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Introduction:


In wake of the Sandy Hook Elementary School shooting, there has emerged a debate on the restructuring of gun control in America, from reinstating the assault weapons ban to limiting access to guns for the mentally troubled.  There have also been many news articles about the increase in gun purchases in anticipation of stricter gun control laws.  This led me to become interested in the number of gun sales in America and how they have changed over time.  Unfortunately I was not able to find data recent enough to allow me to investigate if the increase in gun sales since the Sandy Hook shooting and thus was not able to determine if the increase in gun sales since the shooting is statistically significant.  However, my data does me to look at trends in how gun sales have changed over time in the United States throughout the past 14 years, and see if perhaps past mass shootings have led to spikes in gun sales.
Data:


The data I used was the number of background checks the FBI has run since December of 1998, on a monthly basis.  The data can be found here: http://www.fbi.gov/about-us/cjis/nics/reports/20121203_1998_2012_monthly_yearly_totals.pdf.  It is important to note that this data may not be representative of total gun sales.  For example, gun sales at gun shows by people who are not engaged in the business of selling guns or only occasionally sell guns are not required to run a background check on their customers, and guns that are sold on the black market will not be captured in this data.  As data is not available on all these types of sales, however, background checks will serve as a readily-available proxy for total gun sales in the U.S. and help us to look at gun sales over time.


A graph of background checks over time produces the following result:
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It is clear that this time series exhibits a large degree of seasonality, with background checks reaching an annual peak in December and a low point in the summer months, which will have to be taken into account in our analysis.

Analysis

As we saw in the plot above, the data exhibits strong seasonality.  Just as Ralphie got his Red Ryder BB gun for Christmas in A Christmas Story, I suspect that many Americans are receiving real guns each December, accounting for the large number of December gun purchases.  In addition to the plot shown earlier, we can see the seasonality by looking at the correlogram for this data, shown below.

[image: image2.emf]Correlogram Adjusted for Degrees of Freedom
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As we can see, the correlation is high for lags of 12, 24, 36, etc., due to the seasonal nature of gun sales.  It also appears that the autocorrelations decrease at a steady rate, rather than quickly decreasing to zero (i.e. decreasing exponentially).  This is an indicator that an AR(1) model may not be the best model when looking at this data.
If we look at 12 month moving averages, we avoid the seasonality issue and are better able to see the growth rate of background checks for gun purchases.  This is shown in the graph below.
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We can also adjust for seasonality by dividing each month by a factor that adjusts for the expected seasonal effects for each month.  For example, December has sales that are, on average, 134% of the average monthly sales within a given year, so we divide the sales numbers in each December by 1.34.  This is what we see when looking at seasonally-adjusted background checks.  There still appears to be some seasonality in the most recent years, indicating that the seasonality factors have changed over time, but this adjustment has accounted for a significant part of the seasonality.
[image: image4.emf]Seasonally Adjusted Background Checks
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As we did with the data that is not seasonally adjusted, we can look at the correlogram for this data.  The result is this:

[image: image5.emf]Correlogram of Seasonally Adjusted Values, Adjusted for Degrees of Freedom
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Unfortunately, we still see some seasonality in the autocorrelations, especially for longer lags, but this is less of a factor than in the unadjusted data.

Next we can fit an AR(1) model to this seasonally adjusted data. As mentioned early, the lagged autocorrelations do not appear to be decreasing at an exponential rate, indicating that an AR(1) model may not fit the data.  However, given its simplicity, an AR(1) model is still a good place to start, so long as we keep in mind that it probably is not the best model for the data. Here is the excel output from the regression analysis for this data:

	Regression Statistics
	
	
	
	
	

	Multiple R
	0.96809038
	
	
	
	
	

	R Square
	0.937198984
	
	
	
	
	

	Adjusted R Square
	0.936818372
	
	
	
	
	

	Standard Error
	71869.98114
	
	
	
	
	

	Observations
	167
	
	
	
	
	

	
	
	
	
	
	
	

	ANOVA
	
	
	
	
	
	

	 
	df
	SS
	MS
	F
	Significance F
	

	Regression
	1
	1.27187E+13
	1.27187E+13
	2462.346018
	4.3521E-101
	

	Residual
	165
	8.52274E+11
	5165294190
	
	
	

	Total
	166
	1.3571E+13
	 
	 
	 
	

	
	
	
	
	
	
	

	 
	Coefficients
	Standard Error
	t Stat
	P-value
	Lower 95%
	Upper 95%

	Intercept
	22625.98848
	19343.50603
	1.169694286
	0.243810878
	-15566.71175
	60818.68871

	Phi1
	0.982035307
	0.019790308
	49.62203158
	4.3521E-101
	0.94296042
	1.021110194


From this data we can see that background checks (and, presumptively, gun sales) in one month are highly predictive of background checks in the next month.  In fact, this analysis predicts a Phi1 of .982.  Even at an exponential rate of decay, we would still expect a high autocorrelation many lags out. For example, at a lag of 20, we would expect an autocorrelation of .982^20=.695.  Thus it may be appropriate to use an AR(1) model, despite the fact that the lagged correlogram does not quickly decrease to zero.

This model allows us to find predicted background checks for each month.  Then, by comparing the actual and predicted values, we can see if any months have unexpectedly high or small sales.  In this case, I was interested in months with high sales, and whether or not they followed a mass shooting in America.  The theory behind this is that when a mass shooting occurs, there are often calls for stricter gun legislation, and people will want to buy guns before this legislation passes.  The six months with the highest residuals (over 100,000) were December of 1999, December 2005, November 2008, January 2009, January 2010, April 2010, January 2011, April 2011, December 2011, February 2012 and November 2012.  I next compared these months to mass shootings in America, using a list of mass shootings found on http://www.motherjones.com/politics/2012/12/mass-shootings-mother-jones-full-data.  I looked both at the month with high sales and the previous two months, as it could take some time for the increase in gun sales to occur.  In only one of the six months listed above was there a mass shooting with more than 10 fatalities in the previous two months – September 2012 was two months after the Aurora theater shooting, which occurred in July 2012. Overall, however, this data does not support that, in general, we would expect gun sales to go up after a mass shooting, despite reports that that is currently occurring in wake of Sandy Hook.

The final model we fit to the data is an AR(2) model.  Here is the excel output from the regression analysis for this data:
	Regression Statistics
	
	
	
	
	

	Multiple R
	0.967911
	
	
	
	
	

	R Square
	0.936851
	
	
	
	
	

	Adjusted R Square
	0.936076
	
	
	
	
	

	Standard Error
	72262.51
	
	
	
	
	

	Observations
	166
	
	
	
	
	

	
	
	
	
	
	
	

	ANOVA
	
	
	
	
	
	

	 
	df
	SS
	MS
	F
	Significance F
	

	Regression
	2
	1.26E+13
	6.31375E+12
	1209.097002
	1.69788E-98
	

	Residual
	163
	8.51E+11
	5221870694
	
	
	

	Total
	165
	1.35E+13
	 
	 
	 
	

	
	
	
	
	
	
	

	 
	Coefficients
	Standard Error
	t Stat
	P-value
	Lower 95%
	Upper 95%

	Intercept
	22474.73
	19682.75
	1.141849034
	0.255191396
	-16391.31096
	61340.76357

	Phi1
	0.955826
	0.080975
	11.80401605
	1.24129E-23
	0.795931378
	1.115720384

	Phi2
	0.026647
	0.081365
	0.32749517
	0.743713628
	-0.134018614
	0.187311875


As the output shows, the p-value on the estimate for Phi2 is not statistically significant from zero.  Thus this model is not useful, and it makes sense to use the AR(1) model rather than the AR(2) model.
Conclusion:


This paper set out to look at how gun sales in America have changed over time.  Gun sales are certainly growing, and sales have a strong element of seasonality, peaking each year in December.  The sales in the previous month has strong predictive power for sales in future months, as shown by the significance of Phi1 in our AR(1) model.

There are many things that could make certain months have unexpectedly high or low gun sales, such as the passage or repeal of gun legislation or new products coming to the marketplace.  This paper attempted to investigate whether or not mass shootings led to higher gun sales.  In theory, mass shootings can lead to pressure for stricter gun control, and people will temporarily increase gun purchases in order to purchase guns that they may not be able to under future laws.  Many newspapers have reported that this is what is happening currently, as the Sandy Hook tragedy has led to a push for stricter gun control. My data does not, however, show evidence of this happening for other shootings.  This could be due to variability in the data or to the magnitude of the Sandy Hook tragedy and corresponding push for new legislation.  Overall, it appears that gun sales are continuing to increase in America, and barring new legislation, will probably continue to do so.
