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Tornados are nature’s most violent storms and can cause fatalities and devastate neighborhoods in seconds.  A tornado 

appears as a rotating, funnel-shaped cloud that extends from a thunderstorm to the ground with whirling winds that 

can reach 250 mph.  Damage paths can be greater than 1 mile wide and 50 miles long.  Tornados typically develop from 

either a severe thunderstorm or hurricane as cool air rapidly overrides a layer of warm air.  Tornados typically move at 

speeds between 30 and 125 mph, and can generate internal winds exceeding 300 mph.  The lifespan of a tornado rarely 

is longer than 30 minutes (FEMA 1997).   

High wind velocity and wind-blown debris, along with lightning or hail, cause the damage from tornados.  Destruction 

from tornados depends on the size, intensity, and duration of the storm.  Tornados cause the greatest damage to 

structures that are light, such as residential and mobile homes (Northern Virginia Regional Commission [NVRC] 2006). 

Location and Extent 

Tornadoes can occur throughout Schuylkill County though events are usually localized.  However, severe thunderstorms 

that cover a larger geographic area may result in conditions favorable to the formation of numerous or long-lived 

tornadoes.  Tornadoes can occur at any time during the day or night, but are most frequent during late afternoon into 

early evening, the warmest hours of the day.  These events are most likely to occur during the spring and early summer 

months of March through June when these conditions are prevalent (PEMA 2013).   

Tornado movement is characterized in two ways: direction and speed of spinning winds, and forward movement of the 

tornado, also known as the storm track.  The forward motion of the tornado path can be a few hundred yards or several 

hundred miles in length.  The width of tornadoes can vary greatly, but generally range in size from less than 100 feet to 

over a mile in width.  Some tornadoes never touch the ground and are short-lived, while others may touch the ground 

several times. Straight-line winds and windstorms occur on a region-wide scale (PEMA 2013).  While such winds usually 

accompany tornadoes, straight-lined winds are caused by the movement of air from areas of higher pressure to areas 

of lower pressure.  Stronger winds are the result of greater differences in pressure.  Windstorms are generally defined 

with sustained wind speeds of 40 mph or greater lasting for one hour or longer, or winds of 58 mph or greater for any 

duration. 

While the extent of tornado damage is usually localized, extreme winds of this vortex can be among the most 

destructive on Earth when they move through populated, developed areas. The Commonwealth of Pennsylvania 

underwent an average of 15 tornado events annually between 1981 and 2010. Figure 4.3.10-1 shows the annual 

average number of tornadoes between 1981 and 2010 (Johns et. al. 2011).  The Commonwealth of Pennsylvania 

experienced an average of 15 tornado events annually. 
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Figure 4.3.10-1.  Annual Average Number of Tornadoes in the United States, 1981 to 2010 

The NSSL used historical data to estimate the daily probability of tornado occurrences across the United States, without 

considering the magnitude of the tornado; refer to Figure 4.3.10-2.  In Pennsylvania, it is estimated that the probability 

of a tornado occurring is 0.2 to 0.8 day per year.  In Schuylkill County, it is estimated that the probability of a tornado 

occurring is 0.4 to 0.8 day per year (NSSL 2013). 
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Figure 4.3.10-2.  Total Annual Threat of Tornado Events in the United States, 1980-1999 

Source: NSSL 2013 
Notes: The mean number of days per year with one or more events within 25 miles of a point is shown here.  The fill 

interval for tornadoes is 0.2, with the purple starting at 0.2 day.  For the non-tornadic threats, the fill interval 
is 1, with the purple starting at 1.  For the significant (violent) threats, it is 5 days per century (millennium). 
The black arrow indicates the general location of Schuylkill County.

Range of Magnitude 

Magnitude or severity of a tornado was originally categorized according to the Fujita Scale (F Scale) or the Pearson 

Fujita Scale introduced in 1971, based on a relationship between the Beaufort Wind Scales (B-Scales) (measure of wind 

intensity) and the Mach number scale (measure of relative speed).  The F Scale is used to rate the intensity of a tornado 

by examining the damage caused by the tornado after it has passed over a man-made structure (Tornado Project Date 

Unknown).  The F Scale categorizes each tornado by intensity and area and is divided into six categories—F0 (Gale) to 

F5 (Incredible) (Edwards 2013). 

Although the F Scale has been in use for more than 30 years, it has limitations.  The primary limitations are lack of 

Damage Indicators (DI), no account of construction quality and variability, and no definitive correlation between 

damage and wind speed.  These limitations have led to inconsistent rating of tornados and, in some cases, 

overestimates of tornado wind speeds.  The limitations encouraged and induced development of the Enhanced Fujita 

Scale (EF Scale).  The Texas Tech University Wind Science and Engineering (WISE) Center, along with a forum of 

nationally renowned meteorologists and wind engineers from across the country, developed the EF Scale (NWS 2016). 

The EF Scale became operational on February 1, 2007.  It is used to assign tornados a rating based on estimated wind 

speeds and related damage.  When tornado-related damage is surveyed, it is compared to a list of DIs and Degrees of 
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Damage (DOD), which help better estimate the range of wind speeds produced by the tornado.  From that, a rating is 

assigned, similar to that of the F Scale, with six categories from EF0 to EF5, representing increasing degrees of damage.  

The EF Scale was revised from the original F Scale to reflect better examinations of tornado damage surveys.  This scale 

was developed with consideration to the designs of most structures (NWS 2016).  Table 4.3.10-2 details each of the six 

categories of the EF Scale.   

Table 4.3.10-2.  Enhanced Fujita Damage Scale 

EF Scale 
Number 

Intensity 
Phrase 

Wind Speed 
(mph) Type of Damage Done 

EF0 
Light 

tornado 
65–85 

Light damage. Peels surface off some roofs; some damage to gutters or siding; 
branches broken off trees; shallow-rooted trees pushed over. 

EF1 
Moderate 
tornado 

86-110 
Moderate damage. Roofs severely stripped; mobile homes overturned or badly 
damaged; loss of exterior doors; windows and other glass broken. 

EF2 
Significant 

tornado 
111-135 

Considerable damage. Roofs torn off well-constructed houses; foundations of 
frame homes shifted; mobile homes destroyed; large trees snapped or uprooted; 
light-object missiles generated; cars lifted off ground. 

EF3 
Severe 

tornado 
136-165 

Severe damage. Entire stories of well-constructed houses destroyed; severe 
damage to large buildings such as shopping malls; trains overturned; trees 
debarked; heavy cars lifted off the ground and thrown; structures with weak 
foundations blown away some distance. 

EF4 
Devastating 

tornado 
166-200 

Devastating damage. Well-constructed houses and whole-frame houses 
completely leveled; cars thrown, and small missiles generated. 

EF5 
Incredible 
tornado 

>200 

Incredible damage. Strong-frame houses leveled off foundations and swept away; 
automobile-sized missiles fly through the air over distances exceeding 100 meters 
(109 yards); high-rise buildings undergo significant structural deformation; 
incredible phenomena occur.  

Source:   NWS 2016   Note:  mph =  Miles per hour 

The EF Scale takes into account more variables than the original F Scale in assigning a wind speed rating to a tornado.  

The EF Scale incorporates 28 DIs, such as building type, structures, and trees.  There are eight DODs for each DI, ranging 

from the beginning of visible damage to complete destruction of the DI.  Table 4.3.10-4 lists the 28 DIs, with a 

description of construction typical for each DI.  Each DOD in every category is assigned an estimated expected wind 

speed, a lower boundary of wind speed, and an upper boundary of wind speed.   

Table 4.3.10-4.  EF Scale Damage Indicators 

Number  Damage Indicator Abbreviation Number  Damage Indicator Abbreviation 

1 
Small barns, farm 

outbuildings 
SBO 15 

School – 1-story 
elementary (interior 

or exterior halls) 
ES 

2 
One- or two-family 

residences 
FR12 16 

School – junior or 
senior high school 

JHSH 

3 
Single-wide mobile 

home  
MHSW 17 

Low-rise (1-4 story) 
building 

LRB 
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Number  Damage Indicator Abbreviation Number  Damage Indicator Abbreviation 

4 
Double-wide mobile 

home 
MHDW 18 

Mid-rise (5-20 story) 
building 

MRB 

5 

Apartment, 
condominium, 

townhouse (3 stories 
or less) 

ACT 19 
High-rise (over 20 

stories) 
HRB 

6 Motel M 20 

Institutional building 
(hospital, 

government. or 
university) 

IB 

7 
Masonry apartment 

or motel 
MAM 21 

Metal building 
system 

MBS 

8 
Small retail building 

(fast food) 
SRB 22 

Service station 
canopy 

SSC 

9 
Small professional 

(doctor office, 
branch bank) 

SPB 23 
Warehouse (tilt-up 

walls or heavy 
timber) 

WHB 

10 Strip mall SM 24 
Transmission line 

tower 
TLT 

11 Large shopping mall LSM 25 Free-standing tower FST 

12 
Large, isolated ("big 
box") retail building 

LIRB 26 
Free-standing pole 

(light, flag, luminary) 
FSP 

13 
Automobile 
showroom 

ASR 27 Tree – hardwood TH 

14 
Automotive service 

building 
ASB 28 Tree – softwood TS 

Events after February 2007 are classified based on the EF Scale. Previous occurrences and losses associated with 

historical tornado events described below are classified based on the F Scale.   

Wind speed zones developed by the American Society of Civil Engineers based on information including 40 years of 

tornado history and over 100 years of hurricane history.  It identifies wind speeds that could occur across the United 

States to be used as the basis for design and evaluation of the structural integrity of shelters and critical facilities.  

According to Figure 4.3.6-1 (Hurricane and Windstorm), Schuylkill County falls within Zones II and III, meaning design 

wind speeds for shelters and critical facilities should be able to withstand a 3-second gust up to 200 mph, regardless of 

whether the gust is the result of a tornado, hurricane, tropical storm, or windstorm event.  Therefore, these structures 

should be able to withstand speeds experienced in an EF4 tornado.   

Past Occurrence 

Tornadoes have occurred in all seasons and all regions of Pennsylvania, but the northern, western, and southeastern 

portions of the Commonwealth have been struck more frequently.  Between 2012 and 2017, there were no reported 

tornado events that occurred in Schuylkill County according to NOAA’s National Climatic Data Center (NCDC).  Prior to 

that, the most recently reported tornado activity was on May 26, 2011, when severe weather produced a total of six 

tornadoes across Pennsylvania.  A NWS survey team confirmed a long-track EF 1 tornado via PSP helicopter. The track 

extended from approximately a half mile west of Cressona in North Manheim Township, 17 miles to one-mile northeast 
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of Kepner in West Penn Township. During this event, approximately 20 residential homes, 12 barns and outbuildings, 

and 1,000 trees were damaged. Approximately $250,000 in property damage occurred, but there were no reported 

injuries or fatalities (Schuylkill 2013).  

According to NOAA’s NCDC, there were 13 recorded tornadoes in Schuylkill County between 1950 and 2017.  These 

events included four tornados with an intensity of F/EF0, seven tornados with an intensity of F/EF1, and two tornados 

with an intensity of F/EF2.  The total estimated damage caused by these events was $3,105,000 (NCDC 2018). 

Future Occurrence 

Using events collected between 1950 and 2002, Figure 4.3.10-5 shows the number of total tornado events per square 

mile across Pennsylvania from the State Climatologist.  The figure shows that a majority of Schuylkill County 

experienced a lower frequency of tornado events than the southern portions.   

Figure 4.3.10-5.  Total Tornado Events Per Square Mile in Pennsylvania 

Source: Pennsylvania State Climatologist 2016 

For the 2019 HMP update, the most up-to-date historic data was collected to calculate the probability of future 

occurrence of tornado and windstorm events for Schuylkill County.  Information from NOAA-NCEI storm events 

database, the Pennsylvania State Climatologist, the 2013 Schuylkill County HMP, and the Storm Prediction Center were 

used to identify the number of tornado events that occurred between 1950 and 2017. Table 4.3.10-5 presents the 

probability of future occurrence of tornado events in Schuylkill County.   
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4.3.10-5.  Probability of Future Tornado and Windstorm Events 

Hazard Type 

Number of 
Occurrences 

Between 1950 and 
2017 

Rate of Occurrence 
or 

Annual Number of 
Events (average) 

Recurrence Interval 
(in years) 

(# Years/Number of 
Events) 

Probability of 
Event in any 
given year 

Percent chance of 
occurrence in any 

given year 

Tornado 
(all scales) 

13 0.19 5.23 0.19 19.1% 

Sources: NOAA-NCEI 2017 

In Section 4.4, the identified hazards of concern for Schuylkill County were ranked according to relative risk.  The 

probability of occurrence for tornado events impacting Schuylkill County is considered ‘unlikely’ (less than 1-percent 

annual probability) as defined by the Risk Factor Methodology probability criteria (Section 4.4).   

VULNE RA BI LITY  ASSE SSMEN T

To understand risk, a community must evaluate assets exposed and vulnerable within the identified hazard area.  The 

following section discusses potential impacts of the tornado hazard on Schuylkill County, including:  

 Impacts on (1) life, health, and safety; (2) general building stock and critical facilities; (3) the economy; (4) the 

environment; and (5) future growth and development 

 Effect of climate change on vulnerability 

 Further data collections that will assist in understanding this hazard over time. 

A qualitative assessment on potential impacts to life, health and safety; buildings, critical facilities and the economy are 

summarized below.  Refer to Section 4.3.6 (Hurricane and Windstorm) for further details on estimated potential losses 

as a result of the 100- and 500-year mean return period wind events using HAZUS-MH. 

Impact on Life, Health, and Safety 

Impacts of a tornado or windstorm on life, health, and safety depend on several factors, including severity of the event 

and whether adequate warning time was provided to residents.  All residents in Schuylkill County are exposed to the 

tornado hazard. 

Residents may be displaced or require temporary to long-term sheltering.  In addition, downed trees, damaged 

buildings, and debris carried by high winds can lead to injury or loss of life.  Similar to other natural hazards, 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.  Economically disadvantaged 

populations are more vulnerable because they are likely to evaluate their risk and make decisions based on the major 

economic impact on their family and may not have funds to evacuate.  The population over the age of 65 is also more 

vulnerable and, physically, they may have more difficulty evacuating.  The elderly are considered most vulnerable 

because they require extra time or outside assistance during evacuations and are more likely to seek or need medical 

attention that may not be available due to isolation during a storm event. Section 2 (County Profile) presents the 

statistical information regarding these populations in the County.
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Impact on General Building Stock and Critical Facilities 

While the chance of being hit by a tornado is small, the damage that results when the tornado arrives is devastating.  

An F4 tornado can carry wind velocities of 200 mph, resulting in a force of more than 100 pounds per square foot of 

surface area.  This is a “wind load” that exceeds the design limits of most buildings.   

The entire County’s building stock and critical facilities are exposed to the tornado hazard. Manufactured housing (i.e. 

mobiles homes) is particularly vulnerable to high winds and tornadoes.  The U.S. Census Bureau defines manufactured 

homes as “movable dwellings, 8 feet or wider and 40 feet or more long, design to be towed on its own chassis, with 

transportation gear integral to the unit when it leaves the factory, and without need of a permanent foundation 

(Census, 2010).”  They can include multi-wides and expandable manufactured homes but exclude travel trailers, motor 

homes, and modular housing.  Due to their light-weight and often unanchored design, manufactured housing is 

extremely vulnerable to high winds and will generally sustain the most damage.   

Table 4.3.10-6 displays the number of manufactured housing units per municipality in Schuylkill County.   

Table 4.3.10-6.  Manufactured Housing Units per Municipality in Schuylkill County 

Municipality Number of Manufactured Homes 

Ashland Borough 21 

Auburn Borough 14 

Barry Township 38 

Blythe Township 24 

Branch Township 17 

Butler Township 59 

Cass Township 45 

Coaldale Borough 5 

Cressona Borough 6 

Deer Lake Borough 3 

Delano Township 8 

East Brunswick Township 60 

East Norwegian Township 31 

East Union Township 40

Eldred Township 20

Foster Township 10

Frackville Borough 20

Frailey Township 13

Gilberton Borough 30

Girardville Borough 10

Gordon Borough 6

Hegins Township 70

Hubley Township 41

Kline Township 34
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Municipality Number of Manufactured Homes 

Landingville Borough 3

Mahanoy City Borough 1

Mahanoy Township 28

McAdoo Borough 1

Mechanicsville Borough 2

Middleport Borough 6

Minersville Borough 4

Mount Carbon Borough 0

New Castle Township 8

New Philadelphia Borough 4

New Ringgold Borough 2

North Manheim Township 98

North Union Township 57

Norwegian Township 20

Orwigsburg Borough 6

Palo Alto Borough 16

Pine Grove Borough 19

Pine Grove Township 188

Port Carbon Borough 20

Port Clinton Borough 4

Porter Township 73

Pottsville City 5

Reilly Township 11

Ringtown Borough 3

Rush Township 57

Ryan Township 37

Saint Clair Borough 5

Schuylkill Haven Borough 75

Schuylkill Township 19

Shenandoah Borough 5

South Manheim Township 28

Tamaqua Borough 13

Tower City Borough 15

Tremont Borough 30

Tremont Township 16

Union Township 87

Upper Mahantongo Township 18

Walker Township 15

Washington Township 130
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Municipality Number of Manufactured Homes 

Wayne Township 252

West Brunswick Township 99

West Mahanoy Township 58

West Penn Township 316

Schuylkill County 2,479 

Source: Schuylkill County 2018 

According to the 2018 State HMP, there are wind speed zones developed for the design of tornado shelters; refer to 

Figure 4.3.10-6.  As displayed, Schuylkill County is located in wind speed zones II and III, meaning design wind speeds 

for shelters and critical facilities should withstand 3-second gusts up to 200 mph, regardless if the wind is from a 

tornado, hurricane, tropical storm or windstorm event.  It should be noted that these windspeeds represent the 

strongest anticipated throughout the Commonwealth and are not the normal wind speeds expected statewide (PEMA 

2018). 

Figure 4.3.10-6.  Design Wind Speeds for Tornado Shelters 

Source: PEMA 2018 

Impact on Economy 

Tornados also impact the economy, including loss of business function (e.g., tourism, recreation), damage to 

inventory, relocation costs, and wage loss and rental loss due to repair/replacement of buildings.  Impacts on 
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transportation lifelines affect both short-term (e.g., evacuation activities) and long-term (e.g., day-to-day 

commuting and goods transport) transportation needs.  Utility infrastructure (power lines, gas lines, electrical 

systems) could sustain damage, and impacts could result in loss of power, which can affect business operations 

and provision of heating or cooling to the population.   

Impact on the Environment 

Tornado events are typically localized; therefore, environmental impacts are rarely widespread.  Severe damage to 

plant species is likely from both tornado and windstorm events.  This includes uprooting or total destruction of trees, 

and increased threat to wildfire in areas of tree debris. 

Future Growth and Development 

As discussed in Section 2 (County Profile), areas targeted for future growth, development and re-development have 

been identified across Schuylkill County.  Any areas of growth could be affected by the tornado and windstorm hazard 

because the entire County is exposed and potentially vulnerable to the wind hazard.  Residential development, 

specifically manufactured homes, may be considered more vulnerable to the tornado hazard.  

Effect of Climate Change on Vulnerability 

An increase in storms will produce more wind events and may increase tornado activity.  Additionally, an increase in 

temperature will provide more energy to produce storms that generate tornadoes (Climate Central 2016).  With an 

increased likelihood of strong winds and tornado events, all of the County’s assets will experience additional risk for 

losses as a result of extreme wind events. 

Additional Data and Next Steps 

In time, HAZUS-MH will be released with modules that address straight-line wind and tornado events.  As updated 

versions of HAZUS-MH are released, the County can run analyses for an overall picture of the wind damages and debris 

generated from tornado events. Over time, Schuylkill County can obtain additional data to support the analysis of this 

hazard.  Data that will support the analysis would include additional detail on past hazard events and impacts, and an 

updated building inventory to include specific building information such as type of construction and details on 

protective features (for example, shutters and safe rooms).   


