
Special Technology Development Program
 Progress Report

PROJECT NUMBER (from original application form):  NA-2002-01

PROJECT TITLE (from original application form): Assessing Hemlock Woolly Adelgid Infestation, Hemlock Health and Susceptibility Using Hyperspectral Remote Sensing Technologies

PROJECT STATUS (choose one of the following):  

Continuing (funds are being requested for the next fiscal year to continue the project)

EXPECTED PROJECT DURATION (total years for project):  3

ORIGINAL EXPECTED COMPLETION DATE OF THE PROJECT (fiscal year):  2004

EXPECTED COMPLETION DATE OF THE PROJECT (fiscal year):  2004
SUBJECT (from original application form):   
	1. Total Suppression/Prevention Technology
	%
	
	2. Survey and Monitoring Technology
	%
	

	a. Total Biological Control

i. Microbial %

ii. Parasitoides %

iii. Synthetic hormones/pheromo

iv. nes %

v. Other %
	
	%
	a. Advancements in Detection Technology 
	20
	%

	vi. 
	
	
	b. Landscape Level Assessment Technology

i. Data Visualization 
	20
	%

	b. Total Modeling

i. Pesticide (Insecticide) Application %

ii. Disturbance %

iii. Growth and Yield %

iv. Organism  %

v. Population %

vi. Terrain %
	
	%
	c. Remote Sensing

i. Aerial %

ii. Hyperspectral %

iii. Satellite %
	20
	%

ii

	vii. 
	
	
	d. Other


	
	%

	c. Genetic, Cultural and Silvicultural Innovations 

For Controlling Pest Species

i. Fire %

ii. Methyl Bromide Alternatives %

iii. Thinning/Regeneration Techniques and other Silvicultural Guidelines %

iv. Resistance, Screening, and Breeding %
	
	%
	3. Assessment Technology
	%
	

	v. 
	
	
	a. GIS %

b. Spatial Analysis % 

c. Landscape Analysis %

d. Decision Support % 

Risk and Hazard %

Expert Systems %
	20

20
	a

d

	d. Pesticide Application (Spray) Technology

i. Equipment innovations %

ii. Methods and Guidelines %
	
	%
	4. Social Values
	%
	

	iii. 
	
	
	5. Technology Transfer Innovations
	%
	

	e. Other


	
	%
	6. Other


	%
	


STATUS OF SUBJECT SPECIES (select one by deleting inapplicable option): non-native noxious
PROJECT OBJECTIVES (from original application form):  
1. Develop and validate a rating system that will predict eastern hemlock susceptibility to hemlock woolly adelgid infestation.

2. Develop NIR spectroscopy techniques to directly assess adelgid infestation levels and hemlock decline.

3. Utilize hyperspectral remote sensing technologies to map hemlock decline, infestation and susceptibility  to hemlock woolly adelgid infestation on a landscape scale.

BRIEF DESCRIPTION OF THE PROJECT:  

The hemlock woolly adelgid (HWA), an invasive insect pest native to Asia, is causing decline and mortality in hemlock forests across the eastern U.S. It appears that the pattern of mortality will continue with devastating effects on eastern forest ecosystem function and aesthetic value. This project will allow us to develop hyperspectral remote sensing techniques to directly assess HWA infestation levels, hemlock decline and stand vulnerability with greater accuracy and detail than previously demonstrated. These tools will facilitate the successful development and application of an integrated pest management program aimed at ultimately controlling the hemlock woolly adelgid.
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Figure 1:    Research work flow over the three year duration of the project. Items in yellow represent tasks that are either currently completed or very near completion.
Our primary goals for Year 1 were to:


Use chemical and spectrometry data at the tree level in conjunction with adelgid infestation, health, and susceptibility data to create predictive equations that will be used at the stand and landscape scale.

From the 225 trees sampled during Year 1, strong relationships have been demonstrated between HWA infestation levels, hemlock health, foliar chemistry and visible/NIR spectra.  To date, we have used these relationships with foliar chemistry to predict HWA infestation with 89 percent accuracy and an 11-class hemlock health rating (to within 1 class) with 89 percent accuracy.   Using benchtop and handheld visible/NIR spectra, infestation levels (percent infestation) (R-square = 0.726) and the hemlock health rating (R-square = 0.706) were also accurately predicted   (Figure 2).
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Figure 2:  Actual vs. predicted plots for percent adelgid infestation (left) and hemlock health rating (right).

Additional data comparing the foliar chemistry between resistant and non-resistant hemlock species also indicated significant differences in foliar chemistry that may be related to susceptibility.  Asian and western hemlock species had significantly lower N and higher lignin, Al and P concentrations.  To confirm this apparent link between foliar chemistry and susceptibility, various uninfested hemlock trees, including Tsuga canadensis, Tsuga diversifolia, Tsuga chinensis and Tsuga heterophylia from the Arnold Arboretum  were purposely inoculated with adelgid.  Foliar chemistry was the strongest determinant of the number of live sistens remaining after two adelgid generations (over species type or expected susceptibility groupings).  However, our attempts to successfully model susceptibility within our eastern hemlock plots appears to have been masked by differences in infestation status.  

Currently it is impossible to determine if differences in foliar chemistry are due to a response to infestation or represent a pre-existing condition. In order to answer this question we plan to revisit all 225 sample trees in subsequent years, and examine pre and post-infestation chemistry of the purposely infested Arnold Arboretum trees In addition, we are seeking additional funds to add soil chemical and physical data from each of our plots to address this cause and effect question.  Because soil chemistry is directly associated with foliar chemistry, yet does not change following incipient infestation, the addition of soils data will allow us to clearly identify those factors directly driving HWA infestation and hemlock decline patterns.
While the pre-processing of our AVIRIS imagery continues, a preliminary map of all hemlock (1m resolution) within our flight lines over the Catskills has been created  (Figure 3).  Currently we are in the process of refining this map (to remove spruce and pine contaminants) based on data from 120 validation plots collected in August from across the study region. 
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Figure 3:  Hemlock map (hemlock dominant areas are in red) for the southwestern sector of our AVIRIS study site in the Catskills, NY.

Our original goals for the next two years are as follows:

Year 2:
Create GIS data layers of foliar chemistry and hemlock species maps that will be used to predict HWA infestation status, decline symptoms and hemlock stand vulnerability from the equations developed in Year 1.

Year 3:
Create and validate maps of HWA infestation, hemlock decline and stand vulnerability.

Disseminate technologies via workshops, professional meetings and peer reviewed journal articles.
We believe that we are on track to accomplish these goals within the scope of the original timeline.  

CHANGES TO ORIGINAL PROJECT SCOPE OR OBJECTIVES (changes that need to be made to the original proposal and reasons for the changes):  

While the creation of infestation and hemlock health maps are on schedule, the creation of an accurate stand susceptibility index will most likely require the addition of soils data.  This information will allow us to determine how foliar chemistry changes in response to infestation, which is critical to differentiating which variables truly determine susceptibility and which are merely an effect of infestation itself.  We are currently seeking additional funding  (from multiple sources) to fill in this gap and complete the susceptibility model within the proposed timeline.

ADDITIONS TO ORIGINAL PROJECT SCOPE OR OBJECTIVES (describe additional accomplishments expected from the project): 

In order to apply our predictive equations across a landscape scale in a timely manner, only pixels occupied by hemlock-dominated stands are desired.  Therefore we have spent considerable time creating a map of all hemlock within our study area.  This data layer could be very useful in future endeavors to track how forest structure changes as adelgid infestation progresses.

FHP LEAD CONTACT (FHP person submitting proposal):

Name
Affiliation (Office or Dept.)
Phone, E-mail, Fax
 Dennis Souto
NA                      
      (603) 868-7717, dsouto@fs.fed.us, (603) 868-7604
FHP LEAD INVOLVEMENT (add lines as necessary):


Role

Time Commitment


Facilitate dissemination of information
0.5 mo./yr.

PRINCIPAL INVESTIGATOR(S) (add lines as necessary):

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

Jennifer Pontius
NE-Durham
(603) 868-7739, jpontius@fs.fed.us, (603) 868-7604

Richard Hallett
NE-Durham
(603) 868-7657, rah@unh.edu, (603) 868-7604

Mary Martin
UNH, CSRC
(603) 862-4508, mem@gromit.unh.edu, (603) 862-0188

PRINCIPAL INVESTIGATOR(S) INVOLVEMENT (add lines as necessary):

Name
Role

Time Commitment

Jennifer Pontius
Project Coordination, Data Management, Spectroscopic Analyses 
12 mo./yr.

Richard Hallett
Project Design, Laboratory Management
1mo./yr.

Mary Martin
Remote Sensing Analyses, NASA Liaison

1mo./yr.

COOPERATORS (contributing to, but not leading, the project) (add lines as necessary): 

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

Michael Montgomery
NE-Hamden 
(203)230-4331, memontgomery@fs.fed.us,(203)230-4315 

Kathleen Shields
NE-Hamden
(203)230-4320, kshields@fs.fed.us,(203)230-4315


Starling Childs
Great MT Forest 
(860)542-5569, eecostar@aol.com.



Richard Evans
NPS, DWG
(570)296-6952, Richard_Evans@nps.gov



Jason Denham
NY DEC
(518)402-9425, jpdenham@gw.dec.state.ny.us (518)402-9028 
COOPERATOR INVOLVEMENT (add lines as necessary):

Name
Role

Time Commitment

Michael Montgomery
Adelgid Counts/Health Rating, Plot Locations
0.5mo./yr. 

Kathleen Shields
Histology Studies
0.5mo./yr.

Starling Childs
Plot location and monitoring.
0.25mo./yr.

Richard Evans
Plot location and monitoring, Health Ratings
0.25mo./yr.

Jason Denham
Validation plot location and monitoring 
0.25mo./yr.

PRODUCTS AND DUE DATES:

Year 1:   
1.  Model to assess the susceptibility of hemlock stands.  



(Preliminary work completed….awaiting addition of soil chemial and physical data)


2.  Equations using benchtop and field spectral technologies to predict adelgid infestation and decline at the tree level.  


(Completed)

Year 2:   
1.   An image showing the extent and location of hemlock stands within the flight lines.  (Completed)

             2.   Foliar chemistry (nitrogen, calcium, etc.) coverages of the identified hemlock stands.    (In progress)

Year 3:

1.  Maps of the extent of hemlock infestation, hemlock decline categories and stand vulnerability. 



(Future Work)

STATUS OF PRODUCTS/PRESENTATIONS:

The progress of this work was presented to our FHP project monitors (Dennis Souto and Bill Frament) on August 8, 2002.  Additionally, we presented our preliminary findings on  “What drives patterns in hemlock decline: Response to the Hemlock Woolly Adelgid” at the Vermont Division of Forestry’s Forest Health Information Meeting on April 4, 2002.

ACCOMPLISHMENTS TO DATE:  


Products:

Predictive Chemical Equation for Infestation





Predictive Chemical Equation for Hemlock Health





Predictive Spectral Equation for Infestation





Predictive Spectral  Equation for Hemlock Health





Established Relationships for Inter-Species Susceptibility





Preliminary Hemlock Map of Catskills

FUNDS OBLIGATED FROM BEGINNING OF PROJECT THROUGH CURRENT FISCAL YEAR: (include both monetary and in-kind, exclude FHP base funding and salaries) (extend table for additional years):  

	
	Item
	Requested Funding
	Received Funding
	Expended Funding

	FY2002
	
	
	
	

	Administration
	Salary
	13,208
	13,208
	11634

	
	Overhead
	
	
	

	
	Travel
	3,300
	3,300
	655

	Procurements
	Contracting
	
	
	

	
	Equipment
	950
	950
	100

	
	Supplies
	3580
	3580
	2970

	YEAR TOTALS
	
	21,038
	21,038
	15,359


FUNDS NOT USED FROM PREVIOUS FISCAL YEAR (If there are unused funds, what is the reason for not using them?  How will the project continue without these funds?) 

	Fiscal Year
	STDP Funding Allocated
	Funds Obligated
	Funds Unused

	2002
	21,038
	15,259
	5,679


Because the original funding of this project was not received until February of 2002, expenses incurred to date represent only a portion of the actual first year of project operation.  It is our understanding that these funds will remain in the project’s special account for continued use into the next fiscal year.  If this funding were not available to us, critical field work scheduled for this October would have to be cut short.

EXPECTED BUDGET FOR NEXT FISCAL YEAR: (include both monetary and in-kind, excluding FHP base funding and salaries): 

	FY2003
	Item
	Requested FHP STDP Funding
	Other-Source Funding
	Source

	Administration
	Salary
	14,558
	35,360
	USDA FS NE and UNH

	
	Overhead
	
	
	

	
	Travel
	3,300
	
	

	Procurements
	Contracting
	6,150
	
	

	
	Equipment
	
	
	

	
	Supplies
	2,580
	
	

	Totals
	
	26,543
	
	


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

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 (extend the table as necessary).

	Fiscal Year
	STDP Funding
	Other-Source Funding
	Source

	FY2003
	26,543
	35,360

71,793

86,793
	USDA FS  and UNH 

Requested: Brad Onken HWA Congressional Funds

Requested: FHP New Project Proposal

	FY2004
	14,828
	35,379

35,379
	Requested: Brad Onken HWA Congressional Funds

Requested: FHP New Project Proposal
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