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RATE OF FIREARM HOMICIDE
Introduction

At present, the rate of homicide is higher than in the past. Homicide can be occurred with many methods.  The firearm homicide is mainly method which we have often found in the news. Thus, rate of firearm homicide is studied in this times series project.   

The project is written to identify the yearly rate of firearm from year 1915 to 2004 and appropriate the series with ARIMA model. The software in this calculation is MINITAB.
The project has 3 main parts. First part, data analysis is included the source of data, data characteristic and pattern of data. Times series plot, autocorrelation and partial autocorrelation are considered in this part. Second part, diagnostic model is concerned with testing goodness of fit of model by using analysis of residuals from fitted model. The last, model valuation is the assessment of the precision of those forecast with actual data. 
Data Analysis
The Data that use in this analysis is Deaths from gun-related homicides, Australia: 1915-2004. Source of data is National Firearms Agreement was introduced in 1997. It can be found at website: http://robjhyndman.com/TSDL/crime/. 
The Exhibit 1, 2 and 3 are shown the data characteristic as follow: 
Exhibit 1 displays a time series plot of the rate of firearm homicide. The plot shows slightly upward trend at beginning, but gradual decrease during year 1932 to 1950 and gradual upward trend again. It seems no seasonable trend and non-stationary. 
[image: image14.emf]1990 1975 1960 1945 1930 1915
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Time Series Plot of Rate of Firearm Homicide


Exhibit 1: Times series plot of rate of firearm homicide in Australia.

Exhibit 2 shows the sample of autocorrelation function (ACF) for rate of firearm homicide. Trend is rapidly decreased and negative autocorrelation at lag 12 and remains so for many lags.
The sample partial autocorrelation function for rate of firearm homicide, shown in Exhibit 3, it displays strong positive PACF at lag 1.  Almost lags are within the horizontal dash lines except lag 1 and lag 12 which are exceed the range.
From Exhibit 2 and Exhibit 3, rate of firearm homicide can be identified the tentative model as AR (1). 
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Exhibit 2: Sample ACF of times series of rate of firearm homicide in Australia.
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Exhibit 3: Sample PACF of times series of rate of firearm homicide in Australia.
As mentioned in Exhibit 1, the time series plot is non-stationary. Times series plot of the first differences for rate of firearm homicide are considered, Exhibit 4, that is stationary and having constant mean.
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Exhibit 4: Times series plot of 1st difference of rate of firearm homicide in 


     Australia.

The sample autocorrelation function (ACF) for the first differences of rate of firearm homicide and the sample partial autocorrelation function (PACF) for the first difference of rate of firearm homicide shown in Exhibit 5 and Exhibit 6, respectively. They are significance longer at lag 1 but no longer at lag 12.  

After fitted the model by using the first differences, it is stationary ARIMA model. We will use ARIMA (1,1,0) to appropriate the model in the further analysis.
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Exhibit 5: Sample of ACF of 1st difference of rate of firearm homicide in 


     Australia.
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Exhibit 6: Sample of PACF of 1st difference of rate of firearm homicide in 


     Australia.

ARIMA (1,1,0) Model:
Y t  - Y t-1   
=

[image: image6.wmf]µ + Ø (Y t-1  - Y t-2 ) + e t   
 ; or
W t  
   
=

[image: image7.wmf]µ + Ø W t-1   + e t

; where W t   =
[image: image8.wmf]Y t  - Y t-1   

The estimation of parameter of ARIMA (1,1,0) model shown in Exhibit 7. 

W t  
   
=
-0.00520 – 0.4078 W t-1   + e t
; where W t   =
[image: image9.wmf]Y t  - Y t-1   

[image: image10.png]Final Estimates of Parameters

Type Coet SE Coet T »
MRl -0.4078  0.0979 -4.17 0.000
Constant -0.00520 0.01351 -0.38 0.701

Differencing: 1 regular difference
Humber of observations: Original series 90, after differencing 89
Residuals: 55 = 1.41338 (backforecasts excluded)

mS - 0.01625 DF = 87

Modified Box-Pierce (Ljwng-Box) Chi-Square statistic

Lag 12 24 3 a8
Chi-Square 19.6 32.2 6.6  69.4
bF 1o 22 4 4
P-Value  0.033 0.074 0.074 0.015

Forecasts from period 90

95% Linits
Period Forecast Lover  Upper Actual

51 0.165050 -0.084520 0.414915
52 0.157496 -0.132900 0.447851
93 0.155379 -0.151391 0.502149
94 0.151044 -0.236296 0.538385
95 0.147614 -0.279292 0.57452L
96l 0.l43815 -0.3l8204 0.605835
97 0.140167 -0.354891 0.635225
98 0.136457 -0.389409 0.662324
99 0.132773 -0.422256 0.687802
100 0.129078 -0.453632 0.7L1788
101 0.125387 -0.483757 0.734531




Exhibit 7: Parameter estimations of rate of firearm homicide with ARIMA (1, 1, 0) 


     Model

Model Diagnostics
As we have already fitted model with ARIMA (1, 1, 0) from previous parts, thus model diagnostics in this part is concerned the adequacy of fitted model by using the residual plots.  The normal probability plot and histogram of residuals are shown in the Exhibit 8. 
The pattern of normal probability plot is straight-line. And the histogram shape looks symmetric and bell shape. They support normal distribution for residuals from ARIMA (1, 1, 0) model.
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Exhibit 8: The residual plots for the rate of firearm homicide.

Model valuation 

The model valuation is the assessment of the precision of those forecast with actual data. The Exhibit 9 shows comparison of actual and forecast from ARIMA (1, 1, 0) model in year 1990 – 2004. The forecasted trend is not deviated from actual data.

[image: image12.emf]Time Series Plot of Actual VS Forecasted
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Exhibit 9: The comparison of actual and forecasted from ARIMA (1, 1, 0) model 


     in year 1990 – 2004.

Conclusion
The rate of firearm homicide is not stationary. After we took the first difference, it shows stationary with ARIMA model. The ARIMA (1,1,0) model is fitted in this times series data and shown in below. 
W t  
   
=
-0.00520 – 0.4078 W t-1   + e t
; where W t   =
[image: image13.wmf]Y t  - Y t-1  
The residual analysis is considered to re-check adequate model. The residual plots are roughly like normal distribution. The forecasted of firearm homicide is used to assess reliability model. 

From above results, the ARIMA (1,1,0) can be appropriate model for the rate of firearm homicide. 
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