SPECIAL TECHNOLOGY DEVELOPMENT PROPOSAL

PROJECT STATUS:

Resubmitted, not previously funded.

PROJECT NUMBER:

R1-2003-03

PROJECT TITLE:
Comparison and Development of Candidate Technologies for the Detection of Mountain Pine Beetle Infestations in the Western United States.

EXPECTED PROJECT DURATION:

The project will be conducted over a three-year period.  During each year, separate regions and host species will be involved.  The final analysis will contain a comparison of the applicability of the data types for use in the three regions, on the various host pines.

EXPECTED COMPLETION DATE OF THE PROJECT:
The project is expected to be completed by the end of FY-2006.

SUBJECTS:


Subject Area




Percentage

1. Total Suppression/Prevention Technology

      

2. Survey and Monitoring Technology

· Advancements in Detection Technology

      20

· Landscape Level Assessment Technology

      10

· Remote Sensing

· Aerial




      20

· Hyperspectral



      10

· Satellite




      20

3. Assessment Technology

· GIS 

· Spatial Analysis



      10

· Landscape Analysis

· Decision Support

4. Social Values

5. Technology Transfer Innovations


      10

6. Other








    100

STATUS OF SUBJECT SPECIES:
Both the insect (mountain pine beetle, Dendroctonus ponderosae Hopkins) and all of the major hosts that we propose investigating (ponderosa pine (Pinus ponderosa Laws), lodgepole ine (P. contorta Engelman), western white pine (P. monticola Douglas) and whitebark pine (P. albicaulis Engelman) are native species.

PROJECT OBJECTIVE:
The overall objective of the proposed project is to compare and improve the technology currently used for the detection and delineation of mountain pine beetle infestations in the western United States.  Specifically, aerial detection survey data will be compared with two types of remotely sensed multi-spectral data (10 m resolution SPOT data and 30 m resolution Landsat data).  Ground-based hyperspectral measurements of trees in various stages of infestation will also be obtained and if appropriate, this data type will also be examined for capabilities of detecting and delineating infestations.  Mountain pine beetle infestations in 3 – 4 host species (lodgepole pine, ponderosa pine, western white pine and whitebark pine) and in various locations (concentrating on infestations in Idaho and South Dakota) will be examined.

BRIEF DESCRIPTION OF PROJECT:
Mountain pine beetle is the most destructive bark beetle species occurring in the western United States.  It is capable of infesting and killing most of the pine species found within its range and outbreaks can cover vast areas of western forests.  Currently, aerial detection surveys are typically used to detect and monitor mountain pine beetle populations.  Attempts have been made to use remotely sensed data (Landsat TM) for detection and delineation of mountain pine beetle infestations, but the results have largely been disappointing because of the inadequate spatial resolution (30 m).  Improvement in the spatial resolution of some multi-spectral imagery to a 10m-pixel size should improve the capabilities and accuracy of the remotely sensed data for use in detection and delineation surveys.  The improved imagery is now widely available from the new SPOT-5 satellite launched in 2002.  We propose to examine this new data type for accuracy in the detection and delineation of mountain pine beetle infestations occurring in 4 host species (lodgepole pine, ponderosa pine, western white pine and whitebark pine) in several geographic locations (but concentrating in Idaho and South Dakota).  We will compare the accuracy of the 10m SPOT data with annual aerial detection survey results for the proposed areas and with Landsat 7 ETM+ imagery.  Ground surveys and change detection techniques will be employed to assess the effectiveness of the various data types and their suitability for operational use.  During the ground surveys, ground-based hyperspectral data will be collected on individual trees in various stages of beetle infestation.  The use of hyperspectral data will further increase both spatial and spectral resolution.  Also, hyperspectral data may effectively detect pre-visual changes in foliage as we have found in subalpine fir attacked by balsam woolly adelgid in North-Central Idaho.  These data will be analyzed separately, and if appropriate, airborne hyperspectral data will be collected during the second and/or third year of the project and compared with the multi-spectral results.

FHP LEAD CONTACTS:

Carol Randall, USDA-Forest Service, FHP-Region 1, Coeur d’Alene, ID


(208) 765-7343; crandall@fs.fed.us

Sandra Kegley, USDA-Forest Service, FHP-Region 1, Coeur d’Alene, ID


(208) 765-7355; skegley@fs.fed.us

Kurt Allen, USDA-Forest Service, FHP-Region 2, Rapid City, SD


(605) 574-3546; kallen@fs.fed.us
FHP LEAD INVOLVEMENT:
The FHP personnel will primarily be responsible for the identification of sites within their respective regions that have an ongoing, significant amount of mountain pine beetle activity.  They will also be responsible for the initial determination that the sites are active with mountain pine beetle as the primary beetle species attacking trees in the area and for coordinating activity with the aerial survey and detection crews.

PRINCIPAL INVESTIGATORS:

Stephen Cook, University of Idaho, Department of Forest Resources, Moscow, ID


(208) 885-2722; stephenc@uidaho.edu

Karen Humes, University of Idaho, Department of Geography, Moscow, ID


(208) 885-6506; khumes@uidaho.edu
PRINCIPAL INVESTIGATORS INVOLVEMENT:
Dr. Stephen Cook is a forest entomologist with considerable experience in bark beetle research.  He will coordinate the overall project and have primary responsibility for ground verification of beetle infestations and collection of the ground data.  He will also have primary responsibility for reporting on the progress of the project.  He will share data analysis and student supervision responsibilities with Dr. Humes.

Dr. Karen Humes specializes in the use and analysis of remotely sensed data for various purposes in natural resource management.  She will coordinate the acquisition and analysis of the remotely sensed data and directly supervise the analysis of that data.  She will share responsibilities for supervising students and overall data analysis with Dr. Cook. 

COOPERATORS:

Jim Ellenwood, USDA-Forest Service, Ft. Collins, CO


(970) 295-5842; jellenwood@fs.fed.us
Chris Williams, University of Idaho, Division of Statistics, Moscow, ID


(208) 885-2802; chrisw@uidaho.edu
COOPERATOR INVOLVEMENT:
Both cooperators will participate in an advisory/consulting role.  Jim Ellenwood will be consulted on the acquisition and analysis of the various remotely sensed data types.  Chris Williams will be consulted on experimental design and the use of the various statistical techniques throughout the project.

JUSTIFICATION:
Currently, visual aerial detection surveys are the primary technique used to detect and delineate insect infestations in forests of the western United States.  The aerial surveys can be inadequate for accurate and timely detection and delineation of bark beetle infestations.  Remotely sensed data may offer the opportunity to develop a low-cost, highly accurate technique for detecting, delineating and assessing the impact of bark beetle infestations.  The use of Landsat imagery has been examined for use in bark beetle detection surveys.  However, due to the rather coarse spatial resolution (30m-pixel size) of Landsat imagery, infestations must be large before they can be accurately mapped using this data type.  Recently, new remote sensing instruments have been launched that have the capability to provide very high spatial resolution, multispectral data (4m).  However, these data sources can be prohibitively expensive for operational use by land managers.

A compromise between spatial resolution and cost is available with data from the SPOT series of satellites.  Multispectral data from SPOT has been available at 20m spatial resolution over a 60km X 60km area (Fig. 1).  SPOT-5, which was launched in the spring of 2002, provides 10m resolution data over that same 60km X 60km area.  Once developed and tested, the new data should be suitable for use in operational environments and should improve the ability to both rate the risk of forest stands to infestation by mountain pine beetle and to detect and delineate current infestations of the beetle.

[image: image2.bmp]
[image: image3.bmp]
One advantage of using these multispectral remotely sensed data is that large areas can be simultaneously evaluated in a relatively short period of time, with a reduced chance of operator error.  For example, Landsat data is available for a given location every 16 days throughout the course of the year and SPOT data can be obtained on a coordinated basis with the Landsat data.  Landsat images cover an area of 31,000km2 and SPOT images cover an area of 3,600km2.  Therefore a single image can be used to identify and map infestations over a substantial area.  Typical aerial detection surveys may require days to completely cover an area of interest.  Further, for both of the remotely sensed data types (Landsat and SPOT), the data is readily geo-rectified to produce very accurate coordinates whereas the accuracy of the aerial detection surveys is dependent upon the familiarity of the observer with the local terrain.
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Fig. 2:  Comparison of narrow-band spectral data from subalpine fir that are in 3 stages of infestation with balsam woolly adelgid (not currently infested, infested but showing no visible signs of foliar color change and infested, with signs of foliar color change.

Another alternative for detection and delineation of mountain pine beetle infestations is the use of airborne hyerspectral data.  Both the increased spatial (pixel sizes vary, but are typically in the 2-3m range) and spectral resolution (on the order of 250 narrow bands) allow for the potential use of these data in early detection of relatively small infestations.  Our work with balsam woolly adelgid infestations of subalpine fir demonstrates a significant differences in foliage in several spectral regions following infestation of the trees by the adelgid (Fig. 2).  These differences are detectable using hyperspectral data prior to the onset of fading of the foliage.  Currently, these data can be relatively expensive to obtain and process.

Mountain pine beetle is just one of several bark beetle species that are economically important pests in the western United States.  However, mountain pine beetle is the most destructive of these beetle species.  It is capable of infesting and killing most of the pine species found within its range and outbreaks can occur over vast areas of western forests.  If the technique of detecting and mapping mountain pine beetle infestations using any of the airborne remote sensing data is developed, it should also be applicable to other bark beetle species throughout the region.

URGENCY: 

There are ongoing infestations of mountain pine beetle in many areas of the western United States.  These infestations are occurring in several host species including ponderosa pine, lodgepole pine, western white pine and whitebark pine.  Two of these host species are also under considerable pressure from an introduced pathogen, white pine blister rust.  Currently, infestations of mountain pine beetle are detected using annual aerial sketch mapping flights.  The sketch mapping technique is inadequate for precise mapping of infestations.  Precision mapping is essential for forest land managers to make informed decisions on beetle management policy and to determine the impact of beetle infestations on current forest structure.  The use of remotely sensed data may improve the accuracy of infestation detection and delineation.  In the past however, most attempts to identify and delineate bark beetle infestations using remotely sensed data have been limited by the rather coarse spatial resolution (30m-pixel size) of the more readily available Landsat imagery.  Beginning in 2002, a significantly higher spatial resolution imagery (10m-pixel size) became commercially available.  The proposed project will directly compare the precision of each of these data types (aerial sketch maps, 30m Landsat imagery and 10m SPOT imagery) with ground survey data to determine the most accurate tool for use by forest land managers.  Higher spectral resolution data is also available and could dramatically increase the accuracy and precision of detecting and delineating mountain pine beetle infestations.  However, these data may prove too expensive to utilize over large areas.  The comparisons will be conducted in several geographic locations (concentrating in Regions 1, 2 and 4) and will involve several host species (ponderosa pine, lodgepole pine, western white pine and white bark pine).  One region per year will be investigated.

NATIONAL FHP TECHNOLOGY DEVELOPMENT PRIORITIES:

Priority 1: 
  Priority 2: 
 Priority 3:  X
 Priority 4: X

The proposed project fits into two of the four priorities.

· Develop techniques to quantify the impact (forest structure and function) of pest species as disturbance agents in forest ecosystems including their interaction with other disturbance agents such as fire and wind.

· The proposed project will directly compare and evaluate the use of four data types for delineating the extent/impact of mountain pine beetle infestations in several forest types and host species.

· The proposed project will also evaluate the impact of mountain pine beetle on two host species (western white pine and white-bark pine) that are being severely impacted by an introduced pathogen (white-pine blister rust).

· Develop or improve detection, analysis, and management of pest species, especially technologies or methods that contribute to our ability to prevent introductions or to detect and eradicate new introductions.

· The proposed project will directly test the ability of new technology to improve detection capabilities for the mountain pine beetle, the most significant bark beetle pest of conifers in the western United States.  Early detection of infestations will allow forest land managers the opportunity to pursue various strategies to combat or limit the impact of these infestations.

STDP TECHNICAL COMMITTEES PRIORITIES: 


Priority 1: 
 Priority 2: 
 Priority 3: 
 Priority 4: 


Priority 5: 
 Priority 6: 
 Priority 7:  X
 Priority 8: 

· Use of state-of-the-art analytical tools, or packages that are currently available or development of new tools which are then applied to existing resource data to answer questions that are of Regional and/or National scope.

· The proposed project will directly evaluate technology (10m-SPOT data and hyperspectral data) whose spatial and spectral resolution was not previously available.  The data will be compared with the more readily available Landsat data (resolution = 30m) and the technology currently used (visual, aerial detection surveys) in surveys of bark beetle activity in the western United States.

SCOPE OF APPLICATIONS:
Although the proposed project is to be conducted in three Regions (1, 2 and 4), mountain pine beetle is a threat to pine forests throughout the western United States.  The developed technique will be readily transferable to the other Regions in the west.

Periodic outbreaks of mountain pine beetle occur throughout the west.  All of the native pine species present within the beetle’s range are suitable hosts and infestations can result in almost total mortality of the pine component within stands over large areas.  The subsequent buildup of dead wood represents an accumulation of fuel and increases the potential for wildfires following these beetle infestations.  The technique developed in the proposed project will provide the data for determining which data type is most accurate in defining where infestations have occurred and thus, where potential intervention measures need to be applied.

Mountain pine beetle is one of several significant bark beetle pests of western forests (i.e. western pine beetle, Douglas-fir beetle, pine engraver, fir engraver, etc.).  By examining a variety of host species, the project should result in a technique that is more readily transferable to other bark beetle conifer systems.

RESEARCH BASIS:
Mountain pine beetle occurs throughout the western United States, ranging eastward into the Black Hills of South Dakota and southward in the Rocky Mountains in New Mexico and Arizona (Furniss & Carolin 1977).  Mountain pine beetle is probably the most serious insect pest occurring in the forests of the western United States (Furniss & Carolin 1977).  Outbreaks of the beetle may devastate vast areas of pine forest and result in almost total mortality of the host pine component within forest stands.  Estimated losses to the beetle are above 2 billion board feet of timber annually (Safranyik et al. 1974).  Lodgepole pine is the most commonly attacked host species (McGregor 1985), but most of the native pines that occur within its range are suitable for brood development including ponderosa pine, western white pine and whitebark pine (Furniss & Carolin 1977).  In the northern portion of its range, the beetle is typically univoltine and dispersal flights and new attacks are usually initiated when temperatures reach 21oC (Safranyik 1978).  Trees respond to attack with a generalized 3-stage sequence (Berryman 1972) and the foliage goes through a fading sequence of green to yellow to red.  It may take a year or more for the foliage to completely fade and be visible from aerial detection surveys.

Aerial detection surveys are commonly used throughout the western United States to identify and map current pest infestations.  The technique requires observers to visually identify damage from pest species and draw polygons of pest activity onto sketch-maps.  The maps typically contain information on multiple pest species occurring within an area.  The annual surveys can be expensive and the reliability of the data may be dependent upon the aerial observer.

Several additional types of remotely sensed data have been examined for use in detecting and delineating outbreaks of forest insect pests (i.e. Leckie & Ostaff 1988; Koch et al. 1990; Joria & Ahern 1991; Leckie et al. 1992; Everitt et al. 1997a; 1997b).  These prior studies have identified specific bands and band ratios as logical choices for use in detecting insect damage using change detection techniques.  Much of this previous work has concentrated on the detection of damage by defoliating species such as spruce budworm and gypsy moth.  However, multi-spectral data, such as is provided by both Landsat and SPOT, have been tested for use in detecting mountain pine beetle infestations.  These prior studies used instruments that had spatial resolutions of 30m (Rencz & Nemeth 1985) or 20m (Sirois and Ahern 1988).  At these spatial resolutions, reliable detection of mountain pine beetle infestations required that the infestations be on the order of 1-2 hectares in size.  With the increased spatial resolution (10m) that will be available through SPOT-5 or the increased spatial and spectral resolution available with hyperspectral data, it may be possible to reliably detect mountain pine beetle infestations significantly less then 1 hectare in size and/or prior to the visual change in needle color.

METHODS:
Within a Region, potential mountain pine beetle infestations will be identified from aerial detection survey flights.  Areas with high mountain pine beetle activity will be determined and ground verification of beetle activity will be conducted.  Following verification that mountain pine beetle is the primary bark beetle species present within the infestations, the size of the infestation (hectares) will be measured and the geographic coordinates for the center of the infestation will be determined.  Infestations of varying sizes will be examined to test the robustness of the developed technique.  Data will also be collected on the age of the infestation (as determined by the presence of within-tree beetle populations and the color/retention of foliage) and the extent of the annual infestation size.  Data on the dominant host species within infestations will be collected (age, size classes and density) and stand measurements will be taken using variable radius plots both within and adjacent to the infestations (stand composition and basal areas).  Ground-based hyperspectral data will be collected from trees in several stages of infestation (not attacked, attacked but not showing visible signs of color change and attacked and showing visible signs of color change).  The hyperspectral data will be analyzed using various techniques including discriminate analysis and mahalanobis distance techniques.  Beetle activity will be determined within the infestations by using pheromone-baited traps during the early portion of the flight period.  By obtaining detailed characteristics of the infestations being studied any limitations or thresholds for detection can be quantified for each data type.

Three types of airborne remotely sensed data will be examined and compared.  Aerial detection survey flight data with infestation polygons will be obtained for each of the study areas for two time periods (pre-infestation and during the current infestation).  In addition, Landsat and SPOT scenes will be obtained for the same areas (also pre- and current-infestation).  These multi-temporal scenes will be used in a change detection analysis to evaluate the reliability of each data type for use in detecting the initiation and growth of infestations.  An integration of data types will also be examined to evaluate the cost effectiveness of using Landsat or SPOT data to identify problem areas and then use targeted aerial sketch-mapping techniques to confirm the presence and intensity of beetle infestations in an area.

The Landsat and SPOT scenes will be geo-rectified, terrain-corrected and processed to convert the data to exo-atmospheric reflectance units.  If necessary, normalization targets (i.e. pixels in the scene that do not change through time) will be used to adjust for atmospheric effects in individual scenes.  Single band, band ratios and the Normalized Difference Vegetation Index will be examined for pixel-by-pixel detection of the mountain pine beetle infestations.  Regression analyses and analysis of variance techniques will be used to examine the accuracy of the infestation estimates obtained from each data type based upon dominant host and infestation size.  The accuracy of each data type will also be directly compared both with the ground survey data and with the other data types using logistic regression techniques.

One Region per year will be examined.  During year 1, infestations within Region 1 will be identified, mapped and the three data types collected and tested.  If refinements are required in the data collection or processing, they will be incorporated in the following two years of the project when infestations in Regions 2 and 4 are examined.  If appropriate, airborne hyperspectral data will also be collected and compared with the other airborne data types obtained during years 2 and 3 of the project.  The final assessment of the techniques will compare each of the data types for accuracy in detecting and delineating infestation based upon size and will also include geographic and host species comparisons.

MEASURE OF SUCCESS:
Our work-plan includes the acquisition of ground data regarding the actual coordinates of mountain pine beetle infestations in each of the geographic regions and in each of the pine hosts.  These data will be used to assess the accuracy of infestation detection and delineation using three of the technologies (aerial surveys, 30 Landsat ETM imagery and SPOT-5 imagery).  In addition, the use of hyperspectral data will be assessed as to its suitability for use in detection and delineation of infestations and for its potential use as a tool in pre-visual detection of mountain pine beetle infestations.

PRODUCTS:
The proposed project would produce:

· A determination and direct comparison of the utility and cost-effectiveness of multi-spectral satellite imagery of varying spatial resolutions for the detection and delineation of mountain pine beetle infestations.

· A direct comparison/evaluation of these same three technologies for their suitability for use in several geographic areas that contain several different host species.

· A determination of the suitability of hyperspectral data for use in pre-visual detection  and delineation of mountain pine beetle infestations.

· Two theses projects – one each in the Department of Geography and the Department of Forest Resources (entomology).

PUBLICATIONS:
Anticipated publications in will be submitted to mainstream refereed journals such as Environmental Entomology for entomology, Forest Science for forestry and Remote Sensing of Environment for remote sensing.  Publications will be focused for the main audiences of the respective journals.  Results will also be presented at regional forest entomology conferences such as the annual Western Forest Insect Work Conference as well as at meetings of national societies.

TECHNOLOGY TRANSFER:
The goal of this project is to develop techniques that can be applied on an operational basis by FHP personnel and/or district foresters.  If the techniques described above prove useful, workshops will be conducted at the regional Forest Insect Work Conference or other venues to familiarize Forest Service personnel with the developed techniques.  Additionally, we will work closely with RSAC and FHTET personnel (Jim Ellenwood) to help make these techniques widely accessible and well understood, including assistance with the development of training materials (when appropriate).

BENEFIT OF THE PROJECT:
Currently, aerial detection survey sketch-mapping is the preferred method for detecting and delineating infestations of various insect and disease pests in the forests of the western United States.  The proposed project will develop techniques to use two additional sources of data for the detection and delineation of mountain pine beetle infestations.  The proposed project will also examine and provide a direct comparison of the accuracy of aerial sketch-mapping data with these two other types of remotely sensed data for monitoring mountain pine beetle infestations of various sizes, under varying environmental conditions and attacking several different host species.  Therefore, at the end of the project, recommendations will be made with regard to the operational use of each of the three data types based upon both accuracy and economic considerations.

LONG TERM BUDGET:
The amount requested from FHP for the three year project is $118,500 ($39,500 per year of the project).  The annual contribution from the University of Idaho includes the deferred overhead at a rate of 48% and time/salary commitments from the two Principal Investigators.  For FY2002, the first year of the project, this university commitment is $40,121 (50.4% of the total).  The budget request for the second and third years of the project would be similar to the request for the first year.

FY-2003 BUDGET REQUEST:




Forest Service

Univ. of Idaho
Salaries
S. P. Cook
    $   6,000

    $   5,500



K. S. Humes
         6,000

         5,500



Student
       13,000

Fringe Benefits

         3,940

         3,136

Total: Salaries and Fringe
    $ 28,940

    $ 14,136

Supplies
Imagery
         5,160



General
         1,400
Total: Supplies

    $   6,560

Travel (Domestic)

         4,000
Indirect Costs (48%)




    $ 25,985

TOTAL


    $ 39,500

    $ 40,121
FY-2004 BUDGET REQUEST:




Forest Service

Univ. of Idaho
Salaries
S. P. Cook
    $   6,000

    $   5,500



K. S. Humes
         6,000

         5,500



Student
       13,000

Fringe Benefits

         3,940

         3,136

Total: Salaries and Fringe
    $ 28,940

    $ 14,136

Supplies
Imagery
         5,160



General
         1,400
Total: Supplies

    $   6,560

Travel (Domestic)

         4,000
Indirect Costs (48%)




    $ 25,985

TOTAL


    $ 39,500

    $ 40,121
FY-2005 BUDGET REQUEST:




Forest Service

Univ. of Idaho
Salaries
S. P. Cook
    $   6,000

    $   5,500



K. S. Humes
         6,000

         5,500



Student
       13,000

Fringe Benefits

         3,940

         3,136

Total: Salaries and Fringe
    $ 28,940

    $ 14,136

Supplies
Imagery
         5,160



General
         1,400
Total: Supplies

    $   6,560

Travel (Domestic)

         4,000
Indirect Costs (48%)




    $ 25,985

TOTAL


    $ 39,500

    $ 40,121
3-YEAR TOTAL

   $118,500

  $120,363
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Fig. 1:  The resolution and coverage area for Landsat and SPOT scenes.    Each scene from the Landsat 7 ETM+ sensor covers approximately 31,000 km2 and has spatial resolution of 30m in the multispectral bands.   SPOT scenes cover an area 60km by 60km (3600 km2).   Current sensors onboard SPOT satellites have a spatial resolution of 20m.   The sensor on the SPOT 5 satellite, to be launched in Spring 2002, will have 10m spatial resolution in the mulispectral bands.
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