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4.3.10 Geological Hazards 
This section provides a profile and vulnerability assessment of the landslide hazard in Pike County.  In a landslide, 
masses of rock, earth or debris move down a slope. Landslides can be caused by a variety of factors, including 
earthquakes, storms, fire, and human modification of land. Areas that are prone to landslide hazards include previous 
landslide areas, areas on or at the base of slopes, areas in or at the base of drainage hollows, developed hillsides 
with leach field septic systems, and areas recently burned by forest or brush fires (PEMA 2020).   

4.3.10.1  Location and Extent 
The entire U.S. experiences landslides, with 36 states having moderate to highly severe landslide hazards.  
Expansion of urban and recreational developments into hillside areas exposes more people to the threat of landslides 
each year.  According to the USGS, Pike County has high landslide potential.  For a figure displaying the landslide 
potential of the conterminous United States, please refer to http://pubs.usgs.gov/fs/2005/3156/2005-3156.pdf (USGS 
2005). 

Rockfalls and other slope failures occur in areas of Pennsylvania with moderate to steep slopes; however, most of 
Pennsylvania has areas susceptible to landslides.  The southwestern area of Pennsylvania has the highest 
concentration of landslides (PEMA 2018).  According to DCNR, most major and minor highways have sections cut in 
rock or soil that can lead to slope failure.  Steep mountain slopes across Pennsylvania have experienced debris 
avalanches associated with extreme rainfall or rain-on-snow events.  Additionally, urban and rural land development 
is increasing the number of landslide occurrences.  Major highway construction with large excavations and fills creates 
potential for landslides (DCNR 2016).  Figure 4.3.10-1 shows the landslide susceptible areas across the 
Commonwealth.  Pike County is noted as having a generally low susceptibility to landslides but includes local areas 
of high to moderate susceptibility.   

http://pubs.usgs.gov/fs/2005/3156/2005-3156.pdf
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Figure 4.3.10-1.  Areas of Pennsylvania Susceptible to Landslides 

 
Source: PEMA 2018 
Note: The red circle indicates the approximate location of Pike County.  Pike County is shown has having a generally moderate incidence but 

includes local areas of moderate incidence/high susceptibility.   

To determine the extent of a landslide hazard, the affected areas need to be identified and the probability of the 
landslide occurring within some time period needs to be assessed.  Natural variables that contribute to the overall 
extent of potential landslide activity in any particular area include soil properties, topographic position and slope, and 
historical incidence.  Predicting a landslide is difficult, even under ideal conditions and with reliable information.  As a 
result, the landslide hazard is often represented by landslide incidence and/or susceptibility, as defined below: 

• Landslide incidence is the number of landslides that have occurred in a given geographic area. High 
incidence means greater than 15% of a given area has been involved in landsliding; medium incidence means 
that 1.5 to 15% of an area has been involved; and low incidence means that less than 1.5% of an area has 
been involved (Radbruch-Hall 1982).   

• Landslide susceptibility is defined as the probable degree of response of geologic formations to natural or 
artificial cutting, to loading of slopes, or to unusually high precipitation.  It can be assumed that unusually 
high precipitation or changes in existing conditions can initiate landslide movement in areas where rocks and 
soils have experienced numerous landslides in the past.  Landslide susceptibility depends on slope angle 
and the geologic material underlying the slope. Landslide susceptibility only identifies areas potentially 
affected and does not imply a time frame when a landslide might occur.  High, medium, and low susceptibility 
are delimited by the same percentages used for classifying the incidence of landsliding (Radbruch-Hall 1982). 
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According to the Landslide Incidence and Susceptibility GIS layer from National Atlas as shown in Figure 4.3.10-2, 
the eastern portion of Pike County is located in the High-Susceptibility/Moderate-Incidence zone (Godt 2001).  For 
the purposes of this planning effort, the High-Susceptibility/Moderate-Incidence zone is considered the hazard area.  
The remainder of the County is located in the Moderate Incidence zone, with a small portion of Greene Township in 
the Low Incidence zone.  According to Pike County records, the most recent landslides occurred in the Townships of 
Shohola, Westfall, Dingman, and Delaware. 

Figure 4.3.10-2.  Landslide Hazard Area in Pike County 
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4.3.10.2  Range of  Magnitude 
Landslides have the potential to damage transportation routes, utilities, and buildings.  They can also create travel 
delays and other side effects.  Fortunately, deaths and injuries caused by landslides are rare in Pennsylvania, and 
most landslides in the Commonwealth are moderate to slow moving, damaging things rather than people.  Almost all 
of the known deaths caused by landslides have occurred when rockfalls or other slides along highways have involved 
vehicles.  Storm-induced debris flows are the only other type of landslide likely to cause death and injuries.  As 
residential and recreational development increases on and near steep mountain slopes, the hazards from these 
events will also increase (PEMA 2018).  

According to DCNR, the Pennsylvania Department of Transportation and large municipalities incur substantial costs 
due to landslide damage and extra construction costs for new roads in known landslide-prone areas. One PA DOT 
estimate in 1991 showed an average of $10 million per year in landslide repair contracts across the Commonwealth 
and a similar amount in mitigation costs for grading projects (DCNR 2014). 

The impact of landslides on the environment depends on the size and specific location of the event.  In general, 
impacts include: 

 Changes to topography 
 Damage or destruction of vegetation 
 Potential diversion or blockage of water in the vicinity of streams, rivers, etc. 
 Increased sediment runoff both during and after event (PEMA 2018). 

Pike County’s worst-case scenario is for a landslide to occur during or after a heavy rain event in the area of major 
transportation routes (Interstate 84, US Route 209, and US Route 6).  A landslide on these roads could lead to road 
closures and damages and cut off access to emergency response vehicles. 

4.3.10.3  Past Occurrence 
Outside of impacts to important transportation routes, landslide history is not documented as completely (if at all) as 
other hazards, primarily because landslides are not always seen, and therefore historical landslide occurrences in 
Pike County are not well known.  Information provided by Pike County Office of Community Planning identified the 
following geologic events: 

 2007 – State Route 1005 in Shohola Township - $775,000 in damages 
 2009 – T397 in Shohola Township - $500,000 in damages  
 August and September 2011 – Intense rain from Hurricane Irene and Tropical Storm Lee led to numerous 

roadway washouts leading to long-term closures throughout the Delaware Water Gap National Recreation 
Area.  This included roadways in portions of Pike County. 

 2014 – State Route 434 in Shohola Township - $3 million in damages 
 2015 – State Route 1013 in Westfall Township - $2 million in damages 
 2015 – State Route 2002 in Delaware Township - $1.25 million in damages 
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Between 1954 and 2021, FEMA issued a disaster (DR) or emergency (EM) declaration for Pennsylvania for one 
geological hazard-related event, classified as severe storms, flooding and mudslide. This declaration did not include 
Pike County (FEMA 2021).  

4.3.10.4  Future Occurrence 
Based upon risk factors and past occurrences, it is likely that landslides will continue to occur in Pike County in the 
future.  However, severity of the landslides can vary depending on type and location of event.  Landslide probabilities 
are largely a function of surface geology, but are also influenced by both weather and human activities.  Mismanaged, 
intense development in steeply sloped areas could increase the frequency of landslide occurrence.  Periods of intense 
rain or snowmelt can also increase the risk of landslides.   

For the 2022 HMP update, the most up-to-date data was collected to calculate the probability of future occurrence of 
landslide events for Pike County.  Information provided by Pike County was used to identify the number of landslide 
events that occurred between 1950 and 2021.  Using these sources ensures the most accurate probability estimates 
possible.  The table below shows these statistics, as well as the annual average number of events and the estimate 
percent chance of an incident occurring in a given year.  Based on these statistics, there is an estimated 8.3-percent 
chance of a landslide event occurring in any given year in Pike County. 

Table 4.3.10-1.  Probability of Future Lanslide Events 

Hazard Type 
Number of Occurrences Between 

1950 and 2021 
Percent chance of occurrence in any given 

year 
Landslide 6 8.3% 

Sources: Pike County 2021 

Based on available historical data, the future occurrence of landslides can be considered possible as defined by the 
Risk Factor Methodology probability criteria (refer to Section 4.4). 

4.3.10.5  Vulnerabil i ty Assessment 
To understand risk, a community must evaluate what assets are exposed and/or vulnerable to the identified hazard.  
Because of the lack of spatially delineated landslide hazard areas in the county, a spatial analysis referenced areas 
with slopes greater than 15 percent to delineate the landslide hazard area. Slope degrees greater than 15 percent 
are categorized as the most at-risk slopes in the study.  

Impact on Life, Health, and Safety 

Generally, a landslide event would be an isolated incidence and impact the populations within the immediate area of 
the incident.  Specifically, the populations located downslope of the landslide hazard areas are particularly vulnerable 
to this hazard.  In addition to causing damage to residential buildings and displacing residents, landslide events can 
block off or damage major roadways and inhibit travel for emergency responders or populations trying to evacuate 
the area.     

Table 4.3.10-2 summarizes the population located in the landslide-susceptible hazard area, or areas where slopes 
have degree angles greater than 15 percent. Lehman Township has the greatest number of persons located in the 
landslide-susceptible hazard area with 2,113 people, or 20.8 percent of its total population. Milford Township has the 
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greatest percentage of its population located in the landslide-susceptible hazard area (24.5-percent of its total 
population).  

Table 4.3.10-2. Estimated Dauphin County Population Vulnerable to the Landslide Hazard Area 

Municipality 

Total Population (American 
Community Survey 2015-

2019) 

Estimated Population Located in the 
Steep Slope (>15% Grade) Hazard Area 

Number of Persons Percent of Total 
Blooming Grove Township 4,645 428 9.2% 

Delaware Township 7,063 565 8.0% 
Dingman Township 11,619 824 7.1% 
Greene Township 3,825 479 12.5% 

Lackawaxen Township 5,020 724 14.4% 
Lehman Township 10,183 2,113 20.8% 

Matamoras Borough 2,336 12 0.5% 
Milford Borough 1,172 97 8.2% 
Milford Township 1,329 326 24.5% 

Palmyra Township 3,215 621 19.3% 
Porter Township 400 18 4.6% 

Shohola Township 2,133 218 10.2% 
Westfall Township 2,513 415 16.5% 

Pike County (Total) 55,453 6,839 12.3% 
Sources:  American Community Survey 2019 5-year estimates; Pike County – n.d. 
Note: The 2020 Census was not available during the planning process; therefore, the 2019 American Community Survey was use for population 

statistics.  

Socially vulnerable populations (e.g., the elderly and low-income populations) are particularly vulnerable to a landslide 
event.  There are approximately 12,152 persons over 65 and 5,268 persons living below the poverty level in Pike 
County (American Community Survey 2020). Dingman Township has the greatest elderly population (2,150 people) 
and the Lehman Township has the greatest low-income population (1,426 people).  The jurisdiction with greatest 
number of exposed persons, Lehman Township, has 1,663 elderly persons and 1,426 low-income persons.  The 
jurisdiction with the greatest percentage of its population located in the landslide-susceptible hazard area, Milford 
Township, has 322 elderly persons and 106 low-income persons. Economically disadvantaged populations are more 
vulnerable because they may be unable to evacuate their homes due to a lack of transportation, lack of a safe place 
to which to evacuate, or lack of financial resources (e.g., cannot afford temporary lodging).  The population over the 
age of 65 is more vulnerable because they are more likely to seek or need medical attention, which may not be 
available because of isolation during an emergency; they may also have more difficulty evacuating.  Special 
consideration should be taken when planning for disaster preparation, response, and recovery for these vulnerable 
groups. 

Impact on General Building Stock 

In general, the built environment located in the landslide-susceptibility area and the population, structures and 
infrastructure located downslope are vulnerable to this hazard.  Landslides also have the potential of destabilizing the 
foundation of structures, which may result in monetary losses to businesses and residents.   
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Impact on Critical Facilities and the Economy 

Landslides can also impact the critical facilities in Pike County.  There are three critical facilities located in the identified 
landslide-susceptibility hazard area (Table 4.3.10-1).  Cell towers and central water facilities are the types of critical 
facilities located in the landslide hazard area.  Each of these facilities is also considered to be a lifeline facility. Section 
2, County Profile, provides more information about these critical facilities and lifelines.  

Table 4.3.10-1. Distribution of Critical Facilities in the Landslide-Susceptible Hazard Area 
 (Slope Degrees >15 Percent) by Type and Jurisdiction 

Municipality 
Number of Critical Facilities Located on Steep Slopes (>15% Grade) 

Cell Tower Central Water Facility 
Blooming Grove Township 1 0 
Delaware Township 0 0 
Dingman Township 0 0 
Greene Township 0 0 
Lackawaxen Township 0 0 
Lehman Township 0 0 
Matamoras Borough 0 0 
Milford Borough 0 0 
Milford Township 0 1 
Palmyra Township 0 0 
Porter Township 0 0 
Shohola Township 0 0 
Westfall Township 1 0 
Pike County (Total) 2 1 

Sources: Pike County 2021   

In addition to critical facilities, a significant amount of infrastructure can be exposed to mass movements of geological 
material: 

• Roads – Access to major roads is crucial to life-safety after a disaster event and to response and recovery 
operations. Landslides can block egress and ingress on roads, isolating neighborhoods, posing traffic 
problems, and causing delays of public and private transportation. This can result in economic losses for 
businesses. 

• Bridges – Landslides can significantly impact road bridges. Mass movements can knock out bridge abutments 
or significantly weaken the soil supporting them, rendering them hazardous for use. 

• Power Lines – Power lines are generally elevated above steep slopes but the towers supporting them can 
be subject to landslides. A landslide could trigger failure of the soil underneath a tower, causing it to collapse 
and ripping down the lines. Power and communication failures from landslides can create problems for 
vulnerable populations and businesses. 

• Rail Lines – Similar to roads, rail lines are important for response and recovery operations after a disaster.  
Landslides can block travel along the rail lines, which would become especially troublesome, because it 
would not be as easy to detour a rail line as it would be to re-route a local road or highway.  
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Impact on the Economy 

Geologic hazards can impose direct and indirect impacts on society. Direct costs include actual damage sustained 
by buildings, property, and infrastructure. Indirect costs, such as cleanup costs, business interruption, loss of tax 
revenues, reduced property values, and loss of productivity, are difficult to measure. Additionally, ground failure 
threatens transportation corridors, fuel and energy conduits, and communication lines (Spiker and Gori 2000).  

Impact on the Environment 

A landslide event alters the landscape. In addition to changes in topography, vegetation and wildlife habitats may be 
damaged or destroyed. Soil and sediment runoff will accumulate downslope, potentially blocking waterways and 
roadways and impacting quality of streams and other water bodies. Additional environmental impacts include loss of 
forest productivity.  

Mudslides are a type of landslide that involve quick-moving debris rivers. These types of landslides can destroy 
natural and man-made objects, ultimately settling in a level location and gathering into thick deposits (PEMA 2018). 

Future Changes That May Impact Vulnerability 

Understanding future changes that impact vulnerability in the County can assist in planning for future development 
and ensuring that appropriate mitigation, planning, and preparedness measures are in place. The County considered 
the following factors to examine potential conditions that may affect hazard vulnerability:  

 Potential or projected development. 
 Projected changes in population. 
 Other identified conditions as relevant and appropriate, including the impacts of climate change.  

Projected Development and Changes in Population 
Any sections of growth located in the landslide-susceptible hazard areas could be potentially impacted by the geologic 
ground movement caused by landslides.  It is recommended that the county and jurisdictional partners implement 
design strategies that mitigate against the risk of landslides.  Areas targeted for potential future growth and 
development within the next five years have been identified across Pike County.  Refer to Section 2.4 of this HMP for 
further details.  New development within the High-Susceptibility/Moderate-Incidence landslide hazard areas are 
considered exposed to these risks.  

Estimated population projections provided by the Center of Rural Pennsylvania indicate that Pike County’s population 
will continue to decrease into 2040, decreasing the total population to approximately 54,257 persons (The Center of 
Rural Pennsylvania 2014). The 2010 Census for Pike County reported a total population of 57,369 and an estimated 
2019 population of 55,453.  This is approximately at 3.3-percent decrease.  However, the population increased to 
58,535 (5.6-percent increase) according to the 2020 Census. It is anticipated that the County’s population will increase 
over the years, exposing more residents to areas susceptible to landslides.  

Climate Change 
A direct impact of climate change on landslides is difficult to determine.  However, multiple secondary effects of 
climate change have the potential to increase the likelihood of landslides.  Warming temperatures resulting in wildfires 
would reduce vegetative cover along steep slopes and destabilize the soils because of destruction of the root system. 
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Additionally, increased intensity of rainfall events would increase saturation of soils on steep slopes.  Under these 
future conditions, the county’s assets located on or at the base of these steep slopes will have an increased risk to 
landslides.   

Change of Vulnerability Since the 2017 Hazard Mitigation Plan 

Since the 2017 HMP analysis, population statistics have been updated using the 5-Year 2015-2019 American 
Community Survey Population Estimates.  The general building stock was updated using 2018 RSMeans building 
valuations that estimated replacement cost value for each building in the inventory. Landslide susceptibility was 
considered to be a slope of 15 percent or greater. Overall, this vulnerability assessment provides more accurate 
exposure and potential loss estimates for Pike County. During the next update, the County use the 2020 Census to 
update this section. 
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