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4.3.2 Earthquake 

An earthquake is sudden movement of the Earth’s surface caused by release of stress accumulated within or 

along the edge of the Earth’s tectonic plates, a volcanic eruption, or a man-made explosion (Shedlock and Pakiser 

1997).  Most earthquakes occur at the boundaries where the Earth’s tectonic plates meet (faults); less than 10 

percent of earthquakes occur within plate interiors.  As plates continue to move and plate boundaries change 

geologically over time, weakened boundary regions become part of the interiors of the plates.  These zones of 

weakness within the continents can cause earthquakes, which are a response to stresses that originate at the edges 

of the plate or in the deeper crust (Shedlock and Pakiser 1997). 

According to the U.S. Geological Survey (USGS) Earthquake Hazards Program, an earthquake hazard is any 

disruption associated with an earthquake that may affect residents’ normal activities.  This category includes 

surface faulting, ground motion (shaking), landslides, liquefaction, tectonic deformation, tsunamis, and seiches.  

Each of these terms is defined below: 

• Surface faulting: Displacement that reaches the Earth's surface during a slip along a fault.  Commonly 

occurs with shallow earthquakes—those with an epicenter of less than 20 kilometers (km). 

• Ground motion (shaking): Movement of the Earth's surface from earthquakes or explosions.  Ground 

motion or shaking is produced by waves generated by a sudden slip on a fault or sudden pressure at the 

explosive source, and that travel through the Earth and along its surface. 

• Landslide: Movement of surface material down a slope. 

• Liquefaction: A process by which water-saturated sediment temporarily loses strength and acts as a 

fluid, like the wet sand near the water at the beach.  Earthquake shaking can cause this effect. 

• Tectonic deformation: Change in the original shape of a material caused by stress and strain. 

• Tsunami: A sea wave of local or distant origin that results from large-scale seafloor displacements 

associated with large earthquakes, major sub-marine slides, or exploding volcanic islands. 

• Seiche:  Sloshing of a closed body of water, such as a lake or bay, from earthquake shaking 

(USGS 2012). 

Ground shaking is the primary cause of earthquake damage to man-made structures.  Damage can be increased 

when soft soils amplify ground shaking.  Soils influence damage in different ways.  Soft soils can amplify the 

motion of earthquake waves, producing greater ground shaking and increasing stresses on built structures on the 

land surface.  Loose, wet, sandy soils also can cause damage when they lose strength and flow as a fluid when 

shaken, causing foundations and underground structures to shift and break (Stanford 2003). 

The National Earthquake Hazard Reduction Program (NEHRP) developed five soil classifications (A to E) 

distinguished by soil shear-wave velocity that alters severity of an earthquake; each classification is listed in 

Table 4.3.2-1.  Class A soils—hard rock—reduce ground motion from an earthquake, and Class E soils—soft 

soils—amplify and magnify ground shaking, and increase building damage and losses. 
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Table 4.3.2-1. NEHRP Soil Classifications 

Soil Classification Description 

A Hard rock 

B Rock 

C Very dense soil and soft rock 

D Stiff soils 

E Soft soils 

Source: Federal Emergency Management Agency (FEMA) 2013 

The following sections discuss location and extent, range of magnitude, previous occurrence, future occurrence, 

and vulnerability assessment associated with the earthquake hazard in Lancaster County. 

4.3.2.1 Location and Extent 

Focal depth and geographic position of the epicenter of an earthquake commonly determine its location.  Focal 

depth of an earthquake is the depth from the Earth’s surface to the region where an earthquake’s energy originates 

(the focus or hypocenter).  The epicenter of an earthquake is the point on the Earth’s surface directly above the 

hypocenter.  Earthquakes usually occur without warning, and their effects can be felt in areas at great distances 

from the epicenter. 

According to the Pennsylvania Bureau of Topographic and Geologic Survey, events that occur in the 

Commonwealth involve very small impact areas (less than 100 km in diameter).  The most seismically active 

region in the Commonwealth is in southeastern Pennsylvania in the area of Lancaster County (Pennsylvania 

Emergency Management Agency [PEMA] 2013).  Areas of Pennsylvania, including Lancaster County, may be 

subject to the effects of earthquakes with epicenters outside the Commonwealth. 

Pennsylvania has three earthquake hazard area zones: very slight, slight, and moderate (shown on Figure 4.3.2-1) 

(PEMA 2013).  Lancaster County is predominately within the “slight zone” with a small area of “moderate zone” 

along the northeastern border of the County. 
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Figure 4.3.2-1.  Pennsylvania Earthquake Hazard Zones 

 
Source: PEMA 2013 

Note:  Lancaster County is within the blue oval on the map. 
 

The Lamont-Doherty Cooperative Seismographic Network (LCSN) monitors earthquakes that occur primarily 

in the northeastern United States.  Goals of the project are to compile a complete earthquake catalog for this 

region, assess earthquake hazards, and study causes of earthquakes in the region.  LCSN operates 

40 seismographic stations in the following seven states: Connecticut, Delaware, Maryland, New Jersey, New 

York, Pennsylvania, and Vermont.  Figure 4.3.2-2 shows locations of seismographic stations in eastern 

Pennsylvania.  The figure shows two stations, Franklin & Marshall College and Millersville University.  The 

network is composed of broadband and short-period seismographic stations (LCSN 2012). 
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Figure 4.3.2-2.  Lamont-Doherty Seismic Stations Locations in Eastern Pennsylvania 

 
Source: LCSN 2012 

Note:  Lancaster County is within the oval on the map. 

 

In addition to the Lamont-Doherty Seismic Stations, USGS operates a global network of seismic stations to 

monitor seismic activity.  While no seismic stations are within Lancaster County, nearby stations are in State 

College, Pennsylvania.  Figure 4.3.2-3 shows their locations. 
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Figure 4.3.2-3.  USGS Seismic Stations 

 
Source:  USGS 2017 

Note: Seismic station locations are indicated by green triangles, and Lancaster County is within the black oval. 

The USGS provides the website Did You Feel It? (http://earthquake.usgs.gov/earthquakes/dyfi/) for citizens to 

report earthquake experiences and to share information regarding the earthquake and its effects.  The website is 

intended to gather citizens’ experiences during an earthquake and incorporate the information into detailed maps 

for illustrating shaking intensity and damage assessments (USGS 2017). 

Earthquakes above a magnitude 5.0 can cause damage near their epicenters, and larger-magnitude earthquakes 

can cause damage over larger, wider areas.  Earthquakes in Pennsylvania appear to be centered in the 

southeastern portion and northwestern corner of the Commonwealth.  Figure 4.3.2-4 illustrates earthquake 

activity in Pennsylvania from 1950 to 2016, with Lancaster County circled in black.  A discussion of previous 

occurrences of earthquakes in Lancaster County appears in the Previous Occurrence section (Section 4.3.2.3) of 

this profile. 
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Figure 4.3.2-4.  Earthquake Epicenters in Pennsylvania, 1950 – 2016 

 
Source: USGS 2017 

Note: The black circle indicates the approximate location of Lancaster County. 

4.3.2.2 Range of Magnitude 

Seismic waves are vibrations from earthquakes that travel through the Earth and are recorded on instruments 

called seismographs.  The magnitude or extent of an earthquake is a given value of the earthquake size, or 

amplitude of the seismic waves, as measured by a seismograph.  The Richter magnitude scale (Richter scale) 

was developed in 1932 as a mathematical device to compare sizes of earthquakes.  The Richter scale is the most 

widely known scale that measures magnitude of earthquakes.  It has no upper limit and is not used to express 

damage.  An earthquake in a densely populated area that results in many deaths and considerable damage may 

have the same magnitude and shock in a remote area that did not undergo any damage.  Table 4.3.2-2 lists Richter 

scale magnitudes and corresponding earthquake effects associated with each magnitude.  Based on historical 

data of earthquakes with a recorded intensity, little damage is expected from earthquake events.  However, since 

the worst earthquake recorded in Pennsylvania was a magnitude 5.2, a worst-case scenario for this hazard would 

be if an earthquake of similar magnitude occurred in Lancaster County or near the border in an adjacent county, 

causing mild damage in populated areas. 

Table 4.3.2-2. Richter Scale Magnitudes 

Richter Magnitude Earthquake Effects 

2.5 or less Usually not felt, but can be recorded by seismograph 

2.5 to 5.4 Often felt, but causes only minor damage 

5.5 to 6.0 Slight damage to buildings and other structures 

6.1 to 6.9 May cause a lot of damage in very populated areas 

7.0 to 7.9 Major earthquake; serious damage 

8.0 or greater Great earthquake; can destroy communities near the epicenter 

Source: PEMA 2013 
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The intensity of an earthquake is based on observed effects of ground shaking on people, buildings, and natural 

features, and varies with location.  The Modified Mercalli Intensity (MMI) scale expresses the intensity of an 

earthquake and is a subjective measure that describes the strength of a shock felt at a particular location.  The 

MMI scale expresses intensity of an earthquake’s effects in a given locality according to a scale from I to XII.  

Descriptions of MMI scales appear in Table 4.3.2-3.  Earthquakes that occur in Pennsylvania originate deep 

within the Earth’s crust and not on an active fault.  No injury or severe damage from earthquake events has been 

reported in Lancaster County. 

Table 4.3.2-3. Modified Mercalli Intensity Scale with Associated Impacts 

Scale Intensity Description Of Effects 

Corresponding 
Richter Scale 

Magnitude 

I Instrumental Detected only on seismographs 

<4.2 II Feeble Some people feel it 

III Slight Felt by people resting; feels like a truck rumbling by 

IV Moderate Felt by people walking 

V Slightly Strong Sleepers awake; church bells ring <4.8 

VI Strong Trees sway; suspended objects swing; objects fall off shelves <5.4 

VII Very Strong Mild alarm; walls crack; plaster falls <6.1 

VIII Destructive 
Moving cars uncontrollable; masonry fractures; poorly constructed 

buildings are damaged <6.9 

IX Ruinous Some houses collapse; ground cracks; pipes break open 

X Disastrous 
Ground cracks profusely; many buildings are destroyed; liquefaction and 

landslides are widespread 
<7.3 

XI Very Disastrous 
Most buildings and bridges collapse; roads, railways, pipes, and cables 

are destroyed; general triggering of other hazards occurs 
<8.1 

XII Catastrophic Total destruction; trees fall; ground rises and falls in waves >8.1 

Source: PEMA 2013 

Seismic hazards are often expressed in terms of Peak Ground Acceleration (PGA) and Spectral Acceleration 

(SA).  USGS defines PGA and SA as the following: “PGA is what is experienced by a particle on the ground.  

SA is approximately what is experienced by a building, as modeled by a particle mass on a massless vertical rod 

having the same natural period of vibration as the building” (USGS 2012).  Both PGA and SA can be measured 

in g (the acceleration caused by gravity) or expressed as a percent acceleration force of gravity (percent g).  For 

example, at 100 percent g PGA (equivalent to 1.0 g) during an earthquake (an extremely strong ground motion), 

objects accelerate sideways at the same rate as when they drop from a ceiling.  At 10 percent g PGA, ground 

acceleration is 10 percent that of gravity (New Jersey Office of Emergency Management [NJOEM] 2011).  PGA 

and SA hazard maps provide insight into location-specific vulnerabilities (New York State Disaster Preparedness 

Commission [NYSDPC] 2011). 

PGA is a common earthquake measurement that indicates three factors: (1) geographic area affected, 

(2) probability of an earthquake at each level of severity, and (3) strength of ground movement (severity) 

expressed in percent g.  In other words, PGA expresses the severity of an earthquake and is a measure of how 

hard the earth shakes (or accelerates) in a given geographic area (NYSDPC 2011).  Damage levels from an 

earthquake vary with intensity of ground shaking and with seismic capacity of structures, as noted in Table 

4.3.2-4.  
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Table 4.3.2-4. Damage Levels Experienced in Earthquakes 

Ground Motion 
Percentage Explanation of Damages 

1-2% g 
Motions are widely felt by people; hanging plants and lamps swing strongly, but damage levels, if any, 

are usually very low. 

Below 10% g Usually causes only slight damage, except in unusually vulnerable facilities. 

10-20% g 

May cause minor-to-moderate damage in well-designed buildings, with higher levels of damage in 

poorly designed buildings.  At this level of ground shaking, only unusually poor buildings would be 

subject to potential collapse. 

20-50% g 
May cause significant damage in some modern buildings and very high levels of damage (including 

collapse) in poorly designed buildings. 

≥50% g May causes higher levels of damage in many buildings, even those designed to resist seismic forces. 

Source: NJOEM 2011  

Note:  % g Peak Ground Acceleration 

National maps of earthquake shaking hazards have been produced since 1948.  These maps provide information 

essential for creating and updating seismic design requirements for building codes, insurance rate structures, 

earthquake loss studies, retrofit priorities, and land use planning applied in the United States.  Scientists 

frequently revise these maps to reflect new information and knowledge.  Buildings, bridges, highways, and 

utilities built to meet modern seismic design requirements are typically able to withstand earthquakes better, 

with less damage and disruption.  After thoroughly reviewing the studies, professional organizations of engineers 

update seismic-risk maps and seismic design requirements specified in building codes (Brown and others 2001). 

To analyze the earthquake hazard in Lancaster County, a probabilistic assessment was conducted for the 500-

year mean return period (MRP) in Hazards U.S.–Multi-Hazard (HAZUS-MH) 3.2.  A HAZUS analysis evaluates 

statistical likelihood that a specific event will occur and the consequences of that event.  A 500-year MRP event 

is an earthquake with a 0.2-percent chance that the mapped ground motion levels (PGA) will be exceeded in any 

given year. 

Figure 4.3.2-5 illustrates the geographic distribution of PGA (percent g) across Lancaster County for each event.  

Potential losses estimated by HAZUS-MH for the MRP and the associated PGA are discussed in the 

Vulnerability Assessment section (Section 4.3.2.5) of this profile. 
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Figure 4.3.2-5.  Peak Ground Acceleration Modified Mercalli Scale in Lancaster County for a 500-Year 

MRP Earthquake Event 

 
Source:  HAZUS-MH 3.2 
Note:  The Peak Ground Acceleration for the 500-year MRP is 4.1-4.8%g. 
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4.3.2.3 Past Occurrence 

The historical record of earthquakes goes back approximately 200 years.  In Pennsylvania, about 48 earthquakes 

have caused light damage since the Colonial period.  Nearly half of these events had out-of-state epicenters 

(PEMA 2013).  Figure 4.3.2-6 is a map of earthquake epicenters in Pennsylvania from 1724 to 2003.  No 

damages were reported in Lancaster County. 

Figure 4.3.2-6.  Earthquake Epicenters in Pennsylvania 

 
Source: PEMA 2013 
Note: Lancaster County is within the red circle. 

According to the USGS, there have been 14 earthquake epicenters, 9 with a magnitude over 2.5 on the Richter 

scale, recorded in Lancaster County between 1724 and September 27, 2016.  The lowest magnitude was a 0.8 

magnitude earthquake on July 22, 2011, and the largest magnitude was a 4.2 magnitude earthquake on April 23, 

1984 (USGS 2017).  PEMA’s Pennsylvania Disaster History list includes no significant earthquake events in 

Pennsylvania, and no Federal Emergency Management Agency (FEMA) major disaster (DR)/emergency 

declarations (EM) have occurred for significant earthquake events in Pennsylvania (FEMA 2017).  Additionally, 

according to the USGS “Did You Feel It,” Lancaster County residents reported having felt two recent 

earthquakes in 2017: a 2.3 magnitude earthquake that occurred in Lancaster County and a 1.8 magnitude 

earthquake that occurred in York County (USGS 2017). 

Historically, large earthquakes in eastern North America have occurred in three regions: (1) Mississippi Valley 

near the Town of New Madrid, Missouri; (2) St.  Lawrence Valley region of Quebec, Canada; and (3) Charleston, 

South Carolina.  In February 1925, one of the region’s largest earthquakes on record occurred (magnitude near 

7.0) with its epicenter in a region of Quebec.  If a similar-magnitude earthquake would occur in the western part 

of the Quebec region, some moderate damage might be expected in one or more counties of Pennsylvania’s 

northern tier.  An earthquake with an estimated magnitude of about 7.5 occurred on August 31, 1886, in 
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Charleston, South Carolina.  The earthquake was felt in most of Pennsylvania.  Since then, an earthquake with 

a magnitude of 5.8 occurred in Louisa County, Virginia; it was felt throughout Pennsylvania, causing 

evacuations, minor damage, and emergency infrastructure inspections (PEMA 2013). 

Other earthquakes have occurred in east coast areas, including eastern Massachusetts, southeastern New York, 

and northern New Jersey.  Moderate earthquakes occurred in southeastern New York and northern New Jersey 

and were felt in eastern Pennsylvania.  If an earthquake of magnitude 6.0 or greater would occur in that area, 

damage would likely result in easternmost counties of Pennsylvania, including Lancaster County. 

4.3.2.4 Future Occurrence 

Earthquakes cannot be predicted and could occur any time of the day or year.  Major earthquakes are infrequent 

in the State and County and may occur only once every few hundred years or longer, but the consequences of 

major earthquakes may potentially be very high.  Based on the historic record, the future probability of damaging 

earthquakes impacting Lancaster County is low. 

According to the USGS earthquake catalog, between 1950 and 2016, there have been 14 earthquakes with 

epicenters in Lancaster County.  Based on available historical data, future occurrences of earthquake events can 

be considered possible as defined by the Risk Factor Methodology probability criteria (refer to Section 4.4 of 

this plan). 

4.3.2.5 Vulnerability Assessment 

To understand risk, a community must evaluate which assets are exposed or vulnerable in the identified hazard 

area.  The entire County has been identified as exposed to the earthquake hazard.  Therefore, all assets in 

Lancaster County (population, structures, critical facilities, and lifelines) described in the County Profile (Section 

2), are vulnerable.  The following section provides an evaluation and estimation of the potential impact of the 

earthquake hazard on Lancaster County, including the following: 

• Overview of vulnerability 

• Data and methodology used for the evaluation 

• Impact on: (1) life, safety, and health of residents; (2) general building stock; (3) critical facilities; (4) 

economy; (5) environment; and (6) future growth and development 

• Effect of climate change on vulnerability 

• Further data collections that will assist understanding of this hazard over time 

Overview of Vulnerability 

Earthquakes usually occur without warning and can be felt in areas at great distance from their point of origin.  

Extent of damage depends on density of population, as well as building and infrastructure construction in the 

area shaken by the quake.  Some areas may be more vulnerable than others based on soil type, age of buildings, 

and building codes in place.  Compounding potential for damage is that, historically, Building Officials Code 

Administration (BOCA) in the northeastern United States was developed to address local concerns including 

heavy snow loads and wind; seismic requirements for design criteria are not as stringent compared to the West 

Coast’s reliance on the more seismically focused Uniform Building Code.  Thus, a smaller earthquake in the 

northeastern United States can cause more structural damage than it would in the western part of the United 

States. 

The entire population and general building stock inventory of the County are at risk for damage or loss from 

impacts of an earthquake.  Potential losses associated with earth shaking were calculated for Lancaster County 

for the 500-year MRP event.  A summary of the data used and methodology applied for this assessment appears 
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below, followed by impacts on population, existing structures, critical facilities, and the economy within 

Lancaster County. 

Data and Methodology 

A probabilistic assessment was conducted for the 500-year MRP in HAZUS-MH 3.2 to analyze the earthquake 

hazard and provide a range of loss estimates for Lancaster County.  The probabilistic method uses historical 

earthquake information from historical earthquakes and inferred faults, locations, and magnitudes, and computes 

probable ground-shaking levels that may be experienced during a recurrence period by Census tract.  According 

to the New York City Area Consortium for Earthquake Loss Mitigation (NYCEM), probabilistic estimates are 

best for urban planning, land use, zoning, and seismic building code regulations (NYCEM 2003).  The default 

assumption is a magnitude-7.0 earthquake for all return periods. 

In addition to the probabilistic scenario cited, an annualized loss run was conducted in HAZUS 3.2 to estimate 

annualized general building stock dollar losses within Lancaster County.  The annualized loss methodology 

combines estimated losses associated with ground shaking for each return period, which are based on values 

from the USGS seismic probabilistic curves.  Annualized losses are useful for mitigation planning because they 

provide a baseline that can be used to compare (1) the risk of one hazard across multiple jurisdictions, and (2) 

the degree of risk of all hazards for each participating jurisdiction. 

As noted in the HAZUS-MH Earthquake User Manual, “Uncertainties are inherent in any loss estimation 

methodology.  They arise in part from incomplete scientific knowledge concerning earthquakes and their effects 

upon buildings and facilities.  They also result from the approximations and simplifications that are necessary 

for comprehensive analyses.  Incomplete or inaccurate inventories of the built environment, demographics, and 

economic parameters add to the uncertainty.  These factors can result in a range of uncertainty in loss estimates 

produced by the HAZUS Earthquake Model, possibly at best a factor of 2 or more.”  However, HAZUS potential 

loss estimates are acceptable for the purposes of this Hazard Mitigation Plan (HMP). 

The occupancy classes available in HAZUS-MH 3.2 were condensed into the following categories to facilitate 

the analysis and presentation of results: residential, commercial, industrial, agricultural, religious, government, 

and educational.  Residential loss estimates address both multi-family and single-family dwellings.  Impacts on 

critical facilities and utilities were also evaluated. 

HAZUS-MH 3.2 generates results at the Census-tract level.  Boundaries of the U.S. Census tracts are not always 

coincident with municipal boundaries in Lancaster County.  Results in subsequent tables are presented for the 

U.S. Census tracts, with the associated municipalities listed for each tract.  Figure 4.3.2-7 below shows spatial 

relationships between U.S. Census tracts and municipal boundaries. 
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Figure 4.3.2-7.  HAZUS-MH Census Tracts in Lancaster County 

 
 Source: HAZUS-MH 3.2 
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Impact on Life, Health, and Safety 

Overall, the entire population of Lancaster County is exposed to the earthquake hazard event.  According to the 

2010 U.S. Census, Lancaster County had a population of 519,445 people.  The impact of earthquakes on life, 

health, and safety depends on the severity of the event.  Risks to public safety and loss of life from an earthquake 

in Lancaster County are minimal, with higher risk occurring in buildings as a result of damage to the structure, 

or people walking below building ornamentation and chimneys that may be shaken loose and fall as a result of 

the quake. 

Populations considered most vulnerable are located in the built environment, particularly near unreinforced 

masonry construction.  In addition, the vulnerable population includes the elderly (persons over the age of 65) 

and individuals living below the Census poverty threshold.  These socially vulnerable populations are most 

susceptible, based on a number of factors including their physical and financial ability to react or respond during 

a hazard, and locations and construction quality of their housing. 

Residents may be displaced or require temporary to long-term sheltering as a result of the event.  The number of 

people requiring shelter is generally less than the number displaced, as some displaced persons use hotels or stay 

with family or friends after a disaster event.  Table 4.3.2-5 summarizes the estimated sheltering needs for 

Lancaster County. 

Table 4.3.2-5. Summary of Estimated Sheltering Needs for Lancaster County 

Scenario 
Displaced 

Households 
Persons Seeking 

Short-Term Shelter 

500-Year Earthquake 44 27 

Source: HAZUS-MH 3.2 
 

Structural building damage correlates strongly to the number of injuries and casualties from an earthquake event 

(NYCEM 2003).  Furthermore, different sectors of the community would be exposed to the hazard depending 

on time of day of occurrence.  For example, HAZUS considers that maximum residential occupancy occurs at 

2:00 a.m.; educational, commercial, and industrial sectors maximum occupancy at 2:00 p.m.; and peak commute 

time at 5:00 p.m.  Whether affected directly or indirectly, the entire population would have to deal with 

consequences of earthquakes to some degree.  Business interruption could prevent people from working, road 

closures could isolate populations, and loss of functions of utilities could affect populations that suffered no 

direct damage from an event.  Table 4.3.2-6 summarizes estimated number of injuries, hospitalizations, and 

casualties as a result of the 500-year MRP event. 

Table 4.3.2-6. Estimated Number of Injuries, Hospitalizations, and Casualties from the 500-Year MRP 

Earthquake Event 

Level of Severity 

Time of Day 

2:00 a.m. 2:00 p.m. 5:00 p.m. 

Injuries 28 22 20 

Hospitalization 4 3 2 

Casualties 1 0 0 

Source: HAZUS-MH 3.2 

Impact on General Building Stock 

After consideration of the population exposed to the earthquake hazard, an evaluation of value of general 

building stock exposed to and damaged by the 500-year MRP earthquake event occurred.  In addition, annualized 
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losses were calculated by use of HAZUS-MH 3.2.  The entire study area’s general building stock is considered 

at risk and exposed to this hazard. 

The HAZUS-MH 3.2 model estimates value of exposed building stock and loss (in terms of damage to exposed 

stock).  The County Profile section of this HMP (Section 2) presents statistics on replacement values of general 

building stock (structure and contents). 

A probabilistic model was run to estimate annualized dollar losses within Lancaster County by application of 

HAZUS-MH 3.2.  Annualized losses are useful for mitigation planning because they provide a baseline that can 

be used to compare (1) risk of one hazard across multiple jurisdictions, and (2) degree of risk of all hazards 

within each participating jurisdiction.  Notably, annualized loss does not predict losses in any particular year.  

Estimated earthquake annualized losses are approximately $880K per year (building and contents) within the 

County. 

According to NYCEM, where earthquake risks and mitigation were evaluated in the New York, New Jersey, 

and Connecticut region, most damage and loss caused by an earthquake would directly or indirectly result from 

ground shaking (NYCEM 2003).  NYCEM found a strong correlation between PGA and damage a building 

might undergo.  The HAZUS-MH model is based on the best available earthquake science and aligns with these 

statements.  HAZUS-MH 3.0 methodology and model were used to analyze the earthquake hazard for the general 

building stock within Lancaster County.  Figure 4.3.2-5 earlier in this profile illustrates the geographic 

distribution of PGA (g) across the County for the 500-year MRP event. 

In addition, according to NYCEM (NYCEM 2003), a building’s construction determines how well it can 

withstand the force of an earthquake.  The NYCEM report indicates that unreinforced masonry buildings are 

most at risk during an earthquake because the walls are prone to collapse outward, whereas steel and wood 

buildings absorb more of the earthquake’s energy.  Additional attributes that affect a building’s capability to 

withstand an earthquake’s force include its age, number of stories, and quality of construction.  HAZUS-MH 

considers building construction and age of buildings in its analysis.  Default building ages and building types 

already incorporated into the inventory were used because the default general building stock was used for this 

HAZUS-MH analysis. 

Potential building damage was evaluated by HAZUS-MH 3.2 across the following damage categories: none, 

slight, moderate, extensive, and complete.  Table 4.3.2-7 provides definitions of these categories of damage for 

a light wood-framed building; definitions for other building types are included in the HAZUS-MH technical 

manual documentation.  General building stock damage for these damage categories by occupancy class on a 

countywide basis is summarized for the 500-year event in Table 4.3.2-8. 
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Table 4.3.2-7. Example of Structural Damage State Definitions for a Light Wood-Framed Building 

Damage 
Category Description 

Slight 
Small plaster or gypsum-board cracks at corners of door and window openings and wall-ceiling 

intersections; small cracks in masonry chimneys and masonry veneer. 

Moderate 

Large plaster or gypsum-board cracks at corners of door and window openings; small diagonal cracks across 

shear wall panels exhibited by small cracks in stucco and gypsum wall panels; large cracks in brick 

chimneys; toppling of tall masonry chimneys.   

Extensive 

Large diagonal cracks across shear wall panels or large cracks at plywood joints; permanent lateral 

movement of floors and roof; toppling of most brick chimneys; cracks in foundations; splitting of wood sill 

plates or slippage of structure over foundations; partial collapse of room-over-garage or other soft-story 

configurations. 

Complete 

Structure may have large permanent lateral displacement, may collapse, or be in imminent danger of 

collapse because of the crippled wall failure or the failure of the lateral load resisting system; some 

structures may slip and fall off the foundations; large foundation cracks. 

Source: FEMA 2015a 
 

Table 4.3.2-8. Estimated Buildings Damaged by General Occupancy for 500-year MRP Earthquake 

Event 

Category 

Average Damage State 

500-Year MRP 

None Slight Moderate Extensive Complete 

Residential 
167,269 

(88.1%) 

3,581 

(1.89%) 

1,118 

(<1%) 

131 

(<1%) 

12 

(<1%) 

Commercial 
10,379 

(5.5%) 

277 

(<1%) 

85 

(<1%) 

10 

(<1%) 

1 

(<1%) 

Industrial 
3,739 

(2.0%) 

93 

(<1%) 

29 

(<1%) 

3 

(<1%) 

0 

(0%) 

Education, Government, 

Religious, and Agricultural 

2,981 

(1.6%) 

73 

(<1%) 

23 

(<1%) 

2 

(<1%) 

0 

(0%) 

Source: HAZUS-MH 3.2  

 

Table 4.3.2-9 summarizes estimated building value (buildings and contents) for the 500-year MRP earthquake 

event.  Damage loss estimates include structural and non-structural damage to buildings and loss of contents.  
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Table 4.3.2-9. Estimated Building Value (Building and Contents) Damaged by the Annualized, 500-Year MRP Earthquake Event 

Municipality 

Total Replacement 
Cost Value 

(Building and 
Contents) 

Estimated Total Damages* 
Percent of Total Building 

and Contents 
Estimated 

Residential 
Damage 

Estimated 
Commercial 

Damage 

Annualized Loss 500-Year Annualized Loss 500-Year 500-Year 500-Year 

Akron (B) $620,869,000 $6,069 $393,436 <1% <1% $304,082 $57,851 

Brecknock (T) $998,227,000 $9,788 $677,230 <1% <1% $552,322 $64,108 

Caernarvon (T) $622,129,000 $6,605 $440,135 <1% <1% $320,036 $66,756 

Clay (T) $738,275,000 $7,083 $476,591 <1% <1% $352,233 $68,875 

Colerain (T)-Little Britain (T) $918,063,000 $9,191 $608,251 <1% <1% $515,847 $49,523 

Columbia (B) $1,749,495,000 $15,135 $927,643 <1% <1% $624,899 $213,029 

Conestoga (T) $541,954,000 $5,168 $339,666 <1% <1% $293,558 $24,255 

Conway (T) $434,872,000 $3,213 $229,874 <1% <1% $199,125 $14,892 

Denver (B) $688,940,000 $6,413 $424,611 <1% <1% $310,702 $47,918 

Drumore (T)-Fulton (T) $766,866,000 $7,276 $468,631 <1% <1% $351,370 $39,832 

Earl (T) $1,817,500,000 $19,327 $1,140,387 <1% <1% $488,095 $425,397 

Earl (T)-New Holland (B) $972,312,000 $10,197 $634,790 <1% <1% $409,951 $145,608 

East Cocalico (T) $929,667,000 $9,329 $580,320 <1% <1% $337,983 $116,244 

East Cocalico (T)-Adamstown 

(B) 
$1,314,298,000 $12,471 $820,241 <1% <1% $585,572 $72,158 

East Donegal (T) $1,240,941,000 $10,090 $690,248 <1% <1% $557,756 $75,871 

East Drumore (T) $713,496,000 $7,496 $461,842 <1% <1% $340,514 $65,009 

East Earl (T)-Terrie Hill (B) $1,282,789,000 $13,410 $861,443 <1% <1% $571,291 $149,459 

East Hempfield (T) $5,393,297,000 $50,972 $3,094,029 <1% <1% $2,011,301 $595,240 

East Hempfield (T)-East 

Petersburg (B) 
$1,247,929,000 $11,680 $728,947 <1% <1% $470,053 $160,792 

East Hempfield (T)-Mountville 

(B) 
$2,342,954,000 $21,364 $1,363,579 <1% <1% $1,036,748 $181,385 

East Lampeter (T) $2,690,759,000 $28,480 $1,647,800 <1% <1% $871,975 $496,212 

Eden (T)-Quarryville (B) $735,142,000 $7,756 $476,369 <1% <1% $328,740 $89,594 

Elizabeth (T)-Clay (T) $780,615,000 $6,697 $449,345 <1% <1% $337,348 $39,213 

Elizabethtown (B) $1,800,576,000 $13,976 $924,044 <1% <1% $724,337 $98,163 

Ephrata (B) $2,476,959,000 $24,139 $1,482,318 <1% <1% $856,655 $366,284 
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Municipality 

Total Replacement 
Cost Value 

(Building and 
Contents) 

Estimated Total Damages* 
Percent of Total Building 

and Contents 
Estimated 

Residential 
Damage 

Estimated 
Commercial 

Damage 

Annualized Loss 500-Year Annualized Loss 500-Year 500-Year 500-Year 

Ephrata (T) $1,729,113,000 $17,509 $1,095,221 <1% <1% $726,785 $202,378 

Lancaster (C) $8,262,772,000 $83,131 $4,994,672 <1% <1% $3,331,923 $1,040,954 

Lancaster (C)-East Lampeter (T) $1,059,579,000 $10,786 $660,421 <1% <1% $430,760 $143,583 

Lancaster (C)-Manheim (T) $3,758,702,000 $38,579 $2,108,781 <1% <1% $705,589 $804,321 

Lancaster (C)-West Lampeter (T) $619,340,000 $6,132 $403,027 <1% <1% $332,549 $41,470 

Lancaster (T) $612,026,000 $5,731 $383,961 <1% <1% $325,288 $27,423 

Lancaster (T)-Millersville (B) $1,727,034,000 $16,558 $1,053,180 <1% <1% $900,391 $111,362 

Leacock (T) $775,791,000 $8,344 $505,843 <1% <1% $312,680 $109,783 

Lititz (B) $2,117,828,000 $20,348 $1,253,033 <1% <1% $772,341 $153,758 

Manheim (B) $894,777,000 $7,986 $496,253 <1% <1% $313,452 $94,987 

Manheim (T) $6,360,807,000 $61,756 $3,947,490 <1% <1% $2,910,687 $756,050 

Manor (T) $3,174,998,000 $30,065 $1,889,152 <1% <1% $1,378,175 $282,983 

Manor (T)-Millersville (B) $709,329,000 $7,083 $446,814 <1% <1% $394,077 $35,836 

Marietta (B) $381,645,000 $3,189 $198,194 <1% <1% $131,630 $27,153 

Martic (T) $627,819,000 $6,103 $404,484 <1% <1% $334,495 $31,961 

Millersville (B) $451,769,000 $4,949 $298,582 <1% <1% $243,562 $20,870 

Mount Joy (B)-Rapho (T) $1,429,747,000 $12,184 $782,324 <1% <1% $546,619 $142,224 

Mount Joy (T) $1,663,039,000 $13,129 $891,630 <1% <1% $665,105 $146,561 

Paradise (T) $751,377,000 $8,121 $505,958 <1% <1% $352,332 $94,964 

Penn (T) $1,728,870,000 $15,408 $990,726 <1% <1% $699,552 $193,157 

Pequea (T) $703,142,000 $6,920 $438,770 <1% <1% $339,943 $40,861 

Providence (T) $809,633,000 $8,542 $539,966 <1% <1% $426,726 $52,543 

Rapho (T) $1,796,999,000 $15,168 $1,009,134 <1% <1% $779,714 $106,776 

Sadsbury (T)-Christiana (B)-Bart 

(T) 
$934,056,000 $9,982 $644,810 <1% <1% $513,816 $63,132 

Salisbury (T) $1,280,883,000 $13,895 $911,086 <1% <1% $701,412 $108,981 

Strasburg (T)-Strasburg (B) $1,194,870,000 $12,374 $758,504 <1% <1% $528,669 $179,134 

Upper Leacock (T) $1,707,208,000 $17,667 $1,046,057 <1% <1% $594,367 
$188,801 
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Municipality 

Total Replacement 
Cost Value 

(Building and 
Contents) 

Estimated Total Damages* 
Percent of Total Building 

and Contents 
Estimated 

Residential 
Damage 

Estimated 
Commercial 

Damage 

Annualized Loss 500-Year Annualized Loss 500-Year 500-Year 500-Year 

Warwick (T) $3,253,969,000 $30,312 $1,962,240 <1% <1% $1,444,625 $314,293 

West Cocalico (T) $1,032,223,000 $9,179 $637,398 <1% <1% $497,673 $49,072 

West Donegal (T) $1,435,727,000 $11,006 $758,438 <1% <1% $639,635 $70,203 

West Earl (T) $1,368,975,000 $14,011 $863,694 <1% <1% $555,086 $160,108 

West Hempfield (T) $767,294,000 $6,700 $442,083 <1% <1% $363,689 $47,340 

West Lampeter (T) $2,398,229,000 $24,354 $1,483,940 <1% <1% $1,098,164 $232,961 

Lancaster County $91,338,494,000 $880,519 $55,147,632 <1% <1% $38,044,004 $9,799,650 

Source: HAZUS-MH 3.2 
Notes: 
Total amount is sum of damages for all occupancy classes (residential, commercial, industrial, agricultural, educational, religious, and government). 
As stated at the beginning of the vulnerability analysis, HAZUS-MH 3.2 generates results at the Census-tract level.  Boundaries of Census tracts are not always coincident with municipal boundaries 
in Lancaster County.  Results in the table are for Census tracts, with associated municipalities listed for each tract.  See Figure 4.3.2-7 for a visual breakdown of Census tracts.
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An estimated $55 million in damages would occur to buildings in the County during a 500-year earthquake 

event.  This takes into account structural damage, non-structural damage, and loss of contents, representing less 

than 1 percent of total replacement value for general building stock in Lancaster County (total replacement value 

within the County would exceed $91 billion).  Earthquakes can cause secondary hazard events such as fires.  

According to the HAZUS-MH earthquake model, no fires are anticipated as a result of the 500-Year MRP event. 

Impact on Critical Facilities 

After consideration of general building stock exposed to and damaged by each earthquake event, critical facilities 

were evaluated.  All critical facilities (essential facilities, transportation systems, lifeline utility systems, high-

potential loss facilities, and user-defined facilities) in Lancaster County are considered exposed and vulnerable 

to the earthquake hazard.  The Critical Facilities subsection of this HMP in Section 2 (County Profile) discusses 

the inventory of critical facilities in Lancaster County. 

HAZUS-MH 3.2 estimates the probability that critical facilities may sustain damage as a result of the 500-year 

MRP earthquake event.  Additionally, HAZUS-MH estimates percent functionality of each facility days after 

the event.  Table 4.3.2-10 (500-year MRP earthquake event) lists percent probabilities that critical facilities and 

utilities would sustain damages within the damage categories (column headings), and list percent functionalities 

after different numbers of days following those events (column headings).   

Table 4.3.2-10. Estimated Damage to and Loss of Functionality of Critical Facilities and Utilities in 

Lancaster County for the 500-Year MRP Earthquake Event 

Name 

Percent Probability of Sustaining Damage Percent Functionality 

None Slight Moderate Extensive Complete Day 1 Day 7 Day 30 Day 90 

Critical Facilities 

Medical 97 2 <1 <1 0 97 99 100 100 

Police 97 2-2.5 <1 <1 0 97 99 100 100 

Fire 97 2-2.5 <1 <1 0 97 99 100 100 

EOC 97 2-2.5 <1 <1 0 97 99 100 100 

School 97 2-2.5 <1 <1 0 97 99 100 100 

Utilities 

Potable 99 <1 <1 0 0 99-100 100 100 100 

Wastewater 99 <1 <1 0 0 99 100 100 100 

Electric 99 <1 <! 0 0 99-100 100 100 100 

Communication 99 <1 <! 0 0 100 100 100 100 

Source: HAZUS-MH 3.2 
Notes: EOC Emergency Operations Center 

Impact on Economy 

Earthquakes also impact the economy, causing loss of business function, damage to inventory, relocation costs, 

wage loss, and rental loss during repair or replacement of buildings.  A HAZUS-MH analysis estimated total 

economic loss associated with each earthquake scenario, including building- and lifeline-related losses (such as 

transportation and utility losses) based on available inventory (facility or geographic information system [GIS] 

point data only).  Direct building losses are estimated costs to repair or replace damages to buildings.  These 

losses are reported in the Impact on General Building Stock section presented earlier.  Lifeline-related losses 

include costs of direct repair to transportation and utility systems and are reported in terms of probability of 
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reaching or exceeding a specified level of damage caused by a given level of ground motion.  Additionally, 

economic loss includes business interruption losses associated with inability to operate a business as a result of 

damage sustained during the earthquake as well as temporary living expenses for those displaced.  These losses 

are discussed below. 

For a 500-year event, HAZUS-MH 3.2 estimates that the County would incur approximately $21.7 million in 

income losses (wage, rental, relocation, and capital-related losses) in addition to structural, non-structural, and 

content building stock losses ($55.4 million). 

The HAZUS-MH analysis did not take into account damage to roadway segments.  However, these features 

assumedly would undergo damage as a result of ground failure, and an earthquake event thus would interrupt 

regional transportation and distribution of materials.  According to HAZUS-MH Earthquake User Manual, losses 

to the community resulting from damages to lifelines could be much greater than costs of repair (FEMA 2015a). 

Earthquake events can significantly damage road bridges; this is important because they often provide the only 

access to certain neighborhoods.  Because softer soils can generally follow floodplain boundaries, bridges that 

cross watercourses should be considered vulnerable.  A key factor in degree of vulnerability is age of a facility, 

which helps indicate the standards the facility was built to achieve. 

HAZUS-MH Earthquake User’s Manual also estimates volume of debris that may be generated as a result of an 

earthquake event to enable the study region to prepare and rapidly and efficiently manage debris removal and 

disposal.  Debris estimates are divided into two categories: (1) reinforced concrete and steel that require special 

equipment to break up before transport, and (2) brick, wood, and other debris that can be loaded directly onto 

trucks with bulldozers (FEMA 2015a). 

Table 4.3.2-11 summarizes the estimated debris generated by the four earthquake scenarios in HAZUS-MH 4.0. 

Table 4.3.2-11. Estimated Debris Generated by 500-year MRP Earthquake Event 

Municipality 

Debris Type 

Brick/Wood 

(tons) 

Concrete/ Steel 

(tons) 

Eastern Bear Lake 264.8 61.0 

Lemhi 424.9 91.8 

Squaw Creek 280.4 70.6 

Borah Peak 311.0 73.2 

Source: HAZUS-MH 4.0 

Impact on the Environment 

Earthquakes can lead to numerous, widespread, and devastating environmental impacts.  These impacts may 

include but are not limited to: 

• Induced flooding or landslides 

• Poor water quality 

• Damage to vegetation 

• Breakage in sewage or toxic material containments 

 

Secondary impacts can include train derailments, roadway damages, spillage of hazardous materials (HazMat), 

and utility interruption. 
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Future Growth and Development 

As discussed in Section 2.4 of this HMP, areas targeted for future growth and development have been identified 

across the County.  Human exposure and vulnerability to earthquake impacts in newly developed areas are 

anticipated to be similar to those current within the County.  Current building codes require seismic provisions 

that should render new construction less vulnerable to seismic impacts than older, existing construction that may 

have been built to lower construction standards. 

Effect of Climate Change on Vulnerability 

Impacts of global climate change on earthquake probability are unknown.  Some scientists say that melting 

glaciers could induce tectonic activity.  As ice melts and water runs off, tremendous amounts of weight are 

shifted on the Earth’s crust.  As newly freed crust returns to its original, pre-glacier shape, it could cause seismic 

plates to slip and stimulate volcanic activity, according to research into prehistoric earthquakes and volcanic 

activity.  National Aeronautics and Space Administration (NASA) and USGS scientists found that retreating 

glaciers in southern Alaska might be opening the way for future earthquakes (NASA 2004). 

Secondary impacts of earthquakes could be magnified by climate change.  Soils saturated by repetitive storms 

could undergo liquefaction during seismic activity as a result of the increased saturation.  Dams storing increased 

volumes of water as a result of changes in the hydrograph could fail during seismic events.  No current models 

are available to estimate these impacts. 

Additional Data and Next Steps 

Ground shaking is the primary cause of earthquake damage to man-made structures, and soft soils amplify 

ground shaking.  One contributor to site amplification is velocity at which rock or soil transmits shear waves (S-

waves).  The NEHRP developed five soil classifications defined by their shear-wave velocity that alter severity 

of an earthquake.  These soil classifications range from A to E, whereby A represents hard rock that reduces 

ground motions from an earthquake and E represents soft soils that amplify and magnify ground shaking and 

increase building damage and losses.  When this soil information becomes available, it may be incorporated into 

HAZUS-MH to further refine the County’s vulnerability assessment. 

A HAZUS-MH earthquake analysis was conducted for Lancaster County by use of the default model data.  

Additional data needed to further refine and enhance the County’s vulnerability assessment includes 

identifications of unreinforced masonry critical facilities and privately-owned buildings (i.e., residences) via 

local knowledge and/or pictometry/orthophotos.  Use of soil type data can also lead to more accurate estimates 

of potential losses to the County.  These buildings may not withstand earthquakes of certain magnitudes and 

plans to provide emergency response/recovery efforts for these properties can be established.  Further mitigation 

actions include training of County and municipal personnel to provide post-hazard event rapid visual damage 

assessments, increase of County and local debris management and logistic capabilities, and revised regulations 

to prevent additional construction of non-reinforced masonry buildings. 


