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ABSTRACT 

 
The Unstable Slope Management Program (USMP), developed in 2019 for Federal Lands 

Management Agencies, is in its early stages of implementation. The program provides a 
framework to rank the hazards and risks associated with unstable slopes along roads and trails as 
part of a proactive geotechnical asset management strategy. In 2021, a consultant team 
implemented the USMP to inventory unstable slopes along 102 miles of the Blue Ridge Parkway 
in western North Carolina. The Blue Ridge Parkway was designed in the 1930’s and constructed 
over a 52-year period within extremely rugged terrain. Frequent rockfalls, landslides and debris 
flows impacted construction and are an ongoing maintenance concern. The project field teams 
evaluated 1,290 slopes and inventoried 454 unstable slopes within the project corridor. Fifty-
seven of these are rated Poor for slope stability hazard and risk.  

 
This project was a first of its kind conducted by the Eastern Federal Lands Highway 

Division (EFLHD) on behalf of the National Park Service (NPS). The experience gained on this 
large-scale implementation of the USMP resulted in a number of lessons learned and suggested 
best practices for future efforts. As a next step, EFLHD will proactively pursue risk mitigation 
strategies for the highest rated slopes. They will develop design concepts and comparative cost 
estimates to allow them to prioritize slopes to receive mitigation based on cost-benefit analysis. 
In this way, the USMP is the first step for EFLHD and NPS to take a proactive approach in 
managing its slope assets, reduce the maintenance burden, and ultimately increase safety for park 
visitors. 
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INTRODUCTION 
 
The Blue Ridge Parkway is a scenic roadway that extends 469 miles along the 

Appalachian highlands from Shenandoah National Park in Virginia to Great Smoky Mountains 
National Park in North Carolina. Owned and maintained by the National Park Service (NPS), it 
is the most visited part of the National Park system. 

 
NPS maintenance crews are routinely forced to deal with unstable slopes along the Blue 

Ridge Parkway. Unstable slope events, including landslides, embankment failures, rockfalls and 
debris flows, are common occurrences along the parkway. The high frequency of events 
necessitates daily monitoring of the roadway for traffic safety, emergency response, road 
closures, debris removal and roadway repair by NPS maintenance crews. These activities have 
historically been handled in a reactionary mode on a case-by-case basis. However, with the 
recent development of the Unstable Slope Management Program (USMP) by Federal Lands 
Highway Division, NPS is pursuing a proactive approach in managing its slope assets along the 
Blue Ridge Parkway. 

 
This paper presents the inventory and assessment of slopes along 102 miles of the Blue 

Ridge Parkway in North Carolina using the January 2019 edition of the USMP. This was a 
collaborative effort between NPS, Eastern Federal Lands Highway Division (EFLHD), and a 
consultant team consisting of WSP, Schnabel Engineering, and Appalachian Landslide 
Consultants. The consultant team applied project-specific selection criteria to identify unstable 
slopes, and numerically rated the relative hazard and risk of each unstable slope using USMP 
criteria. The results of this USMP inventory provided valuable information for NPS to start to 
develop its asset management approach for unstable slopes along the Blue Ridge Parkway and 
program limited funds for effective risk reduction on a cost-benefit basis.  

 
This project was a first of its kind conducted by EFLHD on behalf of NPS. The 

experience gained on this large-scale implementation of the USMP resulted in a number of 
lessons learned and suggested best practices for future efforts, as discussed herein.  

 
HISTORY OF SLOPE INSTABILITY 
 
Construction of a roadway to connect Skyline Drive in Shenandoah National Park in 

Virginia to Great Smoky Mountains National Park in North Carolina was approved by the 
federal government in 1933 (2). With a budget of $16 million, the route for the Parkway was 
chosen with the visitor’s experience in mind. This involved traversing, crossing, and tunneling 
through the rugged terrain of the mountains. Construction began in 1935 and was almost 
completed by 1966, except for the 7.7 mile section at Grandfather Mountain. The Linn Cove 
Viaduct was constructed to protect a fragile ecosystem around Grandfather Mountain and was 
completed in 1987.  

 
Frequent rockfalls, landslides and debris flows impacted construction and are an ongoing 

maintenance concern. According to conversations with Parkway maintenance staff, rockfalls are 
a weekly occurrence for some slopes, particularly in the winter or rainy season (3).  
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The primary trigger of landslides and debris flows in western North Carolina in general, and 
specifically along the Parkway, are heavy rain events (4). Because the Parkway traverses the 
tallest ridges in western North Carolina, it is subject to the orographic effect of tropical cyclones 
and convective thunderstorms passing over the area. Therefore, the Parkway often receives some 
of the highest rainfall totals recorded for these events.  Storms that have triggered instability 
along the Parkway include: 

 
● Unnamed Tropical Cyclone, August 13-14, 1940, most intense rainfall was 10 inches within 

6 hrs. (4) 
● Storm, August 28-31, 1940, 13 inches of rainfall over 2 days (4) 
● Thunderstorms, May 26-28, 1973, most intense rainfall was 7.7 inches in 1 hr. (4) 
● Unnamed Extratropical Cyclone, November 5-7, 6 inches of rainfall in 2 days (4) 
● Tropical Cyclone Frances and Tropical Cyclone Ivan, September 6-8 and September 16-17, 

2004 respectively, 23.5 inches in 2 days followed by 17 inches in 2 days, 8 days later (4) 
● Tropical Storm Fred, August 16-17, 2021, 13 inches of rain in 2 days (5) 

 
 The Blue Ridge Parkway Historic Photograph Collection archive has dozens of historic 

photographs of rockslides, landslides, and debris flows along the parkway dating from the late 
1930s through 1979 (6). Figures 1-9 are a few of the many historical examples of slope 
instability along the Blue Ridge Parkway from 1939 through 2021, many of which correspond to 
regional storm events. 
 

 
Figure 1 - “Rock slide with maintenance worker” by KCM, unknown date. MP 239.6.  
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Figure 2 - “Landslide near Milepost 320” taken August 16, 1940 by Liles. MP 320.3.  

 
 

 
Figure 3 - “Flood damage showing slide above Parkway” by Albert S. Burns. MP 276.4 in 

Deep Gap, taken August 17, 1940.   
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Figure 4 - “Cut slide” taken Sept. 1953 by R.E. Howe. MP 376.5.  

 
 

 
Figure 5 - “Rock slide covering Parkway near Crabtree Meadows” taken Sept. 1953 by 

unknown photographer. MP 339.5.  
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Figure 6 - “Fill slide” taken September 1953 by R.E. Howe. MP 377.  

 
 

 

 
Figure 7 - Rockslide near MP 467 taken November 24, 2015. Photo is from Blue Ridge 

Parkway Facebook page. 
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Figure 8 – Embankment failure near MP 128 in May 2020. This section of the Parkway 

remains closed. NPS Photo. 
 

 
Figure 9 - Debris flow at MP 421, photo August 20, 2021 by Majed Abdelhadi. Several 

debris flows and slides were triggered by rains from Tropical Storm Fred, August 17, 2021. 
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In 2009, the North Carolina Geological Survey completed an evaluation of many of the 

rock slopes along the Blue Ridge Parkway, including a relative ranking of the potential for future 
movement (7). This evaluation included stereonet analysis of the rock structures identifying 
potential failure modes for the highest rated slopes. The data were available as GIS layers that 
were used for historical context and slope failure history during the 2021 USMP project. 

 
Additionally, FHWA Eastern Federal Lands personnel have designed and contracted 

mitigation efforts for an unspecified number of rockfall and landslide sites along the Blue Ridge 
Parkway over the years on behalf of the National Park Service. Mitigation efforts have included 
scaling and debris removal, slope benching, soil nails and rock anchors. 

 
UNSTABLE SLOPE MANAGEMENT PROGRAM (USMP) 
 
The USMP provides a risk-based framework for proactively managing a portfolio of 

unstable slopes such that the hazards and risks presented by the slopes can be compared against 
each other and used to prioritize funding and implement mitigation and hazard-reduction 
techniques before dangers are fully realized. In its totality, the USMP encompasses a spectrum of 
activities to address unstable slope assets within a broader transportation asset management 
context, including identifying performance objectives, conducting slope inventory and ratings, 
applying cost-benefit analysis for risk-reduction measures, and program-level performance 
monitoring.   

 
The USMP inventory process is a fundamental part of the program. It involves 

identifying unstable slopes and ranking them in terms of their relative hazards and risks through 
a systematic approach. USMP tools to facilitate slope inventory include a standardized slope 
rating system, a mobile software application, and the USMP website that hosts an inventory 
database with a GIS-based map interface. The rating system allows users to quantitatively assess 
the relative hazards and risks of unstable slopes along roadway or trail corridors. Field crews use 
the mobile software application for rapid slope inventory data collection. The inventory database 
and corresponding GIS map interface allow easy documentation and access of available slope 
information and rating data.  

 
The USMP slope rating system is detailed in Chapter 4 of the USMP manual (8). The 

manual includes rating forms and instructions on how to download and use the USMP mobile 
application. Slope hazard and risk ratings are based on slope and roadway geometry, rockfall or 
landslide characteristics, maintenance history and costs, impact on use of the roadway, and 
potential impacts outside the right-of-way. Rating categories fall into three groups: preliminary 
ratings, detailed hazard ratings, and detailed risk ratings. Figure 10 shows an example of the 
rating form and some of the categories used for data collection. 

 
Once completed, the USMP inventory enables prioritization of unstable slopes in terms 

of relative hazard and risk exposure so that the owner can more precisely focus its attention and 
resources on its highest risk slopes. More detailed assessment and engineering analysis of the 
highest risk slopes are needed to develop mitigation alternatives and cost estimates, which then 
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provides an opportunity for NPS to decide where to spend its limited funds and resources in 
implementing risk reduction measures on a cost-benefit basis.  

 

 
Figure 10 - Example of the preliminary information captured in the USMP database. 

 
It should be emphasized that the USMP inventory is not intended to be a one-and-done 

process. The USMP ratings, and therefore the slope priorities, should be updated as unstable 
slope events occur and as risk mitigation is implemented. If additional unstable slopes are 
discovered, the USMP has a procedure to add them to the inventory. The USMP also provides 
guidance to monitor the effectiveness of slope mitigation efforts over time across the entire 
portfolio of slope assets.  

 
Details of the USMP can be found at https://highways.dot.gov/federal-lands/geotechnial. 

The resources provided on the USMP website include the USMP Field Manual, links to the 
USMP mobile applications for Android and iOS, a link to the inventory database and GIS 
interface, various field forms, and training videos. 

 
USMP INVENTORY FOR THE BLUE RIDGE PARKWAY 
 
In 2021, EFLHD contracted with WSP, Schnabel Engineering and Appalachian 

Landslide Consultants (ALC) to apply the USMP to inventory and assess unstable slopes along 
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102 miles of the Blue Ridge Parkway in North Carolina. The work along the roadway was 
grouped into four sections, Sections A through D as shown in Figure 11. The inventory field 
work was accomplished in April and November, 2021. The project field teams evaluated a total 
of 1,290 slopes for signs of instability and inventoried 454 unstable slopes within the project 
corridor. Due to the unique setting of the parkway, many types of slopes are present along the 
alignment including soil and rock, natural and constructed, and deep hillside-fill embankments. 

 

 
Figure 11 - Map of the NC Portion of the Blue Ridge Parkway. Green dots indicate slopes 
rated using USMP criteria during this project. Section A: MP 275-277 (near Boone, NC), 

Section B: MP 317-360, Section D: MP 412-443, Section C: MP 443-469 (ending in 
Cherokee, NC in Swain County). 

 
Project Team 
 
WSP served as the contract manager. Schnabel Engineering provided task management 

and technical oversight. Geologists from ALC who had prior training and experience with USMP 
implementation served in an advisory role, providing USMP orientation and training to the field 
teams, conducting the GIS-based desktop analysis, and assisting field teams daily during data 
collection to ensure consistent application of the USMP standards. The two-person teams 
conducting the USMP inventory in the field were made up of geologists and geotechnical 
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engineers from Schnabel Engineering (two teams) and WSP (one team) selected based on their 
familiarity with identification of slope instabilities. This prior experience with unstable slopes 
proved extremely valuable in the successful execution of the project.  

 
Planning and Desktop Study 
 
Prior to initiation of the slope inventory in the field, significant efforts were directed 

toward coordinating field activities and assessing available information along the corridor to 
prepare for an efficient and successful field program. These efforts included developing a 
detailed site investigation plan with quality and safety requirements, communication protocols, 
equipment needs, and a schedule of activities. Additional emphasis was placed on arming the 
field teams with the appropriate tools, information and processes to achieve a high-level of data 
quality, efficiency and consistency among the field teams. 

 
As part of the planning efforts, project leaders developed project-specific slope selection 

criteria to provide field personnel with a documented approach to deciding which slopes 
qualified for input into the USMP inventory. Field crew team leaders were instructed to include 
slopes that displayed evidence of being unstable, had a history of instability, and/or presented a 
significant potential for instability based on field characteristics, and they relied to a large extent 
on their experience and professional judgment to determine which slopes to include in the 
inventory. The slope selection criteria provided guidance to help them make that determination 
based on geomorphic signatures observed in LiDAR data or in the field. 

 
In order to ensure the database captured all available information about landslides and 

rockfalls, a GIS-based desktop study was performed prior to field work. This included compiling 
GIS data such as the 2017 QL1 LiDAR tiles for the project area and processing them into a 
digital elevation model (DEM) with ~0.5m resolution pixels. From the DEMs, topographic 
hillshade and slope functions were generated. ALC created a geodatabase of feature classes that 
provided data on the slopes for the field teams. Prior to field work, ALC used the hillshade and 
slope data to identify slopes that might meet the selection criteria. These slopes were denoted as 
“Potential USMP BRP Slopes” as points in the geodatabase and symbolized based on being cut 
or fill slopes. The field teams used these points as a starting place when deciding if a slope 
should be entered in the USMP or not. As the project progressed, ALC made a first-pass field 
call to identify slopes that should be inventoried and eliminate some slopes based on selection 
criteria.  

 
Prior to fieldwork, ALC reviewed the hillshade figures and identified features that had 

geomorphic characteristics of landslides. These features were added as polygons to the 
geodatabase and shared with field teams. As an example, one landslide near MP454 had created 
two bumps in the road that were repaired multiple times and continued to emerge. When viewed 
in the hillshade, it was apparent that these two bumps marked the right and left lateral scarps of a 
large landslide that extends almost to the top of the ridge and down into the neighborhood below 
the roadway (Figure 12). The LiDAR data helped the project team recognize the extent of the 
landslide so that it could be communicated effectively in the database and when making 
decisions about possible mitigation strategies. 
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Figure 12 - Map of the “Thunderstruck” landslide near MP 454. Basemap is 2017 QL1 

LiDAR hillshade. Red outline defines the extent of the landslide based on LiDAR. Teal line 
indicates the extent of the Blue Ridge Parkway property. 

 

 
Figure 13 - Map of the Blue Ridge Parkway in Watauga County near MP 277. Basemap is 

2017 QL1 LiDAR hillshade. Debris flows from the August 1940 storm are discernable.  
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During the desktop study, the project team identified locations of past landslides and 

debris flows that were mapped previously or that were evident in the LiDAR hillshade map. 
Figure 13 is an example of the hillshade map with the points of past landslides from the NCGS 
landslide database, many of which were debris flows from the August 13-14, 1940 storm. By 
having the landslide inventory data, locations of historical debris flows were included in the 
USMP inventory. 

 
Consistent ratings are very important to the success of the USMP so the ratings can be 

compared relative to each other for a meaningful ranking of risk prioritization. To achieve 
consistency among the three field teams, the field staff were oriented in the application of the 
USMP at the beginning of the project, both virtually and in the field. The virtual training 
included an introduction to the USMP, description of the rating form fields, discussion of the 
slope selection criteria, and instruction on how to use the GIS geodatabase and the USMP 
website and mobile applications for data collection. On the first field day of the project, ALC 
demonstrated field data collection, then the field teams all collected data on the same slope to 
compare the results. Throughout the project, ALC provided oversight to the teams and answered 
questions to help keep the ratings consistent among the teams. At the end of each field day, the 
field teams would gather to share what they learned, discuss problems encountered and exchange 
information for incremental improvements. 

 
Field Inventory 
 
The field crews used laptop computers equipped with GIS software to facilitate execution 

of the field inventory and to increase accuracy and productivity. The GIS was pre-populated with 
publicly available high-resolution QL1 LiDAR DEMs, hillshade, and slope rasters along the 
project corridor for use during the slope assessments. The LiDAR data were extremely helpful 
for identifying evidence of slope instability, measuring distances and elevations at the top and 
bottom of slopes (to more accurately calculate slope heights and axial lengths), and for location 
accuracy to confirm coordinates of the start and end points of slopes. Additional layers in the 
GIS geodatabase were used to communicate other useful information to the field teams, such as 
geologic mapping, rainfall data, mile markers, property boundaries, historical landslide and 
debris flow records, maintenance history and other specific points of interest. 

 
Maintenance history is one of the most important factors in the USMP inventory rating. 

Team members captured information in the GIS geodatabase while riding with NPS maintenance 
personnel discussing each slope. Information included which slopes were already known to be 
unstable, the frequency and size of unstable slope events, types of clean-up and mitigation efforts 
that have been performed in the past, and approximate maintenance/repair costs.  

 
The project team used the USMP mobile software application installed onto mobile 

phones and tablets to conduct the USMP slope ratings. The mobile application guides the rater 
through each required input parameter. Rating scores are automatically calculated on the app so 
that the teams get a sense of the rating while still in the field. Data are stored locally on the 
handheld device until there is an internet connection, then the data are uploaded into the USMP 
website. Figure 14 shows a screenshot of the USMP website. Slope ratings are geospatially 
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located in the GIS-based platform. The type of icon indicates if the rated slope is a rock slope or 
landslide, and each icon is color-coded by the rating (Good, Fair or Poor). Additional details for 
each slope are available by clicking on the icon, including scoring parameters and supplemental 
documentation such as site photos. The project team emphasized uploading high-quality photos 
for the record. Other documents can also be uploaded to the website and associated with 
individual slopes, such as previously collected data and reports.  

 

 
Figure 14 - Screenshot of USMP website for Section B (MP 317-360). 
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The USMP inventory for all 102 miles was completed in 18 field days with 3 crews 
working simultaneously. Table 1 sumarizes the rating results. Figure 15 provides a graphical 
representation of the USMP ratings delineated by rock slopes (orange) and landslides (blue).   

 
Table 1 – Summary of USMP Inventory Results 

Total Slopes Evaluated 1,228 
Total Slopes Inventoried in USMP 454 

Rock Slopes 277 (61%) 
Landslides 177 (39%) 

Highest Rating 904 
Lowest Rating 113 
Average Rating 347 

Average Rock Slope Rating 320 
Average Landslide Rating 389 
Rock Slopes Rated “Poor” 20 
Landslides Rated “Poor” 37 

Slopes with Rating above 500 57 
 

 
Figure 15 - USMP Inventory Rating Results. 
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Highest-Rated Slopes 
 
As an example of the types of unstable slope issues that are present along the Blue Ridge 

Parkway within the project corridor, the top five worst-rated slopes are described below. As 
indicated in Table 1 and Figure 15, there is a total of 57 rock slopes and landslides categorized as 
“Poor” in the USMP ranking system, a clear indication that there is no shortage of slope 
instability issues along the Parkway. 
 
Landslide at MP 454  
 
USMP rating 904. Large active landslide near the “Thunderstruck” overlook. Maintenance 
described bumps in the road and frequent smoothing of the road and repaving. (Figure 12) 
 
Rock Slope at MP 356.4 
 
USMP rating 833. Rock slope with large blocks and limited catchment (Figure 16). Maintenance 
personnel did not indicate this as an area of concern, which emphasizes that high-risk slopes 
don’t always catch the attention of maintenance personnel.   
 

 
Figure 16 - Photo of Rock Slope at MP 356.4 
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Rock Slope at MP 434.2 
 
USMP rating 817. Tall slope with weathered, loose blocks. Slope wraps around the nose of a 
ridge, which contributes to instability. Maintenance personnel stated this was one of the most 
active rockfall slopes (Figure 17). 
 

 
Figure 17 - Photo of Rock Slope at MP 434.2 

 
Landslide at MP 344.1 
 
USMP rating 815. Active landslide with cracks in the pavement. The landslide is also affecting a 
barrier wall (Figures 18 and 19). Maintenance said this was one of the slopes of highest concern 
due to the offset and damage to the barrier wall. 
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Figure 18 - Photo of Landslide tension cracks in the roadway embankment at MP 344.1 

 

 
Figure 19 - Photo of offset stone barrier wall at MP 344.1 
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Rock Slope at MP 429.9 
 
USMP rating 797. Long, tall slope with limited catchment and groundwater seepage. 
Maintenance personnel reported frequent rockfall up to 2 ft diameter and previous slides that 
crossed the road and closed the road for over a month (Figure 20).  
 

 
Figure 20 - Photo of Rock Slope at MP 429.9 

 
BEST PRACTICES AND LESSONS LEARNED  
 
The experience gained on this large-scale implementation of the USMP resulted in a 

number of lessons learned and suggested best practices for future efforts. 
 
Experienced Staff 
 
The consultant team relied on the expertise of geologists and engineers with experience 

in recognizing and evaluating slope instability issues. We believe this ultimately led to a 
comprehensive unstable slope inventory as well as accurate relative ratings among the field 
teams. These personnel were able to use their experience to apply project-specific slope selection 
criteria, that were in large part based on field evidence of slope instability. 

 
The use of experienced staff for such a large and fast-paced field inventory was critical to 

the scope and schedule expectations. The USMP is set up so that “anybody” can fill out the 
ranking and get a rating. However, it is important that the ratings are accurate, and even more 
important that they are relatively consistent between the sites because that is how the system is 
used to prioritize slopes. Using experienced geologists and engineers who already know how to 



22 
71st HGS 2022: Banks et al. 

recognize rockfall potential, landslides and geomorphic signatures is hugely valuable to increase 
accuracy and consistency, and improves confidence in the data as a decision-making tool. It also 
reduces training requirements. Staff that don't have experience with observing, documenting and 
evaluating rock slopes and landslides in the field are going to take longer to train and may miss 
some important details. Application of the slope selection criteria relies on the experience and 
professional judgment of trained staff. 

 
USMP Advisor 
 
ALC served as advisor to the field team. They kicked off the project by training field 

staff in how to apply the USMP rating system. ALC also had a person in the field full time 
during the inventory to address implementation questions promptly and consistently across the 
field crews. They also completed QC field checks to ensure relative consistency among the 
rating teams, and an office check to verify that the uploaded slope locations in the USMP 
webviewer matched the actual coordinates of the slope in GIS. Other advantages of having this 
full-time advisory role were that they could help coordinate access and sequencing, obtain and 
disseminate maintenance input, and bring local experience with landslide features.  This helped 
with overall efficiency and let the raters progress faster with the ratings. 

 
USMP Interpretation 
 
USMP provides good guidance, but when it came to application for particular slopes 

there were numerous questions that needed to be addressed. Even experienced raters have 
questions about how to apply the USMP rating criteria. Field teams had to talk on a daily basis 
about what they were seeing and how to apply certain categories. This communication resulted 
in better consistency among the field teams in applying rating criteria. Here are a few examples 
of USMP rating criteria that benefited from discussions among the field teams: 

 
● Start/end of rock slopes – It was sometimes difficult to identify the start and end of 

rock slopes with variable conditions.  Field crews were instructed to break out 
portions of slopes that exhibited a change in conditions that may present a change in 
the hazard and risk profile.  

● Category G: Impact on Use – Clarification was needed to apply the USMP 
terminology, “probably worst-case scenario”. 

● Category I: Slope Drainage – Discussion improved consistency in application of 
surface runoff control criteria (e.g., well, moderately, poorly and not). 

● Category K: Axial Length – Field teams ended up calculating axial length 
measurements by using the available LiDAR data to measure horizontal distance 
from top of the fill slope to the bottom. They used a clinometer to measure the slope 
angle in the field, if possible, or the slope overlay generated from the DEM, if not. 
They then calculated the axial length from these two measurements. 

● Category Y: ROW Impacts – Clarification was needed to apply the USMP 
terminology, “likely to” vs. “actively threatening”. 

● Category Z: Env./Cultural Impacts – Supplemental information and discussions were 
needed to clarify potential environmental impacts and historical features. 
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● Category BB: Event Cost – Information was obtained from NPS maintenance 
personnel about how they respond to certain events, what equipment they use, etc. to 
help calibrate event costs. 

 
Maintenance Input 
 
Getting input from maintenance – the people and crews who clean up the site after slope 

events – is critical. Maintenance personnel deal with slopes on a daily basis in various types of 
weather in all seasons. They know when past events have happened, the impact to the roadway, 
and the effort it took to get the road back open. They know which slopes are most active and the 
changes that have occurred over time. This information goes into the USMP rating system. 
Rather than rely on phone calls or maintenance reports, the team scheduled a ride along with the 
maintenance personnel for the entire corridor. They used GIS to take spatially referenced notes 
to collect specific maintenance input on each slope. This information was transferred to the field 
teams through the geodatabase and lists, who then entered it into the USMP site. Maintenance 
information is important for developing and implementing mitigation concepts.  

 
It is important to gather maintenance history early in the process so that field teams can 

have it prior to rating the slopes. Due to tight time budgets, maintenance ride-alongs took place 
after the first few days of ratings for the first Section and meant that field teams had to add 
maintenance comments after the ratings. This process was streamlined in subsequent Sections, 
and maintenance information was given to the teams prior to their ratings as the project 
progressed. 

 
Some of the slopes that rated highly were not flagged in the maintenance ride-along as a 

concern. Perhaps these have not yet risen to the level of becoming a maintenance concern, or 
perhaps there are other signs of instability that have not triggered maintenance priority. 
Maintenance personnel mentioned that there were slopes that hadn’t moved in years that failed 
and blocked the road. Identifying unstable slopes prior to failure is a valuable benefit of using a 
standardized system like USMP. 

 
Weather / Time of Year 
 
Time of year for conducting a large-scale inventory like this one is critical to get the most 

out of the cost and effort. It is best to conduct it when vegetation does not obscure the slopes, and 
when there is no snow or ice blocking the road and slopes. The optimal time for field data 
collection is late fall after leaf drop, but there is also a good window in early spring before leaf 
out. 

 
Location Accuracy 
 
The USMP process assumes that the accuracy of the GPS of the device that is used for 

the mobile app is high enough to assign coordinates to the start and end of the slopes in the 
correct location. However, we found that the GPS accuracy varies significantly by device model, 
age, and type (phone vs tablet). Even so, there was no device that we felt was as accurate as 
locating the slope on the GIS maps and entering those latitude and longitude coordinates.  
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Teams used the lidar data and satellite imagery to identify the correct coordinates for the 
start of the slopes. Coordinates were updated in the website so that the slope icons on the map in 
the USMP website accurately reflect the slope locations. If we had just relied on the GPS 
locations from the handheld devices, they would have been off…in some cases by thousands of 
feet. This step needs to be done. It takes extra time, but it needs to be done. 

 
Using GIS data 
 
Using GIS-based data, and not just the USMP app, added to the accuracy (as mentioned 

above) and efficiency of data collection. It also allowed for a more thorough understanding of the 
slope morphology and areas of repeat slope movement. For example, all four debris flows that 
occurred during Tropical Storm Fred on August 17, 2021 initiated within landslide scarps that 
could be seen on the 2017 LiDAR. The photograph in Figure 21 provides evidence of the older 
and younger landslide scarps. This example indicates the importance of including past areas of 
activity in the ratings because areas of prior instability that were not mitigated can reactivate. 

 

   
Figure 21 - MP 413.1 August 2021 debris flow triggered by Tropical Storm Fred outline in 

yellow. Older landslide outline in red.  
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Two-Person Field Teams 
 
Two-person field teams were used for safety and to improve efficiency. Data collection 

was initiated at the start of the tourist season. Sometimes drivers can be distracted by the 
amazing views, and not see someone standing on the side of the road. While one team member 
was collecting data using a mobile device, the other team member would be on the lookout and 
verbally announce oncoming traffic. Prior to field work every day, teams set up traffic-alert signs 
at the start and ends of the working segments. They also used traffic cones to mark out the work 
area and wore high-visibility vests and had flashing lights on the vehicles. The teams would start 
each day with a safety briefing to keep safety on everyone’s minds during the day. 

Using a two-person field team helped with efficiency as well. One team member entered 
data into the mobile device or used the GIS database while the other was taking measurements 
making the work go faster. 

 
NEXT STEPS 
 
As a next step, EFLHD and NPS will work to complete USMP slope ratings for the 

remainder of the Parkway. Once the inventory of the slopes along the entire length of the 
Parkway is completed, NPS and EFLHD will proactively pursue risk mitigation strategies for the 
highest rated slopes. EFLHD will then develop alternative design concepts for various risk-
mitigation alternatives, quantify expected levels of risk reduction, and prepare comparative cost 
estimates including construction and lifecycle costs for feasible alternatives. EFLHD will then be 
able to develop a prioritized list of slope mitigation projects based on cost-benefit analysis. The 
list will ultimately be used to program projects as funding becomes available.  

 
The USMP inventory completed by the project team is the first step for EFLHD and NPS 

to take a proactive approach in managing its slope assets along the Blue Ridge Parkway, reduce 
the maintenance burden, use limited funds efficiently, and ultimately increase safety for park 
visitors. 
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