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Special Technology Development Program
 Progress Report

PROJECT NUMBER:  R5-2000-01

PROJECT TITLE: Improved Spread and Intensification of the Dwarf Mistletoe Impact Model, an Extension of the Forest Vegetation Simulator (FVS)

PROJECT STATUS:  Continuing. but without additional funds (funds are not being requested for the next fiscal year to continue the project)

EXPECTED PROJECT DURATION:  4 years

ORIGINAL EXPECTED COMPLETION DATE OF THE PROJECT:  End of FY2001

EXPECTED COMPLETION DATE OF THE PROJECT:  End of FY2003
SUBJECT:  Planning and Public Information, Disease Management, Modeling, dwarf mistletoe

STATUS OF SUBJECT SPECIES:  native, noxious
PROJECT OBJECTIVES: Improve the capability of, even-aged and understory components, of the non-spatial spread and intensification module of the Dwarf Mistletoe Impact Model (DMIM) of the Forest Vegetation Simulator to accurately predict the spread and intensification of dwarf mistletoe for a variety of species.  

BRIEF DESCRIPTION OF THE PROJECT:  

The Dwarf Mistletoe Impact Model (Hawksworth and other 1995) used to project mistletoe spread and intensification for the Forest Vegetation Simulator will be repaired to describe mistletoe dynamics in various stand types. Model performance in terms of spread and intensification will be assessed by comparison to the behavior of these indicators observed in long-term field studies. Relationships will be developed and validated for true fir in California; ponderosa pine in Oregon, Colorado, and Arizona; lodgepole pine in Idaho, Wyoming and Colorado; and western larch in Montana (Hawksworth and Marsden 1990). A model form (Maffei and others 1999) will be used that accounts for differential rates of spread and intensification in trees of different sizes and stands of various vertical structures. Changes by size class in percent of trees infected and DMR (Hawksworth 1977) will be used to describe spread and intensification for each observation period of each field plot. (The number and length of periods vary by field study but most include at least several 5–10 year periods.) The final report will include sections describing observed mistletoe spread and intensification in the field studies (table, graphs, and summary equations) and analyzing model behavior in terms of sensitivity and goodness-of-fit (Chen and others 1993, Smith and Rose 1995).

Stage 1. Assemble data into a common format. Information from many different series of long-term, fixed area plots will be compiled into a common, documented database (FSVeg). Data will be provided by Region 1 (Taylor) for western larch, by Region 2 and RMRS (Geils) for lodgepole pine and ponderosa pine, from Region 3 (Fairweather) and RMRS (Geils) for ponderosa pine, from Region 4 (Hoffman) for lodgepole pine, from Region 5 (Frankel) for true fir, and from Region 6 (Goheen) for ponderosa pine, western hemlock r10 (Trummer and Hennon)  

Completed FY2000-2001

 Stage 2. Prepare data summaries. Tables and graphs will be constructed for each plot describing host and mistletoe dynamics by species, size class, and observation period. Descriptors will include trees per acre, basal area per acre, percent infected, DMR, and other selected indicators. Although these tables will be directly computed from the observed data, the tables will be formatted to resemble output from the FVS/DMIM. Graphs will illustrate time trends of observed behavior and projections using the DMIM. These summaries will be used to determine how data are pooled and allocated for further analysis and subsequent validation.

FY2002/2003:  Brain Geils was not able to complete the rest of the project as planned.  Susan Frankel was unable to continue as project lead because of her responsibilities as SOD coordinator in R5.  At Susan’s request, Helen Maffei agreed to assume the role of PI and to develop the new understory and evenaged spread and intensification equations for true fir, ponderosa pine and hemlock.  Brian Geils agreed to still be involved as a cooperator.   Sharon Stanton, a graduate student from Portland was hired by Helen to assist with the analysis ($5000).  Also, Jim Stone, silviculturalist, was funded part time to support Sharon with the analysis ($5000).  Helen also purchased a site license for specialized software (SPSS regression enhancement) required to complete the analysis with central Oregon Service Center Funds ($800). Since Helen did not have the time to both facilitate and oversee the project as FHP lead, Judy Adams agreed to assume that role.  Judy has organized a monthly conference call for all cooperators and has coordinated requested work from FHTET .

Working together, Sharon Stanton and Jeff Kitchens (graduate student working for Judy) first cleaned up the raw data, corrected obvious errors and prepared the predictive variables for analysis in the form of an excel data-base spreadsheet.  Potential predictive variables chosen by Helen to be considered in the analysis included: 1) individual tree dmr, 2) height growth (assumed this as a stand in for site index and other measures of productivity), 3) tree dbh (separate analysis by both Geils 1990 and Maffei 1989) indicated that there was considerable difference in growth and mortality of mistletoe infected small vs large trees; at least in the case of ponderosa pine), 4) canopy position (overstory vs understory), 5) basal area (highly auto-correlated with height growth), 6) live crown ratio, 7) dmr of plot, 8) dmr of overstory. 

Preliminary visual analysis of frequency histograms of potential predictor variables vs mistletoe increase (hard copies available upon request) indicated that individual tree DMR was, by far, the most significant indicator of the potential for tree DMR change.  As a result, the graphical analysis continued with the trees grouped by DMR.  Other predictor variables appeared to be only significant at select individual tree DMRS.  For example, the DMR of surrounding trees appeared to be associated with dm increase for lower individual tree DMRs and height growth appeared to be associated with higher tree DMR’s. These relationships are also displayed in a correlation matrix.  Based on what we know of dwarf mistletoe biology, predictor variables did exhibit generally expected relationships with DMR change.  For example, as height growth increases, the probability of DMR increase decreases and the probability of DMR decrease increases.  Another interesting thing to note is that, although the trend and significant predictor variables are the same, the amplitude and DMR at which variables are significant differ for the Oregon ponderosa pine data set depending on the local of the plots (i.e. Blue Mountains, Central Oregon etc).  We could think of no biological reason for this apparent difference and pooled the data to develop the regression equations.  However, if the cooperators want, we could try to add a calibration coefficient to the regression equations to adjust for these differences.    

 Crown position appeared to be significant for white fir but not for ponderosa pine. The crown position occupied by an individual tree was depicted as either overstory or understory.  A tree was calculated to be understory in the same manner as it presently is in the proto-type S&I model.   Excel spreadsheets were prepared and distributed to the group for their review and comments.  The spreadsheets included graphs of equations for ponderosa pine and white fir portraying overstory and understory.  Three variables were included, point DMR, height growth, and DMR of the plot. We speculate that this lack of relationship is because of the largely evenaged dataset we had to work with. 

We also visually compared predicted S&I rates for  non-understory trees with the existing evenaged S&I model.  What we found was that the present understory model did not at all reflect S&I rates for ponderosa pine or white fir.  There are probably several reasons for the discrepancy.  First, the original model only allows for increases on 1 DMR per decade.  The data shows that trees commonly increase more than one DMR level; even if growing as part of an evenaged stand.  This problem is quite obvious from just looking at graphs of the data.  Second, the relationship of spread and intensification to other predictor variables appeared to vary significantly   

Stage 3. Characterize mistletoe spread and intensification. Statistical analysis will describe the change in DMR class distribution by decade for various initial conditions (DMR, tree size, and other significant factors). The strategy agreed to at the Tucson work meeting will be used (general approaches described by Geils and Mathiasen 1990 and by Maffei and others 1999). We will attempt to use a common regression model across studies so that species differences are reflected in model coefficients and can be compared. Where differences between species or regions are not epidemiologically important, data will be pooled (note:  datasets in many cases are not large enough or consistent enough to justify developing geographically separate equations at this point in Helen’s opinion). Analysis results including confidence estimates and residual analysis will be presented to the cooperators for review and comment before proceeding to the next stage.

FY2002:

Statistical analysis was conducted by Stanton and Maffei throughout the fiscal year . Equations were developed for S&I overstory and understory for white fir and for overstory/evenaged ponderosa pine. Binary logistic regression was the common statistical procedure used to fit the equations and will be the common format for the equations in the improved S&I model. Using these equations, trees will have the capability Trees were grouped by their DMR and the equations were developed for each group.  A categorical variable classifying the tree as overstory or understory was used.  Significance of each variable predictive variable was tested at at a 90% CI, P<. .1. Regression equations were tested for collinearity as were the variables used in the analysis.  There were no significant problems in this area.  

  As suspected, from the visual analysis of the data, the categorical variable denoting understory in the ponderosa dataset was not significant.  This means we were not able to derive equations for the spread and intensification of understory ponderosa pine from the dataset.    We suggest that only the truly non-evenaged structured permanent plots (Grand Canyon and Colorado) to develop this relationship, instead of including the evenaged Oregon Plots. Unfortunately, there is no measured height growth for the Grand Canyon data so the understory equation for PP will not be able to make use of this data.

The suggested final spread and intensification regression equations for PP (evenaged) and WF (evenaged and understory) have been incorporated into an excel spreadsheet and distributed to the cooperators for review.  Using this spreadsheet, the cooperators can graphically see the predictions of the proposed equations, the number of sample trees used to develop the equations and even conduct sensitivity analysis on equation coefficients. If these equations are acceptable they will be incorporated into the FVS S&I model for the cooperators to test.

Stage 4. Revise model code. A revision of the DMIM will be constructed in a manner similar to the Understory Spread and Intensification Enhancement but using the relationships derived in the previous stage. Work will be conducted by FHTET (Adams) and include testing for proper interface to FVS and required debugging.

FY2002:

Equations were provided to Lance and this stage has begun.

Stage 5. Validate revised DMIM. Comparisons of model output (changes in percent infected and average DMR by size class) will be prepared by Maffei and the other cooperators.  In addition to the graphs similar to those prepared in the first stage, model performance will be evaluated with statistical techniques such as described by Smith and Rose (1995) and Frankel and others (1998). Cooperators will provide input as to the magnitude of difference between observation and prediction, which is acceptable from a management perspective. Comparisons will be made for the model to reserved data (for statistical purposes) and for the model and each study (for evaluation purposes).  If the revised DMIM is acceptable to the cooperators, it will replace the former version.

FY2002:

Will be initiated in FY2003.

Stage 6. Report results and make recommendations. Three reports will be prepared to document this project. FHTET (Adams) will write an amended users guide for the revised model; upon satisfactory review by the cooperators, it will be released in 2000 as an FHTET publication. Geils will lead drafting a General Technical Report with all the cooperators as co-authors; the GTR will contain detailed descriptions of source data, analysis, and validation results. Frankel, Geils, and Maffei will also prepare a journal article (suggested outlet Western Journal of Applied Forestry) that briefly describes the problem, approach, results, and significance to forest management.  


Because of the changes in staff the following changes are suggested for Stage 6.  First, Helen and Sharon will write a formal and detailed description of the analysis and its results for the development of the new spread and intensification equations for white fir and ponderosa pine.  This will be published as a FHTET report so that it is not restricted in terms of detail and length..  Second , an abbreviated version of this description will be used to amend the users guided.  A report of the validation of the new model will also be prepared as a separate paper with all the cooperators and Helen, Lance and Brian (if he has time) taking the lead.  A journal article will also be prepared 

FY2002:

Will be initiated in FY2003.

CHANGES TO ORIGINAL PROJECT SCOPE OR OBJECTIVES:  

Although we intend to keep the original scope (regions, tree-mistletoe combinations, FVS variants, etc.) and original objectives (improved DMIM), the continued addition of other new tasks outside this work (validation of even-aged model output) means that the time-frame for this project has been extended.  

ADDITIONS TO ORIGINAL PROJECT SCOPE OR OBJECTIVES: 
Populate FSVeg with historic, long-term, repeat-measured mistletoe data.  When we prepared the original proposal, we did not know when FSVeg would be available for use and other important details about its structure and use.  The time and difficulty of completing Stage 1 was severely underestimated, but will ultimately provide a better set of benchmark stands for validation and the foundation for model improvements.  

FHP LEAD CONTACT:  
Name
Affiliation (Office or Dept.)
Phone, E-mail, Fax

Judy Adams
FHTET (Acting for Susan)
Susan Frankel
FHP, R-5, Vallejo, CA
707-562-8917



sfrankel@fs.fed.us
FHP LEAD INVOLVEMENT





Role




Time Commitment 




Schedule coordination


10 percent

PRINCIPAL INVESTIGATOR(S) :

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

Brian Geils (for 2001)
Rocky Mountain Research Station
520-556-2076


Flagstaff, AZ
bgeils@fs.fed.us
Helen Maffei (as of 2002)
R-6, Bend, OR
541-383-5591

PRINCIPAL INVESTIGATOR(S) INVOLVEMENT:

Name
Role

Time Commitment

       Brian Geils
Data management 

15 percent

Helen Maffei
Analysis and reporting

30 percent

COOPERATORS: 

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

Ellen Goheen
R-6, Central Point, OR
541-858-6126



egoheen@fs.fed.us
Mary Lou Fairweather
R-3, Flagstaff, AZ
520-556-2075


                                                                     mfairweather@fs.fed.us
        Judy Adams
FHTET, Fort Collins, CO
970-295-5846



jadams04@fs.fed.us
John Pronos
R-5, Sonora, CA
209-532-3671(242)



jpronos@fs.fed.us
Lance David
INTECS, Fort Collins, CO
970-295-5856



ldavid@fs.fed.us
Katie Marshall
R-6, Central Point, OR
541-858-6124


                                                                    kmarshall01@fs.fed.us
Jim Hoffman
R-4, Boise, ID
208-373-4221



jhoffman@fs.fed.us
John Guyon
R-4, Ogden, UT
801-476-4420



jguyon@fs.fed.us
Dave Johnson
R-2, vacant

Jane Taylor
R-1, vacant

        Tom Gregg                               R-6, Portland, vacant

COOPERATOR INVOLVEMENT:

Name
Role

Time Commitment

Ellen Goheen
Provide data, review model changes
10 percent

Mary Lou Fairweather
                       “

        “

John Pronos
                       “

        “

Katie Marshall
                       “

        “

Jim Hoffman
                       “

        “

John Guyon
                       “

        “

Tom Gregg
Statistical analysis assistance
10 percent

Lance David
Programming, testing

25 percent

Judy Adams
Project management assistance
10 percent

PRODUCTS AND DUE DATES:  

A revised Dwarf Mistletoe Model Extension provided to FHTET and the FVS Forest Management Service Center for distribution with FVS variants over the world wide web.

An amendment to the Dwarf Mistletoe Model User’s Guide to document model changes and their rationale.  The changes would be included in the basic FVS training provided annually in each Western region.

The model validation results will be published as a scientific paper in the Western Journal of Applied Forestry.

STATUS OF PRODUCTS/PRESENTATIONS:  

Early stages have begun in FY2002 for incorporating equations into the model code.  After these changes have been implemented, tested and validated, the new version of software will be released.

ACCOMPLISHMENTS TO DATE:  


Products:  Data resides in FSVeg, MS Excel and in MS Access.  


Publications:  N/A at this time


Technology Transfer:  N/A at this time

FIRST FISCAL YEAR FUNDED:  FY2000

FUNDS OBLIGATED FROM BEGINNING OF PROJECT THROUGH CURRENT FISCAL YEAR:   

	
	Item
	Requested Funding
	Received Funding
	Expended Funding

	PREVIOUS YEAR FY 2000
	
	
	
	

	Administration
	Salary
	   $36,000
	   $36,000
	   $36,000

	
	Overhead
	       4,500
	       4,500
	       4,500

	
	Travel
	       4,500
	       4,500
	       4,500

	Procurements
	Contracting
	
	
	

	
	Equipment
	
	
	

	
	Supplies
	
	
	

	Year Totals
	
	   $45,000
	   $45,000
	   $45,000


	PREVIOUS YEAR FY 2001
	
	
	
	

	Administration
	Salary
	   $36,000
	   $36,000
	   $15,000

	
	Overhead
	      4,500
	      4,500
	

	
	Travel
	      4,500
	      4,500
	

	Procurements
	Contracting
	
	
	    30,000

	
	Equipment
	
	
	

	
	Supplies
	
	
	

	Year Totals
	
	   $45,000
	   $45,000
	   $45,000


	FY 2002
	
	Requested FHP STDP Funding
	Other Source Funding
	Source

	Administration
	Salary
	
	$9,100.00
	

	
	Overhead
	
	
	

	
	Travel
	
	
	

	Procurements
	Contracting
	
	
	

	
	Equipment
	
	
	

	
	Supplies
	
	
	

	
	
	
	
	

	Year Totals
	
	
	
	

	PROJECT TOTALS
	
	
	$9,100.00
	


FUNDS NOT USED FROM PREVIOUS FISCAL YEAR:   None

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

	
	Item
	Requested FHP STDP Funding
	Other-Source Funding
	Source

	Administration
	Salary
	
	
	

	
	Overhead
	
	
	

	
	Travel
	
	
	

	Procurements
	Contracting
	
	
	

	
	Equipment
	
	
	

	
	Supplies
	
	
	

	
	
	
	
	

	Totals
	
	
	
	


DIFFERENCE BETWEEN ORIGINAL AND AMENDED REQUESTS AND JUSTIFICATION:   No change

STDP FUNDING NEEDED:  
Total estimated additional future funding needed beyond the current fiscal year:  None

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
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