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Soil Erosion Maps and Images 

Figure 10 shows the RUSLE model applied to the study region. Areas of higher potential 

erosion appear to be on the lower slopes in and around agricultural fields. This erosion model 

shows the relationships between erosion potential across the study area. RUSLE values are 

classified using natural breaks to display relevant relationships. These results are not attempting 

to quantify total soil losses, only identify areas of the study area where more erosion is likely to 

occur. 

 

 

Figure 9: Layer Combination Image. RUSLE: R x K x LS x C 
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When we apply the Trail Factor to the above erosion model and reclassify the values, 

relationships of erosion potential along the trail itself are identified (Figure 11).  

 

Figure 10: RUSLE Result based on R value of 150 x K Factor x LS Factor x C Factor 



 

 28 

 

 

Figure 12 shows the entire trail system at Massanutten Western Slope with the trail 

Factor applied to highlight the individual trails and the potential erosion areas.  

 
Figure 12: RUSLE Result based on K Factor, LS Factor, C Factor, and Trail Factor 

Figure 11: Layer Combination with Trail factor. RUSLE: R value of 150 x K x LS x C x Trail 1.3 
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The SVBC does not maintain records of trail use in terms of numbers of users and type of 

user on the trails. This lack of information could be limitation to the study in reducing the overall 

accuracy of the erosion model because high traffic areas could not be incorporated into the 

calculations. The trail system itself has much less erosion than we expected. We also realized 

that many different trail users visit the trail system. We saw mountain bicycles, runners, and 

hikers using the trails even in the winter months when we were collecting data. The erosion 

model showed a few areas of high erosion potential, one of which coincided with one of our 

observed ground erosion points, but most of the trail system seemed to be in good condition. 

 

 

Figure 13: RUSLE Result based on K Factor, LS Factor, C Factor, and trail factor zoomed into the trails 
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Figure 13 is a closer view of the Western Slope Trails Potential Erosion Map with Trail 

Factor Applied (without base imagery). It shows the areas of the Massanutten Mountain bike 

trails where erosion is likely to occur. The small pink circles are the locations of visible trail 

erosion that were collected during GPS surveying of the trail markers. These points were applied 

to the erosion maps to see if the observed erosion coincided with the modeled areas of higher 

erosion potential. As previously stated, we only collected three points where erosion seemed 

excessive. There were no measurements between points and erosion areas on the map in this 

study. We simply wanted to see if the model and the observed points were close. One of our 

observed points appeared very close to an area of high erosion potential and the other two 

coincided with areas of medium erosion potential.  

GPS Results: Coordinate Map 

 

 

Figure 14: Map for rescue response members showing latitude and longitude coordinates of trails posts and trail 

intersections 
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 Figure 14 the trail system map designed for the rescue responders. The design of this map 

was kept simple. A minimal number of colors were utilized, we focused on the use of gray scale 

for the main map body, and the use of dark hues of green and blue for the lettering and trail post 

markers. The main feature of the map is the addition of the table with latitude and longitude 

coordinates shown. The table is arranged in alphabetical order, and the letters correspond to pre-

existing trail maps produced by the SVBC. During data collection we noticed several posts 

without markings. We collected latitude and longitude coordinates for these posts, and labeled 

them as UM (un-marked) on the map. These un-marked posts may be labeled in the future by the 

SVBC trail maintenance volunteers, and this map can easily be updated to accommodate the new 

labels.  

 The purpose of this map is to decrease rescue response times to injured trail users. Our 

hope is that in the event of an emergency situation a rescue official can use this map to navigate 

to the trail user, or a location very close to the injured person. This map will most likely be used 

in conjunction with other tools that the rescue squads already possess, but we hope that this map 

will further enhance rescue capabilities. On the coordinate map there are two instances of double 

lettering of the trail posts. The SVBC labeled the posts in this fashion in their overall trail map, 

and for the coordinate map we matched the pre-existing labeling. Some of the limitations of this 

map are that it can quickly become out of date. If the SVBC builds new trails, or re-labels the 

trail system, this map will need to be updated to match maintenance by the SVBC. This map will 

be distributed electronically to the SVBC and the Massanutten Rescue Team, and then printed as 

they see fit. 

Cellular Coverage Map 
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Figure 15displays the cellular coverage strength of Verizon and AT&T based on the 

points collected from the field visits. Verizon coverage is depicted on the left and AT&T 

coverage on the right. Cellular coverage was collected based on the number of bars indicating 

cellular strength, ranging from 0 (light purple) up to 5 (dark purple). Both cell phones used for 

collection were Apple iPhones.  

Verizon seems to have better coverage (in number of bars) on the lower and middle 

portions of the trails, and fewer bars towards the upper portion of the trails. AT&T, on the other 

hand, has better coverage on the upper portion of the trails, and lower numbers of bars on the 

middle and lower sections of the trails. Both cellular carriers had adequate coverage across the 

entire study area throughout the collection time frame (December to March). Neither carrier ever 

Figure 15: Cellular coverage comparison map for Verizon and AT&T 
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lost cell phone signal, and we were both able to receive and send texts and emails while on the 

trails. In our opinion, both carriers have enough coverage on the trails for an injured rider or trail 

user to send a call or text in the event of an emergency. 

Conclusion 

The combination of components of the Revised Universal Soil Loss Equation (RUSLE) 

and GIS technology proved effective for analyzing erosion potential in a large, mountainous or 

forested area used for recreational activities. Areas of high, medium and low erosion potential on 

trails in the study area were identified using the RUSLE components of R factor, K factor, C 

factor, and LS factor. When applying an experimental Trail Factor, areas of erosion potential and 

their relationships were identified along the Massanutten Western Slope trail system. These maps 

may be used by trail maintenance personnel to plan trail erosion mitigation strategies or shift 

planned trail locations to minimize erosion. 

Although most injuries that occur on mountain biking trails are minor, in the instances 

where severe injuries occur, especially from “riding downhill, and at speeds faster than normal”, 

quickly locating injured riders is paramount to a successful rescue operation (Romanow, 2005). 

According to the Massanutten Rescue Squad, the average response time to injured riders along 

the Massanutten Trail System ranges from thirty to sixty minutes. By having exact latitude and 

longitude coordinates of trail posts and trail intersections, response times to emergency rescues 

on the trail system may be reduced. Utilizing these coordinates can assist in emergency planning 

and locating stranded or injured trail users. The coordinate map that was produced can be 

distributed to not only rescue personnel, but also to trail users through their SVBC membership. 

In theory, an injured trail user could utilize the coordinate map to communicate their coordinates 
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directly to an emergency dispatch worker to further reduce the time a rescue operation would 

take.  

 In the event of a crash along the trail system, the injured riders cell phone becomes one 

of the most important tools to assist in a rescue operation. Knowing the cellular coverage of a 

trail system is valuable for trail users and rescue personnel to know in advance. The cellular 

signal strength (number of bars) of Verizon and AT&T was collected along the Massanutten 

Trail system. Both the cellular coverage of Verizon and AT&T was adequate over the entire trail 

system. Neither carrier had any losses in cellular coverage along any point of the trail system 

during data collection. Although there were slight differences between the two providers, there 

was sufficient cellular strength to make a call in an emergency situation. The ability to call for 

help in the event of an emergency can greatly reduce the time it takes to complete a rescue 

operation for an injured trail user.  

The combination of the RUSLE erosion model, the coordinate map, and the cellular 

coverage map all serve to increase the overall safety of the Massanutten Trail system. By 

identifying areas of potential erosion, the SVBC can better focus their maintenance efforts to 

reduce the risk to trail users. The SVBC can also use this model to avoid building new trail 

sections in areas of excessive erosion, and consequently avoid potential accident-prone areas. In 

the event of an injury, the coordinate map can decrease the response time to injured trail users, 

by allowing the injured user to communicate their location directly, or allowing the rescue 

personnel to use a GPS to locate the nearest trail intersection or post to the user. Lastly, knowing 

the mountain has adequate cellular coverage permits riders to directly communicate their 

position in the event of an emergency. Communication is vital in an emergency situation, and the 

ability to make a cellular call from the trails improves the safety of the trail system.  
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Future Work 

Maps produced during this study will be provided to local rescue squads to assist with 

locating any possible injured or lost trail users. The maps will be distributed to the Massanutten 

Security and Rescue Team, as well as Rockingham County and Harrisonburg City emergency 

response personnel. Erosion maps and the coordinate map will also be made available to the 

Shenandoah Valley Bicycle Coalition to help with future trail planning and trail maintenance. 

Other future projects could arrange for the physical labeling of all trail posts with the GPS 

coordinates so that an injured cyclist could relay those coordinates to first responders. It would 

also be very beneficial for the SVBC to create an interactive, on-line trail map using the existing 

files which, combined with our trail data and intersection and feature attributes, would provide 

an important tool available to all users that could be placed on their web page. The responsibility 

to update the maps will be up to the Shenandoah Valley Bicycle Coalition (SVBC). Since the 

SVBC maintains a relationship with JMU’s Geographic Science Program, assistance can be 

given to the SVBC if needed to update these maps.  

Future trail planning could include analysis of erosion potential before a single trail is 

cut. If trail builders collect GPS lines while trail blazing, those features could easily be assigned 

a trail factor and applied to the RUSLE model to identify erosion potential. By avoiding areas of 

higher potential erosion, trail maintenance costs can be reduced and safety enhanced. Another 

future project is the improvement of the soil erosion model through employing different trail 

factors depending on trail user or trail type; for instance, future mappers could assign different 

trail factors for horse riding, trail running, or ATV use on trails. Lastly, future cellular signal 

strength studies could focus on collecting data during the summer when leaves are on the trees, 

or examining coverage from other cellular providers and other phone types. 
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Unintended Consequences  

There are no indications of unintended consequences during this project. Care was taken 

during trail surveys to insure no damage was done to trails, or other property. 
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Appendices 

Appendix I: LIDAR Data 

NRCS Lidar Data Information 

Data produced for the project were delivered in the following reference system 

Horizontal Datum: The horizontal datum for the soil erosion project is North American Datum of 

1983 (NAD 83) HARN 

Vertical Datum: The Vertical datum for the project is North American Vertical Datum of 1988 

(NAVD88) 

Coordinate System: Virginia State Plane Coordinate System, North Zone 

Units: Horizontal units are in US Survey Feet, Vertical units are in Feet 

Geiod Model: Geoid09 (Geoid 09 was used to convert ellipsoid heights to orthometric heights) 

NRCS Lidar tiles selected for this project: 

DEM_N16_4803_40           DEM_N16_4803_10           DEM_N16_4813_10          

 DEM_N16_4802_30           DEM_N16_4803_30           DEM_N16_4803_20          

 DEM_N16_4802_20           DEM_N16_4813_20           DEM_N16_4804_40          

 DEM_N16_4804_10           DEM_N16_4814_10           DEM_N16_4802_10 

Appendix II: USDA SSURGO K Factor Aggregation Report  

Attribute Name: K Factor, Whole Soil From SSURGO Soils, generated with Soil Data Viewer 

6.1 on February 18, 2015. Erosion factor K indicates the susceptibility of a soil to sheet and rill 

erosion by water. Factor K is one of six factors used in the Universal Soil Loss Equation (USLE) 

and the Revised Universal Soil Loss Equation (RUSLE) to predict the average annual rate of soil 

loss by sheet and rill erosion in tons per acre per year. The estimates are based primarily on 

percentage of silt, sand, and organic matter and on soil structure and saturated hydraulic 
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conductivity (Ksat). Values of K range from 0.02 to 0.69. Other factors being equal, the higher 

the value, the more susceptible the soil is to sheet and rill erosion by water.  

"Erosion factor Kw (whole soil)" indicates the erodibility of the whole soil. The estimates are 

modified by the presence of rock fragments. 

Layer Option: Surface Layer 

Aggregation Method:  Dominant Condition 

Aggregation is the process by which a set of component attribute values is reduced to a single 

value to represent the map unit as a whole. 

A map unit is typically composed of one or more "components".  A component is either some 

type of soil or some nonsoil entity, e.g., rock outcrop. The components in the map unit name 

represent the major soils within a map unit delineation.  Minor components make up the balance 

of the map unit.  Great differences in soil properties can occur between map unit components and 

within short distances.  Minor components may be very different from the major components.  

Such differences could significantly affect use and management of the map unit.  Minor 

components may or may not be documented in the database.  The results of aggregation do not 

reflect the presence or absence of limitations of the components which are not listed in the 

database. An on-site investigation is required to identify the location of individual map unit 

components. 

For each of a map unit's components, a corresponding percent composition is recorded.  A 

percent composition of 60 indicates that the corresponding component typically makes up 
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approximately 60% of the map unit.  Percent composition is a critical factor in some, but not all, 

aggregation methods. 

For the attribute being aggregated, the first step of the aggregation process is to derive one 

attribute value for each of a map unit's components.  From this set of component attributes, the 

next step of the aggregation process derives a single value that represents the map unit as a 

whole. Once a single value for each map unit is derived, a thematic map for soil map units can be 

generated. Aggregation must be done because, on any soil map, map units are delineated but 

components are not. 

The aggregation method "Dominant Condition" first groups like attribute values for the 

components in a map unit.  For each group, percent composition is set to the sum of the percent 

composition of all components participating in that group.  These groups now represent 

"conditions" rather than components. The attribute value associated with the group with the 

highest cumulative percent composition is returned. If more than one group shares the highest 

cumulative percent composition, the corresponding "tie-break" rule determines which value 

should be returned.  The "tie-break" rule indicates whether the lower or higher group value 

should be returned in the case of a percent composition tie.    The result returned by this 

aggregation method represents the dominant condition throughout the map unit only when no tie 

has occurred. 

Tie-break Rule:  Higher. The tie-break rule indicates which value should be selected from a set 

of multiple candidate values, or which value should be selected in the event of a percent 

composition tie. 

End of Report. 
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Appendix III: Trimble Data Dictionary for GPS Feature Collection 

   



 

 41 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 42 

Works Cited 

An Approach to Evaluating the Impacts of Mountain Bike Activity in Natural Areas: The Case 

of John Forrest National Park, Western Australia. APAC 2008, 2008. OAIster; 

OCLC. Web. 

Applied Trails Research. 2014. Massanutten Western Slope Trail Map. Design by Stealth 

Ink.com. Feb 2014. 

ArcGIS Desktop. 1 Jan. 2013. Web. 28 Apr. 2015. 

<http://help.arcgis.com/en/arcgisdesktop/10.0/help/index.html#//009z0000006m0

00000.htm>. 

 

Burdick, Timothy. "Wildnerness Event Medicine: Planning for Mass Gatherings in Remote 

Areas." Travel Medicine and Infectious Disease 3.4 (2005): 249+. Web. 27 Mar. 

2015. 

Chow, T K, M D Bracker, and K Patrick. “Acute Injuries from Mountain Biking.”Western 

Journal of Medicine 159.2 (1993): 145–148. Print.  

Farhan Yahya, Dalal Zregat, Farhan Ibrahim.  Spatial Estimation of Soil Erosion Risk Using 

RUSLE Approach, RS, and GIS Techniques: A CAse Study of Kufranja 

Watershed, Northern Jordan. 2013. Journal of Water Resource and Protection, 

2013, 5, 1247-1261. Published Online December 2013 

(http://scrip.org/journal/jwarp. 

http://scrip.org/journal/jwarp


 

 43 

Ferguson, Janet Y.1998. Location and Design of recreational Trails: Application of GIS 

Technology. Virginia Polytechnic Institute and State University. 1998. Blacksburg 

V.A. 

C. Fernandez, J.Q.Wu, D.K. McCool, and C.O. Stockle. Estimating Water Erosion and Sediment 

Yield with GIS, RUSLE, and SEDD. Journal of Soil and Water Conservation 

58(3):128-136. www.swsc.org. 2003 Web. 

Fletcher, Joel E.; Huber, A. Leon; Haws, Frank W.; and Clyde, Calvin G., "Runoff Estimates for 

Small Rural Watersheds and Development of a Sound Design method. Volume II, 

Recommendations for Preparing Design Manuals and Appendices B, C, D, E, F, 

G, & H" (1977). Reports. Paper 

474.http://digitalcommons.usu.edu/water_rep/474. 

 

 “History.” International Mountain Bicycle Association. Web. 16 April, 2014. 

https://www.imba.com/about/history 

Lowell James, Rulon Rahl, assignee. Patent US6292687 B1. 18 Sept. 2001. Print. 

LU D., Li G., Valladares G. S., Batistella M. Mapping Erosion Risk in Rondonia, Brazillian 

Amazonia: Using RUSLE, Remote Sensing and GIS. 2003. Land Degradation and 

Development, 15:499-512. 2004. Published online in Wiley InterScience 

(www.interscience.wiley.com). DOI: 10.1002/Idr.634 

http://www.swsc.org/
https://www.imba.com/about/history
https://www.imba.com/about/history
http://www.interscience.wiley.com/


 

 44 

Natural Resources Conservation Service (NRCS). NRCS Virginia LiDAR Project, Florida: 

Dewberry, 2012. (USGS Contract G10PC00013, Task Order Number 

G11PD00336). 

Newman, Brian. Emergency PCS System for Identification and Notification of a Subscriber's 

Location. Mci Communications Corporation, assignee. Patent US5835907 A. 11 

Nov. 1998. Print. 

Newsome, David, and Claire Davies. "A Case Study in Estimating the Area of Informal Trail 

Development and Associated Impacts Caused by Mountain Bike Activity in John 

Forrest National Park, Western Australia." Journal of Ecotourism 8.3 (2009): 

237-53. Web. 

Nicole T.R. Romanow , Brent E. Hagel , Michelle Nguyen , Tania Embree & Brian H. Rowe 

(2014) Mountain bike terrain park-related injuries: an emerging cause of 

morbidity, International Journal of Injury Control and Safety Promotion, 21:1, 29-

46, DOI: 10.1080/17457300.2012.749918 

Page, Josh. Developing a GIS Based Soil Erosion Potential Model for the Jemez Watershed – 

Using the Revised Universal Soil Loss Equation (RUSLE). 2012. Web. 

Shenandoah Valley Bicycle Coalition. Trail Work. Wordpress, 2013. Web. 16 April, 2014. 

http://svbcoalition.org/our-riding/mountain-biking/massanutten/ 

http://svbcoalition.org/our-riding/mountain-

biking/massanutten/attachment/nutmap1/ 

http://svbcoalition.org/our-riding/mountain-biking/massanutten/
http://svbcoalition.org/our-riding/mountain-biking/massanutten/
http://svbcoalition.org/our-riding/mountain-biking/massanutten/attachment/nutmap1/
http://svbcoalition.org/our-riding/mountain-biking/massanutten/attachment/nutmap1/


 

 45 

Simms A. D., Woodroffe C. D., Jones B. G. Application of RUSLE for Erosion Management in 

a Coastal Catchment, Southern NSW. 2003. Proceedings of MODSIM 

2003:International Congress on Modelling and Simulation. Vol 2, Integrative 

Modelling of Biophysical, Social and Economic Systems for Resource 

Management Solutions. Townsville, Queensland. 14-17 July 2003, 678-683. 

Tirkey, Pandey, Nathawat. Use of Satellite Data, GIS and RUSLE for Estimation of Average 

Annual Soil Loss in Daltonganj Watershed of Jharkhand (India). Journal of 

Remote Sensing Technology, May 2013, Vol. 1 Iss 1, PP.20-30. Print. 

Trimble Navigation Limited. Why Postprocess GPS Data? Westminster, 2004. 

U.S. Department of Agriculture, Natural Resources Conservation Service. Soil Survey 

Geographic (SSURGO) database for Rockingham County, Virginia. Fort Worth, 

Texas, U.S. Department of Agriculture, Natural Resources Conservation Service, 

December, 2013. (Details: va165, Online_Linkage: 

http://websoilsurvey.nrcs.usda.gov). 

Webel, Suzanne. Wildlife and Environmental Issues: Two Views on the Environmental Impacts 

of Trails. American Trails.org. 

http://www.americantrails.org/resources/wildlife/WildTwoViews.html. 

 

 

 

http://websoilsurvey.nrcs.usda.gov/
http://www.americantrails.org/resources/wildlife/WildTwoViews.html

