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• Empirical observations:
– ~ 10K fatal homicidal shootings per year in U.S.
– ~ 50K non-fatal shootings per year in U.S.
– Most shootings are spatially clustered within city neighborhoods
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• Empirical observations:
– ~ 10K fatal shootings per year in U.S.
– ~ 50K non-fatal shootings per year in U.S.
– Most shootings are spatially clustered within city neighborhoods

• Prior research argues that these shootings diffuse in space/time:
– Loftin (1986)
– Tita and Cohen (1999)
– NRC (2012)

• However, analysis of solved homicides indicates most fatal shootings are 
non-retaliatory (.86/.14) (MPD, 2006)

• Research Question:
– Are shootings really contagious or just non-randomly clustered?

• Contribution:
– Using a Hawkes process Model and AGLS data to separate endemic from 

epidemic clustering



Existing Tests for Violence Contagion 
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• Using Knox test, Ratcliffe and 
Rengert (2012) report clustering of 
firearm assaults at <2 weeks and 
<400 ft
– How do we know that this 

clustering is reactive rather than 
stable and stochastic?

– How do we overcome low count 
aggregation problems? 

Source: Ratcliffe and Rengert (2012)
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• Highly clustered in time (macro-
scale)

• Highly clustered in time (micro-
scale)

• Highly clustered in space
• Highly clustered in space-time



Gun Violence in Washington, D.C. 2010-2012

Dr. Charles Loeffler 13

• A null hypothesis of CSR/CSTR is 
implausible

• But what does a scalable infectious 
spatiotemporal point process model 
look like and can it be estimated 
with conventional violence data?
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Spatial and Temporal Distributions of Firearm
Assaults and Shots Fired in Washington, D.C., 2011
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Firearm Assaults AGLS

Photo by U.S. 
Army RDECOM



Methods

Dr. Charles Loeffler 15

• Hawkes Process Model

– Background Intensity
• Kernel Density Estimation

– Gaussian Spatial Kernel
– Separable components

– Conditional Intensity
• Exponential Kernel

– Ratio of intensities provides fraction of events attributed to each intensity
• For event i at location 
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• 0.89 endogenous intensity
• 0.11 conditional intensity
• Note: very similar to motive split of 

fatal shootings (.84/.16)
• Temporal lengthscale is 12 mins
• Spatial lengthscale is 230 meters
• Note: more consistent with reactive 

behavior than extended retaliation



Classified Gunshot Events
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Background (blue) versus “triggered” (red) shootings, by year.



Chicago Preliminary Results (2016-2018
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• 0.24 endogenous intensity
• 0.76 conditional intensity
• Note: pretty similar to motive split of 

fatal shootings (.34/.66)
• Temporal lengthscale is 72 days
• Spatial lengthscale is 0.32 km
• Note: more consistent with extended 

retaliation

Source: Chicago Tribune (2019)
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• Gun violence is highly clustered in space and time

– Null hypothesis of CSR/CSTR randomness will always be rejected

• Using a space-time interaction test with space-time heterogeneity

– In DC, most clustering is well-described by an endemic process

– A small fraction is consistent with a Hawkes-type diffusion process

– Triggered events occur within a narrow space-time radius

• Replication in cities with different gang structures 

– In Chicago, most violence is consistent with diffusion.

– Trigger events occur over larger distances and greater times

• Replication with different types of violence--

• Other approaches to estimating underlying intensity
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