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1. Econometric research on crime and the problem of simultaneity.

The econometrics of crime began 29 years ago with the publication of Isaac Ehrlich's (1973) seminal article. Ehrlich's work anticipates much of the eventual development of the econometrics of crime. The central analysis of Professor Ehrlich's paper is a simultaneous equation model of crime and punishment based on a cross section of states in 1960. 

This new field quickly ran into a serious problem with the publication of Franklin Fisher and Daniel Nagin's (1978) paper. In this important article Fisher and Nagin argue that it is virtually impossible to identify the crime equation in any econometric analysis of crime. If crime and punishment are simultaneous, this means that we cannot know if we are estimating the effect of sanctions on crime or the effect of crime on sanctions. If they are right, then we cannot derive consistent estimates of the crime equation.  

Their argument is that the exclusionary restrictions necessary to identify the crime equation are generally invalid. To be valid, instruments must be highly correlated with sanctions (e.g., arrests, police, or prison) but uncorrelated with crime. However, those things that affect crime can also be expected to affect the level of sanctions. For example, high crime rates could lead to the passage of new laws. The new laws, if effective could reduce crime. To identify the effect of the new laws on crime we need at least one variable that causes new laws against crime but does not cause crime directly. Professor Ehrlich identified the crime equation by excluding the following variables from the crime equation: the lagged crime rate, lagged police expenditures, the unemployment rate, percent males aged 18-24, percent urban, male to female ratio, a southern regional dummy variable, years of schooling, and total population. Yet all these variables are very likely to affect crime directly and are therefore unlikely to be valid instruments. According to Fisher and Nagin, "Can the crime function ever plausibly be identified, i.e., can we ever hope to find variables that influence sanctions but have no direct effect on crime?" (P. 374.)

The econometrics of crime is still struggling with this problem. Crime rates can be considered simultaneously determined with arrest rates, prison commitment rates, length of sentence, police levels, gun prevalence, and the passage of various laws. This list includes many of the most interesting topics in the econometrics of crime. 

If the data are cross section only, then there is little hope of disentangling the various directions of causation.  This is the main reason that I don't recommend the use of cross section data. If the data are time series or panels of cross sections, then we can use the fact that time moves in only one direction to help identify the crime equation. Lags can be used to identify the relevant equations or, possibly, eliminate the need for simultaneous equation modeling entirely.

The other advantage of using panel and time series data to investigate potentially simultaneous relationships is that the concept of exogeneity has been refined in recent years. Time series analysts have developed the concept of weak exogeneity (Engle, Hendry, and Richard, 1983). Under this definition, a variable z, is said to be weakly exogenous with respect to the set of parameters, λ, if inferences concerning λ can be made conditional on z with no loss of information. That is, we do not have to model z in order to draw inferences concerning the parameters λ.  This is a more useful concept of exogeneity than the traditional definition, because we can concern ourselves with only a certain subset of parameters of interest rather than trying to get consistent estimates of all the parameters in an equation.

2. A short history of crime and punishment in the United States

One of the interesting topics in criminology is the effect of the prison population on crime rates. Such studies are useful in determining the costs and benefits of prisons. It costs approximately $25,000 to incarcerate one prisoner for one year in the United States. What is the corresponding benefit in terms of crimes prevented? An econometric analysis can be useful in generating estimates of the number of crimes that would have been committed if the prison population was reduced by, say, one percent. 

In the United States, the prison population has increased dramatically over the last 30 years, leading many critics to question its efficacy, especially in light of the fact that crime rates have continued to grow in the face of this dramatic increase in prison population. The following graph shows the relationship between prison population and crime in the United States over the last 70 years. Crime is defined as major crime, namely murder, rape, robbery, assault, and burglary, the kind of crime that is likely to result in a prison sentence. 

Insert Figure 1 about here.

As the graph shows, for the first half of the century, there was, more or less, an equilibrium between crime and prison such that both were relatively constant. However, something happened in the 1960’s to cause crime to begin to grow rapidly and prison population to fall. Unlike many members of my generation, I actually remember the 60’s and I do recall a general breakdown of social control accelerated by the Vietnam War and a large and rebellious younger generation. The response by the criminal justice system to this increase in crime was to reduce or fail to increase the prison population for 15 years. By the 1970’s crime was growing at an exponential rate. 

I hypothesize that crime causes crime in a dynamic fashion. When crime rates are high, the criminal justice system is strained. Police cannot properly investigate very many of the large number of incidents. The courts are swamped with cases and prosecutors plea bargain rather than attempt to convict with a jury trial. Prisons are crowded so that sentences are shortened and previously convicted inmates are released early to create room for more recently convicted felons. Potential criminals observe that others are committing a host of crimes and getting away with them. The crime rate grows, making everything worse. High crime causes higher crime. This was the situation in the United States in the period from 1960 to 1980. 

The prison population finally stopped declining by the mid 1970’s and began to grow. It took some time for the growing prison population to put a dent in the growing crime rate, but crime eventually responded and started to decline around 1980. When crime rates fall, all the dynamics work in the opposite direction. There are fewer crimes. The police have the time to investigate more fully a larger proportion of incidents. Prosecutors are under less pressure to avoid trial. Prisons are less crowded. Parole and other early release programs are cut back. Sentences are more likely to be completed. Potential criminals observe that there is less crime and fewer successful criminals. Falling crime rates cause crime to fall further. Crime declines at an exponential rate.

I suspect that the crime rate would have continued the decline that began in 1980 if it had not been for the invention of smokeable cocaine in the early 1980's. This innovation effectively multiplied the supply of cocaine, dramatically lowered its price and created huge new markets. The creation of thousands of new illegal markets guaranteed an escalation of violence as entrepreneurs literally battled for new territory.  The period 1985-1990, shaded in Figure 1 above, is characterized by the crack epidemic. By 1990 the territorial battles had mostly been determined. The crime rate resumed its decline in 1990 and it is still declining. I expect the fall in crime rates to continue for the foreseeable future.

Suppose we measure the level of social control with respect to crime by the ratio of the number of prisoners to the number of crimes, i.e., persons incarcerated per crime. The following graph illustrates this concept for the United States.

Insert Figure 2 about here.

Examination of this graph reveals that only in the last few years has the level of punishment equaled the levels that prevailed in the 1930's. This suggests that for nearly all of the last half of the 20'th century, the United States was "soft on crime" relative to the first half of the century.


This short history of crime in the United States takes the admittedly simplified view that prison commitment and crime itself are the primary determinants of crime. We shall see below that this is, perhaps, not too far off the mark. Obviously, prisons do not exist in a vacuum. The penal system relies on a framework of laws, a police presence, arrests, trials, convictions, and prison sentences. On the other hand, police and prosecutors cannot function properly unless there are prisons in which to incarcerate convicted felons. So, when I say prison incarceration deters crime, I mean that prison incarceration resulting from police making arrests, prosecutors prosecuting, and judges sentencing convicted defendants deters crime.

3. Previous Research


In an investigation of the relationship between prison population and crime rates Marvell and Moody (1994) conducted a search of the literature that yielded only four papers in which regression or correlation analysis was used to investigate the prison-crime relationship. Of those papers, Nagel (1977) found a positive correlation between prison and crime (almost certainly because you have to be convicted of a crime in order to qualify for prison). Bowker (1981) correlated prison with various lags of crime rates and found both positive and negative simple correlations. Devine, Sheley, and Smith (1988) while investigating other phenomena found that prison has a large and significantly negative impact on crime. McGuire and Sheehan (1983) used Granger (1969) causality analysis on national crime and prison population based on data from 1960-1979. They found causality running in both directions, but the sample size was very small. Marvell and Moody (1994) estimated that each additional prisoner averted at least 17 crimes. The primary advantage of the Marvell and Moody study over the previous analyses is that we used panel data. The panel data structure generated a huge increase in degrees of freedom and allowed us to be much more confident in our results. We also looked at the effect of prison on homicide using a time series of national data from 1930-1994 (Marvell and Moody, 1997). We found that a ten percent increase in the prison population can be expected to reduce homicide by 13 percent. Finally, we investigated the possibility of spillover effects of prison populations across states (Marvell and Moody, 1998). We found that incarcerating criminals in New York, for example, reduced crime in New Jersey and other states. If this study is correct, prisons generate positive externalities, implying that the United States may be under-investing in prisons.

Levitt (1996) investigated the relationship between crime and prison population using simultaneous equations methods. He finds that prisons deter approximately 15 crimes per person per year, very close to the Marvell and Moody(1994) estimate. This implies that each incarcerated prisoner reduces the costs of crime by $54,000 compared to the annual cost of incarceration of $25,000, making prisons cost effective. Levitt identified the crime equation by using dummy variables for prison overcrowding litigation on the theory that such litigation would affect the prison population but would be independent of crime. The assumption may or may not be true. In any case, Levitt's two-stage least squares results are virtually the same as his ordinary least squares estimates, indicating that simultaneous methods might not be necessary. DiIulio and Piehl (1991) tried to answer the question as to whether prisons pass a benefit-cost test. They concluded, agreeing with both Levitt and Marvell and Moody, that prisons are, despite being very expensive, cost-effective in reducing crime.

4. A Time Series Analysis of Crime and Prison

If we want to investigate the relationship between prison population and crime we have to confront the simultaneity problem. Prison incarceration presumably causes crime to decline as a result of a combination of deterrence and incapacitation. However, crime leads to arrest and eventual prison incarceration. Thus there is a potentially simultaneous relationship between prison and crime. On the other hand, if it takes a significant amount of time for a crime to lead to arrest, conviction, and eventual prison incarceration, then prison causes crime to decline in the current period, but crime causes prison population with a lag. Under these conditions there is no necessary simultaneity between prison and crime. In a time series investigation, therefore, we may be able to avoid simultaneous equation modeling entirely.

A time series analysis of the relationship between crime and punishment, with prison population representing punishment, begins with an examination of the properties of the individual series. The variables of interest are presented in Table 1 below.

Table 1

Variable names, definitions, and means

	Variable
	Definition
	Mean

	Crmajpc
	Major crime per capita
	11.43

	Prisonpc
	Prison population per capita
	1.59

	Black
	Percent black
	0.13

	Divpc
	Divorce per capita
	0.003

	Income
	Real personal income per capita
	3240.3

	Unrate
	Unemployment rate
	6.59

	P1524
	Percent population 15-24
	0.162

	P2534
	Percent population 25-34
	0.151

	P3544
	Percent population 35-44
	0.134

	Crack
	Crack dummy 1985-1990
	0.070

	WW2
	World War II dummy 1942-1945
	0.058


For the purposes of this analysis, I take logs of all the continuous variables (indicated below by the prefix L). Augmented Dickey-Fuller tests (Hamilton, 1994, pp. 516-532) revealed that all of the variables, except the three age groups and the unemployment rate, have unit roots (all statistical analyses were done with the GiveWin and EViews econometric modeling software programs). Because most of these variables are integrated of order one, I cannot investigate the relationships among these variables in levels unless they are cointegrated (Engle and Granger, 1987). I therefore conducted the following Johansen (1991) test for cointegration. I first specified a two-variable vector autoregressive (VAR) system with crime (Lcrmajpc) and prison (Lprisonpc) as the two endogenous variables and the remaining variables assumed to be exogenous. Starting with three lags of each of the endogenous variables I estimated the following VAR, also known as the unrestricted reduced form (URF) equations.


Table 2


Estimated VAR for Crime and Prison
Equation for: Lcrmajpc

                  Coefficient  Std.Error  t-value  t-prob

Lcrmajpc_1           0.880174     0.1385     6.36   0.000

Lcrmajpc_2          -0.339675     0.1405    -2.42   0.019

Lprisonpc_1         -0.624994     0.2790    -2.24   0.030

Lprisonpc_2          0.255536     0.2663    0.959   0.342

Lp1524               0.252947     0.2371     1.07   0.291

Lp2534               0.187803     0.1278     1.47   0.148

Lp3544              -0.309002     0.3177   -0.972   0.336

Lincome             -0.387766     0.1606    -2.41   0.020

Ldivpc             -0.0515498    0.07638   -0.675   0.503

Lblack                1.34883     0.7410     1.82   0.075

Trend               0.0197828   0.009451     2.09   0.042

Constant       U      6.26627      1.934     3.24   0.002

sigma = 0.0430201   RSS = 0.08883503503

Equation for: Lprisonpc

                  Coefficient  Std.Error  t-value  t-prob

Lcrmajpc_1          0.0261000    0.06341    0.412   0.682

Lcrmajpc_2         -0.0643899    0.06434    -1.00   0.322

Lprisonpc_1          0.990419     0.1278     7.75   0.000

Lprisonpc_2         -0.191449     0.1220    -1.57   0.123

Lp1524              -0.350458     0.1086    -3.23   0.002

Lp2534               0.134540    0.05852     2.30   0.026

Lp3544              -0.244539     0.1455    -1.68   0.099

Lincome             -0.351894    0.07356    -4.78   0.000

Ldivpc              0.0712039    0.03498     2.04   0.047

Lblack                1.45250     0.3393     4.28   0.000

Trend             -0.00112679   0.004328   -0.260   0.796

Constant       U      5.25917     0.8855     5.94   0.000

sigma = 0.0197017   RSS = 0.01863158708

log-likelihood     267.698438  -T/2log|Omega|     437.971062

|Omega|       4.56793052e-007  log|Y'Y/T|        -2.73655108

R^2(LR)              0.999993  R^2(LM)               0.99669

no. of observations        60  no. of parameters          24

correlation between actual and fitted

     Lcrmajpc    Lprisonpc

      0.99832      0.99926

Specification Tests

Lcrmajpc    : AR 1-2 test:      F(2,46)  =   1.7470 [0.1857]  

Lprisonpc   : AR 1-2 test:      F(2,46)  =  0.15891 [0.8535]  

Lcrmajpc    : Normality test:   Chi^2(2) =   1.3874 [0.4997]  

Lprisonpc   : Normality test:   Chi^2(2) =   1.1720 [0.5566]  

Lcrmajpc    : ARCH 1-1 test:    F(1,46)  =   2.7117 [0.1064]  

Lprisonpc   : ARCH 1-1 test:    F(1,46)  = 0.021724 [0.8835]  

Lcrmajpc    : hetero test:      F(22,25) =  0.60345 [0.8825]  

Lprisonpc   : hetero test:      F(22,25) =  0.51737 [0.9387]  

Vector AR 1-2 test:      F(8,86)  =   1.2149 [0.3001]  

Vector Normality test:   Chi^2(4) =   2.3682 [0.6684]  

Vector hetero test:      F(66,69) =  0.66826 [0.9495]  

Note that I dropped the third lag of the endogenous variables and the two dummy variables, a reduction justified by an F-test indicating that the omitted variables were jointly insignificant (F=1.45).  Also, note that none of the specification tests for first or second order serial correlation (AR 1-2), non-normality, autoregressive conditional heteroskedasticity (ARCH), or heteroskedasticity are significant, either for each equation individually or for the system (Vector) as a whole. I am therefore reasonably confident that this model is a good baseline representation of at least the reduced form relationship between prison and crime in levels. 

According to the Johansen  tests for cointegration, there are two cointegrating vectors.

Table 3

Johansen cointegration tests

rank Trace test       Max test        Trace test (T-nm) Max test (T-nm)

0   87.97 [0.000]**  61.28 [0.000]**   82.20 [0.000]** 57.26 [0.000]**

1   26.68 [0.000]**  26.68 [0.000]**   24.93 [0.000]** 24.93 [0.000]**

The null hypotheses of no more than zero and no more than one cointegrating relation are soundly rejected. The problem with these results is that they contradict the unit root tests. If there are two cointegrating vectors in a two-equation VAR, it means that the data are stationary I(0) series. Either the unit root tests are wrong and the series are really stationary I(0) processes, or the cointegration tests are wrong and the series are really nonstationary I(1) processes. Since there is no practical method for choosing between these two sets of results, I will proceed to conduct the analysis under both sets of assumptions. As we see below, the results are essentially the same in either case.


The next step is to check for Granger causality. I use  a set of chi-square tests on the lagged prison variables in the crime equation and the lagged crime variable in the prison equation. The corresponding tests are presented below.

Table 4

Granger causality tests.
Levels

Test for excluding lagged prison in the crime equation 

Chi^2(3) = 13.983 [0.0029]**

Test for excluding lagged crime in the prison equation  

Chi^2(3) = 0.63641 [0.8880]

First Differences

Test for excluding lagged prison in the crime equations 

Chi^2(3) = 18.829 [0.0003]**

Test for excluding lagged crime in the prison equation 

Chi^2(3) = 0.84211 [0.8394] 

Notes: prob-values in brackets. All regressions include exogenous variables. The tests were repeated excluding the exogenous variables. The results were the same. 

As Table 4 shows, lagged prison is always significant in the crime equation while lagged crime is never significant in the prison equation. These results confirm those of Marvell and Moody (1994). Thus, it appears that prisons cause crime (prisons actually deter crime, since the sum of the coefficients on lagged prison is negative), but crime does not cause prisons. This finding might be counterintuitive, but, as a glance at Figure 1 confirms, the prison population looks like a classic exponential growth curve. It seems to have a life of its own, with little apparent relationship to crime, or anything else. 


Once the VAR has been estimated, the simultaneous equation system can be derived as a reduction from the unrestricted reduced form.  The insignificance of lagged crime in the prison equation means that the lagged crime variables can be removed from the prison equation with no loss of information. Since lagged crime rates affect crime but do not affect prison population, lagged crime rates are identifying variables for the prison equation. Lagged prison, the age groups, income, and the divorce rate are used to identify the crime equation. The proposed simultaneous equation system, estimated by full information maximum likelihood is presented in Table 5 below. 

Table 5

Simultaneous Equation Model

Equation for: Lcrmajpc

                  Coefficient  Std.Error  t-value  t-prob

Lprisonpc           -0.394252    0.06785    -5.81   0.000

Lcrmajpc_1           0.949079     0.1306     7.27   0.000

Lcrmajpc_2          -0.414521     0.1715    -2.42   0.020

Lcrmajpc_3           0.248162     0.1096     2.26   0.029

ww2                 -0.127795    0.04071    -3.14   0.003

Lblack                2.10169     0.5290     3.97   0.000

Trend             -0.00548331   0.003212    -1.71   0.095

Constant              5.27793      1.327     3.98   0.000

sigma = 0.0440593

Equation for: Lprisonpc

                  Coefficient  Std.Error  t-value  t-prob

Lcrmajpc            0.0104893    0.05674    0.185   0.854

Lprisonpc_1           1.00715     0.1159     8.69   0.000

Lprisonpc_2         -0.205642     0.1109    -1.85   0.071

Lp1524              -0.373760    0.09990    -3.74   0.001

Lp2534              0.0881852    0.04519     1.95   0.058

Lp3544              -0.150789     0.1269    -1.19   0.241

Lincome             -0.332317    0.07461    -4.45   0.000

Ldivpc              0.0874616    0.03096     2.83   0.007

Lblack                1.37340     0.3246     4.23   0.000

Trend             -0.00289088   0.004176   -0.692   0.493

Constant              4.99037     0.9352     5.34   0.000

sigma = 0.0193503

log-likelihood     266.526856  -T/2log|Omega|      436.79948

no. of observations        60  no. of parameters          19

LR test of over-identifying restrictions: Chi^2(15)=   14.093 [0.5185]  

Lcrmajpc    : AR 1-2 test:      F(2,41)  =   4.3069 [0.0201]* 

Lprisonpc   : AR 1-2 test:      F(2,41)  =   2.8209 [0.0711]  

Lcrmajpc    : Normality test:   Chi^2(2) =  0.48151 [0.7860]  

Lprisonpc   : Normality test:   Chi^2(2) =  0.59031 [0.7444]  

Lcrmajpc    : ARCH 1-1 test:    F(1,49)  =   1.0656 [0.3070]  

Lprisonpc   : ARCH 1-1 test:    F(1,49)  = 0.077236 [0.7822]  

Lcrmajpc    : hetero test:      F(30,20) =  0.60882 [0.8934]  

Lprisonpc   : hetero test:      F(30,20) =  0.57230 [0.9188]  

Vector AR 1-2 test:  F(8,92)  =  0.74814 [0.6489]  

Vector Normality test:   Chi^2(4) =   1.4522 [0.8351]  

Vector hetero test:      F(90,54) =  0.88763 [0.6952]  

The test for overidentification shows that the equations are properly identified and that these equations are legitimate reductions from the reduced form equations. The crime equation is more or less what was expected. Crime appears to be a function primarily of its own lag and the prison population. The most interesting thing about the prison equation is that crime is not significant. This implies that prison is weakly exogenous to the parameters of the crime equation and simultaneous modeling may not be necessary in this case. While the specification tests are generally satisfactory, there appears to be some serial correlation in both equations (although the vector serial correlation test is quite satisfactory). This implies that there may be some specification error in the system. I suspect that the specification error may be due to the attempt to estimate a system using simultaneous methods that is really not simultaneous. Because serial correlation leads to overestimated t-ratios and the coefficient on crime in the prison equation is insignificant in spite of this bias, I can be reasonably sure that the equations can be consistently estimated with ordinary least squares.


The results of estimation using ordinary least squares, assuming weak exogeneity,  are as follows.

Table 6

Ordinary Least Squares Estimates of the Crime and Prison Equations

Crime equation

                  Coeff    StdError  t-value    t-prob   

Constant        4.71702     0.91386    5.162    0.0000   

Lcrmajpc_1      0.69898     0.06465   10.811    0.0000   

Lprisonpc_1    -0.92776     0.19164   -4.841    0.0000   

Lprisonpc_2     0.50571     0.19470    2.597    0.0121   

Lunrate         0.06124     0.02155    2.842    0.0063   

ww2            -0.06555     0.02782   -2.356    0.0221   

Lblack          1.91601     0.37369    5.127    0.0000   

sigma     0.04141   R^2       0.99660   

Specification Tests

                     value        prob

AR   1-4 test       1.5430      0.2041

ARCH 1-4 test       1.8703      0.1318

hetero test         1.2212      0.3035

normality test      0.7196      0.6978

Chow(67:1)          1.6571      0.1040

Chow(91:1)          0.2797      0.9438

Prison Equation

                  Coeff    StdError  t-value    t-prob 

Constant        5.56512     0.72591    7.666    0.0000   

Lprisonpc_1     0.82819     0.03889   21.294    0.0000   

Lp1524         -0.40854     0.04301   -9.499    0.0000   

Lp3544         -0.20967     0.06462   -3.245    0.0020   

Lincome        -0.47632     0.04645  -10.253    0.0000   

Ldivpc          0.16591     0.01905    8.711    0.0000   

crack           0.02717     0.00973    2.791    0.0073   

Lblack          1.27874     0.16610    7.699    0.0000   

sigma     0.01951   R^2       0.99840

Specification Tests

  value        prob

AR   1-4 test       0.9094      0.4659

ARCH 1-4 test       0.2361      0.9165

hetero test         0.8275      0.6297

normality test      1.5847      0.4528

Chow(67:1)          2.8114      0.0064

Chow(91:1)          0.1785      0.9814

Again, the specification tests are satisfactory. Crime is a function of itself lagged and lagged prison so that crime causes crime and prison deters crime. Prison, on the other hand is primarily a function of itself lagged and appears to be independent of crime.


All of these results may be tainted because of the possibility that the two target variables, crime and prison, are unit root processes. If the variables in levels are I(1) nonstationary unit root processes, then the first differences of these variables are stationary I(0) variables. I therefore replicated the analysis in first differences. The simultaneous equation version, estimated with full information maximum likelihood is presented in Table 7 below

.

Table 7

Simultaneous Equations: first differences

Equation for: DLcrmajpc

                  Coefficient  Std.Error  t-value  t-prob

DLprisonpc           0.585940     0.3966     1.48   0.146

DLprisonpc_1         -1.08059     0.2986    -3.62   0.001

DLcrmajpc_1         0.0372109    0.09631    0.386   0.701

DLp1524              0.855327     0.3073     2.78   0.008

DLp2534              0.213305     0.3143    0.679   0.501

DLunrate             0.104430    0.03064     3.41   0.001

Constant       U    0.0381802   0.007815     4.89   0.000

sigma = 0.0429413

Equation for: DLprisonpc

                  Coefficient  Std.Error  t-value  t-prob

DLcrmajpc            0.191397     0.1406     1.36   0.179

DLprisonpc_1         0.630349     0.1408     4.48   0.000

DLprisonpc_2         0.102527    0.09417     1.09   0.281

DLp1524             -0.506066     0.2022    -2.50   0.016

DLp2534              0.185928     0.1693     1.10   0.277

DLincome            -0.315244     0.1339    -2.35   0.023

DLblack               1.20048     0.3774     3.18   0.003

Constant       U  -0.00391953   0.009113   -0.430   0.669

sigma = 0.0241808

no. of observations        60  no. of parameters          15

LR test of over-identifying restrictions: Chi^2(5) =   2.1376 [0.8298]  

DLcrmajpc   : AR 1-2 test:      F(2,48)  =   1.1634 [0.3211]  

DLprisonpc  : AR 1-2 test:      F(2,48)  =   2.6740 [0.0792]  

DLcrmajpc   : Normality test:   Chi^2(2) =  0.86211 [0.6498]  

DLprisonpc  : Normality test:   Chi^2(2) =  0.89548 [0.6391]  

DLcrmajpc   : ARCH 1-1 test:    F(1,51)  =  0.31637 [0.5763]  

DLprisonpc  : ARCH 1-1 test:    F(1,51)  =   1.3171 [0.2565]  

DLcrmajpc   : hetero test:      F(18,34) =  0.69287 [0.7940]  

DLprisonpc  : hetero test:      F(18,34) =   1.2219 [0.2986]  

Vector AR 1-2 test:      F(8,96)  =   1.0829 [0.3817]  

Vector Normality test:   Chi^2(4) =   1.7561 [0.7805]  

Vector hetero test:      F(54,96) =  0.81160 [0.7976]  

Again, the specification tests indicate that the model is not obviously mis-specified. Crime is not significant in the prison equation, indicating that simultaneous methods may be unnecessary. Therefore, we re-estimate using single equation methods. The resulting equations are, after dropping insignificant variables:

Table 8

Ordinary Least Squares: first differences

Crime equation, first differences

                   Coeff    StdError  t-value    t-prob

Constant         0.04314     0.00599    7.200    0.0000   

DLprisonpc_1    -0.68504     0.12813   -5.347    0.0000   

DLp1524          0.81728     0.27515    2.970    0.0044   

DLunrate         0.13081     0.02036    6.425    0.0000   

sigma     0.04157   R^2       0.57657 

                     value        prob

AR   1-4 test       1.4185      0.2409

ARCH 1-4 test       0.5070      0.7308

normality test      2.1140      0.3475

hetero test         0.6106      0.7206

Chow(68:1)          1.0937      0.4090

Chow(92:1)          0.7553      0.5862

Prison equation, first differences

                   Coeff    StdError  t-value    t-prob

DLprisonpc_1     0.59373     0.07411    8.012    0.0000   

DLp1524         -0.39933     0.16073   -2.485    0.0160   

DLincome        -0.41581     0.07881   -5.276    0.0000   

DLblack          1.63359     0.31054    5.261    0.0000   

sigma     0.02347   R^2       0.76565   

                     value        prob

AR   1-4 test       1.2783      0.2905

ARCH 1-4 test       0.0822      0.9875

hetero test         1.6748      0.1298

normality test      0.3316      0.8472

Chow(68:1)          1.9900      0.0380

Chow(92:1)          0.3170      0.9005

The results of the estimation in first differences are consistent with the earlier results in levels. Crime is a function of itself lagged (that is, crime this year is equal to crime last year plus the change in crime this year) and lagged prison population. Prison is primarily a function of its own lags and is apparently independent of the crime rate.

5. Summary and Conclusions

Imprisonment is certainly one of the primary means of social control over crime, although it is dependent on a framework of laws, police, and courts. Crime appears to respond relatively rapidly to changes in the prison population through a combination of incapacitation and deterrent effects and appears to be primarily a function of its own lag and the prison incarceration rate. This result underscores the importance of an effective legal-penal system in a democratic society. 

Prison, on the other hand, does not seem to respond to crime at all. In the United States in the 20'th century, the prison population was either relatively constant or growing exponentially. It is an interesting question when this growth will stop. There are some recent indicators that the prison boom is finally over. According to the U.S. Bureau of Justice Statistics (2002), during the last six months of 2001 the number of inmates in State prisons declined by 0.3 percent. Ten states experienced prison population decreases last year, led by New Jersey (-5.5%), Utah (-5.2%), New York (- 3.8%), and Texas (-2.8%).. In California, the prison population peaked in June 1999 and has been declining ever since. Virginia has begun to decommission older prisons. Eventually there may be enough observations to find a causal relationship running from crime to prison population. In the meantime, the good news for researchers in this field is that it is apparently possible to derive unbiased and consistent estimates of the effect of prison incapacitation on crime rates without having to resort to simultaneous equation modeling. This makes calculation of the costs and benefits of the prison system much easier.

On the other hand, if criminologists plan to investigate many of the other interesting relationships (e.g., guns and crime, police and crime, sentencing reform and crime, etc.) they must be prepared to address the problem of simultaneity. Fisher and Nagin are almost certainly right. It is virtually impossible to identify the crime equation with cross section data. However, time series and panel data make identification of the relevant equations much easier. Of course, there are econometric problems unique to time series but I suggest that, overall, the advantage of being able to use lags and new concepts of exogeneity to identify equations outweigh the additional difficulties involved with time series data. 
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Figure 1

Crime and Prison Population

[image: image1.wmf]0

1

2

3

4

5

6

0

4

8

12

16

20

24

20

30

40

50

60

70

80

90

00

P

R

I

S

O

N

C

R

I

M

E


Figure 2

Prison to Crime Ratio
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