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STATUS OF SUBJECT SPECIES:  native

PROJECT OBJECTIVES: 

The objectives of this project are to:

1. Ground relief features-- determine to what extent LIDAR can be used to describe the occurrence and intensity of yellow-cedar decline by landscape position at several different spatial scales (several acre patches to micro-relief).  LIDAR will be used to construct an intensive digital elevation model for hydrologic modeling. 

2. Canopy features--Determine if LIDAR is an improved medium (over other remotely sensed images) for assessing the occurrence and intensity of yellow-cedar decline by examining canopies.  Note that our previous STDP project using aerial photographs and other remotely-sensed images, but not LIDAR technology, to assess canopy structure and relate it to information from ground plots.

3. Link ground features (LIDAR), canopy features (other remote sensing), and vegetation condition (ground plots)--Improve the power of classifying the dead cedar resource by combining high resolution information on ground relief and receiving hydrologic areas to construct an intensive digital elevation model (i.e., this proposal--LIDAR), interpretation of canopy structure from remotely sensed images (previous STDP project), and ground data from forest vegetation plots.

BRIEF DESCRIPTION OF PROJECT:

During aerial detection surveys, we have mapped approximately ½ million acres of yellow-cedar decline in Southeast Alaska.  Managers have interest in both salvaging the valuable dead yellow-cedar trees and developing management strategies for the future vegetation condition on these sites (i.e., harvested or not).  Our current GIS products that depict simple presence/absence for yellow-cedar decline do not meet the needs of managers because of the patchy distribution of decline, the wide variation in the volume of affected trees, and differences in plant succession.  Variation in the size and concentration of dead trees appears to be related to differences in patterns of drainage at the site and micro-site scales.  

This project would be another step in developing tools to refine the distribution of yellow-cedar decline.  In a previous STDP project, we used remotely-sensed images and image analyses to classify the occurrence of yellow-cedar decline.  These techniques are proving successful in classifying yellow-cedar decline, but our inability to observe ground features (i.e., relief and micro-relief) through forest canopies on photography has restricted the development of a classification scheme tied to a terrain model.  The currently available Digital Elevation Model (DEM) has a low resolution of only 30 meters and is largely inaccurate with respect to actual ground elevation. 

The occurrence, intensity, and even timing of tree mortality in yellow-cedar decline appear to be associated with landscape features that suggest different drainage patterns.  This can be seen at the coarse scale where small scattered old snags occur in bogs on flat ground, larger scattered dead trees that died at different times are in semi-bogs on gentle slopes, and high concentrations of large, recently killed-cedars occur on surrounding slopes.  These latter patches are the areas that ranger districts desire to conduct timber harvests.  Finally, very high volume western hemlock-yellow-cedar forests that are generally healthy are on the steeper slopes with the best drainage.  


Figure 1.  Simplified pattern of size, density, and time-since-death for yellow-cedar trees along a gradient from flat poorly drained landscape positions to surrounding slopes.
A more confusing pattern of tree death exists within most areas of the acreage of yellow-cedar decline, however, apparently the result of more complex topography.  Tree canopies obscure the pattern of ground relief in these areas and, until now, no technology existed to provide information on ground relief at the resolution required to discern these patterns.  LIDAR can map ground features in three dimensions with resolution up to 1m2.  
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Figure 2.  LIDAR (blue line) provides greatly improved resolution on micro-relief relative to existing information (brown line).  We believe the micro-relief obtained from LIDAR will help predict the patchy distribution and variation in intensity of yellow-cedar decline.

Acquiring LIDAR images of sites where we are installing permanent ground plots (i.e., truth information on vegetation) and are conducting image analysis on canopy conditions will allow us the opportunity to describe the precise landscape position at the necessary patch size to develop a robust classification scheme.  Also, a classification scheme tied to landscape features will aid in the development of management recommendations because of the inherent differences in natural plant succession following yellow-cedar decline in these areas.
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JUSTIFICATION:  

Decline of yellow-cedar has been aerially sketch-mapped on more than 500,000 acres in southeast Alaska.  Recognition of the extent of this decline, the consistently high value of yellow-cedar wood, and changing market conditions in Alaska have spurred interest in capturing the economic potential of this resource (Hennon and Shaw 1997).  A trial salvage logging on Wrangell Island in 1996 (joint S&PF/NFS/private industry project) demonstrated economic potential, even when logging was conducted by helicopter.  This form of salvage is cost effective and leaves an aesthetic residual forest.  The wood of yellow-cedar is strong, decay resistant, and the most valuable of any tree in Alaska.  Evaluations of wood properties (McDonald et al. 1997) indicate that strength, decay resistance, recoverable volume, and grade of wood are retained up to 80 years after tree death.  

Although we have a general idea where the cedar decline occurs through aerially sketchmapping, this information is incomplete and of limited use to land managers.  Currently the layer is merely presence or absence of cedar decline.  Land managers have expressed the need for quantifying amount of dead trees within a decline polygon (i.e. density/volume/stand classification); however, any classification done during our aerial survey is only qualitative and will vary between aerial observers.  With existing remotely sensed data, image/GIS analysis tools and ground truthing data, the means are available to develop the technology needed to produce a repeatable, consistent, classified layer. Efforts are underway exploring other remote sensing options.

The responsibility for collecting insect, disease and decline information lies with FHP.  While sketchmapping techniques are adequate for periodic outbreaks and easily delineated events, we need to develop alternative tracking and classification methods for cases such as cedar decline. This decline persists on the landscape and while current information has been useful, we lack the technology needed to quantify and classify this disturbance process.  With refined spatial and classification information, FHP and research will not only provide managers with the additional information they are requesting, but will have better information to progress farther in exploring causal agents in this mysterious decline. 
Forest Health Protection has invested considerable effort attempting to define the causal agent of this decline.  We have essentially eliminated an insect or pathogen as the direct causal agent and have found strong associations of soil drainage with the presence and intensity of decline.  Patterns of plant succession as a response to yellow-cedar decline appear to differ by landscape position.  Confirming these relationships among decline, succession, and landscape position will help shape specific management recommendations for ‘zones’ within the patches of existing yellow-cedar decline.  For example, there is little vegetation response to death of cedar trees in extremely boggy conditions on fairly flat terrain.  Understory brushy species, particularly Vaccinium spp., respond to tree death vigorously on gentle slopes around bogs.  Following yellow-cedar overstory death, both hemlock species, and to some extent, surviving yellow-cedar, release on the more productive communities on slopes with better drainage.  These latter sites are the areas that managers have targeted for possible salvage because of the large size and concentration of dead yellow-cedar trees.  The goal of this project is to accurately distinguish and classify these zones using both LIDAR-generated digital elevation models and remotely sensed images. Then we can predict which zones will have a healthy component of tree species to manage into the future.

URGENCY:

Information regarding the potential management of this resource is needed as soon as possible.   Local community industries are struggling to convert to new forest use niches in southeast Alaska.  The Forest Service is seeking methods of meeting this demand in ways that are sensitive to wildlife resources and that leave an aesthetic residual forest.  Most future sales on the Tongass National Forest will be small, not involve large clearcuts, and will produce specialty wood, such as the highly valuable yellow-cedar.  This resource represents a tremendous potential economic resource for communities within the Tongass National Forest.  

Refined and classified yellow-cedar decline resource information is urgently needed as land managers turn to the dead cedar resource for emerging specialty markets and as an alternative to the traditional use of old-growth timber.  The GIS polygons depicting the presence of yellow-cedar decline that we currently provide to managers do not meet their needs because of the tremendous variation in the volumes of dead yellow-cedar (both between and within polygons).  Methods of managing the yellow-cedar resource are hampered by the lack of understanding of the primary cause of the extensive mortality problem.  The new classification scheme described in this proposal would also lead to landscape-based predictions about the future condition of vegetation because of the widely different trajectories of plant succession following yellow-cedar decline on different microsites.  Finally, critical research into the possible causes of cedar decline as they relate to biotic and abiotic landscape influences could be analyzed with the spatial information developed from this project.
NATIONAL FHP TECHNOLOGY DEVELOPMENT PRIORITY:

Priority 1: __
Priority 2: __
Priority 3: _X_
Priority 4: _X_

· Develop guidelines for the integration of silvicultural procedures, prescribed burning, and other tools and techniques to reduce the adverse impacts of insect and diseases. 

· Develop techniques to quantify the impact (forest structure and function) of insects and diseases as disturbance agents in forest ecosystems. This includes their interaction with other disturbance agents such as fire, wind, and exotic vegetation. 

TECHNICAL COMMITTEE DEVELOPMENT PRIORITY:

Priority 1: _X_
Priority 2: _X_
Priority 3: __
Priority 4: __



Priority 5: __
Priority 6: _X_
Priority 7: __
Priority 8: __

· Technologies that detect, quantify, or predict the effects of pathogens and other microorganisms on resource production and ecological processes.

· Develop effective risk rating, management strategies or simulation models for pathogens, declines or hazard trees. 

· Develop tools to visually display realistic outcomes of insects and pathogens at the stand or landscape level. 

Developing LIDAR technology will help us predict the location and structure of cedar decline based on microtopography site characteristics.  Understanding the relationship between landscape positions and underlying topography will enable managers to assess the potential or risk of the cedar decline at a particular location.  Many 3D graphical products and images will result for visualizing the data and communicating these concepts.

This project addresses most of the priorities for the Survey, Evaluation and Monitoring Committee.  The Technologies developed will aid in the detection and quantification of a forest decline.  Once a repeatable and consistent detection technique is developed; accurate monitoring and change detection can occur.  Data collected using technologies developed in this project will result in an improvement to traditional aerial sketch mapping techniques.  This project explores the utility of new emerging spatial data.

This project also addresses a priority of the Western Disease Steering Committee:  Develop technologies and methods that increase our understanding of ecosystem function of dwarf mistletoe, heart rots, and cedar decline in boreal ecosystems in order to efficiently manage these diseases at predictable, desirable levels in managed forests.  It also satisfies the priority to devise technologies/applications that aid landscape level forest health assessment. This proposal will promote clear understanding of the scope, condition and location of this forest decline, which is a valuable first step in understanding and managing the problem.

SCOPE OF APPLICATION:  

Specific use of results will be made by managers on all three administrative areas of the Tongass National Forest and by those that represent State and Native lands.  Sampling and analysis methods will be available nationally in any situation where the use and evaluation of dead trees and declining forests are dependent on the spatial quantification and classification of the resource.

RESEARCH BASIS:  

The link between the occurrence of yellow-cedar decline and topography has been established at a fairly broad scale (Hennon et al. 1990).  Soils within yellow-cedar decline tend to remain saturated longer than soils in healthy cedar and also, some yellow-cedar decline sites, with smaller hydrologic contributing areas, were found to obtain levels of saturation found at healthy forest sites with larger contributing drainage areas (Johnson and Wilcock 2002).  A more refined association between occurrence, intensity (volume of dead trees), timing (snag class of dead trees) and patch or microsite landscape position is needed, however.  


In field sampling for this project, we would use the same 5-class snag system, which now has accurate estimates of time-since-death for each class.  This classification system has been used in epidemiological studies of yellow-cedar (Hennon et al. 1990), marking guidelines for salvage sales, and in projects on volume recovery.  Wood strength tests (e.g., McDonald et al. 1997, Green et al. 2002), wood durability, and heartwood chemistry are also currently under investigation in relation to snag class.   

A current STDP evaluation is underway to develop repeatable techniques through image analysis (not including LIDAR) to spatially locate and quantify dead and dying yellow-cedar (cedar decline).  The project should yield a delineation of the cedar decline resource on a pilot project study area.  A network of ground plots have been installed.
LIDAR imagery has a proven ability to map topography through dense canopies in Southeast Alaska.  In forested areas, structure data such as tree density, basal area, tree height, canopy cover, and ground elevations beneath the canopy have been successfully gathered.  Multi-return LIDAR can be used to accurately predict forest structure attributes over large areas in coastal temperate rainforests  (Kramer and Lefsky, unpublished).
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Figure 3.  3D perspective views of Kosciusko Island, Southeast Alaska, generated from LIDAR DEM data. March 2000
METHODS:

A LIDAR system uses a laser scanner and cooling system, a Global Positioning System (GPS), and an Inertial Navigation System (INS).  The laser scanner is mounted in an aircraft and emits infrared laser beams at a high frequency. The scanner records the difference in time between the emission of the laser pulses and the reception of the reflected signal.

The round trip travel times of the laser pulses, from the aircraft to the ground, are measured and recorded along with the position and orientation of the aircraft at the time of the transmission of each pulse. After the flight the vectors from the aircraft to the ground are combined with the aircraft position at the time of each measurement and the three dimensional X, Y, Z coordinates of each ground point are computed

The first phase will be to obtain LIDAR data and process to a canopy level DEM and bare earth DEM.  This phase will be performed by a contractor.  Digital terrain models resulting from LIDAR can achieve up to 0.15 meter vertical accuracy and 1.0 meter horizontal accuracy.
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Figure 4.  An example of canopy level DEM and a bare earth DEM.  Note that the image on the right is displaying ground topography at high resolution through existing forest canopy.

We will perform a micro-relief topographic analysis of the study area to access slope, aspect, hydrologic contributing area, and potential for soil saturation.  We will then assess the risk rate for micro-relief features having cedar decline potential.

The canopy data derived from the LIDAR will be evaluated, assessing stocking levels, tree height, crown condition and stand basal area.  A network of 124+ permanent plots will serve as ground data.  The results derived here will be compared to the results of our previous STDP project using aerial photographs and other remotely-sensed images.  Evaluation methods will include merging high resolution imagery (IKONOS or scanned photography) with LIDAR data, using the derived model of the location and classification of cedar decline to assess relationships with micro-relief and drainage conditions, and linking the 5 snag class rating system to information derived from the LIDAR data.   We will also collect additional ground information as needed.
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Figure 5.  Current network of ground permanent plots (installed 2001).

MEASURES OF SUCCESS:
Standard of Success:  This project is successful if the first return LIDAR data can improve predictions of overstory canopy structure (i.e., basal area or volume of dead trees) where the validity is confirmed by ground-plot data.  Many variables can be tested including tree height, dominance class, snag class, basal area, volume of live and dead trees, and stocking levels.  An additional measure of success will be to determine to what extent LIDAR will aid in predicting patches or zones of cedar decline and associated characteristics in relation to microtopography and landscape position.
Expected Outcomes:  LIDAR should significantly enhance our ability to determine stand structure and will both explain and predict the occurrence, intensity, and timing of cedar decline based on microtopography and landscape position.

Implementation of Products/methods:  This project will be successful if managers use the newly derived information to make more informed decisions about potential management options in cedar decline areas, including both salvage and management of residual vegetation with an understanding of succession trajectories.  The yellow-cedar work to date has enjoyed a tremendous cooperation between research, management, and the public.  Yellow-cedar management has been a way to expand the use of silviculture techniques in Alaska.  The silviculture staffs have been very supportive of recent yellow-cedar projects and are anxious for more management tools.

PRODUCTS:

New products will include a description of methods and techniques using remotely sensed data, LIDAR Digital Terrain data and plot data to spatially quantify cedar decline and other tree mortality processes with a similar signature.  These methods should lead to a new classification scheme for landscapes affected by yellow-cedar decline.  Silviculture tools will result for managing salvage and plant succession in yellow-cedar decline stands. 

Direct products for the project area include a digital terrain model for both the canopy and bare earth, a refined cedar decline classification map with volume and intensity attributes.  Many 3D graphical products and images will result for visualizing the data and communicating these concepts.

PUBLICATION:

Publications will most likely result in a USDA Forest Service technical paper or a PNW research note or research paper.  

TECHNOLOGY TRANSFER:

Newly generated techniques with pilot project results will be electronically distributed to all R-10 offices via CD.  Methods and techniques will be communicated to technical and administrative employees of the Forest Service at all levels ranging from the Regional Office to Ranger Districts while the project is being conducted and after its completion.  Technology transfer will also take place through publication, formal presentations and informal discussions.

PRODUCT LEVERAGING: This project builds on a current STDP project in its final year.  The prior STDP project, “Developing new image analysis technology to manage cedar decline”, has the following objectives:

Develop repeatable techniques through image analysis to spatially locate and quantify dead and dying yellow-cedar (cedar decline);  

Apply the newly developed technique to create a resolute GIS delineation of the cedar decline resource on a pilot project study area, and collect ground data to verify results; 

Develop a GIS/image analysis classification method useful in forest planning, linked to previously developed information on snag age, condition and size.

The prior STDP is evaluating various types of remotely sensed data but not LIDAR or any other method of acquiring ground data that might lead to a digital elevation model.  We will be using the resulting classification and previously collected vegetation data to verify the results of the LIDAR data.  The LIDAR data will further improve the techniques to spatially locate and quantify the cedar decline.  We will again try to make a link to the snag class system previously used to describe the temporal pattern of dead trees.  

LONG-TERM BUDGET REQUEST: 

	
	Item
	Requested FHP STDP Funding
	Other-Source Funding
	Source

	FY  2003
	
	
	
	

	Administration
	Salary
	3,000
	4,000

6,000
	R10 / NFS

PNW

	
	Overhead
	
	2,000
	PNW

	
	Travel*
	3,000
	2,000
	PNW

	
	
	
	
	

	Procurements
	Contracting/ data**
	23,000
	10,000
	R10 

	
	Equipment / software
	
	
	

	
	Supplies 
	
	1,000
	R10 / NFS

PNW

	
	
	
	
	

	YEAR TOTALS
	
	29,000
	25,000
	


	FY 2004
	
	
	
	

	Administration
	Salary
	5,000
	4,000

6,000
	R10 / NFS

PNW

	
	Overhead
	
	2,000
	PNW

	
	Travel*
	2,000
	2,000
	PNW

	Procurements
	
	
	
	

	
	Contracting
	
	
	

	
	Equipment
	
	
	

	
	Supplies / Publication
	3,000
	1,000
	

	YEAR TOTALS
	
	10,000
	15,000
	

	
	
	
	
	

	PROJECT TOTALS
	
	39,000
	40,000
	


*Note: travel in Alaska is expensive because of limited road systems; travel is often by jet, floatplane, or boat.

** Current quote breakdown:

	Project Management
	$954.00

	LIDAR Post processing & Classification:
	$5903.00

	LIDAR System Cost Share:
	$5,000.00

	Survey, Base Stations, lodging ground transportation per diem etc:
	$2,660.00

	Aircraft acquisition time:
	$8,171.00

	TOTAL:
	$22,688.00


LONG-TERM BUDGET REQUEST EXPLANATION:  During the first year the budget will be allotted to procurement of the LIDAR data, quality assessment and collecting additional ground data.  The second year of the project will be spent mostly in the office examining data and writing up results.  Travel costs include technology transfer.

BENEFITS:

Developing ways of quantifying, mapping and predicting cedar decline will help land mangers manage forested ecosystems of southeast Alaska.  Dead cedar on the Tongass represents an enormous timber resource.  LIDAR will allow the structure of cedar decline stands to be quantified and linked to topography.  Linking cedar decline occurrence and structure to micro-relief will allow managers to predict density and volume and value for ecosystem management as well as plan for different succession outcomes.   

This project will augment and enhance the results of a prior STDP project that evaluates other remotely sensed images for mapping cedar decline stands.
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Very high volume hemlock-cedar forest:


--generally healthy





Bog:


Dead trees:


  small, scattered


Succession:


  imperceptible





Semi-bog:


Dead trees:


  variable in sized


  scattered; old


Succession:


  large increased in brush biomass





High volume cedar forest:


Dead trees:


  large, concentrated, death recent


Succession:  


  small and mid-sized trees release
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