Special Technology Development Program
 Progress Report

PROJECT NUMBER:  R1-2001-04

PROJECT TITLE: Using Remotely Sensed Imagery to Estimate Mountain Pine Beetle-Caused Mortality in Lodgepole Pine Forests of Montana

PROJECT STATUS:  Continuing but without additional funds.

EXPECTED PROJECT DURATION:  2.5 years
ORIGINAL EXPECTED COMPLETION DATE OF THE PROJECT: 2002

EXPECTED COMPLETION DATE OF THE PROJECT:  April 2003
SUBJECT:  Biological Control___  Invasive Species___ Methyl Bromide Alternatives___ Models___  Monitoring_1_  Organism Biology___ Pesticides: Microbial ___ Pesticides: Synthetic___   PTIPS___ Population___  Risk and Hazard___  Remote Sensing_1_   Semiochemicals___  Silvicultural Technology___  Social Values___  Spray Technology___  Other  Disturbance  interactions
STATUS OF SUBJECT SPECIES: native
PROJECT OBJECTIVES:  We propose to test the potential of remote sensing technology for quantifying mountain pine beetle (Dendroctonus ponderosae) caused mortality in lodgepole pine (Pinus contorta) forests in Montana.  We predict that the technology developed will provide the capability to 1) quantify mountain pine beetle impact severity at the landscape scale, 2)  map spatial patterns of impacted areas, 3) monitor forest changes due to mountain pine beetle outbreaks over time, and 4) quantify the interactive relationships between forest disturbance agents such as bark beetles and fire at the landscape scale.  Although spectral signals for impact caused by bark beetle species in other forest types may be different, results of this project will lay the necessary groundwork for extension of the methodology to other forest ecosystems. 

BRIEF DESCRIPTION OF THE PROJECT:  FY2001 was the first year of this project.  We acquired 5 images, including one before the outbreak started (1993), and 4 recent years during the outbreak (1998, 1999, 2000, 2001).  The 1993 and 1998 are Landsat 5 TM images and 1999 through 2001 are images from the more recent Landsat 7 ETM+ satellite.  We chose cloud-free images during the last 15 days of August to capture the time period when foliage of trees infested by the mountain pine beetle the previous year had faded, yet before fall color change of hardwoods and larch.

1993, October 4


UTM, NAD83, 30m, CC, solar elev. 34, terrain corrected.


Image calibrated to radiance, then converted to reflectance values.

1998, August 31


TM, NAD27, 30m, solar elev. 46, geo-corrected.


Reprojected to UTM, NAD83, then rectified to 1993 image.


Image calibrated to radiance, then converted to reflectance values.

1999, August 26


UTM, WGS84, 28.5m, NN, solar elev. 49.2, systematic correction.


Reprojected to NAD83 and 30m, then rectified to 1993 image.


Image calibrated to radiance, then converted to reflectance values.

2000, August 28

Albers, NAD83, 30m, CC, solar elev. 49, terrain corrected.

Reprojected to UTM and rectified to 1993 image.


Image calibrated to radiance, then converted to reflectance values.

2001, August 15


UTM, WGS84, 30m, NN, terrain corrected.

To correlate the spectral signal of images with associated mountain pine beetle-caused mortality on the ground, we conducted a series of surveys within the outbreak area on the Superior and Thompson Falls-Plains ranger districts of the Lolo National Forest.  Through the use of aerial detection surveys (ADS) and vegetation coverages, data was collected in areas that exhibited homogeneous lodgepole pine stands.  Areas that had been previously cut or were planned to be cut, or had signs of other insect and disease problems (as indicated on the ADS) were removed.  The objective was to choose stands representing a range of mountain pine beetle-caused mortality.   Initially, variable radius plots were installed on a grid 30 meters apart (representing the pixel size of TM and ETM+ images), geo-referenced with a Global Positioning System (GPS) at the center of each plot.  Data collection at each plot included: diameter at breast height (DBH) of all trees, tree species, and year of mountain pine beetle attack (classified annually for at least three previous years).  Because the majority of the time used for ground surveys involved just getting to the site, we then changed the survey design to facilitate the collection of additional data in a similar amount of time.  In the final survey design, each site consists of a 90m x 90m block that is delineated into 9 plots, with each plot representing a satellite image pixel.  A 100% survey of all trees in each plot was conducted, recording DBH, tree species, and year of beetle attack, resulting in a 100% survey of about 1 hectare for each site.  Each grid was geo-referenced using a GPS unit, in which points were recorded at the four corners and center of each grid.   To account for possible location errors in both the image and GPS unit, data was summarized with all nine 30m x 30m plots pooled.  However, we maintained data for each separate plot as well, to test the possibility of using the smaller units for developing associations between beetle-caused mortality and spectral signal.  Eighty two variable radius plots at 13 sites, and 99 100% survey plots at 11 sites were surveyed for a total of 24 sites and 181 plots located throughout the study area.

FY2002:  All sets of imagery were geo-rectified, calibrated to radiance values to remove at-sensor variance, and then converted to at-sensor reflectance.  In order to accentuate beetle-attacked areas, various methods of corrections and enhancements were applied to the images.  These methods included haze and atmospheric corrections, and histogram stretching.  Next, a variety of data transformations were tested, including Tasseled Cap and vegetative indices such as the Normalized Difference Vegetation Index (NDVI).  Change detection through image subtraction of the transformed images was also tested as a means to accentuate loss in vegetation.  Based on the date of the images and the ground data collected, 1, 2, 5, 6, 7, and 8 years difference were studied.  

The change in stand density was compared to the change in the digital imagery through a variety of statistical techniques including logistic regression and general additive models.  Ground data, such as loss in basal area and trees per acre, and percent loss in basal area and trees per acre were the dependent variables, while the individual band values (e.g. brightness, greenness, and wetness in the case of a Tasseled Cap image) were the independent variables.  Various combinations of the data were studied, including the examination of data at the plot or site level, the removal of plots or sites of poor quality, and the summing of data over similar year differences.  

We determined that our best output resulted from a single year image, which had been calibrated to radiance and converted to at-sensor reflectance, transformed using NDVI, and then analyzed using general additive models.  Using trees per acre lost in 2000 as the dependent variable, and the NDVI values as the independent variable, the intercept and slope were calculated to be 6.5179 and –6.3630 respectively.  This equation was applied to the entire image, and then a mask was used to remove all areas not occupied by lodgepole pine stands.  Using aerial detection survey layers as ancillary data, the final image was recoded to delineate areas of possible beetle infestation (Figure 1).

Additional ground data was collected on the Lolo in August 2002 for continued model development and validation.   Additionally, similar data was collected within the Sawtooth National Recreation Area (SNRA) in central Idaho, where an ongoing mountain pine beetle outbreak in lodgepole pine continues.  Data from the SNRA will be used for both validation and model development.  The data collection protocol was slightly altered this year to increase the number of sites sampled.  Each site consists of a 60m x 60m block that is delineated into 4 plots.  The grid was aligned in cardinal directions so to match as closely as possible to the pixels of the imagery.  A 100% survey of all trees in each plot was conducted, recording tree species, year of beetle attack, and assignment to a dbh size class (< 2.00”, 2.00”-5.99”, 6.00-10.00”, and > 10”).  Each grid was geo-referenced using a GPS unit, by recording points at all four corners.   This methodology was used both on the Lolo and  the SNRA.  One hundred and twenty plots at 30 sites were surveyed on the Lolo, while 104 plots at 26 sites were surveyed in the SNRA.  Total ground plots surveyed over all years include: Lolo-301 plots and SNRA- 104 plots. Additional imagery for the SNRA was purchased:

1999, September 20


Albers Equal Area, NAD83, 30m, CC, solar elev. 43.51, terrain corrected.


Image calibrated to radiance, then converted to reflectance values.

2000, October 8


Albers Equal Area, NAD83, 30m, CC, solar elev. 36.82, terrain corrected.


Image calibrated to radiance, then converted to reflectance values.

2001, September 9


Albers Equal Area, NAD83, 30m, CC, solar elev. 46.58, terrain corrected.


Image calibrated to radiance, then converted to reflectance values.

We will purchase 2002 imagery for both locations in the Lolo and SNRA.  Along with the processing steps used over the past year, we plan on refining our approach to improve our results by investigating the use of supervised, unsupervised, and hybrid classification techniques, classification enhancements, cluster busting, and texture analysis.

CHANGES TO ORIGINAL PROJECT SCOPE OR OBJECTIVES:  none

ADDITIONS TO ORIGINAL PROJECT SCOPE OR OBJECTIVES: none
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Ken Gibson
Region 1, Missoula, MT
406-329-3278

                                                                                                                           406-329-3132

                                                                                                                           kgibson@fs.fed.us

FHP LEAD  INVOLVEMENT





Role




Time Commitment 

Assist with site selection and ground survey data design and collection.

2 weeks

PRINCIPAL INVESTIGATOR(S):

Name
Affiliation (Office or Dept.)
Phone, E-mail, Fax

Barbara Bentz
RMRS, Logan, UT
435-755-3577



435-755-3563 (fax)



bbentz@fs.fed.us
Daniel Endreson
RMRS, Logan, UT
dendreson@fs.fed.u
PRINCIPAL INVESTIGATOR(S) INVOLVEMENT:

Name
Role

Time Commitment

Barbara Bentz
Field survey data collection; data analysis;

 
write-up.

1 month


Daniel Endreson
Field survey data collection, image
100%


processing, data analysis, write-up

COOPERATORS: 

Name
Affiliation (Office or Dept.)
Phone, E-mail, Fax

Rob Gillies
Geography and Earth Resources Dept.
435-797-2664


Utah State University
435-797-2117 (fax)

COOPERATOR INVOLVEMENT:

Name
Role

Time Commitment

 Rob Gillies
Remote sensing expertise and equipment
2 weeks

PRODUCTS AND DUE DATES:   Classification of beetle severity using remotely sensed imagery can be overlayed with existing GIS layers to produce a map of bark beetle intensity on the Lolo National Forest for the years 1998 – 2002.  However, long term use of the developed remote sensing methodology for mapping the temporal and spatial progression of mountain pine beetle disturbances in lodgepole pine will be the major product of the project.  Given multi-temporal TM images of a mountain pine beetle affected area in lodgepole pine, users could apply the techniques derived here to classify bark beetle severity across a landscape.  We anticipate the map and developed indices to be completed by Spring 2003.

STATUS OF PRODUCTS/PRESENTATIONS:  Data analysis is in progress.  Additional ground data was collected in 2002 and will be used to refine the model used for predicting 30m x30m areas on the landscape that have been impacted by the mountain pine beetle.  

ACCOMPLISHMENTS TO DATE:  


Products:  na


Publications: na


Technology Transfer:  Our progress on this project was presented to potential users at the 2002 Western Forest Insect Work Conference in Whitefish, MT.

FIRST FISCAL YEAR FUNDED:  FY2001

FUNDS OBLIGATED FROM BEGINNING OF PROJECT THROUGH CURRENT FISCAL YEAR:  

	
	Item
	Requested Funding
	Received Funding
	Expended Funding

	PREVIOUS YEAR FY 20001
	
	
	
	

	Administration
	Salary
	15,000
	
	27,000

	
	Overhead
	2,556
	
	

	
	Travel
	5,600
	
	

	Procurements
	Contracting
	
	
	2,000

	
	Equipment
	
	
	

	
	Supplies
	1,300
	
	1,950

	YEAR TOTALS
	
	24,456
	
	30,950


	CURRENT YEAR FY 2002
	
	
	
	

	Administration
	Salary
	34,550
	
	

	
	Overhead
	4,674
	
	

	
	Travel
	2,600
	
	

	Procurements
	Contracting
	
	
	

	
	Equipment
	
	
	

	
	Supplies
	1,800
	
	

	YEAR TOTALS
	
	43,624
	
	


FUNDS NOT USED FROM PREVIOUS FISCAL YEAR 

	Fiscal Year
	STDP Funding Allocated
	Funds Obligated
	Funds Unused

	FY2001
	24,456
	24,456
	0

	
	
	
	

	
	
	
	


EXPECTED BUDGET FOR NEXT FISCAL YEAR: 
	
	Item
	Requested FHP STDP Funding
	Other-Source Funding
	Source

	Administration
	Salary
	 
	
	

	
	Overhead
	 
	
	

	
	Travel
	 
	
	

	Procurements
	Contracting
	
	
	

	
	Equipment
	
	
	

	
	Supplies
	 
	
	

	
	
	
	
	

	Totals
	
	 0
	
	


DIFFERENCE BETWEEN ORIGINAL AND AMENDED REQUESTS AND JUSTIFICATION:  none

STDP FUNDING NEEDED:  
Total estimated additional future funding needed beyond the current fiscal year: $0.00

Estimated STDP funding needed in remaining year(s) of the project by fiscal year.  Show separately the funding to be requested/provided from other sources .

	Fiscal Year
	STDP Funding
	Other-Source Funding
	Source
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Figure 1:  Predicted trees per acre (TPA) killed by the mountain pine beetle in 2000 on the Superior and Thompson Falls Ranger Districts, Lolo National Forest.  Predictions are based on classified ETM+ satellite imagery (30m resolution). Green areas are lodgepole pine stands, and yellow polygons are estimated TPA killed as determined from Region 1 Aerial Detection Surveys.
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