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1. Introduction

The Estancia Basin Forest and Watershed Health, Restoration and Monitoring Project (EBFWHRMP), Steering Committee (Steering Committee) is conducting forest tree thinning projects in pinyon/juniper (P/J), ponderosa pine (ponderosa) and mixed-conifer woodlands throughout the eastern slopes of the Manzano and Manzanito mountains in central New Mexico. The purpose of the forest thinning projects is to restore forest stands to more natural and sustainable tree densities, improving watershed health and surface water yield, and to reduce the potential for high severity wildfire. The tree thinning treatments follow New Mexico State Forestry thinning prescriptions that specify reductions in basal areas of total conifers and selective cutting of particular species and age classes, with different prescriptions for pinyon/juniper (P/J),  ponderosa pine and mixed-conifer woodlands (see EBFWHRMP Practice Plan). 

To evaluate the effectiveness of forest thinning treatments relative to the objectives of forest thinning, SWCA Environmental Consultants (SWCA) is conducting an intensive and quantitative experimental restoration effectiveness monitoring study to evaluate the effects of the prescribed tree thinning protocols at two P/J and two ponderosa pine sites in the same area as the actual thinning projects. The experimental monitoring study utilizes paired thinning treatment and adjacent non-treated control sites, on adjacent small watersheds, 3-5 acres in size. A variety of parameters (also called variables, attributes or items) are being measured, representing soil, hydrology, vegetation (both woody and herbaceous), and wildlife. The 8 study plots were measured from 2008-2010 for 3-years of baseline data, and forest thinning treatments were imposed during the winter of 2010/2011, and post-treatment measurements were made for three years in 2011-2013. The purpose of the experimental monitoring study is to determine what effects the forest thinning treatments have on forest and watershed health, and on wildfire fuels reduction. Key monitoring research objectives and questions relative to environmental parameters are as follows:

Soils

Does thinning affect soil: 1) erosion, 2) surface stability, 3) moisture content (top 10 cm), 4) chemical content (top 10 cm), especially carbon and nitrogen, and 5) how do values of all of the above change over time in relation to thinning treatments?

Hydrology

Does thinning affect ground-surface runoff volume per precipitation event per watershed, and how does watershed runoff change over time in relation to thinning treatments?

Trees and Woody Vegetation

Does thinning of prescribed treatment values for basal areas and age classes by species result in: 1) a change in growth and health of remaining trees, 2) a reduction in wildfire fuels, and 3) how do values of all of the above change over time in relation to thinning treatments, and 4) when will subsequent thinning or maintenance be needed to maintain desired stand densities and species composition?

Herbaceous Vegetation

Does thinning result in: 1) a change in the canopy cover of herbaceous vegetation, 2) a change in the species composition and diversity of herbaceous vegetation, 3) a change in the abundance of invasive exotic weed species, and 4) how do values of all of the above change over time in relation to thinning treatments?

Wildlife

Does thinning result in a change in: 1) the abundance of wildlife species, 2) the species composition and diversity of wildlife, and 3) how do values of all of the above change over time in relation to thinning treatments?

In addition to the above watershed heath objectives relative to the experimental restoration effectiveness monitoring study, the EBFWHRMP Practice Plan states specific short-term and long-term landowner objectives for forest thinning projects. The relationships between the experimental monitoring study objectives and the Practice Plan landowner objectives are listed below in relation to the above experimental restoration effectiveness monitoring study:

EBWHRM Practice Plan Restoration Objectives in Relation to Experimental Monitoring Parameters (experimental monitoring objective bullet point italics)
LANDOWNER SHORT TERM OBJECTIVES:

To create defensible space and reduce wildfire hazard in a highly vulnerable wildland/urban interface area.

· Tree Density and Vertical Wildfire Fuels

To thin _____ acres of forested land to improve overall forest health, control disease and insect pests.

· Tree and Other Woody Vegetation Growth and Health

To increase the vigor and growth rate of residual trees while removing excess, poor quality, dead & dying trees.

· Tree and Other Woody Vegetation Growth and Health

To improve the diversity of grasses, forbs, and wildflowers for wildlife forage production on the treated area.
· Herbaceous Vegetation

Other.

· Soil Erosion and Surface Stability

LANDOWNER LONG TERM OBJECTIVES:
To reduce wildfire hazard on property in the wildland/urban interface area.

· Tree Density and Vertical Wildfire Fuels

To improve and maintain the overall health and vigor of the forest by periodic thinning of overstocked stands.

· Tree Density and Vertical Wildfire Fuels

To improve the productivity and health of the watershed.

· Tree and Other Woody Vegetation Growth and Health

· Herbaceous Vegetation

· Soil Erosion and Surface Stability

To protect and improve wildlife habitat, and enhance the aesthetic value of the forest.

· Tree Density and Vertical Wildfire Fuels

· Tree and Other Woody Vegetation Growth and Health

· Herbaceous Vegetation

· Soil Erosion and Surface Stability

To serve as an example to other residents of how active forest management can improve property values.

· Tree Density and Vertical Wildfire Fuels

· Tree and Other Woody Vegetation Growth and Health

· Herbaceous Vegetation

· Soil Erosion and Surface Stability

Other. 

These questions are being addressed by the measurements from the high-intensity experimental restoration effectiveness monitoring study, where detailed quantitative data are being collected by SWCA each year from paired study plots. However, no restoration effectiveness monitoring is currently being conducted from the many EBFWHRMP forest thinning projects on private landowner properties. Monitoring all of those thinning treatments would be useful to evaluate the effects of tree thinning relative to the above questions across the Estancia Basin from many more locations.
SWCA proposes a low-intensity rapid assessment method of photographic monitoring (photo monitoring) to evaluate thinning effects on soils, vegetation and wildfire fuels across many of the individual land-owner thinning treatment project sites, using repeat photographic points and comparative analysis of the repeat photographs. Repeat photo point photographs from the SWCA monitoring sites will be used to develop and test the photo monitoring protocols, photograph interpretation and analysis. Once the method has been verified, it may be applied to all forest thinning project sites where initial baseline and post-treatment photographs were taken at designated photo-points. A subset of the monitoring research objectives and questions listed above that can be evaluated with repeat photos will be used as a low-intensity monitoring method for forest thinning projects beyond the experimental monitoring study. 
Repeat photographic monitoring (photo-monitoring) has been used for a variety of rapid assessment restoration monitoring purposes. Photo-monitoring may be used for quantitative measurements of vegetation change by actually measuring vegetation in the photographs (Hall 2001, 2002a, 2002b, Shaff et al. 2007, Powell 2006, Garrard et al. 2012, Tamarisk Coalition 2014, Hamilton 2014). Photo monitoring also has been used for stream and wetland restoration to evaluate changes in riparian geomorphology as well as vegetation (Kocher and Harris 2005, Shaff et al. 2007). The value of photo monitoring is that it is easy and inexpensive to take the photographs, and it takes little time or expertise to analyze the photographs. The primary drawback to qualitative photo-monitoring is that the analysis of the photographs is somewhat subjective, and interpretation may vary among observers. Any photo monitoring protocol, especially interpretation and analysis, must be standardized and consistent among users in order to be accurate and effective. 
This proposed photo monitoring protocol was developed to be consistent with the procedures and protocols for EBFWHRMP forest thinning projects on private landowner properties, and to use the SWCA experimental monitoring data as a way to verify the scoring of repeat photographs relative to trends in the condition of soils and vegetation, including trees, based on field-measured quantitative data. 

2. Field Photo-Point Methods

The effectiveness of forest thinning may be monitored and assessed by use of repeat photographs. The steps listed below are those presented in the EBFWHRMP Practice Plan for initial photo-points and for repeat photographs at those same photo-points. A photograph of a representative area of the stand to be thinned should be taken prior to thinning for a baseline photograph prior to the thinning treatment, another photograph of the same view should be taken immediately after the thinning treatment has been completed to provide information on the immediate environmental changes from the treatment, and then any number of repeat photographs of the same location may be taken over a series of subsequent years following the thinning treatment to monitor environmental post-treatment change. 
The most important aspect of repeat photography is documenting and marking the location to photograph, and the orientation or direction of the photograph. At least one photo point should be established for each project, and the view from that point should be representative of the entire project area. If the project area is large and/or complex, then more than one photo-point should be established to capture the range of variation. Multiple photo-points should be labeled A, B, C, etc. Scores from multiple photo-points may be averaged to provide an overall score for each project. Below are suggested steps for conducting forest thinning repeat photography. 

Initial Photograph(s)
1. Locate an area in the stand to be thinned that is representative of the entire stand in terms of topography, forest structure, and tree species composition. Or, take more than one photo (A, B, C, etc.) if the stand is large and variable (for example one photo point for every 3 acres of treatment area, following forest stand evaluation guidelines). Follow the steps below for each photo point. 
2. Orient the view along the contour of a slope or other landscape feature so that most of the view is of a similar landscape. 

3. Orient the view such that a single tree or other feature does not block the background, try to get as much landscape depth and forest or woodland in the view as possible. 

4. Pick a foreground reference landmark that will appear in the bottom center of the photograph. This step is critical. Repeat photography works only if the same photograph view can be repeated each time so comparisons can be made between photographs. A reference landmark could be a large rock or a particular tree. Pick something that will remain after the thinning treatment for many years. If a tree is selected, flag the tree at the base so if the tree is removed, the trunk will remain as the landmark. If possible, try to pick a landmark that is not to the south. Taking landscape photos to the south generally results in sunlight on the lens. Northerly directions are best for photographs. 
5. Pick background reference landmark that is in direct line with the foreground landmark. The background reference landmark should be a permanent feature on the landscape that will persist for many years. A hill or canyon on the horizon generally works well. Another tree or/tree trunk works well, but should be at least 30 feet away. 
6. Record the GPS location of the spot that you are standing on. 
7. Take a compass reading from the spot where you are standing to the two reference landmarks and record the direction in degrees (0°-359°), and whether or not the compass bearing is true north or magnetic north. Estimate or actually measure (even better) the distance from where you are standing to the foreground reference landmark and record it. 
8. Prepare to take a photograph by framing the camera view such that the foreground reference landmark is in the bottom center of the view, and the background reference landmark is behind it, but visible, and below the top limit of the camera view. Be sure the camera is set on “landscape” mode. 
If the camera has a date/time image stamp, turn it on. 

9. Take the photograph, check to be sure that the image is clear and both reference landmarks are visible. Take additional photographs if needed. 

10. Record each photograph taken on a data form for reference when printing and naming photos. 

11. Off load the photo image to a computer folder, and rename the image file with the project or landowner’s name and the year. 

12. Print a hard copy of the image, and file it with the Practice Plan for future reference. 
Repeat Photographs

1. In following years, go back to the same location and take repeat photos following the steps above, at the same time of year (month) as the original photograph(s). A field book containing copies of all the original/initial photo-point photographs should be constructed and taken to the field each time that repeat photos are taken. View each initial photograph (the first one taken from that location) for each photo-point so that the view in the camera view-finder matches the same scene as the original photograph. All repeat photographs must capture the same scene each time in order for photographs to be compared to evaluate change in vegetation and soils over time. Repeat photographs should be taken consistently within the same season as the original post-treatment photograph, so that vegetation will be in a similar seasonal condition for comparisons over time. 
2. Repeat photographs should be taken during the same season each year. Autumn is the best season because herbaceous plants will be at their maximum height, providing information for light fire fuel assessments. 

Materials and Supplies:

· 8 megapixel or better digital camera.

· Compass.

· GPS unit. 

· Photo Point Data form. 
· Copy of each original photograph for each photo-point for aligning camera view so repeat photos provide the same view as the original photos. 

· Photo-board of known dimensions (X inches by X inches) to provide “within-photograph photo size scale, photo number, location, and date (erasable white-board with markers). 
Information that should be recorded for each photo point (on the practice plan or another form):

· Project (landowner) name.

· Date and time of day.

· GPS location.

· Description (brief) of foreground and background reference points (what they are and what they look like). 

· Compass direction from the spot where the photo is taken to the foreground reference point.

· Distance from the spot where the photo is taken to the foreground reference point.

· Comments: any additional notes or comments that might help describe and/or locate, and orient future repeat photos. 

3. Photograph Interpretation and Environmental Parameter Scoring
The purpose of repeat-photo monitoring of forest thinning projects is to evaluate post-treatment changes in environmental parameters relative to the objectives of thinning for those parameters. Unlike high-intensity measurement monitoring, photo-monitoring is a rapid assessment, qualitative evaluation of change in parameters as observed in repeat photos over time. Rather than measuring parameter values, visual changes in parameter conditions are scored on a linear scale from low to high. Low to high rank scales are a common way of evaluating and scoring items such as Likert scales used in opinion surveys, and rank scales have been developed for photo-monitoring (Garrard et al. 2012, also see Wikipedia.com for detailed description of Likert scales). Rank scales cover a range of response values, from negative, to neutral to positive, and the scores can be used to evaluate whether or not an attribute, parameter or item is trending in a positive, negative or static direction. Statistics can even be applied to rank scale scores from numerous scores by different people to test for significance differences in score trends among items from a series of photographs representing different photo-points (Garrard et al. 2012). A rank scale will be used to evaluate environmental change as positive, negative, or static for each of the EBFWHRMP forest thinning objective parameters.
The objectives for trends in change of environmental parameters of forest thinning sites (e.g., reduced tree stand density, increased herbaceous vegetation, etc.) will serve as items on a response scoring scale. Those objectives become the parameters that are then evaluated for change. Forest environment parameters that will be used as items for the evaluations of repeat photographs must be parameters that can be observed and evaluated in the photographs. The parameters used also should be parameters that are being quantitatively measured at the four experimental forest thinning monitoring sites and being measured by SWCA. Quantitative data collected from the experimental monitoring sites will be used to verify the scoring of environmental items in the repeat photo-monitoring. 
Repeat Photo Items for Evaluation

The listing of forest thinning monitoring parameters presented above (e.g., soils, hydrology, vegetation, etc.) provides the list of parameters for repeat photo-monitoring too. However, only attributes of the parameters that can be viewed and evaluated in photographs can be used for photo-monitoring. From the above list, the following parameters will be evaluated for change in repeat photos from forest thinning project sites:
Soils: 1) erosion, 2) surface stability.

Thinning objectives are to: 1) reduce soil erosion.
Soil erosion will appear as bare soil with surface rills, litter dams among bare soil, and rock and twig pedestals. Surface stability can be evaluated by differentiation loose friable soil surfaces from crusted soil surfaces, and bare soil vs. litter or wood chip cover.  
Hydrology: Runoff amounts cannot be evaluated from photographs so hydrology will not be included in photo monitoring. Indications of high levels of soil erosion indicates high levels of runoff though. 
Trees and Woody Vegetation: 1) prescribed thinning treatment values for basal areas and age classes by species, 2) a change in growth and health of remaining trees, 3) a reduction in vertical (standing) and dead/down (on the ground) wildfire fuels.

Thinning objectives are to: 1) reduce basal areas to prescribed levels, 2) increase growth and health of trees, and 3) reduce standing fire fuels.

Changes in tree density, vertical structure and tree health are relatively easy to observe in repeat photographs. 
Herbaceous Vegetation: 1) a change in the canopy cover of herbaceous vegetation, 2) a change in the species composition and diversity of herbaceous vegetation, 3) a change in the abundance and cover of invasive exotic weed species.

Thinning objectives are to: 1) increase herbaceous canopy cover, 2) favor establishment of perennial native herbs (grasses and forbs), and 3) reduce the cover of invasive exotic weed species. 

Changes in herbaceous vegetation canopy cover and species diversity are relatively easy to observe in repeat photographs. Photograph should be taken near the end of the summer growing season to view the maximum growth of herbaceous vegetation. Some but not all exotic invasive weeds may be observed in photographs. 

Wildlife: Cannot be evaluated from photographs.
Evaluating and Scoring Repeat Photos
Environmental change will be evaluated by comparing photographs from the same photo point of the same view, taken at different times. In most cases, the photograph taken at the latest date will be compared to the original pre-treatment or baseline photograph. However, any pair of photographs may be compared, depending on the need to evaluate change over any particular time period. Repeat photographs will be evaluated for environmental change using photo-monitoring evaluation forms (Appendix 1, Appendix 2, and Appendix 3)
where each environmental parameter is scored and other information recorded as follows: 
1. Soil Erosion and Surface Stability 

	+2
	Considerable decrease in soil erosion and increased surface stability

	+1
	Some decrease in soil erosion and increased surface stability

	0
	No change in soil erosion or surface stability

	-1
	Some increased in soil erosion and reduced surface stability

	-2
	Considerable increase in soil erosion and reduced surface stability


Comments (note other changes that are not scored and any uncertainty or questions about scoring): Status of wood chip and leaf litter, amount of bare soil surfaces and their appearances, down woody material status, rivulet formation, etc. Leaf litter and wood chips increase surface stability and reduce erosion potential. Bare soil surfaces generally have lower surface stability and are prone to erosion, especially if surface crusts are lacking. 
2. Tree Density and Vertical Wildfire Fuels
	+2
	Considerably lower tree density and vertical fire fuels

	+1
	Lower tree density and vertical fire fuels

	0
	No change in tree density and vertical fire fuels

	-1
	Greater tree density and vertical fire fuels

	-2
	Considerably greater tree density and vertical fire fuels


Comments (note other changes that are not scored and any uncertainty or questions about scoring): Change in tree species composition, size classes, etc.
3. Tree and Other Woody Vegetation Growth and Health

	+2
	Considerable growth and more healthy trees

	+1
	Some increased growth and more healthy trees

	0
	No change in tree growth or health

	-1
	Some decreased tree growth and tree health

	-2
	Considerable decreased tree growth and health


Comments (note other changes that are not scored and any uncertainty or questions about scoring): Condition by species, descriptive signs of health and growth, identification of insect/disease or other damage.

4. Herbaceous Vegetation 

	+2
	Considerably greater herbaceous vegetation cover and diversity

	+1
	Greater herbaceous vegetation cover

	0
	No change in herbaceous vegetation cover and diversity

	-1
	Lower herbaceous vegetation cover and diversity

	-2
	Considerably lower herbaceous vegetation cover and diversity


Comments (note other changes that are not scored and any uncertainty or questions about scoring): Change in species composition, canopy height, dominant native grasses, any exotic invasive weeds, etc.

5. Other Observable Changes 

Comments: Note any other changes not addressed above that may reflect site conditions relative to soils, hydrology, vegetation, wildlife and wildfire fuels. Note how livestock grazing may affect visible vegetation cover. 
Repeat-Photo Analysis Forms
The above scoring will be conducted on a “Photo Monitoring Restoration Effectiveness Analysis: 2-Photo Comparison” photo monitoring data form (Appendix 1), that is a MicroSoft Excel spreadsheet, and will calculate an overall score for each repeat photo analysis, for each tree thinning project. Multiple photo point photographs and scores for a particular project and time period may then be averaged to provide an overall average score by using a “Photo Monitoring Restoration Effectiveness Analysis: Multi-Photo Averages” form (Appendix 2). And finally, a “Photo Monitoring Restoration Effectiveness Analysis: Multi-Photo Score Trend” form (Appendix 3) may be used to determine score trends over time (for both single photo points and from averaged multiple photo points, to actually evaluate score trends over time. The same scoring will be applied to all photographs taken from any particular project, and across all projects within the tree thinning program. The Photo Monitoring Restoration Effectiveness Analysis: 2-Photo Comparisons score sheet is presented in Appendix 1. 
4. Analysis and Interpretation of Photo- Monitoring Data
Scores from photo monitoring data forms may be combined across various dates, locations, etc. to evaluate changes in individual parameter scores over time, and in overall project scores over time. Any combination of repeat photographs may be used, depending upon the various needs to evaluate change over time relative to tree thinning projects. The Photo-Monitoring Restoration Effectiveness Analysis: Multi-Photo Score Trend form allows one to evaluate scores of interest that are recorded in a table on the spreadsheet, and then those values are graphed over time to evaluate score trends. A trend summary table also may be constructed to summarize trends across the various parameters for any particular tree thinning project, or for series of projects representing certain geographic areas, forest types, or other categories. 
The growth and health of vegetation each year depends considerably on weather conditions prior to the dates that photo-point photographs are taken. Analysis of repeat photographs must include considerations for previous weather conditions, especially rainfall, prior to each photograph or series of photographs analyzed. The interpretation of repeat photographs and score trends must include a discussion of weather/climate conditions over the range of time that the photographs represent. The growth and health of vegetation observable in the photographs may be more the result of past weather/climate than the thinning treatment itself.  

As with weather, livestock grazing can have significant effects on the cover and height of herbaceous vegetation and on the amount of bare soil, and the surface stability and the erosion of soil surfaces. If the site has experienced heavy livestock grazing, note this in the comments. In such cases livestock grazing like weather, may have a greater impact and observable effects than the thinning treatment alone. 

Any other environmental factors or land management/use practices, such as follow-up thinning treatments, brush control, erosion control, etc., that may affect the appearance of soils, trees and herbaceous vegetation should be documented and considered when evaluating repeat photographs for tree thinning affects. All of the above should be considered for commenting at the bottom of each Photo-Monitoring Restoration Effectiveness Analysis: 2-Photo Comparisons data form for each repeat photograph. 

5. Utilization of Photo-Monitoring Data: Trends by Categories

The photo-monitoring score data has many potential uses for managers and landowners interested in parameter and overall effectiveness scores. Here are a few potential uses: 

     1. Restoration Effectiveness For the Entire Project Over Time:

· Over all thinning projects and forest types, what are the score trends over different time intervals? 

· Pre- and Post-Treatment (treatment implementation effectiveness).

· Pre-Treatment compared to various years Post-Treatment (treatment effectiveness after 1 year, 2 years, 3 years, etc.).

· Average scores over all projects to date, by time intervals.

· Evaluate overall scores and by parameter type (soil, tree density, etc.).

2. Restoration Effectiveness By Forest Type:

· Over all thinning projects partitioned by forest types, what are the score trends over different time intervals? 

· Pre- and Post-Treatment (treatment implementation effectiveness for P/J, ponderosa).

· Pre-Treatment compared to various years Post-Treatment (treatment effectiveness after 1 year, 2 years, 3 years, etc., for P/J and ponderosa).

· Average scores over all projects to date by forest type and time intervals.

· Evaluate overall scores and by parameter type (soil, tree density, etc.).
3. Restoration Effectiveness By Other Categories:

· By particular areas (watersheds, SWCDs, etc.)

· By thinning crew or treatment protocols.

· By season that treatments were implemented.

· By periods of wet or dry years.

· Etc. and various combinations of the above and others. 
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