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Description of Utilized DYFI Data
The database provides for each survey report: 
• Calculated Intensity Value (CDI).
• Location of the earthquake.
• Time of occurrence of the earthquake.
• Magnitude of the earthquakes.
• Location of the survey respondent.
• Distance of the survey respondent from the event.
Earthquakes included in the database are:
 Magnitude ≥ 3.
 Associated with  ≥ 5 DYFI responses.
 Occurred between 2000 and November 2015 in the region 

shown on the map to the right.
Responses ≥ 100 km from the reference earthquake or with 
poor location precision are omitted from consideration.
In total, we consider 173,425 responses to 999 earthquakes. 

Introduction
There has recently been a significant increase in the 
occurrence of earthquakes in the Central and Eastern 
United States (CEUS), which is believed to be a result 
of anthropogenic activities. 
We investigate whether the intensity of the ground 
shaking produced by such earthquakes differs from that 
produced by comparable naturally occurring 
earthquakes.
U.S. Geological Survey “Did You Feel It?” (DYFI,
earthquake.usgs.gov/earthquakes/dyfi/) survey data is
used to detect differences in the intensity of the two
types of earthquake.
This data is further used to investigate if any differences
in intensity observed from the model can be explained
by underlying factors, such as disparities in survey
response rates or populations exposed to the
earthquakes.

Earthquake Classifications
Earthquakes are classified as potentially induced or naturally
occurring according to the locations and dates set out in USGS
2014 Hazard Maps documentation on potentially induced
seismicity in the CEUS. The regions with potentially induced
earthquakes are marked using polygons on the map below. In
total, 114 earthquakes are classified as naturally occurring, and
885 earthquakes as potentially induced.

Discussion and Conclusions
We show through the use of DYFI data that the intensity of 
ground shaking produced by these earthquakes differs from that 
produced by comparable naturally occurring earthquakes in the 
same region.
Consistent with previous literature, the intensities associated 
with potentially induced earthquakes in the region are found to 
be larger than those for naturally occurring earthquakes of the 
same magnitude for close distances (up to 5-10 kilometers 
approximately) but experience faster attenuation. 
Furthermore, we find that the differences in reported intensity 
cannot be explained by underlying factors such as differences 
in exposed population, or deviations in response behavior 
during a sequence of felt earthquakes. 
This work lends further credibility to the hypothesis that 
induced earthquakes are capable of producing stronger near-
fault ground shaking than their naturally occurring 
counterparts. It lays the foundations for further work that will 
investigate the impact of this phenomenon on seismic risk in 
the Central and Eastern United States.  

A linear regression model 
with forward selection was 
used to choose parameters (p-
value<0.05 for inclusion).
Response data was only 
considered if it fell within the 
following ranges, (to consider 
only relatively strong ground 
motions). 

Comparison of Intensity Predictions 
with Intensity Prediction Equation (IPE) 

of Atkinson, Worden and Wald (2014)

Underlying Factors that May Explain Observed Intensity Differences

Preliminary Intensity Regression Model:
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Magnitude Response 
Distance Limit 

(km)
<3.5 30

3.5-4.5 50
>4.5 100

The model developed 
here appears a better fit 
for the data of interest 
than the IPE for Eastern 
North America by 
Atkinson, Worden and 
Wald (2014).

Predicting Intensity from Potentially Induced and Naturally Occurring Earthquakes

1. Differences in % Response

2. Differences in Exposed Population

3. Differences in Behavior toward Repeated Earthquakes 

No distinct trend between 
exposed population and 
mean CDI is apparent for 
any given magnitude-
distance bin combination.

No distinct trend between 
percentage response rate 
and mean CDI is apparent 
for any given magnitude-
distance bin combination.

For sequences of earthquakes, there is no meaningful 
relationship apparent between:
 An earthquake’s position in a sequence and CDI.
 The proximity of an earthquake’s occurrence to 

those of ‘neighboring’ earthquakes in a sequence 
and CDI. 

 Timing of an earthquake and CDI. 

Such 
underlying 
factors 
cannot 
explain 
observed 
differences 
in intensity.
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