agencies wishing to apply it, and their accuracy has not been tested.  The adequacy of the method will be an important determinant of the accuracy of the DTMs produced.  A more accurate method may allow lower density of LIDAR data and resultant cost savings.

The second lidar data analysis job will be to construct DEMs and DTMs from the full datasets for each sample date and from the subsampled datasets for use in simulations.  Because much data is involved this must be done for subsets of each sub-basin and the results combined.  

Based on recent experience  QUOTE "(Means et al., 1999; Means, 1999a; Means, 1999b; Means et al., 2000; Means, 2000)" 
(Means et al., 1999; Means, 1999a; Means, 1999b; Means et al., 2000; Means, 2000)

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\15d:\5Creferences\5Callrefs\03\00\0AMEANS1999A\19Means 1999 MEANS1999A /id\00\19\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\15d:\5Creferences\5Callrefs\03\00\0AMEANS1999B\19Means 1999 MEANS1999B /id\00\19\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\15d:\5Creferences\5Callrefs\03\00\09MEANS2000'Means, Acker, et al. 2000 MEANS2000 /id\00'\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\15d:\5Creferences\5Callrefs\03\00\0AMEANS2000A\19Means 2000 MEANS2000A /id\00\19\00 
 lidar data analysis will be a large job.  The initial lidar datasets will total ~430*106 shots and ~32Gb in file storage.  Their analysis will require ~250Gb of disk storage.  Addition of two disks to an existing RAID server will produce adequate storage space.  Processing this large volume of data several times to produce different DMTs and DEMs will require a new high-end computer.  Specifications for the computer and basic software include:

A workstation with dual processors of

at least 1000Mhz, 2Gb RAM, large, high-speed hard drive, dual monitors and

high speed graphics card. 

Software:

Maintenance and technical support for existing IDL and ENVI software

packages.  New Terra Scan software license with maintenance and technical

support.

The necessary programming will be done using IDL [Interactive Data Language] for converting LIDAR raw data to usable raster images.  Previously developed LIDAR programming for forestry research will need to be modified for application in this project.  See the website http://www.fsl.orst.edu/~means/lidar/hja1999/firstlook.htm for raster images created from lidar data by software of Dr. Means.

1.5  Collect field data

1.5.1 Vegetation data.  High-precision data on vegetation top elevation will be collected as part of this project from at least 30 locations in each sub-basin.  At each location, high-precision GPS will be used to set up an accurate survey base line, temporarily monumented with wooden stakes.  From this base line top elevations of vegetation will be surveyed to within an accuracy of 0.5 meter in X, Y & Z directions for approximately 10 nearby points using a total station available free from the Geosciences Department at OSU.

1.5.2 Ground surface data.  As part of this project, at the same locations that vegetation data are collected, transects will be surveyed across the stream channel and valley floor to the edges of the riparian zone. Breakline positions will be located, including stream banks, terrace edges, and the waterline.  Accurate surveying techniques, similar to those used for vegetation top elevations, will be used.  These transects will be temporarily monumented using marked wooden stakes to allow revisiting to resolve questions.

Method

Total stations that incorporate a transit and laser rangefinder will be used to survey the tops of vegetation to the needed accuracy.  These data will be used to verify accuracy of LIDAR-derived vegetation height and the canopy-top DEMs.  GPS data collection will be made using a high accuracy instrument, such as ______.  
See the website http://www.critfc.org under “technical reports” for information on analysis of streambank condition, channel transects, and vegetation height and cover data that was collected by McCullough (1999).  LIDAR determinations of these data plus repeated field survey data using total station instruments will be compared with this previous data collection on the Warm Springs River.

Primary responsibility.  CRITFC will be responsible for field surveying.
1.6 Simulate stream heat budgets and water temperature profiles

Simulations will be conducted using the ODEQ stream temperature model, Heat Source, and will be conducted at the ODEQ.  DEMs and DTMs will be used as input and simulated temperatures will be verified against the FLIR temperature data.  Simulations will also be run using 30m or 10m DTMs from the USGS and broad vegetation height classes interpreted from DOQs (digital orthoquads), which would be used in the absence of LIDAR data.   Adequacy of simulation results will be based on criteria determined by the ODEQ to meet their needs for TMDL assessments.

Method

The method used for simulating stream heat budgets will be Heat Source, a model developed by Matthew Boyd.  For a primer on mathematical modeling and the physics of stream heating, see the attached document on Heat Source.

Primary responsibility:  The Heat Source model will be run by ODEQ and output data will be shared among the group.

1.7 GIS analysis.

1.7.1 Map the GPS locations of trees and channel cross sections that were surveyed in the field.  Determine the accuracy of LIDAR measurements of tree height, canopy cover, and stream channel cross-sections by comparison against field-collected data, considered to be the standard.  Embed LIDAR stream channel morphology data and vegetation data within DEM data for the entire watershed.  Prepare presentation graphics for reports and analysis.

Methods

Software that will be used will be ARCINFO, including appropriate modules as needed.

Primary responsibility:  CTWSRO will provide GIS services for the upper Deschutes River watershed.

1.7.2 Map the GPS locations of trees and channel cross sections that were surveyed in the field.  Determine the accuracy of LIDAR measurements of tree height and canopy cover by comparison against field-collected data, considered to be the standard.  Embed LIDAR stream channel morphology data and vegetation data within DEM data for the entire watershed.  Prepare presentation graphics for reports and analysis.

Software that will be used will be ARCINFO and ENVI, including appropriate modules as needed.

Primary responsibility:  OSU will provide GIS services for the Santiam River watershed.

1.8 Define Lidar Sampling Protocols 

The protocols will identify the best combination of vegetation condition [leaf-on or leaf-off], scan line spacing and shot spacing on the scan line for east-side and west-side riparian zones.  These choices will be based on the simulations and our experience with lidar data processing.  If there appear to be different needs for different stream orders and vegetation conditions these will also be examined and incorporated into the protocols.

Primary responsibility:  This task will be shared by DEQ and OSU.

1.9 Prepare presentation graphics for reports and oral presentations 

Use LIDAR raster output data from OSU and prepared by CTWSRO/OSU in GIS formats.  These data will include databases from field sampling and validation studies.  Make presentation graphics for reports and oral presentations.  The objective is for the project manager to be fully cognizant of all aspects of the project so that appropriate means of data interpretation and presentation can be explored and to enable better interaction with other project participants.  Prepare CDs containing all GIS data.

Method

Use ARCVIEW software, including necessary modules (e.g., this may include Image Analyst, 3D Modeler).  Graphic output will be prepared using Delta Graph, Microsoft PowerPoint.

Primary responsibility:  CRITFC staff will work with data interpretation and presentation for purposes of facilitating report writing on the upper Deschutes River.  OSU will be responsible for the North Santiam River.

1.10   Write final report

The final report will be written 24 months after the initiation of the funding.  This will define the recommended LIDAR sampling protocols.  We anticipate two journal papers will be written based on the LIDAR tasks, one covering LIDAR collection, validation and DEM/DTM creation, and one dealing with water temperature simulation results and resulting LIDAR sampling protocols. 

2.1 Select study area

In addition to the two study sites selected that will be the subject of the FLIR evaluation, the lower six miles of the Warm Springs River will be a third, and smaller evaluation site.  This site was selected specifically because it has recent very high quality ground DTM data available.  Data are stored at the GIS department of BPA.  BPA had contracted the aerial photo coverage, set up an extensive series of monumented GPS locations throughout the site and subsequently developed GIS layers containing tree cover, tree height, and ground DTM data.  Access to this site during a specified field season will be made available by the CTWSRO.

2.2  Collect LIDAR data

LIDAR data collection will be made at the Warm Springs site using the same data collection protocols as for the other two sites.

2.3 Process LIDAR data

The same data processing procedures will be used at OSU with raw LIDAR data supplied by the commercial LIDAR firm.

2.4  Collect field data

2.4.1 Vegetation data.  Apply same procedures as in other two sites.

2.4.2 Ground surface data.  Apply same procedures as in other two sites.

2.5. GIS analysis

2.5.1. Map the GPS locations of trees and channel cross sections that were surveyed in the field.  Determine the accuracy of LIDAR measurements of tree height, canopy cover, and stream channel cross-sections by comparison against field-collected data, considered to be the standard.  Embed LIDAR stream channel morphology data and vegetation data within DEM data for the entire watershed.  Prepare presentation graphics for reports and analysis.
2.5.2. By a process of differencing the LIDAR ground DTM from the BPA ground DTM derived by conventional stereo photo analysis (1:6000 scale), high accuracy GPS, and state-of-the-art stero-photoplotter, determine the accuracy of LIDAR to derive ground DTM data.  This analysis should be done based on leaf-on and leaf-off data and should assess accuracies in gentle versus steep terrain.
2.5.3. Use GIS to create riparian buffers for the study site.  Assess tree cover and tree height diversity in stream reaches on left and right banks and various distances from river.  Determine wetted and bankfull width of stream by transect and stream reach.  Plot channel cross-sections from LIDAR data.  
2.6 Data analysis.  

Assess how well LIDAR data replicated previous analysis of tree cover and height data by stream reach and riparian buffer zone (McCullough 1999).

Primary responsibility.  CRITFC will work with CTWSRO to evaluate data for the Warm Springs River.
2.7 Prepare presentation graphics for reports and oral presentations

Follow the same procedures as with the other two study sites.  

Primary responsibility:  CRITFC staff will work with data interpretation and presentation for purposes of facilitating report writing on the lower Warm Springs River.  

2.8 Write final report

Follow same procedures as described in objective 1.  The report covering LIDAR collection, validation and DEM/DTM creation has already been described in task 1.10 above.  However, the most accurate ability to validate LIDAR ground DTM data will be produced in the lower Warm Springs test site.

f. Facilities and equipment

Existing computer lab at OSU

New computer and high capacity hard drives for continuous dedication to LIDAR data processing.

GPS and survey equipment will be available free for use through OSU.

Modeling capability at ODEQ using the Heat Source model.
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Duties for this Project

Dr. Means will have primary responsibility for contracting for the lidar data, designing the lidar flight and data collection, all lidar data analysis, including creation of DTMs and canopy top DEMs, assessing fit of the lidar data products to ground measurements of vegetation top height and topography.  He will share responsibility for assessing adequacy of different lidar data products to form part of the basis for modeling stream heat budgets and stream temperatures, and developing the lidar sampling protocol.
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�PAGE \# "'Page: '#'�'"  ��Describe why your innovative project is needed. Specifically, describe the relation of your proposed project both to regional management objectives and to the goals and objectives of the � HYPERLINK "http://www.nwppc.org/ftpfish.htm#I1" ��1994 Fish and Wildlife Program�, � HYPERLINK "http://www.nwr.noaa.gov/1habcon/habweb/biops.htm" ��NMFS Biological Opinion�, or other plans. Make a convincing case for how the proposed work will further goals of the fish and wildlife program. Relate project objectives and hypotheses as specifically as possible to the fish and wildlife program objectives and measures or to other plans. Show how the proposed work is a logical component of an overall conceptual framework


�PAGE \# "'Page: '#'�'"  ��Describe the relationships and links between your project and other relevant projects in progress in the Columbia Basin and elsewhere. Put your project into the context of other work funded under the fish and wildlife program. Indicate how your proposed project relates to, complements or includes collaborative efforts with other proposed or existing projects, specifically those in your watershed, subbasin and province. If the proposed project requires or includes collaboration with other agencies, organizations or scientists, or any special permitting to accomplish the work, such arrangements should be fully explained. If the relationship with other proposals is unknown or is in conflict with another project, note this and explain why.


�PAGE \# "'Page: '#'�'"  ��e. Proposal objectives, tasks and methods


Present your project’s objectives, tasks, and methods to implement the tasks (use and expand upon the objectives and tasks from the Budget Tables in Part 1, Section 2). Present these in a numbered list; outline and link by objective, task, and method; and group appropriately to avoid redundancy.


�PAGE \# "'Page: '#'�'"  ��List the ultimate goals, visions, or long-term desires for your project (e.g., increase harvest, restore or maintain or protect a certain population, maintain species diversity, etc) and match these with regional management objectives and strategies. In addition, provide objectives that are measurable in biological terms (e.g., harvest rates at 1 fish/angler/day annually, number of redd counts, population targets) and have a time element (e.g., accomplish by August 2002). Research proposals must concisely state the hypotheses and assumptions necessary to test these. Non-research projects must also state their objectives. In addition to the broad goals and biologically measurable objectives of your project, clearly identify any products (reports, structures, etc.) that would result from your efforts, but be sure to describe the purpose that the products are intended to meet


�PAGE \# "'Page: '#'�'"  ��Under each objective, list the tasks and methods that will be used to meet the objective. Describe how the project is to be carried out based on sound scientific principles (this is applicable to all types of projects). Include scope, approach, and detailed methodology. Indicate how the innovative techniques and methods will further the understanding of fish and wildlife ecology, correct a specific problem in the basin, or broaden and better define the spectrum of management options. Concisely summarize the methods here in enough detail to satisfy peer review and cite references


�PAGE \# "'Page: '#'�'"  ��All major facilities and equipment to be used in the project should be described in sufficient detail to show adequacy for the job. For example, the proposal should indicate whether there are suitable (based on contemporary standards) field equipment, vehicles, laboratory and office space and equipment, life support systems for organisms, and computers. Any special or high-cost equipment to be purchased with project funds should be identified and justified. This section should be no longer than a few paragraphs.


�PAGE \# "'Page: '#'�'"  ��If you have key technical documents specifically related to your project that are cited and summarized in the proposal form, you may submit these as background reference material for the peer reviewers. These documents may include project master plans, monitoring and evaluation plans, watershed assessments, and peer-reviewed articles generated from the project. Please note that the ISRP and CBFWA will evaluate your project based on the proposal, so all critical information needs to be provided in the proposal. Simply referencing another document will not suffice. It is not necessary to send in cited material, but if you do, please note it in the right hand column of the reference table. If your document is available on the web (e.g. through BPA) please provide the web address. If not on the web, but you have an electronic copy please provide it by email or disc. If only available in hard copy send that. Send all materials to the same address you send the proposal form.


�PAGE \# "'Page: '#'�'"  ��Include names, titles, FTE/hours, and one-page resumes for key personnel (i.e. principal investigators, project managers, key subcontractors), and describe their duties on the project. Emphasize qualifications for the proposed work. Resumes should include name, degrees earned (with school and date), certification status, current employer, current responsibilities, list of recent previous employment, a paragraph describing expertise, and up to five recent or especially relevant publications or job completions.
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