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Abstract 

 The Ohio Seismic Network (OhioSeis) was founded in 1999; this study was conducted to 

look in to the possibilities of working with the available data from their online database and to 

familiarize others with the procedures behind finding magnitudes of earthquakes based on a 

seismogram.   To study these possibilities, the data, the seismogram viewer and magnitude 

calculation program will be tested for accuracy. 

 To educate those unfamiliar with the Ohio Seismic Network, a walkthrough of the 

stations will be given and data will be analyzed as an example to help better understand the 

process that goes with analyzing a seismic record.  The goal at the end of the walkthrough is for 

anyone to be able to step in and calculate the magnitude of any given event available on the 

database and understand what that calculation means. 

 To test the data of the database, seismograph data will be collected and analyzed using 

the same methods used by the volunteers who work for Ohioseis.  The results of this test will 

display any possible problems with the data, acquisition process, data manipulation, or 

calculation process.  Data suggest that there are problems within the processes of calculating 

magnitudes of earthquakes in Ohio, and that more investigation is necessary in order to 

overcome these inconsistencies. 
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Introduction 

In the past Ohio hasn’t been viewed as a seismically active state solely due to its lack of active 

fault zones and damaging earthquakes, but an increase in media coverage, seismic technology and 

research funding in the past 20 years has brought seismicity to the forefront in Ohio.  Ohio experiences 

earthquakes that are usually around magnitude 2.0 or 3.0, which sometimes are not noticed by the public.  

But when the proper seismic equipment is available, there are endless studies to be done with the signals 

recorded.  These studies can help make the state more prepared or safe for an earthquake, or even help 

predict the next big quake. 

 Since 1776, the people of Ohio have felt more than 200 earthquakes, with 15 of those causing 

damage that was reported.  The largest ever recorded earthquake in Ohio occurred in 1937 in Shelby 

County, registering as a 5.4 magnitude and causing damage to many buildings in surrounding areas 

(Hansen, 2000).  Because of significant historical events such as those in Ohio and others like the New 

Madrid earthquakes of 1811-12, people must be made aware of the damage an earthquake as strong as the 

New Madrid quakes could cause (USGS, 2012). 

The New Madrid Earthquakes were in the 7.0 to 8.0 magnitude range and caused uplift of ground 

in the region affected.  In the three month period of the three main shocks, it was said that there were 

around 1800 earthquakes of magnitude 3 or 4 in the area due to the massive release of stress in the 

bedrock (USGS, 2012).  An event such as this occurring in Ohio would be sure to cause a substantial 

amount of damage across the state. 

Through the founding of the Ohio Seismic Hazards Advisory Board, the state of Ohio was given 

a committee to oversee the creation of the Ohio Seismic Network, which was not implemented until 1999 

(Hansen, 2000).  The Ohio Seismic Network was created to monitor the seismicity of the state and gain 

knowledge of the quakes that shake Ohio intermittently. 
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  To begin studying these earthquakes, the Ohio Seismic Hazards Advisory board initiated the 

Ohio Seismic Network in January 1999 with a series of 27 seismometer stations (Figure 1) located across 

the state that record seismic activity continuously.  The network is monitored by a series of volunteers at 

different locations around the state, more stations being abundant in areas of high seismicity or those with 

ideal recording environments (Hansen, 2000).   

The Ohio Seismic Network is operated out of the Ohio Earthquake Information Center at Alum 

Creek State Park.  See Figures 1 and 2 for the locations and identifiers of each of the seismic stations.  

Figure 3 shows the epicenters for Ohio’s earthquakes.  Notice stations are placed in areas of the most 

active seismicity to better monitor and triangulate earthquakes in those areas (Hansen, 2000) 
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Figure 1.  Locations of Ohio Seismic Network Stations. Notice the even spread of stations required for 

good coverage of the state, allowing for at least three stations to record each event so seismologists can 

collect wave data.  To get more accurate readings in active seismic areas, stations have been concentrated 

in those areas more abundantly to better monitor events.  Image courtesy of the Ohio Seismic Network:  

http://www.dnr.state.oh.us/tabid/8278/Default.aspx (5/17/2012) 

http://www.dnr.state.oh.us/tabid/8278/Default.aspx
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Figure 2.  Stations for accessing data.  Seen by clicking on “Station Data” on the Ohio Seismic Network 

website at http://www.dnr.state.oh.us/geosurvey/tabid/8195/Default.aspx (5/17/2012) 

http://www.dnr.state.oh.us/geosurvey/tabid/8195/Default.aspx
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Figure 3.  Epicenter locations of Ohio and adjacent area earthquakes.  Image from Ohio Division of 

Natural Resources, at http://www.dnr.state.oh.us/geosurvey/html/earthmap/tabid/8291/default.aspx 

(5/17/2012) 

  

http://www.dnr.state.oh.us/geosurvey/html/earthmap/tabid/8291/default.aspx
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The Seismic Stations 

  Each seismograph station houses a seismometer, an analog-to-digital board, a Global 

Positioning System (GPS) receiver and a few computers to process seismic records. The software 

used depends on the type of information one wants from the data, so computers are often 

installed with multiple seismic data analysis programs to choose from. 

The seismometer is the device used to sense vibrations at or below the surface of the 

Earth.  Here in Ohio, these vibrations can be from different sources, whether it be a mine blast, 

movement of a bedrock fault, post-glacial settling, or induced seismicity due to fracking or 

subsurface pumping.  The seismometers the Ohio Division of Natural Resources uses to monitor 

the state were purchased by the Division of Geological Survey as part of the National Earthquake 

Hazards Reduction Program.   

Seismometers measure ground motion and send this information to be viewed and 

manipulated on a computer.  The brand of seismometer used by Ohioseis is the Engineering 

Accoustics, Inc., S102 broadband seismometer.  They cost around $1,650 and were purchased by 

the Division of Geological Survey as part of the National Earthquake Hazards Reduction 

Program.  This type of seismometer is designed to be used in a ground surface setting as opposed 

to those used beneath the surface; the S102 has been designed with a dampening system to 

cancel out human prompted seismic noise (Hansen, 2000). 

The seismometer takes an analog reading through an electronic voltage sensor; this signal 

is switched over to a digital signal that can be read by various types of computer software.  The 

Ohio Seismic Network uses a 16-bit analog-to-digital board from National Instruments, Inc. to 

transfer the signal and send it to a linked computer for viewing and analysis (Hansen, 2000).   
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Seismicity of Ohio 

Intraplate seismicity refers to seismic activity within a crustal plate, as opposed to seismicity at 

the margins of the plate. Here in Ohio bedrock faults are the main cause of intraplate seismicity, releasing 

tremors between 2.0 and 5.0 in magnitude throughout the state.  Intraplate seismicity often occurs in areas 

of high stress in ancient bedrock faults with contacts marked by magnetic and gravity anomalies in the 

bedrock.  This stress builds up and eventually overcomes the strength of the crustal rocks to release built 

up energy in propagating waves.   

In an earthquake, the built up energy released by bedrock faulting is transferred in two different 

types of wave structures, surface and body waves.  Body waves fall in to two separate categories, Primary 

waves and Secondary waves.  The Primary or P waves are compressional body waves that travel at a rate 

of around 3.8 miles per second.  Secondary (S) waves are shear waves that travel just behind the P waves, 

at about 2.2 miles per second.  Depending on the distance from the epicenter to the Ohioseis station in 

question, the magnitude can be calculated based on surface wave amplitudes, whereas the arrival times of 

the two types of body waves constrain the epicentral distance and location of the earthquake (Hansen, 

2009) 

 Earthquakes are classified in strength by a logarithmic magnitude scale.  Magnitude is a 

measurement of the energy released by and earthquake.  An increase by a value of one means the ground 

movement or amplitude of wave amplitude increases by a factor of 10.  An increase of the same value 

means that the energy released by the quake increases by a factor of 31.  So for example, a magnitude 5 

earthquake causes 10 times greater wave amplitude and releases 31-times the energy of a magnitude 4 

earthquake.  At the same time, an increase of two on the magnitude scale will cause 100-times the wave 

amplitude and 961-times the energy released by the quake (Hansen, 2009).  
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Methodology 

Data Acquisition 

When downloading a seismogram, a specific event must be picked and the time of that event 

must be known before locating the seismogram amongst the seismic data available in the Ohio Seismic 

Network’s online database.  If an event time isn’t known, it is virtually impossible to locate a seismic 

record for an earthquake in the database.  When monitoring earthquakes employees must check records 

regularly or receive reports from people who have felt quakes to pick up on when an event may have 

occurred. 

First to pick an earthquake for analysis, a complete list of quakes either recorded or historically 

reported is available on the OhioSeis site.  The home page can be found at 

http://www.dnr.state.oh.us/tabid/8144/Default.aspx , and the link to the lists of earthquakes can be found 

on the right hand side of the page listed as “Ohio Quakes List and Maps.”  Here one will find various 

maps and lists of earthquakes dating back to the summer of 1776.   

By clicking on the various ranges of years (Figure 4), the lists of various earthquakes display the 

data acquired for the events.  Quakes with data displayed as links have a recorded seismic record and a 

webpage with information on the earthquake.  These links can be followed to obtain information and 

maps on the earthquake, but all that is important in terms of retrieving the data from the FTP (File 

Transfer Protocol) site is the time (in Universal Time) of the event, which can be accessed from the lists 

of quakes available by clicking on the ranges of years (Figure 4). 

After clicking a range of years, simply note the time of the quake of interest.  When downloading 

the data, files are labeled according to the station abbreviation and time of the record in question.  For 

example, the label aKSUOZIP2011.12.31.20 means that the record is from the station at Kent State 

http://www.dnr.state.oh.us/tabid/8144/Default.aspx
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University in Portage County and was recorded in 2011, on December 31
st
, during the 20

th
 hour of the day 

in UTC, meaning the earthquake occurred between 20:00 and 1:00 UTC.   

From the list of stations, pick a station and click the year in question.  From here choose the 

month, then the day, then the hour of the known earthquake.  At this point the window should appear as 

shown in Figure 5.  By right clicking the link for the corresponding timeframe and choosing “Save link 

as…” the data for the seismogram will be downloaded and saved to the location selected by the user.  It is 

most convenient to save the data in a folder on the desktop so it is easily accessible.  At least three good 

records from separate stations must be found to accurately calculate the epicenter location and magnitude 

of an event.  The file downloaded is in a simple text form (.txt) and can be opened in any web browser for 

viewing.   

The data for the continuously recorded seismograms can be found organized on the Ohio Seismic 

Network website at http://www.dnr.state.oh.us/tabid/8144/Default.aspx and obtained by clicking the Link 

for “Station Data” on the right side of the page to open the list of stations holding the data.  From this list 

one can select a specific station to look at the data.  The data are available from the FTP to users off-site.  

Clicking a station link opens the FTP site for that station; as an example, the FTP site home for the station 

at Kent State University is shown in Figure 6. 

Not only does the database allow viewers to download available seismogram data for 

earthquakes, it provides the epicenter, magnitude, magnitude type, intensity, county, and data source for 

the event acquired by OhioSeis.  

 

http://www.dnr.state.oh.us/tabid/8144/Default.aspx
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Figure 4.  Snapshot of links available to access data on the Ohio Seismic Network Site at 

http://www.dnr.state.oh.us/tabid/8302/Default.aspx (5/17/2012) 

http://www.dnr.state.oh.us/tabid/8302/Default.aspx
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Figure 5.  FTP site for Kent State Seismic Station for December(12), 31
st
, 2011.  Notice how the date is 

formatted (Year.Month.Day.Hour).  By right clicking the corresponding link for the 20
th
 hour (at the 

bottom), and selecting “save link as…” the file is downloaded for that hour and saved to the specified 

location on the computer.  Image URL: 

http://ohioseis.geology.kent.edu/Data/2011/2011.12/2011.12.31/ (5/17/2012) 

 

 

 

http://ohioseis.geology.kent.edu/Data/2011/2011.12/2011.12.31/
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Figure 6.  FTP site home for the Ohio Seismic Network Station at Kent State University.  Each Station 

has its own FTP page with available seismic data.  FTP site found at http://ohioseis.geology.kent.edu/ 

(5/17/2012) 

  

http://ohioseis.geology.kent.edu/
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Software Procedures:  Magnitude Calculation 

 Every Ohio Seismic Network Station is equipped with a computer with a collection of 

seismic analysis programs installed on it.  The program Winquake is said to be the most efficient 

for data viewing and analysis by volunteers at OhioSeis.  After data are collected, digitized, and 

organized in to the database they can be viewed using the seismogram viewer Winquake.  

Winquake is a program for viewing and analyzing seismograms created in 2011 by Larry 

Cochrane, of Webtronics.   

Winquake is openly available for free download from Cochrane’s website at 

http://psn.quake.net/software.html.  Winquake is used to study the wave arrivals and amplitudes 

from tremors observed by the Ohio Seismic Network.  Winquake works to organize and view 

downloaded seismograms for simple analysis by volunteers who operate the network stations.   

Once Winquake is downloaded and installed, it can be opened to an ‘Open File’ window 

holding a few example events.  To see any data downloaded from the Ohio Seismic Network 

database one must specify the directory by clicking Directory…, which will open the window as 

seen in Figure 7. When the folder is selected that the record is saved in check the box next to 

‘Save as default’ and then click the Ok button.  The user must take care that the seismic record 

downloaded is in the folder selected as the directory 

The seismic data downloaded should now appear in the window sorted by station.  To 

sort by time simply click the ‘UTC Time’ tab at the top of the column.  To open a dataset, double 

click it, which will open a window that appears as shown in Figure 8 below.  

 The data initially viewed commonly exhibit excessive background noise due to traffic, 

building vibrations, or other nearby sources of low-level vibrations.  Sometimes the background 

http://psn.quake.net/software.html
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noise is so strong it hides the seismic event.  To deal with this, Winquake is equipped with a 

filtering tool.   

To see what this filtering tool does, a Fast Fourier Transform (FFT) algorithm must be 

applied to the data so it can be seen in terms of frequency and period.  This is done by selecting 

the Full FFT ( Ctrl + F) option listed under Full in the FFT… portion of the Calculate pull down 

tab at the top of the Winquake window. This will open the window seen in Figure 9. 

To get rid of the background noise a High-Pass filter can be applied to each seismic 

record downloaded.  A High-Pass filter allows high-frequency wave data to pass through the 

filter, and reduces the amplitude of the low-frequency wave data.  This filter causes the 

transformation in data seen by comparing Figures 9 and 10.  In order to apply this filter, select 

the Calculate menu from the FFT window and then select High-Pass Filter…(Alt + H) which 

opens a window with two fields to fill out; the cutoff frequency and the number of poles.  To 

achieve relatively clean records, a cutoff frequency of 1.25 Hertz and 6 poles seems to work. 

The High-Pass filter that needs to be applied to the data causes the background noise first 

seen in the record to be reduced.  This is specifically useful when an earthquake cannot easily be 

seen amongst the background vibrations, or when there is a suspicious pattern of vibrations in the 

record that needs to be resolved.  Once this filter has been applied, the user can return to the 

“Time Domain” view of the seismogram by using the Calculate pull down menu to select the 

option labeled as Time Domain (Alt + Ctrl + T) to return the seismogram to its original view.  At 

this point there will be a fully usable seismogram to look at, such as the one in Figure 11.  With 

the viewable seismogram, measurements can now be taken to find the arrival times of the 

Primary and Secondary waves needed to calculate magnitude and epicenter. 
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To find an earthquake magnitude, double click and drag a box around the main wave 

package to zoom in on it.  After doing this, one will be able to depict two different wave patterns 

in the section of record zoomed in on.  Observe Figure 12 below for a visual depiction of what to 

look for when finding P and S waves. The arrival of P waves is marked by the ‘P’ marker.  P 

waves usually have a smaller magnitude and are of a slightly shorter period then the S waves.  

The arrival of S waves is noted by the ‘S’ marker.  S waves normally have a larger magnitude 

and longer period than P waves do.  This larger magnitude and longer period give the S waves 

their tall, skinny appearance next the shorter amplitude and period P waves. 

The magnitude marker (B) also needs to be used to mark the highest peak of S waves 

seen in the record.  All of these markers can be found under the Calculate tab in the top menu.  

The magnitude marker can be found in the Magnitude option under Mb Marker (Ctrl + B).  The 

P and S wave markers will already be on the screen, but they can be reset to their original 

location (so they are easily found) by going to the Calculate tab and clicking Reset P-S Markers 

(Ctrl +R).  This will allow the markers to be easily located and placed by the user on the 

seismogram.  P and S wave marker locations as well as the maximum wave amplitude (B 

marker) location can be saved under the Calculate tab, by selecting Save (Alt +K) option under 

the Picks menu. 

Now that arrival times have been selected, the Local Magnitude, Ml (magnitude for local 

events in Ohio) can be found automatically by Winquake.  Just click on the Calculate tab and 

select the Magnitude Calculator… (Ctrl + Alt + M) and click Calculate on the Magnitude 

Calculator window.  The Local Magnitude will appear in the Magnitude Information portion of 

the window, under Local Magnitude.  It is necessary to calculate three to five different records’ 

magnitudes to make sure the level of magnitude agrees with those calculated using other stations.  
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Normally, events will register at different magnitudes at different stations around the state, so it 

is important to use an average to figure for amplitude.  The more stations that can be used for the 

average of the magnitude, the more accurate the magnitude will be.  

 

 

Figure 7.  ‘Directory’ window used for finding seismograms on a computer system and mechanism for 

setting Winquake’s directory for ease of use.  To save a folder as the directory click the ‘Save as Default’ 

box.  
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Figure 8.  Initial state of a Ohioseis Seismogram upon opening it.  Most events aren’t visible upon first 

opening the record, like this December 24
th
, 2011 quake. 

 

Figure 9.  The same seismic record as D2 after Fast Fourier Transform (FFT) is applied 
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Figure 10.  Same record in FFT view after the application of a High-Pass filter with a cut-off frequency of 

1.25 Hertz and 6 Poles 

 

Figure 11.  Seismogram after application of High-Pass filter and return to Time Domain.  Timeframe of 

section in Figure 12 is noted.  Also notice lack of backround vibrations as seen in Figure 8. 
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Figure 12.  Seismogram after the use of P and S wave markers and Maximum magnitude (M) marker.  

Notice the difference in the structure of P waves and S waves and where the arrival of each is noted.  The 

marker, B is placed at the S wave with the highest amplitude. 

 

Software Procedures: Epicenter Locator 

 The Ohio Seismic Network uses two main programs to find their epicenter locations.  Winquake 

is one of these programs and is very simple to use.  A problem with Winquake is that it uses East 

longitude coordinates, not West longitude that the USGS and other US agencies use.  An example of this, 

Ohio is about -80° West, which would equate to 280° East (360° – 80° = 280° E) in Eastern longitude.  A 

Macintosh-based program Epilocator, created by Dr. Larry Ruff, may be used to locate epicenters when 

there is trouble locating in Winquake.  To locate an epicenter in Winquake, go through the magnitude 

calculations described above for at least 3 records (the more the better) and save the files and leave them 

open (they can be minimized to the bottom of the open Winquake window).  Next click the ‘View’ pull-

down menu and select ‘Locate Event’ (Alt + E).   

 This will open a new map window displaying the seismic event at 80° East instead of at 280° 

East, which may seem to be a problem.  However, all that needs to be taken from this is the Latitude and 
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Longitude coordinates of the cross symbol on the map displayed by Winquake after conducting these 

operations.  This is the only problem with Winquake, otherwise the program is good for estimating 

earthquake magnitudes for state-wide events here in Ohio.   

 If any problems arise with using Winquake, the alternate Epilocator program can be used.  It finds 

accurate epicenters, but OhioSeis volunteers say that for state-wide seismic events it calculates the 

magnitude lower than the actual magnitude of the event.  So when using this program, the strength of the 

event is underestimated and Winquake must be used for magnitude calculations. 

 Epilocator can be acquired through the Ohio Seismic Network, either by email or jump drive.  

The contact information for the Ohio Seismic Network can be found on their webpage 

(http://www.dnr.state.oh.us/OhioGeologicalSurvey/tabid/8228/Default.aspx) along with a short 

walkthrough of how to use Epilocator.  Another limitation of Epilocator besides low magnitude 

calculation is that it runs only on a Macintosh.  Although with the availability of a Macintosh computer, 

and the pairing of Winquake and Epilocator, anyone can pinpoint earthquake epicenters and magnitudes 

for seismic events recorded by the Ohio Seismic Network seismographs. 

 

Results 

 Even though OhioSeis was founded in 1999, only one station has online data from January of 

2000.  The vast majority of stations weren’t online until after 2008.  Even though one may think data are 

openly available online for easy access, many data are either missing or offline.  Stations BCSO, ECCO, 

MOSO, and UTLO aren’t currently linked to the network and the data are not accessible.  This lack of 

data makes it impossible for people off-site of the OhioSeis Station to do any study with seismograms.  

The online database only showcases seismograms for 34 earthquakes in Ohio dating back to 2008.  

OhioSeis does give the epicenters for earthquakes dating back to 1776, but the certainty of events such as 

this one is debatable.  Table 1 shows the start dates for continuous online OhioSeis records. 

http://www.dnr.state.oh.us/OhioGeologicalSurvey/tabid/8228/Default.aspx
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 Of the seismograms for the 34 earthquakes accessible on the OhioSeis Network, 31 earthquake 

magnitudes were calculated (Table 2).  Assuming magnitudes calculated by the Ohio Seismic Network 

are the expected correct magnitudes, of the calculated magnitudes, 14 of the Winquake calculations were 

within a tenth of one magnitude (1%) of the expected magnitudes from calculations done by OhioSeis 

workers.  Of the 31 calculated magnitudes, 9 were greater than 1% higher than the expected magnitudes, 

and 8 calculated magnitudes were greater than 1% lower than the expected OhioSeis magnitudes.  This 

even spread of errors shows no trend for the inaccuracies of Winquake.  See Table 2 for expected 

magnitudes from OhioSeis and calculated magnitudes using Winquake, and Table 3 for the variance of 

magnitudes station by station and the different magnitude calculations going in to each average magnitude 

for an event. 

 Upon conducting a variance test to test the calculated magnitudes for accuracy, the maximum 

variance from the expected magnitudes of OhioSeis is 26%.  If one were to accept or reject data for 

accuracy, choosing a 5% variance window (for accepting/rejecting data) around the expected magnitudes 

would allow 13 calculated magnitudes to be accepted for accuracy and 18 of the values to be rejected.  

With only 13 of 31 magnitudes falling within the accepted range, it can be calculated that magnitudes are 

accurate only 41.9% of the time, a value that may cause users of Winquake to question its accuracy.  See 

Table 4 for test values. 

Discussion 
 

 According to the 5% variance test conducted, only 13 of the 31 seismograms available on 

the Ohio Seismic Network’s online database give accurate magnitude values.  This may reflect 

inaccurate interpretations of seismograms due to background noise, inaccurately recorded data, 

or user calculation errors in Winquake and in the type of filters applied to data. Use of Epilocator 

to calculate magnitudes may help assess the accuracy of Winquake in calculating statewide 

earthquake magnitudes.  In addition, even though the Network started in 1999, many of the 
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online stations weren’t up and running until around 2007-08, making it difficult to study events 

before then.   

 The accuracy of the historic data in the database also is problematic.  The accuracy of a 

magnitude and epicenter calculated from felt reports or newspaper articles are difficult to assess 

scientifically.  Data inaccuracies should be assessed in association with the Ohio Seismic 

Network. 

 

Conclusions 

 From this study, one can begin to ask questions about the reliability of the online data of 

the Ohio Seismic Network.  The inaccuracies in magnitude calculations alone are enough to 

suggest further study of the accuracy and availability of the online database.  Some organizing 

and filtering should be done so the database is usable in a scientific setting.  As of now some 

earthquakes cannot be studied because of the lack of data available due to stations being offline 

or having excessive background vibrations. 

 The study also raises concern with Winquake.  With the small number of magnitudes that 

were accurately calculated, OhioSeis may need to find a new program to calculate these local 

events. Selecting another program would also do away with the longitude format issue in 

Winquake.  Before trying a new program one may look at different ways to filter data to make 

the seismogram more viewable before picking arrival times. 
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Future Work 

 The inaccuracies determined in this study suggest that future research should consider 

different seismicity programs or filtering processes to analyze seismometer data.  The 

availability of the database still gives one many possibilities for mapping and plotting the focal 

mechanisms, studying relationships with other given data, and creating maps used to educate on 

the issue of seismicity in Ohio. 

 Specifically, a proposal for research in seismic risk has been approved for the summer of 

2012 with the Shell Undergraduate Research group at The Ohio State University.  The main goal 

of the upcoming research is a seismic risk map for the state of Ohio and adjacent areas.  This 

map will be created using data available from the Ohio Seismic Network and will also be another 

test of the available data. 
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Table 1.  Availability of online Ohioseis database data 

 

 

  
Station 

Beginning of Continuous 

Recording/Data 

Availability 

ACEO 12/19/2007 

ACSO 12/20/2007 

BCSO OFFLINE 

BGSO 8/12/2011 

BHSO 10/3/2008 

CLEO 8/19/2010 

COWO 11/14/2008 

CSCO 8/18/2010 

ECCO OFFLINE 

GPDO 8/10/2011 

KSUO 8/5/2009 

LCCO 7/27/2010 

LECO 3/21/2012 

MACO 2/15/2012 

MOSO OFFLINE 

MUCO 5/12/2009 

OGSO 1/1/2008 

OSLO 8/13/2010 

OSMO 12/14/2009 

OSUO 1/21/2009 

OUAO 2/28/2009 

SSUO OFFLINE 

UOCO 8/19/2008 

UTLO OFFLINE 

WSCO 1/1/2000 

WSDO 1/22/2008 

YSUO 4/30/2012 
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Table 2.  Ohio Seismic Network data with Ohioseis expected and the experimental calculated magnitudes 

described in this study. 

 

Earthquake 
(Date, Time) County 

Latit
ude 

Longitud
e 

Expected 
Magnitude 

Calculated 
Magnitude 

Good Event Data 
(Station) 

2008-1-9 
1:34:46.7 LAKE 41.72 -81.43 3.1 NA OUAO 

2008-8-14 
18:32:16.44 LAKE 41.85 -81.01 2.3 NA ACEO, WSDO 

2008-9-18 
1:4:16.57 LAKE 41.78 -81.43 2.8 2.53 ACEO,UOCO, WSDO 

2008-9-20 
19:16:43.19 LAKE 41.74 -81.42 2.3 2.25 ACEO, UOCO, WSDO 

2008-9-30 
1:6:38.58 SHELBY 40.41 -84.31 2.8 2.81 ACEO, OUAO, WSDO 

2009-2-14 
13:16:27.16 ASHTABULA 41.84 -81 2.6 2.53 

ACEO, BHSO, COWO, 
OSUO, UOCO, WSCO, 
WSDO 

2009-2-23 
23:32:27.26 LAKE 41.75 -81.44 2.2 2.78 ACEO, BHSO, WSCO 

2009-4-24 
13:42:46.03 GALLION 38.81 -82.27 3.3 3.22 

COWO, OGSO, OSUO, 
OUAO 

2009-10-21 
17:59:46.85 LAKE 41.8 -81.34 2.4 2.3 

BHSO, KSUO, OGSO, 
WSCO 

2010-2-4 
17:44:21.3 LAKE 41.62 -81.46 2.1 2.27 ACEO, COWO, KSUO 

2010-2-25 
22:13:13.27 SENEGAL 41.16 -83.41 2.4 2.64 

BHSO, MUCO, OGSO, 
OSMO 

2010-4-25 
2:0:39.26 LAKE 41.78 -81.08 2.9 2.99 

COWO, ECCO, MUCA, 
OGSO, OSMO, WSCO, 
WSDO, YSUO 

2010-5-17 
21:29:5.65 SUMMIT 41.24 -81.51 2.5 2.45 

ACEO, COWO,OGSO, 
OSUO, OUAO, WSDO, 
YSUO 

2010-6-7 
16:22:32.16 LAKE 41.77 -81.1 2.3 2.09 

ACEO, BHSO, OGSO, 
WSDO 

2010-6-10 
16:32:22.31 LAKE 41.76 -81.43 2.5 2.2 OGSO, OSMO, WSDO 

2010-10-24 
8:12:44.51 

WASHINGT
ON 39.43 -81.36 2.8 2.72 

ACSO, CLEO, COWO, 
MUCO,OGSO, OSMO, 
OUAO 

2011-3-17 
10:42:20.22 MAHONING 41.11 -80.7 2.1 2.25 

COWO, OGSO, OUAO, 
WSDO 

2011-3-17 
10:53:9.32 MAHONING 41.11 -80.7 2.6 2.52 

COWO, OGSO, OUAO, 
WSDO 

2011-4-26 
7:9:46.59 HANCOCK 40.86 -83.54 2.4 2.53 

ACEO, ACSO, LCCO, 
OGSO 

http://www.dnr.state.oh.us/geosurvey/earthquakes/080109/tabid/19653/Default.aspx
http://www.dnr.state.oh.us/geosurvey/earthquakes/080109/tabid/19653/Default.aspx
http://www.dnr.state.oh.us/ohioseis/earthquakes/080814/tabid/20792/Default.aspx
http://www.dnr.state.oh.us/ohioseis/earthquakes/080814/tabid/20792/Default.aspx
http://www.dnr.state.oh.us/ohioseis/earthquakes/080918/tabid/20917/Default.aspx
http://www.dnr.state.oh.us/ohioseis/earthquakes/080918/tabid/20917/Default.aspx
http://www.dnr.state.oh.us/ohioseis/earthquakes/080920/tabid/20921/Default.aspx
http://www.dnr.state.oh.us/ohioseis/earthquakes/080920/tabid/20921/Default.aspx
http://www.dnr.state.oh.us/tabid/20967/Default.aspx
http://www.dnr.state.oh.us/tabid/20967/Default.aspx
http://www.dnr.state.oh.us/OhioSeismicNetwork/earthquakes/February14200926mbLg/tabid/21507/Default.aspx
http://www.dnr.state.oh.us/OhioSeismicNetwork/earthquakes/February14200926mbLg/tabid/21507/Default.aspx
http://www.dnr.state.oh.us/OhioSeismicNetwork/earthquakes/090223/tabid/21512/Default.aspx
http://www.dnr.state.oh.us/OhioSeismicNetwork/earthquakes/090223/tabid/21512/Default.aspx
http://www.dnr.state.oh.us/OhioGeologicalSurvey/earthquakes/090424/tabid/21631/Default.aspx
http://www.dnr.state.oh.us/OhioGeologicalSurvey/earthquakes/090424/tabid/21631/Default.aspx
http://www.dnr.state.oh.us/OhioGeologicalSurvey/earthquakes/090424/tabid/22309/Default.aspx
http://www.dnr.state.oh.us/OhioGeologicalSurvey/earthquakes/090424/tabid/22309/Default.aspx
http://www.dnr.state.oh.us/tabid/22491/Default.aspx
http://www.dnr.state.oh.us/tabid/22491/Default.aspx
http://www.dnr.state.oh.us/tabid/22508/Default.aspx
http://www.dnr.state.oh.us/tabid/22508/Default.aspx
http://www.dnr.state.oh.us/tabid/22687/Default.aspx
http://www.dnr.state.oh.us/tabid/22687/Default.aspx
http://www.dnr.state.oh.us/tabid/22842/Default.aspx
http://www.dnr.state.oh.us/tabid/22842/Default.aspx
http://www.dnr.state.oh.us/tabid/22868/Default.aspx
http://www.dnr.state.oh.us/tabid/22868/Default.aspx
http://www.dnr.state.oh.us/tabid/22869/Default.aspx
http://www.dnr.state.oh.us/tabid/22869/Default.aspx
http://www.dnr.state.oh.us/tabid/23084/Default.aspx
http://www.dnr.state.oh.us/tabid/23084/Default.aspx
http://www.dnr.state.oh.us/tabid/7965/Default.aspx
http://www.dnr.state.oh.us/tabid/7965/Default.aspx
http://www.dnr.state.oh.us/tabid/7965/Default.aspx
http://www.dnr.state.oh.us/tabid/7965/Default.aspx
http://www.dnr.state.oh.us/tabid/23425/Default.aspx
http://www.dnr.state.oh.us/tabid/23425/Default.aspx
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2011-6-5 
15:35:21.05 MEDINA 41.03 -82.08 3 2.16 

ACSO, COWO, LCCO, 
OGSO,OSMO, OUAO 

2011-6-15 
4:37:57.86 CUYAHOGA 41.81 -81.79 2 2.26 

ACSO, COWO, LCCO, 
OSUO 

2011-8-13 
15:41:0.77 ASHTABULA 42.25 -81.02 2.1 1.95 ACSO, OUAO, WSDO 

2011-08-22 
8:00:31 MAHONING 41.12 -80.73 2.2 2.3 ACEO, KSUO,YSUO 

2011-08-25 
19:44:20 MAHONING 41.1 -80.73 2.4 2.6 

ACSO, COWO, WSDO, 
YSUO 

2011-08-31 
9:35:12 

WASHINGT
ON 39.4 -81.27 3 3.03 GPDO, OGSO, OSMO 

2011-08-31 
17:36:02 

WASHINGT
ON 39.51 -81.47 3.1 3 

KSUO, OGSO, OSLO, 
OSMO, OUAO 

2011-09-02 
21:03:26 MAHONING 41.12 -80.69 2.2 NA KSUO, LCCO, OGSO 

2011-09-04 
13:21:59 

WASHINGT
ON 

39.42
2 -81.205 2.6 2.51 KSUO, OGSO, OUAO 

2011-09-26 
1:06:09 MAHONING 41.11 -80.69 2.6 3.37 

ACEO,CLEO,KSUO, LCCO, 
OGSO 

2011-09-30 
0:52:37 MAHONING 41.11 -80.69 2.7 2.24 

ACEO,ACSO, 
COWO,OGSO,OUAO,YSU
O 

2011-10-20 
22:41:09 MAHONING 41.11 -80.68 2.3 2.15 

ACSO,COWO,KSUO, 
OGSO, YSUO 

2011-11-25 
6:47:26 MAHONING 41.1 -80.69 2.2 2.23 

ACSO,COWO, KSUO, 
YSUO 

2011-12-24 
6:24:57 MAHONING 41.11 -80.69 2.7 2.45 

KSUO, MUCO, OGSO, 
YSUO 

2011-12-31 
20:04:59 MAHONING 41.11 -80.69 4 4.26 

BGSO, CLEO, KSUO, 
MUCO, YSUO 

 

 

 

 

 

 

 

 

 

http://www.dnr.state.oh.us/tabid/23466/Default.aspx
http://www.dnr.state.oh.us/tabid/23466/Default.aspx
http://www.dnr.state.oh.us/tabid/23485/Default.aspx
http://www.dnr.state.oh.us/tabid/23485/Default.aspx
http://www.dnr.state.oh.us/tabid/23545/Default.aspx
http://www.dnr.state.oh.us/tabid/23545/Default.aspx
http://www.dnr.state.oh.us/tabid/23557/Default.aspx
http://www.dnr.state.oh.us/tabid/23557/Default.aspx
http://www.dnr.state.oh.us/tabid/23558/Default.aspx
http://www.dnr.state.oh.us/tabid/23558/Default.aspx
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Table 3.  Individual magnitude data by event.  And calculated magnitudes. 

           

2008-9-18 1:4:16.57 

2008-9-20 

19:16:43.19 2008-9-30 1:6:38.58 

2009-2-14 

13:16:27.16 

       ACEO:  2.67 ACEO:  2.54 ACEO:  2.83 ACEO:  2.53 

       UOCO:  2.07 UOCO:  2.24 OUAO:  3.03 BHSO:  3.00 

       WSDO: 2.87 WSDO:  1.99 WSDO:  2.59 COWO:  2.08 

               

       AVG:  2.53 AVG:  2.25 AVG:  2.81 AVG:  2.53 

               

       

2009-2-23 23:32:27.26 

2009-4-24 

13:42:46.03 2009-10-21 17:59:46.85 2010-2-4 17:44:21.3 

       ACEO:  3.03 COWO:  3.2 KSUO:  2.12 ACEO:  2.02 

       BHSO:  3.00 OGSO:  3.09 OGSO:  2.47 COWO:  2.17 

       COWO:  2.08 OSUO:  3.18 WSCO:  2.31 KSUO:  2.63 

         OUAO:  3.43     

               

       AVG:  2.78 AVG:  3.22 AVG:  2.3 AVG:  2.27 

               

       2010-2-25 22:13:13.27 2010-4-25 2:0:39.26 2010-5-17 21:29:5.65 2010-6-7 16:22:32.16 

       MUCO:  2.55 COWO:  2.73 ACEO:  2.37 ACEO:  2.64 

       OGSO:  2.61 ECCO:  3.17 COWO:  2.24 BHSO:  1.89 

       OSMO:  2.77 MUCO:  3.02 OGSO:  2.74 OGSO:  1.92 

         OGSO:  3.04 OSUO:  2.47 WSDO:  1.9 

               

       AVG:  2.64 AVG:  2.99 AVG:  2.45 AVG: 2.09 

               

       

2010-6-10 16:32:22.31 

2010-10-24 

8:12:44.51 2011-3-17 10:42:20.22 2011-3-17 10:53:9.32 

       OGSO:  2.44 OSMO:  2.77 COWO:  2.42 COWO:  2.89 

       OSMO:  1.96 OGSO:  2.8 OGSO:  2.1 OGSO:  2.35 

       WSDO:  2.2 COWO: 2.61 OUAO: 2.23 OUAO:2.33 

               

       AVG:  2.2 AVG:  2.72 AVG:  2.25 AVG:  2.52 
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2011-4-26 7:9:46.59 2011-6-5 15:35:21.05 2011-6-15 4:37:57.86 2011-8-13 15:41:0.77 

       ACEO:  2.65 COWO:  2.06 ACSO:  2.07 ACSO:  1.78 

       ACSO:  2.43 ACSO:  2.19 COWO:  2.46 OUAO:  2.14 

       LCCO:  2.3 LCCO:  2.43 LCCO:  2.25 WSDO:  1.93 

       OGSO:  2.74 OGSO:  1.98     

               

       AVG:  2.53 AVG:  2.16 AVG:  2.26 AVG:  1.95 

               

       2011-08-22 8:00:31 2011-08-25 19:44:20 2011-08-31 9:35:12 2011-08-31 17:36:02 

       YSUO:  2.56 ACSO:  3.09 OSMO: 3.1 OSMO: 2.22 

       KSUO:  1.9 COWO:  2.03 OGSO:  3.42 OSLO:  3.77 

       ACEO:  2.46 WSDO:  2.29 GPDO:  2.59 OGSO:  3.05 

         YSUO:  3.0   KSUO:  2.96 

               

       AVG:  2.3 AVG:  2.6 AVG:  3.03 AVG:  3.0 

               

       2011-09-02 21:03:26 2011-09-04 13:21:59 2011-09-26 1:06:09 2011-09-30 0:52:37 

       KSUO:  2.46 OUAO: 2.21 ACEO:  3.67 YSUO:  2.58 

       LCCO:  2.43 OGSO:  2.88 LCCO:  3.47 OUAO:  1.58 

         KSUO:  2.43 KSUO:  2.97 OGSO:  2.24 

             ACEO:  2.12 

             ACSO:  2.7 

               

       AVG: NA AVG:  2.51 AVG:  3.37 AVG:  2.24 

               

       2011-10-20 22:41:09 2011-11-25 6:47:26 2011-12-24 6:24:57 2011-12-31 20:04:59 

       YSUO:  2.2 ACSO:  2.14 YSUO:  2.48 YSUO:  3.34 

       OGSO:  1.84 YSUO:  2.06 MUCO:  2.54 MUCO:  4.41 

       ACSO:  2.21 KSUO:  2.48 KSUO:  2.48 KSUO:  4.29 

       COWO:  2.36   OGSO:  2.32 CLEO:  4.09 

             BGSO:  5.21 

               

       AVG:  2.15 AVG:  2.23 AVG:  2.45 AVG:  4.26 
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Table 4.  Calculated variance of magnitudes for online Ohioseis Quakes 

Earthquake (Date, 

Time) 

Magnitude 

Variance Acceptable 

2008-1-9 1:34:46.7 NA NA 

2008-8-14 18:32:16.44 NA NA 

2008-9-18 1:4:16.57 -0.096428571 NO 

2008-9-20 19:16:43.19 -0.02173913 YES 

2008-9-30 1:6:38.58 0.003571429 YES 

2009-2-14 13:16:27.16 -0.026923077 NO 

2009-2-23 23:32:27.26 0.263636364 NO 

2009-4-24 13:42:46.03 -0.024242424 YES 

2009-10-21 17:59:46.85 -0.041666667 YES 

2010-2-4 17:44:21.3 0.080952381 NO 

2010-2-25 22:13:13.27 0.1 NO 

2010-4-25 2:0:39.26 0.031034483 YES 

2010-5-17 21:29:5.65 -0.02 YES 

2010-6-7 16:22:32.16 -0.091304348 NO 

2010-6-10 16:32:22.31 -0.12 NO 

2010-10-24 8:12:44.51 -0.028571429 YES 

2011-3-17 10:42:20.22 0.071428571 NO 

2011-3-17 10:53:9.32 -0.030769231 YES 

2011-4-26 7:9:46.59 0.054166667 NO 

2011-6-5 15:35:21.05 -0.28 NO 

2011-6-15 4:37:57.86 0.13 NO 

2011-8-13 15:41:0.77 -0.071428571 NO 

2011-08-22 8:00:31 0.045454545 YES 

2011-08-25 19:44:20 0.083333333 NO 

2011-08-31 9:35:12 0.01 YES 

2011-08-31 17:36:02 -0.032258065 YES 

2011-09-02 21:03:26 NA NA 

2011-09-04 13:21:59 -0.034615385 YES 

2011-09-26 1:06:09 0.296153846 NO 

2011-09-30 0:52:37 -0.17037037 NO 

2011-10-20 22:41:09 -0.065217391 NO 

2011-11-25 6:47:26 0.013636364 YES 

2011-12-24 6:24:57 -0.092592593 NO 

2011-12-31 20:04:59 0.065 NO 

 


