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I. Abstract
[Placeholder - do not put anything here until the final draft submission. The abstract in the project summary is where the working draft of the abstract should “live”]
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[bookmark: _Toc334198720]II. Introduction
Background Information
The Laramie Mountain Range consists of two units in southern Wyoming, the Pole Hill Mountain (or Sherman) unit and Laramie Peaks unit, and are managed in conjunction with the Snowy Range unit and Sierra Madre unit (Wirsing and Alexander, 1975). Together, these four units comprise the Medicine Bow National Forest (MBNF), which spans over 1.4 million acres. With such an expansive range, the area provides a multitude of ecosystem services, including year round recreational opportunities, timber harvest, wildlife habitat, and forage for livestock (Wirsing and Alexander, 1975) (USFS, 2016).

The MBNF extends from 6,500’ to over 12,000’ in elevation (Wirsing and Alexander, 1975) and supports a diverse collection of forest communities where aspen (Populus tremuloides) stands are among the most species rich habitat in Wyoming. Stands of mixed ages filter out little sunlight which facilitates the growth of a diverse community of herbaceous understory vegetation. As a result, aspen stands provide high quality forage for mule deer (Odocoileus hemionus) and elk (Cervus canadensis) (St. Clair et. al., 2013). The dense stand structure grants protection from predation, making aspen stands an excellent environment for fawn and calf rearing.	Comment by Fenn, Teresa E. (LARC-E3)[SSAI DEVELOP]: et al. is an abbreviation for “et alii,” which is latin for “and others.” Et means and. It is a complete word, and does not need a period after it, but al. is short for alii, and does have a period after it.	Comment by Fenn, Teresa E. (LARC-E3)[SSAI DEVELOP]: This sentence needs a citation.

However, the continuous spread of Sudden Aspen Decline (SAD) across the western United States (US) has become a topic of interest for the land managers of the MBNF. Rapid die-offs in aspen have been prevalent for years, but it was not until 2002 that the phenomenon was officially named (Morelli and Carr, 2011). Within the past few decades, SAD has been shown to have a strong correlation with climate change (Morelli and Carr, 2011). Coupled with the mule deer declines across the western US, aspen regeneration has become a major concern in the MBNF.

The typical response to aspen die-back is a stimulation for the production of aspen suckers through burning (Bartos et. al, 1991). In order to better understand the overall ecological response in areas subjected to fire, land managers require a comprehensive history of the location, extent, and severity of past fires in the study area; post-fire effects on the land can be analyzed to plan appropriate treatments and future management plans for the MBNF. 	Comment by Fenn, Teresa E. (LARC-E3)[SSAI DEVELOP]: Define this term.

Project Objectives
We delineated fire history, classified fire severity, and calculated fire return interval through a 31-year time series (1984-2015) in the Laramie Mountain Range, Snowy Range unit, and Sierra Madre unit. The project utilized easily reproducible methodology to facilitate continued research by partners after completion of the project. The second term of this project will identify aspen cover from a species distribution model and compare the first term’s collected data to inform partners on the relationship between fire and aspen for conservation plans.
Study area extent

[image: ]Figure 1: Study area extent for the Laramie Mountains Ecological Forecasting Project comprised of the Laramie Peak unit, Sherman unit, Snowy Range unit, and a portion of the Sierra Madre unit.	Comment by Fenn, Teresa E. (LARC-E3)[SSAI DEVELOP]: Well done keeping the text editable in this figure. Laramie Mountains Ecological Forecasting Study Area

Study Area and Period
The study area (Figure 1) is encompassed by WRS2 Path 34/Row 30, Path 34/Row 31, Path 35/Row 30, Path 35/Row 31 and focuses on areas within aspen species range (elevations of 1580 m to 3200 m) (Mueggler, 1988). The study period is between June 1984 and August 2015 during the growing season months of (June to August) when fires are the most prevalent. 

National Application Addressed
By creating fire history products to delineate and predict the locations of aspen stands, this project addressed the NASA Application Area of Ecological Forecasting. The compiled data will assist land managers in efforts to forecast locations of current aspen stands, implement methodology to facilitate aspen regeneration, and calculate carrying capacity of mule deer and elk within the Laramie Mountain Range and surrounding areas.

Project Partners
The primary partners for this project were the Wyoming Game and Fish Department and USDA Forest Service (USFS), Laramie Ranger District, whose work includes the extent of the Laramie Mountain Range. These end-users requested maps and data to better understand the fire ecology of the study area, which will aid in refining land management and conservation efforts. This project facilitated further research on studies that were previously fragmented due to financial constraints of the project partners and limited access to the study area. Our third partner, Colorado State University, Natural Resource Ecology Laboratory (NREL), has collaborated with the Wyoming Game and Fish Department and USDA Forest Service, Laramie Ranger District on previous NASA DEVELOP projects. The NREL maintains a close working relationship with local land managers and scientists to promote research opportunities and support management operations.	Comment by Fenn, Teresa E. (LARC-E3)[SSAI DEVELOP]: Which projects? You don’t need to list out the names. Perhaps say “previous NASA DEVELOP projects in the region.”
[bookmark: _Toc334198726]III. Methodology
Data Acquisition
The Laramie Mountains Ecological Forecasting team utilized a variety of NASA Earth observation data (Table of imagery coming soon). Through the United States Geological Survey (USGS) EarthExplorer portal, we downloaded Shuttle Radar Topography Mission (SRTM) 1-arc second, 30 m, void-filled digital elevation model (DEM) data for the range of our study area (USGS, 2015). Also through the EarthExplorer portal, we compiled all available Landsat 5 TM, Landsat 7 ETM+, and Landsat 8 OLI/TIRS imagery with less than 20% cloud cover for the 1984-2015 growing seasons (June through August). A total of 165 images were downloaded through the USGS Earth Resources Observation and Science (EROS) Center Science Processing Architecture (ESPA) On Demand Interface (https://espa.cr.usgs.gov/). Specific data products included Level 1 terrain-corrected surface reflectance (SR), Normalized Difference Vegetation Index (NDVI), Enhanced Vegetation Index (EVI), Soil-Adjusted Vegetation Index (SAVI), Modified Soil-Adjusted Vegetation Index (MSAVI), Normalized Difference Moisture Index (NDMI), Normalized Burn Ratio (NBR), and Normalized Burn Ratio 2 (NBR2). 	Comment by Fenn, Teresa E. (LARC-E3)[SSAI DEVELOP]: Spell out the sensors the first time.	Comment by Fenn, Teresa E. (LARC-E3)[SSAI DEVELOP]: The URL is not necessary.

	Platform
	Data Product
	Spatial Resolution
	Images

	Landsat 5
	TM
	30 m
	110

	Landsat 7
	ETM+ (SLC-off)
	30 m 
	12

	Landsat 8
	OLI & TIRS
	30 m (OLI) & 100 m (TIRS)
	43

	SRTM
	DEM
	30 m
	6


Table 1: Summary of NASA Earth observation products used in this project. All data were acquired through the USGS EarthExplorer portal.
The USFS, Laramie Ranger District provided us with shapefiles for Administrative Boundaries, Vegetation Records, and Fire History Records. Additional vegetation and fire history records were acquired from the Landscape Fire and Resource Management Planning Tools Program (LANDFIRE) (LANDFIRE, 2008; will change depending on final data analysis) and Monitoring Trends in Burn Severity (MTBS) (USGS, 2015).

Data Processing
We mosaicked six 1-degree tiles of SRTM elevation data to create a digital elevation map of the area using the LandsatLinkr package (Braaten et al., 2016) in the R statistical computing language and environment (R Development Core Team, 2014). Aspen stands in the intermountain west typically occur between 1,500 m and 3,200 m in elevation (Mueggler, 1988). The study site for this project was determined by excluding locations with elevation values outside of this range. Processing of SRTM data was performed in QGIS Desktop version 2.12.1 (QGIS Development Team, 2016). 	Comment by Fenn, Teresa E. (LARC-E3)[SSAI DEVELOP]: Et al. is not italicized. Please change this for the rest of the document as well.	Comment by Fenn, Teresa E. (LARC-E3)[SSAI DEVELOP]: Citations are not required for software. This applies to Landsat Linkr and QGIS as well.

We further used LandsatLinkr for processing all Landsat imagery. LandsatLinkr spectrally and spatially links images through time and between sensors. Data downloaded from EarthExplorer were decompressed, stacked, resampled, and reprojected. Tasseled-cap indices were calculated for each TM and ETM+ image. OLI data were spectrally calibrated to ETM+ data, and annual cloud-free composite images were generated as stand-alone outputs, as well as a time-series stack consisting of all annual cloud-free image composites (Braaten et al., 2016).

Annual composites for each of the four Path/Row scenes were mosaicked together for each year. Locations outside of the study area were masked, and the resulting image stack was used for subsequent data analysis. 

Data Analysis
Coming soon!
[bookmark: _Toc334198730]IV. Results & Discussion
[bookmark: _Toc334198735]Analysis of Results
Coming soon!

Errors and Uncertainty
Limitations in data availability was the largest source of possible errors and uncertainty. We were restricted to using imagery from Landsat 4 TM, Landsat 5 TM, Landsat 7 ETM+, and Landsat 8 OLI and TIRS because the resolution of MSS data would not have been sufficient in detecting fires.	Comment by Fenn, Teresa E. (LARC-E3)[SSAI DEVELOP]: Spell this out and name the satellite.

Other origins of uncertainty include designating thresholds for fire identification and severity classification (i.e. mild, moderate, and severe), masking out extensive cloud cover in images, and validating the dates and locations of prescribed burns due to the lack of historic records.

Future Work
The project will be expanded upon during the summer term where a Species Distribution Model (SDM) will be utilized to delineate aspen cover throughout the Pole Hill Mountain (or Sherman) unit, Laramie Peaks unit, Snowy Range unit, and Sierra Madre unit. The identification of aspen will be indicative of local habitat quality and the area’s carrying capacity for mule deer and elk. Incorporating fire history and severity maps as well as calculated fire return intervals with the aspen cover maps will further inform land managers on the relationship between fire and aspen regeneration, which can aid in conservation efforts.

Additional future work includes conducting field work in the area to locate aspen stands and ground truth results. Studying the characteristics of these stands (i.e.g. stand density, average diameter at breast height, amount of young aspens, etc.) will provide additional information regarding aspen growth and regeneration.	Comment by Fenn, Teresa E. (LARC-E3)[SSAI DEVELOP]: i.e. means “that is,” e.g. means “for example”
V. Conclusions
Coming soon!
[bookmark: _Toc334198736]VI. Acknowledgments
Dr. Paul Evangelista (Colorado State University, Natural Resource Ecology Lab (NREL))	Comment by Fenn, Teresa E. (LARC-E3)[SSAI DEVELOP]: Acronyms only need to be defined once.
Dr. Amanda West (Colorado State University, Natural Resource Ecology Lab (NREL))
Ryan Amundson (Wyoming Game and Fish Department)
Daron Reynolds (USDA Forest Service, Laramie Ranger District)
Dr. Bill Romme (Colorado State University, Natural Resource Ecology Lab (NREL))
Justin Braaten (Oregon State University, Lab for Applications of Remote Sensing in Ecology)
Brian Woodward (Colorado State University, Natural Resource Ecology Lab (NREL))

Any opinions, findings, and conclusions or recommendations expressed in this material are those of the author(s) and do not necessarily reflect the views of the National Aeronautics and Space Administration.
[bookmark: _GoBack]This material is based upon work supported by NASA through contract NNL11AA00B and cooperative agreement NNX14AB60A.
[bookmark: _Toc334198737]

VII. References
[bookmark: _Toc334198738]Braaten, J.D., Cohen, W.B., & Yang, Z. (2016). LandsatLinkr: Tools to spectrally link Landsat data. R package version 0.2.10. http://landsatlinkr.weebly.com/	Comment by Fenn, Teresa E. (LARC-E3)[SSAI DEVELOP]: Citations are not necessary for software.
Bartos, Dale L., Walter F. Mueggler, B. Robert Jr, and others. “Regeneration of Aspen by Suckering on Burned Sites in Western Wyoming,” 1991. Accessed February 14, 2016. http://www.treesearch.fs.fed.us/pubs/36690.
LANDFIRE, 2008, Existing Vegetation Type Layer, LANDFIRE 1.1.0, U.S. Department of the Interior, Geological Survey. Accessed February 1, 2016. http://landfire.cr.usgs.gov/viewer/. (*Will change depending on final data analysis)	Comment by Fenn, Teresa E. (LARC-E3)[SSAI DEVELOP]: Fix the spacing in this section.
Morelli, Toni Lyn, and Susan C. Carr. “A Review of the Potential Effects of Climate Change on Quaking Aspen (Populus Tremuloides) in the Western United States and a New Tool for Surveying Sudden Aspen Decline,” 2011. Accessed February 4, 2016. http://www.treesearch.fs.fed.us/pubs/38186.
Mueggler, Walter F. “Aspen Community Types of the Intermountain Region.pdf,.” Utah State University, January 1, 1988. Aspen Bibliography. Accessed February 9, 2016. http://digitalcommons.usu.edu/aspen_bib/3326.
QGIS Development Team, 2016. QGIS Geographic Information System. Open Source Geospatial Foundation Project. http://qgis.osgeo.org
R Core Team. R: A Language and Environment for Statistical Computing. Vienna, Austria: R Foundation for Statistical Computing. 2015. R Version 3.2.3. http://www.R-project.org/
St. Clair, Samuel B., Xavier Cavard, and Yves Bergeron. “The Role of Facilitation and Competition in the Development and Resilience of Aspen Forests.” Forest Ecology and Management 299 (July 2013): 91–99. Accessed February 4, 2016. doi:10.1016/j.foreco.2013.02.026.	Comment by Fenn, Teresa E. (LARC-E3)[SSAI DEVELOP]: When listing authors use “and” or &, but keep it consistent.
USDA Forest Service. “Medicine Bow-Routt National Forests & Thunder Basin National Grassland - About the Forest” 2016. Accessed February 10, 2016. http://www.fs.usda.gov/main/mbr/about-forest.
USGS, 2015. earth explorer. (*Will change depending on final data analysis)
USGS, 2015. “Monitoring Trends in Burn Severity.” Monitoring Trends in Burn Severity (MTBS). Last modified April, 2015. Accessed February 1, 2016. http://www.mtbs.gov/index.html.
Wirsing, John M., and R. R. Alexander. Forest Habitat Types on the Medicine Bow National Forest, Southeastern Wyoming : pPreliminary Report, 1975. Accessed February 11, 2016. http://hdl.handle.net/2027/uiug.30112104053647.



VIII. Content Innovation
Glossary Viewer
· Aspen (Populus tremuloides) - an iconic deciduous tree that is widely distributed throughout the United States and threatened by ungulate browsing, climate change, SAD, and fire suppression
· Digital Elevation Model (DEM) - a 3D representation of terrain surface acquired through the Shuttle Radar Topography Mission (SRTM)
· Elk (Cervus canadensis) - a larger deer species native to North America that feeds on grasses, plants, leaves and bark
· Fire Ecology - a scientific discipline that analyzes ecosystem responses to fire
· Fire Severity - a classifications of fire intensity
· Classes include low, moderate, and stand-replacing (or severe)
· Fire Return Interval - a calculation of the average period between fires
· Landscape Fire and Resource Management Planning Tools (LANDFIRE) Project – a collection of publically available geospatial layers for vegetation, fuel, disturbance, and fire regimes data
· LandsatLinkr - an automated system executed in R or R Studio to preprocess imagery and create spectrally consistent scenes across different sensors
· Monitoring Trends in Burn Severity (MTBS) - a collection of data on burn severity and the extent of fires across the United States from 1984 to the present
· Mule Deer (Odocoileus hemionus) - a deer species commonly found throughout the Mountain West that browse on tree, forb, and grass species; often referred to as an indicator species as their presence is indicative of a thriving community
· Normalized Burn Ratio (NBR) - an index that highlights areas that have burned and identifies the degree of burn severity
· A similar index is Normalized Burn Ratio 2 (NBR2)
· Species Distribution Model (SDM) - statistical models that utilize field data of species occurrence and environmental covariates
· Sudden Aspen Decline (SAD) - ecological phenomenon where aspen (Populous tremuloides) stands experience a rapid die-off with large percentages of a stand being extirpated in just a few years
· Supervised Classification – a model that utilizes training data to correctly delineate features within an image
· Tasseled-Cap (TCAP) Transformation - the conversion of the original TCAP Brightness, TCAP Greenness, and TCAP Wetness bands into a composite image
· Threshold - value to identify fire occurrence and severity within NBR and NBR 2
· Vegetation indices - downloaded products from Landsat 4 TM, Landsat 5 TM, Landsat 7 ETM+, and Landsat 8 OLI/TIRS
· Indices include Normalized Difference Vegetation Index (NDVI), Enhanced Vegetation Index (EVI), Soil-Adjusted Vegetation Index (SAVI), Modified Soil-Adjusted Vegetation Index (MSAVI), and Normalized Difference Moisture Index (NDMI)
Interactive Map Viewer
Coming soon!
IV. Appendices
Coming soon!
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