
Special Technology Development Program

New Project Proposal

PROJECT NUMBER :  R5-2003-04

PROJECT TITLE: Using High Resolution Digital Photography and Image Analysis Software to Detect and Estimate Ozone Injury

PROJECT STATUS:  New

EXPECTED PROJECT DURATION:  1 year

EXPECTED COMPLETION DATE OF THE PROJECT:  December 2003
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STATUS OF SUBJECT SPECIES:  native

PROJECT OBJECTIVE:

1) Evaluate digital photography approaches for application by field personnel that can be used by QA specialists and trainers to aid identification and estimation of ozone injury to plant foliage.
2) Evaluate image analysis procedures for training crewmembers to identify ozone injury and estimate severity .
BRIEF DESCRIPTION OF PROJECT:  The primary source of pollutant O3 is combustion. Nitrogen is present in many fuels (coal, oil, biomass) and at high combustion temperatures is converted to oxides of nitrogen (NOx) emitted to the atmosphere. These anthropogenic emissions react to form the pollutant O3. 

Symptoms of O3 injury have been found on pines in all of the Sierra Nevada National Forests and Parks, and throughout southern California. The amount of injury generally increases from north to south. Tree mortality due to O3 has been documented, as well as changes in forest composition. 

Evaluating ozone injury to plants can be difficult and costly. Crews need to be trained each year, and QA checks require plant samples to be preserved and mailed to experts at distant locations.  Evaluation of understory plants is time dependent, due to short growing seasons and rapid senescence of foliar surfaces.  Using digital photos to aid evaluation of injury presence might help with training, and provide a means of rapid feedback from experts. However, it is unknown what types of digital photos are needed, and whether experts would be able to evaluate injury from digital photos.  In addition, image analysis software specifically developed for plant pathology applications is now available, and may have potential as an aid for training field personnel.

This project will examine different approaches of photographing ozone injury, download digital images onto a 

computer, and evaluate them, using ASSESS Software, for detection and estimation of ozone injury.

FHP LEAD CONTACT:

Name
Affiliation (Office or Dept.)
Phone, E-mail, Fax
John Pronos
Forest Health Protection, 
(209) 532-3671 x242, 

Stanislaus National Forest
jpronos@fs.fed.us


Sonora, CA
FAX (209)-532-1828
FHP LEAD INVOLVEMENT:


Role

Time Commitment

Collect bioindicator specimens, take digital images and visually rate ozone 
5%

injury severity which will then be compared to image analysis software results

PRINCIPAL INVESTIGATOR(S) :

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

Michael  Arbaugh
Pacific Southwest Research Station
(909)-680-1564



marbaugh@fs.fed.us


FAX 909-680-1501

PRINCIPAL INVESTIGATOR(S) INVOLVEMENT :

Name
Role

Time Commitment

Michael Arbaugh
Develop image analysis applications for 
20%


ozone injury detection and quantification

COOPERATORS: 

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

Patrick Temple
FIA Ozone Western Regional Trainer
(909)680-1583



ptemple@fs.fed.us



Fax: (909)680-1501
Gretchen Smith
FIA National Ozone Advisor
(413)545-1680



gcsmith@forwild.umass.edu


Fax: (413)545-4358

Trent Procter
Air Resource Management
(559)-784-1500 x 1114



tprocter@fs.fed.us



(559)784-1501

COOPERATOR INVOLVEMENT:

Name
Role

Time Commitment

Patrick Temple
Select western understory species for analysis,
10%


conduct evaluations of ozone injury from digital 


and real plant material.

Gretchen Smith
Select eastern species for analysis, conduct

  10%


evaluations of ozone injury from digital and 


real plant material.  Conduct image analysis 


evaluation for eastern U.S. plants.

Trent Procter
Consult on western pine species comparison

  5%


between digital and real plant material.  Evaluate


usefulness of image analysis results for use for 


monitoring pines in the Sierra Nevada and Southern 



California.

JUSTIFICATION :  Use of image analysis software for training purposes may improve the ability of QA personnel and field crew members to quantify ozone injury severity ratings.  These ratings are used nationally to document ozone injury impacts over time.  The current process involves only visual estimates which are very subjective and difficult to both teach and learn.  Digital photos of ozone injured foliage also provides long term documentation of injury and are a convenient method of storage compared to dried plant specimens.  

URGENCY:  None. This work is not in response to a crisis, rather it is technology development intended to increase the accuracy of ozone evaluations and reduce the cost of monitoring survey work conducted regionally and nationally.

NATIONAL FHP TECHNOLOGY DEVELOPMENT PRIORITY:  
Priority 1: __
Priority 2: __
Priority 3: _X_
Priority 4: __

The techniques proposed will be used to help quantify the extent of ozone injury in forests, and quantify the amount of ozone injury present on plant foliage.  Currently extensive areas of eastern forests and west coast forests are affected by urban transported air pollution.  In addition, there is some evidence of high ambient ozone associated with wildfires in western forests.  

TECHNICAL COMMITTEE DEVELOPMENT PRIORITIES:  

Priority 1: X_
Priority 2: __
Priority 3: __
Priority 4: __



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

This work will aid monitoring efforts associated with detection and quantification of ozone injury to plants.  Image analysis software (Lamari, 2002) has been developed for fungal leaf spot disease applications, but has not been tested for use in evaluating ozone injury.

SCOPE OF APPLICATION:  This proposal is intended to have national application to areas affected by urban transported or smoke generated injury from high ambient ozone.

RESEARCH BASIS:  This field is new, and only limited studies have been conducted.  P.R. Miller (Personal Communication) attempted a similar study in 1995, but lack of funding and the limited technology available at the time prevented a full examination of the approach.  Image analysis has been used in many landscape applications of GIS and remote sensed data, and for estimating areas for estimating small morphological features of  plant surface characteristics (Minnocci et al., 1999; Tausz et al. 2000).  Recently an image analysis project was started using digital photographs of milkweed (Asclepias spp.) as a student exercise (Baker and Case, 2002).

No systematic evaluation of digital photography and image analysis have been conducted to support national and regional monitoring efforts.  Currently extensive areas of eastern forests and west coast forests are affected by urban transported air pollution.  In addition, there is some evidence of high ambient ozone associated with wildfires in western forests.  
A new commercial analysis package especially designed for plant pathology applications has been developed (Lamari, 2000).  Analysis proceedures have not been developed for ozone injury evaluations for overstory ozone indicator species, such as ponderosa pine (Pinus ponderosa), white ash (Fraxinus americana) and black cherry (Prunus serotina) nor understory plants (such as ninebark (Physocarpus spp.), blue elderberry (Sambucus mexicana) that are known to display ozone injury.  

METHODS:  Technicians, using digital zoom camera, will examine a variety of approaches of photographing 

ozone injury on overstory trees, such as ponderosa pine (Pinus ponderosa), white ash (Fraxinus americana) and black cherry (Prunus serotina) foliage and several understory plants (such as ninebark (Physocarpus spp.), blue elderberry (Sambucus mexicana), and milkweed (Asclepias spp.) that display ozone injury.  The digital images will be downloaded onto a computer and evaluated by QA specialists for FHM ozone injury.  The image evaluations will then be compared with evaluations of physical samples to determine the utility of digital images for detection and training aids.  

Image analysis software will also be used to evaluate digital images.  Selected images will be used with ASSESS Software for plant disease quantification to examine the ability of these procedures detect and estimate ozone injury.  The results of the software estimation procedures will then be compared with the expert estimates to determine the overall utility of using image analysis as a training or QA tool for detection and estimation of ozone injury.

MEASURES OF SUCCESS:

Standard of Success:  

1 – Digital photographs of injury taken from a variety of plants can be evaluated by experts with the same degree of accuracy that results from plant evaluations.

2 – Image analysis routines are either useful to screen digital photographs to reduce the time needed by FHM experts to detect and quantify foliar injury from ozone, and/or as training aids to insure comparability of evaluations from new field personnel each year.

Expected Outcomes:  We expect that object (1) will be successful, and that image analysis will be partially useful for objective (2).

Implementation of Products/methods:  this proposal is for evaluation of the approaches only.  If the approach is successful then implementation and formal technology transfer will take place as part of a subsequent effort.
PRODUCTS AND DUE DATES:

Schedule of Activities:  

Nov. 2003 – March 2003: 

Test field photography techniques as weather permits






Test digital image transfer quality over the internet

Develop image analysis procedures using existing digital images of ozone injury

April 2003 – July 2003:  
Photograph understory species when ozone injury is present






Compare expert evaluations with image analysis estimates

August 2003 – Sep. 2003: 

Photograph overstory species









Compare expert evaluations with image analysis estimates

Sep. 2003 – Dec. 2003:
Develop recommendations, final report and General Technical Report.

PUBLICATIONS:  Results of the image analysis will be published in a peer-reviewed literature.  If digital photography proves useful in field assessments then results will be published as a USDA Forest Service General Technical Report for use by field crews and trainers.

TECHNOLOGY TRANSFER:   if the application of this technology is successful then procedures will be made available for FIA/FHM Ozone Biomonitoring program, and the Sierra Nevada EIS Ozone Monitoring Program.  

PRODUCT LEVERAGING: 

This proposal is the first step in the development of digital photography and image analysis for regional and national monitoring of foliar ozone injury.  If the techniques have potential application, then additional work will be conducted to adapt the methods to various national and regional monitoring programs.

LONG-TERM BUDGET REQUEST: This request is for 1 year.

	
	Item
	Requested FHP STDP Funding
	Other-Source Funding
	Source

	FY  2003
	
	
	
	

	Administration
	Salary
	$6175
	3,088
	PSW

	
	Overhead
	$1204 (19.5%)
	
	

	
	Travel
	$500
	500
	PSW

	Procurements
	Contracting
	$9000
	
	

	
	Equipment
	0
	950
	PSW

	
	Supplies
	0
	250
	PSW

	YEAR TOTALS
	
	$16,879
	$4,788
	


LONG-TERM BUDGET REQUEST EXPLANATION:  Pacific Southwest Research Station will provide some technician salary support, travel, a camera and some supply support for this project.  In addition, PSW will pay for PI salary for this project.

BENEFITS:  Evaluating ozone injury to plants can be difficult and costly. Crews need to be trained each year, and QA checks require plant samples to be preserved and mailed to experts at distant locations.  Evaluation of understory plants is time dependent, due to short growing seasons and rapid senescence of foliar surfaces.  Using digital photos to aid evaluation of injury presence might help with training, and provide a means of rapid feedback from experts.  In addition, image analysis software specifically developed for plant pathology applications is now available, and may have potential to reduce expert evaluation time, and as an aid for training field personnel.

LITERATURE, CITATIONS, ATTACHMENTS, etc.:  

Baker T.R.; Case, S.B.  2002.  Understanding Ground-Level Ozone Using GIS and ArcView Image Analysis

2002 ESRI User Conference, San Diego

Lamari, L. 2002.  Assess: Image Analysis Software for Plant Disease Quantification.  APS Press, St. Paul, MN.

Tausz M.; Wonisch A.; Grill D.; Bytnerowicz A.; Arbaugh M. J.; Peters J.; Jiménez M. S.; Morales D. 2000. The significance of the glutathione redox system in responses of conifers to natural and anthropogenic stress. In: Sulfur Nutrition and Sulfur Assimilation in Higher Plants: molecular, biochemical and physiological aspects. (C. Brunold, H. Rennenberg, L. J. De Kok, I. Stulen, & J. C. Davidian, eds.), Paul Haupt, Bern, pp. 385-386. 
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