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          
           
           
         
               
               
           
     
            

           
             
           
                
          
            
          
           
           

      

             
           
             
               
         
              

            





            

           

               
             
                
            
    
            

             
               
            
                
         
     
          

            
             
            
              
             
            
            
   
          

             
                   
           
            
             
             
            
  
           

            
          
           
             
            
         
          
             
            

              
      





            
          
              
          
              
            
            
            
           
          
            
            
             
        
          

   

           
            
             
           
             
        
              
           
             
         
              
            
              
          
            
              
  
         

              
          
               
           
              
            
             
               
           





            
       
              

           
             
              
           
       
             

               
            
             
              
              
          
         

                 
             
              
              
            
                
              
              
               
      
               

              
                
           
            
                     
            
                 
              
               

        
            

              
 

                
               
              
           

              
               





             
            
       
              

            
        

    
            
               
             
                  
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        
 


       

        
            

             
              
           
               
                 
               
            
                
            

        

                
             
            
              
               
               
               
             
             
      

            
              
              
             
                
            
             
           
              
              
            
               
     
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            

             
            
             
              
               
                
          
    
            

              
         
            
             
             
            
            
           
          
           
           
           
              
    





      

             
                  
          
             
           
              
           

   

   

           
           
  
              

            
            
               
              
               
           
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4 Data Description

In the current version of the paper, unless otherwise noticed, we use state
level data from 1977 to 2007 (results from a more up-to-date data set will be
reported on the next draft of the paper). Our current data set mainly consists
of individual birth group population from Surveillance Epidemiology and End
Results (SEER) Program operated by the National Cancer Institute, crime data
from the Uniform Crime Report (UCR) maintained by the Federal Bureau of
Investigation (FBI), and income and other control variables obtained from pre-
vious literature. In Table 1, we provide some summary statistics on most of the
variables we are using in our regressions.

4.1 Mean VC Rates of SIL-Adopting Waves

Figure 1: Mean VC Rates of SIL-Adopting Waves

In Figure 1, we divide the 51 states into 5 groups by how early they adopt
shall-issue laws: before 1977 (beginning of the sample), between 1977 and 1992,
between 1993 and 1997, between 1998 and 2007, after 2008 (end of the sample).
Ayres and Donohue (2003) has a similar graph with slightly different group
cutoffs and only extend to 1999. We picked our group cutoff years according
to the three biggest waves of SI adoptions in Figure 2 to be more intuitive and
consistent.

Within each group, we calculate the population-weighted mean violent crime
rates in each year and plot them accordingly (see Appendix 1). On each line,
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we mark with a solid triangle to indicate the median year of SI adoption within
that group. We see clearly that 1) all groups’ violent crime rates peak at the
early 1990’s regardless of their median SI adoption year, 2) the relative positions
of the violent crime rates change at the end compared to the beginning of the
sample (the 4 top lines have several intersections during the sample period).

4.2 Miscellaneous

Since previous literature all have minor discrepancies in the adoption years
of shall-issue laws in several states, we have conducted independent research
on these adoption dates. Our result only differs from Ayres and Donohue’s in
two states (North Dakota and South Dakota), each only by one year. All of
the results presented in this draft are based on our adoption years. Robustness
checks with Ayres and Donohue’s adoption years are done but not reported.

Throughout this paper, we have assumed uniform distribution of violent
crimes among birth groups of qualified males. One immediate problem with
this assumption is the sudden drop in violent crimes past a certain age. We
have adopted two ways to deal with this problem. First, we adopt a “retirement
age” of violent criminals at 45, 55, or 65, after which we assume there would
be no violent criminals. Results using this method is reported in Tables 2-5.
Second, we have obtained data on arrest rates among (almost single-aged) birth
groups from the UCR. We will use this as a proxy for how many crimes are
actually conducted in each birth group and weight different birth groups by
their respective arrest rates. Results will also be reported in the next draft.

A few other incidents in the data are worth mentioning. The Oklahoma City
bombing which results in 168 casualties in 1995 (which was, coincidentally, also
the adoption year of shall-issue law in Oklahoma state), was originally included
in the UCR data in the murder category, resulting in a huge increase in murder
that year. We have thus taken it out and showed that it doesn’t affect our
results. Murder resulted from events of September 11, 2001 in New York, on
the other hand, were not included in the data, and we will leave it that way.
We have also accounted for the fact that Philadelphia adopted shall-issue laws
later than the State of Pennsylvania did. Lastly, there are several years where
various states were unable to report their crime data to the FBI and thus the
corresponding data are estimated from interpolation. We have thus tried flagging
these data points and only estimated our model on the reported data. We see
no significantly different result from this exercise.

5 Empirical Results

In Tables 2 to 5, we present some preliminary results from our model with
comparison to the plain difference-in-differences model similar to Lott’s spline
model (except that we don’t force any structure on the before and after trend)
and Ayres and Donohue’s hybrid model. In these four tables, the first column
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presents regression results from our full model with all standard control variables
as used in the previous literature (Coefficients are: base entry rate, direct ef-
fects of SIL, base exit rates, selection effects, and surprise effects, respectively).
Second column presents an immediate comparison with the plain differences-
in-differences model with all control variables. If CPDM is correctly specified,
the coefficient of shall-issue dummy should be a weighted average of the esti-
mated direct, surprise, and selection effects. In the third column, to justify
the use of these control variables, we exclude all the demographic and income
variables and only kept state and time fixed effects and linear and quadratic
state-specific time trends. Similarly, we pair it with the plain differences-in-
differences model results for comparison. In columns 5-12, we present results
obtained from specific types of violent crimes defined by the FBI and as done
in previous literature. All reported estimates and standard errors are obtained
from generalized least squares and accounted for serial correlation as discussed
by Bertrand et al. (2004).

We have found our results consistent with our theory and the deterrence
hypothesis (note the same signs with our corresponding theoretical layout). In
particular, among all the violent crime categories, murder and rape come out to
be the most statistically significant and consistent with our theory. As we have
seen from previous literature as well as from the comparison of the 4 tables here,
the length of the sample period matters a lot. In Lott and Mustard (1997) and
our Table 4 and 5, the sample ends at 1992, which is, coincidentally, the end
of the first big wave of adoption of shall-issue laws among states, as shown in
Figure 2.

Figure 2: Trend of Adoption of Shall-Issue Laws

Since in both Lott and Ayres and Donohue’s differences-in-differences model,
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the estimates of the coefficients on the effects of shall issue law are weighted
average of direct, surprise, and selection effects, the length of coverage of different
cohorts would thus lead to different directions of the effect due to the conflicting
forces between the three effects. Accidentally ending the sample after a wave of
adoption of shall-issue laws, i.e. covering only Pre-SIL and Early Transition Eras,
will show dominant effects of surprise and minimal selection effects, which at
least partially explains Lott’s results. On the other hand, Ayres and Donohue’s
model, when estimated at a much later point in time, captures much of the Post-
SIL generation and thus puts more weight on the selection effect than surprise
effects and thus shows the opposite direction of the effects. As shown in Figure 3,
the immediate effects of shall-issue laws are dominated by the surprise effects of
older cohorts, which increases the exit rate and decreases the overall violent crime
rates. However, as time goes by, the selection effects from the younger cohorts
start to kick in to bring the violent crimes back up. Therefore, depending on
where the researcher’s sample ends, one could reach very misleading conclusion
even with rigorous statistical models.

Figure 3: Violent Crimes Before and After the Adoption of Shall-Issue Laws

In our regressions, we have divided the post-adoption time into 5 periods: 1-2
years, 3-5 years, 6-10 years, 11-20 years, and 21 and more years. We constructed
five dummies to represent each period and investigated how the surprise effects
evolve over time. We can clearly see that the magnitude of surprise effects
vanishes over time. In Table 6, we also tested the joint significance of the surprise
effects to confirm our theory of the conflicting forces between surprise effects and
selection effects during different time periods. Again, for murder and rape, we
see clearly that surprise effects are more dominant if we end our sample in 1992
and the significance of surprise effects largely depends on the length of our data
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set.
In the next draft of the paper, we will report results of: 1) up-to-date data

set and 2) weighted crime rates in each birth group by their respective arrest
rates.
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Table 1: Summary statistics

Variable Mean Std. Dev. Min. Max. N
State Population 5045867.716 5575525.208 403000 36553215 1581
Crime Rates
Violent 485.306 313.105 47 2921.8 1581
Murder 7.08 7.08 0.2 80.600 1581
Rape 34.9 13.855 7.3 102.2 1581
Robbery 150.519 156.056 6.4 1635.1 1581
Aggravated Assault 292.806 172.815 31.3 1557.6 1581
Log Crime Rates
Violent 6.005 0.619 3.85 7.98 1581
Murder 1.696 0.709 1.853 4.39 1581
Rape 3.476 0.396 1.988 4.627 1581
Robbery 4.632 0.931 1.856 7.399 1581
Aggravated Assault 5.504 0.623 3.444 7.351 1581
Change of Crime Rates
Violent 6.697 49.182 -510.964 349.321 1530
Murder -0.006 1.464 -18.147 23.226 1530
Rape 0.66 4.261 -20.566 41.505 1530
Robbery 0.821 27.104 -367.297 311.224 1530
Aggravated Assault 5.222 31.37 -178.7 316.129 1530
Cohorts
Old Mature 0.214 0.068 0 0.3 1581
Middle Mature 0.017 0.029 0 0.097 1581
Young Mature 0.019 0.058 0 0.27 1581
Explanatory Variables
Entry 0.096 0.012 0.074 0.134 1581
Shall Entry 0.034 0.045 0 0.121 1581
Exit 0.25 0.017 0.203 0.3 1581
Selection 0.028 0.061 0 0.270 1581
Surp1-2 0.01 0.05 0 0.294 1581
Surp3-5 0.014 0.055 0 0.285 1581
Surp6-10 0.019 0.063 0 0.259 1581
Surp11-20 0.02 0.061 0 0.245 1581
Surp21- 0.005 0.022 0 0.184 1581
Control Variables
Violent Arrest Rate 37.652 18.943 0.578 558.810 1481
Density 356.441 1344.887 0.697 11176.492 1581
Income 18839.326 12166.232 2114.199 72239.094 1581
Welfare 251.056 188.247 12.931 1154.863 1581
Unemployment 76.623 58.486 5.622 415.203 1581
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Table 6: Joint Significance of Surprise Effects

Violent Violent Murder Rape Aggravated Robbery
w/o X’s Assault

77-07 (level) 0.888 0.885 0.052 0.524 0.263 0.011∗

77-92 (level) 0.578 0.761 0.003∗∗ 0.252 0.398 0.035∗

77-07 (change) 0.102 0.143 0.293 0.006∗∗ 0.044∗ 0.658
77-92 (change) 0.660 0.252 0.030∗ 0.000∗∗∗ 0.013∗ 0.584
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001
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6 Appendix

6.1 population-weighted within-wave mean violent crime
rates

At a certain point in time, let Vi be the number of violent crimes in state i
in that year, Pi be the population in the same state in that year. Then let vi
be the violent crime rates in state i defined as the number of violent crimes per
100,000 population:

vi =
Vi

Pi
∗ 100000 (1)

Let Wj be the total population of all states in the same wave j (j =
1, 2, 3, 4, 5):

Wj =
∑
i∈j

Pi (2)

And define the weights as the population percentage within the same wave:

wi =
Pi

Wj
,∀i ∈ j (3)

Finally, the population-weighted within-wave mean violent crime rate of wave
j is vj :

vj =
1∑
i∈j 1

viwi =
1∑
i∈j 1

Vi

Wj
∗ 100000 (4)
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