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Executive Summary

Problem Statement

The Motor Vehicle Theft Law Enforcement Act of 1984 required automobile manufacturers,
based on standards established by the U.S. Department of Transportation (DOT), to mark 14
component parts of selected high-theft automobile lines with identifying numbers. The
Federal Anti-Car Theft Act of 1992 required manufacturers to mark an additional 50 percent
of their remaining lines. Both statutes permitted the DOT to grant alimited number of
exemptions for new automobile lines equipped with factory-installed anti-theft devices.

The 1992 |egidlation aso required the U.S. Attorney General to conduct two assessments of
the DOT rules:

Evaluate the effectiveness of the parts marking and, if found to be effectivein
inhibiting chop shop operations and deterring motor vehicle theft, extend parts
marking to all remaining vehicle lines; and,

Evaluate (a) whether parts marking has been effective in substantially inhibiting the
operation of chop shops and motor vehicle theft and (b) whether the anti-theft devices
for which the DOT has granted exemptions are an effective substitute for parts
marking in substantially inhibiting motor vehicle theft.

U.S. Department of Justice's National Institute of Justice contracted with Abt Associates to
conduct this evaluation.

Methodology

Data comprised a cross-section time-series of the number of stolen automobiles, the number
of registered automobiles, and hence, the automobile theft rate. The study sought to learn
whether or not the introduction and use of automobile parts marking and factory installed
anti-theft devices have reduced that automobile theft rate. Automobiles that never received
either parts marking or anti-theft exemptions provide a measure of control, helping to
distinguish between prevailing trends and the effectiveness of parts marking and anti-theft
devices.

Analysis used statistical procedures, based on Generalized Linear Least Squares and
Maximum Likelihood Poisson regression models, to estimate the reduction in automobile
theft attributable to parts marking and factory-installed anti-theft devices. The application of
benefit cost criterion required that the estimated reduction in theft be valued at the costs of a
stolen car and compared with the cost of marking automobiles and equipping them with anti-
theft equipment during the production process.
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Conclusions
Parts marking is cost-beneficial. This conclusion rests on the following findings:

The value of preventing the theft of an automobile by parts marking exceeds $6,000
per automobile.

The cost of marking an automobile is somewhere between $0.50 and $2.50 per car
per year, with the former figure being a better reflection of marking cars given current
technology.

According to one estimate, parts marking reduces automobile theft by 138 to 207 cars
per 100,000 registered automobiles. According to another estimate, parts marking
reduces car theft by 220 to 300 automobiles per 100,000 registered automobiles.

Given the benefit from preventing an automobile theft ($6,000 on average), and
assuming the cost of marking automobiles at $0.50 per car per year, parts marking
would be cost-beneficial if it prevented 9 thefts per 100,000 registered automobiles.
Assuming that parts marking costs as much as $2.50 per car per year, parts marking
would be cost-beneficia if it prevented 42 thefts per 100,000 registered automobiles.
Statistical analysis suggests that the effectiveness of parts marking exceeds both
thresholds.

Anti-Theft Devices are a cost-effective way of reducing automobile thefts. This conclusion
rests on the following findings:

The value of preventing the theft of an automobile using anti-theft devices is probably
less than $6,000 per automobile, but this does not include the theft of articles from the
car.

The cost of an anti-theft device is difficult to establish because of variation in the
quality and nature of such devices and the fact that when automobile manufacturers
offer anti-theft devices as optional equipment, the option is bundled with an
electronic accessories package. Excluding car location systems, however, anti-theft
devices probably add less than $20 cost per car per year.

By one estimate, anti-theft devices reduce automobile thefts by between 311 and 445
per 100,000 registered cars per year. By another estimate, they reduce thefts by
between 413 and 475 per 100,000 registered cars per year.

Assuming a $6,000 average loss per car, and assuming that anti-theft devices cost $20
per car per year, anti-theft devices would have afavorable benefit-cost ratio if those
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devices prevented 330 thefts per 100,000 registered automobiles per year. By this
criterion, anti-theft devices would appear to have benefits that exceed costs.

To some extent the Motor Vehicle Theft Law Enforcement Act of 1984 may displace crime
from carsthat are less attractive targets (because of parts marking and anti-theft devices) to
cars that are less protected or even to other forms of criminal activity. This report provides
evidence that displacement does not offset the favorable reduction in theft rates for high-
theft-rate cars that have component parts marked and anti-theft devices installed.

Nothing in this argument says that parts marking is better than anti-theft devices. Nothing
saysthe opposite. Parts marking and anti-theft devices seem to serve different purposes.
Anti-theft devices are intended to harden a vehicle target, making it more difficult to steal the
car. They probably discourage theft for joyriding and some professional thieves. In contrast,
parts marking is intended to assist law enforcement in identifying stolen cars and their parts
and to promote prosecution by building stronger cases. Anti-theft devices are not a substitute
for parts marking; both play important roles deterring automobile theft.
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1.0 Introduction

The nature of car theft changed significantly beginning in the 1970's, from joyriding to theft
for profit, partly due to a proliferation of so-called “chop shops’ that engaged in the volume
sale of stolen car parts to body shops, to auto repair shops, and directly to car owners.
Because auto theft investigators were often unable to identify from which vehicles the stolen
parts came or whether the parts were stolen at all, the Federal Government enacted the Motor
Vehicle Theft Law Enforcement Act of 1984. That Act required automobile manufacturers,
based on standards established by the U.S. Department of Transportation (DOT), to mark 14
component parts of selected high-theft automobile lines with identifying numbers. The
Federal Anti-Car Theft Act of 1992 required manufacturers to mark an additional 50 percent
of their remaining lines. Both statutes permitted the DOT to grant alimited number of
exemptions for new automobile lines equipped with factory-installed anti-theft devices.

The 1992 |egislation aso required the U.S. Attorney General to conduct two assessments of
the DOT rules:

(1) conduct by 1997 an initial evaluation of the effectiveness of the parts marking
and, if found to be effective in inhibiting chop shop operations and deterring
motor vehicle theft, extend parts marking to all remaining vehicle lines by
December 1997; and,

(2) conduct by 1999 along-range review of (a) whether parts marking has been
effective in substantially inhibiting the operation of chop shops and motor
vehicle theft and (b) whether the anti-theft devices for which the DOT has
granted exemptions are an effective substitute for parts marking in substantially
inhibiting motor vehicle theft.

Pursuant to the first of these two requirements, the U.S. Department of Justice’s National
Institute of Justice contracted with Abt Associates to evaluate the legislation’simpact. The
Abt researchers estimated that between 33 and 158 fewer cars were stolen by professional
thieves per 100,000 cars that were marked between 1987 and 1995. They also estimated
(conservatively) that the cost of a car theft is $6,000 per car, and that the cost of marking
each car is 50 cents per year. Using the estimated 33 per 100,000 reduction in stolen cars,
they estimated the benefits from marking 100,000 high theft-rate cars as being almost
$200,000, which compares favorably with paying $50,000 per year to mark those cars
(Rhodes, Johnston and McMullen, 1999). A survey of law enforcement offered a supportive
assessment of these findings (Finn, Truitt and Buron, 1996).

The Department of Justice also asked the Abt researchers to evaluate whether or not anti-
theft exclusions were a good substitute for parts marking. They could not make that
judgment because the data were inadequate to support an inference. Moreover, they
guestioned the logic of using anti-theft devices as substitutes for parts marking because
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marking and anti-theft devices serve different purposes. Anti-theft devices are intended to

harden a vehicle target, making it more difficult to steal the car. They probably discourage
theft for joyriding and some professional thieves. In contrast, parts marking is intended to

assist law enforcement in identifying stolen cars and their parts and to promote prosecution
by building stronger cases. Anti-theft devices seem to be a complement to, not a substitute
for, parts marking.

There were two notable limitations to the first study. One limitation was that parts marking
was introduced incrementally over eight years, so the length of the time-series available to
the researchers may have been too short to provide reliable estimates. A second limitation
was that data did not indicate whether or not an automobile had a factory-installed anti-theft
device. Dataonly indicated that a car had an exemption from parts marking. The presence
of the exemption meant that the car had a factory-installed anti-theft device, but the absence
of an exemption did not imply that it lacked one.

The present study is an improvement over the previous study in three ways. First, the current
study has expanded the time-series by six years, so it can replicate and extend the earlier
study with more data. Second, the current study had data about whether or not amodel line
had a factory-installed anti-theft device, although only for the last five years (1997-2001).
Third, statistical procedures and computing software have improved since the earlier
evaluation, and the current study takes advantage of those improvements.

Section 2.0 explains the analysis plan. Then section 3.0 describes data assembly. Results are
reported in section 4.0 and conclusions are drawn in section 5.0.

2.0 Analysis Plan

Data comprised a cross-section time-series of the number of stolen automobiles, the number
of registered automobiles, and hence, the automobile theft rate. The study sought to learn
whether or not the introduction and use of automobile parts marking and factory installed
anti-theft devices have reduced that automobile theft rate. Automobiles that never received
either parts marking or anti-theft exemptions provide a measure of control, helping to
distinguish between prevailing trends and the effectiveness of parts marking and anti-theft
devices.

The null hypotheses are:

Within amodel line, the proportion of registered automobiles that are marked has
no effect on the rate at which automobiles are stolen, and

Within amodel line, the proportion of registered automobiles that have factory
installed anti-theft devices has no effect on the rate at which automobiles are
stolen.
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These null hypotheses are refined, and suitable statistical tests are introduced, in subsequent
arguments.

2.1 Notation and Restatement of the Null Hypotheses

The logic behind the Motor Vehicle Theft Law Enforcement Act of 1984 is that making
automobiles less attractive targets can deter automobile theft. Many cars are stolen and
delivered to chop-shops, where the cars are disassembled and their parts sold as replacement
parts for cars of the same model. By putting a vehicle identification mark on major
automobile parts, the Act helps police to identify stolen parts, and the Act helps prosecutors
to build stronger cases. By increasing the risk of reselling stolen parts, the Act reduces the
value of stolen cars, and hence the incentive to steal them. Of course, the Act provides no
disincentive for thieves who steal cars for their own use, and it provides no deterrent for
thieves who steal carsfor export. Parts marking is aimed at chop shops.

Anti-theft devices, by making the theft of a car more difficult, are aimed at all forms of
automobile theft. This study is concerned with factory-installed anti-theft devices. Although
these take many forms, essentially they are relatively inexpensive devices intended to lock
cars automatically, to disable them when an unauthorized driver attempts to take control, and
to sound an audible alarm. Anti-theft devices include less expensive mechanisms (such as
physically independent bar-locks for steering wheels) and more expensive devices (such as
LOJACK, which is used to track stolen cars with a GIS system), but this study is not
concerned with those latter devices because they are not “factory-installed,” the concern of
the Motor Vehicle Theft Law Enforcement Act of 1984.

Anti-theft devices and parts marking both increase the difficulty and risk of being a car thief.
Rational thieves will take one of several course of action. Some will continue to steal
automobiles that are marked and otherwise protected by anti-theft devices. Some others will
continue to steal cars, but they will switch to those that lack protective devices. Still other
thieves will switch to other forms of crime, or they may abandon crime altogether. The
utility of the Act requiresthat it not just displace crime, so the concern of thisanalysisis
whether or not the Act provides afavorable benefit-cost ratio once displacement is taken into
account. For this purpose, displacement is limited to automobile theft; the study does not
attempt to measure displacement to other forms of crime.

This simple theory leads to a statistical model used to test for the effectiveness of parts
marking and anti-theft devices. Notation will be convenient for formalizing the null
hypotheses and explaining statistical testing. Define:

Tijk  theautomobile theft rate. The subscript i identifies the state; the District of Colombia
isincluded as a state. The subscript j identifies an automobile model. The definition
of model is narrower than the industry definition. Given the present interest in chop-
shops, amodel is defined as automobile types that have interchangeable parts. That
is, if body parts could be removed from car A and installed without modification on

Abt Associates Inc. Effectiveness of Automobile Parts Marking and Anti-Theft Devices 6
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car B, then A and B are deemed the same model. The subscript k represents calendar
years. Thus Tjj is the automobile theft rate during year k, for model j, in statei.
Parts of the analysis decompose this rate into:

Nijik  the number of model j cars stolen during year k in statei.

Rijk  thenumber of model j carsregistered during year k in stateii.

_ N

Tiic
] Rjk

Yk dummy variables for each year. The specific years vary across parts of the analysis,
but they are never earlier than 1986 and never later than 2001. Manufacturers
introduce models over time, so amodel has no representation in these data before its
introduction date. For example, amodel introduced in 1986 has sixteen years of
representation in these data; a model introduced in 1990 has twelve years of
representation; and so on.*

Mijk  the proportion of registered automobiles from model line | that have their parts
marked in statei during year k. Parts are marked during the manufacturing process so
automobiles do not have their parts marked retrospectively. For model lines that
always had their parts marked, M equals 1 from the date those model lines were
introduced. For model lines that never had their parts marked, M isO for every year.
Otherwise, M increases if parts marking had been introduced on a model line over
time, and it decreases if parts marking had been removed from that model line over
time.

MY« aninteraction variable, computed by multiplying M by the number (Y EAR-1997)/14.
The interaction was zero before parts marking began in 1997, it was zero for 1997,
and it equaled M for 2001.2

A year T model istypically introduced during year T-1. For reasons explain in this paper’s section on data
assembly, year T carsregistered and stolen in year T-1 do not enter into the analysis. Infact, year T cars
registered and stolen in year T do not enter into the analysis. We presume that the slight misstatement in
the text will facilitate reading by those who do not seek details, and that readers who seek precision in
language can modify the text accordingly.

Thismodel specification, which was adopted after some testing, accounts for atrend in the effectiveness of
parts marking. There are at |east two reasons to anticipate atrend. First, thieves may have adjusted to the
technology behind parts marking, for example by removing the original labels and substituting
counterfeited labels. At least partialy offsetting what would therefore be a negative trend is both an
improvement in the technology of parts marking and expanded use of parts marking by police and
prosecutors. Second, there may be some displacement in automobile theft resulting from parts marking.
For example, when 10 percent of amodel line has been marked, thieves could in theory target the other 90
percent that had not yet been marked. Were displacement a significant phenomenon, then, we would not
expect parts marking to reduce thefts for that model line until the percentage of marked automobiles passes
athreshold.

Abt Associates Inc. Effectiveness of Automobile Parts Marking and Anti-Theft Devices 7
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Fijx  theproportion of registered automobiles from model line | that have factory installed
anti-theft devicesin state i during year k. For some of the analysis, F is equivalent to
having an anti-theft exemption to parts marking; for the rest of the analysis, Fis
equivalent to having afactory-installed anti-theft device. Aswastrue of M, F may be
constant at 0, constant at 1, or increase/decrease over time.

FYix aninteraction variable, computed by multiplying F by (YEAR-1997)/14.°

C arow vector of dummy variable that represent the automobile models. This size of
this vector varies dlightly across the states and over the various analyses presented
here because (1) not al automobiles entered each part of the analysis, and (2) some
models were excluded when there was insufficient data. These exclusions were the
rare exceptions, however, and they will be explained in the context of reporting
results. Up to 670 model lines enter the analysis for each state. Some of these model
lines have as many as 16 years of data; the analysis used model lines with 6 years or
more of datafor amodel line.* This means that model lines that were introduced
after 1995 did not enter the analysis.

Xijk A row vector of control variables. The control variables, which vary across parts of
the analysis, were:

Number of automobile registrations, R« from above
The average age of cars of model j registered in state i during year k.

For some of the analyses, the number of registrations enters as ascale variable; that is, the
number of thefts should be proportional to the number of registered automobiles. The
average age of automobiles enters the model because some analysts have reported that theft
rates increase as the stock of automobiles age.

Over time, an increasing proportion of the control models (e.g., those that had not received anti-theft
exemptions) were sold with factory-installed anti-theft devices. The larger the proportion of control models
produced with anti-theft devices, the more diluted the estimate of the effectiveness of anti-theft devices
based on anti-theft exemptions to parts marking. Displacement provides another reason for introducing
nonlinearity into the model. When few cars have factory-installed anti-theft devices, those devices may
appear especially efficacious because thieves stop stealing cars with anti-theft devices and start stealing
carsthat lack such devices. As an increasing number of automobiles have anti-theft devices, however,
thieves will face a decreasing opportunity to steal carsthat lack such devices. Without crime displacement,
the apparent effectiveness of factory-installed anti-theft devices would be lower.

Asexplained later in the analysis, the analysis used adjustments for auto-correlation that relied on group-
wise analysis of regression residuals for adjustments. These adjustments required at |east two data points
per model line, and it seemed prudent to alow for more. Otherwise there was no special reason for
requiring at least six years in the time-series for each model line.
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The basic model can be written:
[1] E(Tijk) = G(Yai + Cbi + Mijkdil + MYijkdiZ + Fijkgil + FYijkgiZ + Xijkt i)

G() denotes an unspecified mean function that translates a linear combination of the
independent variables into an expectation. Thea, b andt parameters are conformable
column vectors whose expected values may vary across the states—hence the i subscripts.
The d are parameters associated with parts marking, and the g parameters are associated with
factory installed anti-theft devices. Interest isfocused on the d and g, the rest are nuisance
parameters associated with control variables. The study estimates these parameters by
running separate regressions, one for each state that enters the analysis.

Many variables that might affect theft rates do not appear in this model specification. Any
variable that is specific to a state would not enter into this analysis because the regressions
are state-specific. For example, states may have different experiences with parts
marking/anti-theft devices, but those differences would be captured by variationsin thed and
gparameters.” Some other variables are specific to an automobile model and their effects
will be captured by the fixed-effects represented by the b parameters. For example, Ford
Explorers and Chevrolet Cameros may have different latent theft rates, but that fact would be
taken into account by theb. Still other variables that are specific to ayear will be captured
by the fixed-effects represented by the a parameters. For example, the year variables will
capture the effect of general crime trendsin a state. 1t would also capture the effectiveness of
special anti-theft programs that are introduced in some states but not others.

In fact, parameters associated with variables that are specific to any state, model or period

could not be estimated by this fixed effect model. They might be estimated using random

effects models (hierarchical modeling procedures), but such random effects models rest on
assumptions that do not hold in thisanalysis. (We justify this assertion later.) At any rate,
those other parameters are not the interest here.

Some parts of the analysis add greater flexibility to the statistical modeling:

Model lines can be assigned to types. Typesthat entered into this analysis are:

compact

Automobile theft rates are especially high on the West Coast and along the Texas border (LaVigne, Fleury
and Szakas, 2000), and near ports and the Canadian border (National Insurance Crime Bureau, 2002).
These concentrations suggest that both the level and nature of automobile theft varies over states and imply
that enforcement based on parts marking technology would have a varying effect over the states.
Furthermore, local and state police vary in the sophistication they bring to anti-theft programs (see Finn,
Truitt and Buron, 1996; Ethridge and Gonzales, 1996), also implying that the effectiveness of part marking
will vary across the states.
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luxury

near luxury

mid-size and full-size
sport

sports-like coups

The above analysis can be replicated across model types, effectively alowing the effect of
parts marking and anti-theft exemptions to vary by those model types.

In addition, the definition of automobile theft can be limited to automobiles that were stolen
and not recovered. Such a measure may be better when investigating thefts by professional
thieves because cars stolen for joy-riding are typically recovered.

The specification is easily modified to accommodate other variables and interactions. For
some analysis, we introduced the square of M and F; for other analysis we introduced an
interaction between M and F.

The null hypotheses can be restated in terms of the d and g parameters, averaged across the
states to provide best estimates of the effectiveness of parts marking and anti-theft devices.
Evaluating the null hypothesis when M percent of automobiles are marked and timeis fixed
to some specific year, we reject the null hypothesis that parts marking is ineffective by
rejecting the statement:

Ho.: Md, +MYd, =0

Likewise, evaluating the null hypothesis when F percent of automobiles have anti-theft
devices and timeis set to some year, we would reject the null hypothesis that factory
installed anti-theft devices are ineffective by rejecting the statement:

Ho,: Fg,+FYg, =0

The following two subsections explain how we estimated the above parameters and their
standard errors, and how we used the results from estimation to test the two null hypotheses.

2.2 Statistical Models

Equation [1] provides abasic structure for the statistical model. Given that the parameters
vary across the states, the model represented by [1] was estimated separately for each of the
states, and results were combined to test the null hypothesis. The nature of that combined
test is the subject of the following subsection (2.3). There are various ways to refine and
estimate the model represented by [1]. Specification and estimation is the topic of this
section.
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One approach isto treat the expectation as alinear function of the variables that appear on
the right-side of [1] and introduce an assumption about the distribution of T about E(T). In
this linear model, error terms are expected to be both heteroscedastic and autocorrel ated.
Assuming within group autocorrelation, the analysis applied a partial differences method to
transform the data” Then it used a sandwich estimator to correct the estimated parameter
covariance matrix for heteroscedasticity.® This approach, called Feasible Generalized Least
Squares (FGLS), is expected to provide consistent estimates of the slope parameters (a, b, d,
gand t) and their standard errors.

The linear model is problematic in one respect. For some models, relatively few automobiles
are registered and none are stolen. This problem isworst in small states. To assure that
results were not sensitive to this problem, the analysis also used a Poisson counterpart to the
GLS model. The Poisson model was estimated by maximum likelihood; hence, we call this
the ML Poisson model. For reasons that will be discussed, the ML Poisson counterpart had
its own problems, including the fact that software is not readily available for Poisson models
that deal with autocorrelation (Durbin and Koopman, 2001).

Turning to a Poisson model, the counterpart to equation [1] becomes:

Heteroscedasticity isto be expected for three reasons. First, the number of registered automobiles varies
widely over model lines. Holding theft rates constant, the residual variance should vary with the inverse of
the number of registrations. Second, for some model linesin certain states, no automobiles were stolen
during a specified year. Thisisafrequent occurrence in small states and less frequent in large states.
Putting a lower limit on the theft rate will induce heteroscedasticity in the error distribution. Third,
specifying an additive effect (instead of a multiplicative effect) for parts marking/anti-theft devices will
likely induce heteroscedasticity. We have no strong reasons to expect autocorrelation but, in fact, testing
showed strong positive autocorrel ation.

Transformation requires estimating the residuals from the OL S regression on untransformed data. Those
residuals provide an estimate of the autocorrelation term, I , which is specific to each model and state.

Ther isthen used to transform every variable, V, so that when t=1 (the first observation in the time-
series), V, =4/1- 1 °v, , and for any other timeaftert, V, =V, - I'V,.

We considered two alternative approaches to estimating the covariance matrix. One alternative approach
wasto apply FGL S after assuming groupwise heteroscedasticity. To apply this alternative approach, we
used the residual from the regression correcting for autocorrelation to estimate the sampling variance
within each group, and we applied feasible generalized least squares (FGLS) to get final estimates. The
resulting standard errors were less that half their counterparts based on the robust covariance matrix
estimator. This seemed unrealistic and led to some anomalous results. The problem seems to be that
groupwise heteroscedasticty is untenable because the number of registrations increases markedly during the
first few years of amodel line's production, so heteroscedasticity should decrease during those early years.
A second alternative is to argue that that the residual variance should be inversely proportiona to the
number of registrations provided that theft rate does not vary much from model to model. In fact, the theft
rate does vary significantly from model to model, so there is some question about the assumption of
proportionality. Our choice was to use the sandwich estimator, which provides a conservative (relatively
large) variance estimate.
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[2] E(Nijk) = exp(Yai + Cbi +M ijkdil + MYijkdiz + Fijkgil + FYijkgiz + Xijkt it In(Rijk))

First, the dependent variable is N (the number of thefts) rather than T (the theft rate).
Second, the logarithm of the number of registered automobiles enters the model
specification; its parameter is constrained to equal 1 becauseit isascale effect. To explain
this constraint, note that [2] could be manipulated algebraically and rewritten as:

E(Ny) = Ry exp(Ya; +Cb +Myd; + MY, d;, + F,0, + FY;, 0, + Xt ;)

ae\lijk 0
Eé_:: exp(Ya; + Cbi + My d;, + MY, d;, + F,g;, +FY 0, + X,t))

ik @
Thus, a principal difference between the FGLS and ML Poisson modelsis that the mean
function is linear for the FGLS model and log-linear in the Poisson. This seemingly subtle
difference hasin at least one important implication: The FGLS model is an additive model;
the ML Poisson isamultiplicative model. Of course, assumptions about the distributions
about these mean functions also differ materially between the FGLS model and the ML
Poisson model .°

Diagnostic testing showed that one crucial assumption of the Poisson model does not hold.
The problem is that the model is over-dispersed, meaning that the variance of N islarger than
the mean of N. (The expectation and variance are equal in the Poisson statistical model.)
This complication may seem trivial, but it has serious consequences for hypothesis testing.
Provided the mean function is correctly specified, the estimates of the slope coefficients are
consistent, but they are inefficient, and worst, their estimated standard errors are biased and
inconsistent. In practice it appears that the Poisson grossly underestimates the standard
errors.

A way to deal with this problem isto treat efficiency as a secondary consideration and use a
robust covariance matrix estimator to correct the standard errors. In this approach, the
analysis used the results from a Poisson regression to estimate the slope parameters, which
are after al consistent although inefficient. It then used a consistent estimate of the
covariance matrix based on what is sometimes called the “sandwich” estimator or the
“empirical covariance matrix” estimator. Cameron and Trivedi (1998, p. 65) describe this
estimator. One version of this estimator makes no assumptions about the variance function;
others make explicit assumption about how the variance is related to the mean. The analysis
employed the more general form.

Saying that an automobile has a small probability of being stolen during any year and a near zero
probability of being stolen more than once, thefts are generate according to a Bernoulli process. This
process will be approximately Poisson for amaodel line, and it will be approximately normal when R is
large. Thusthere may be little practical difference in assumptions regarding the error termsin [1] and [2].
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To summarize, we estimated two statistical models in each of 49 states:

A FGLS linear regression that accounted for heteroscedasticity and first-order serial
autocorrel ation.

A ML Poisson model using arobust covariance matrix estimator to deal with
overdispersion but with no special adjustment for autocorrelation.

Both approaches to estimation suffer from some problems, so afinding that findings are

invariant with respect to methodology would enhance confidence in the conclusions. Results
from both approaches are presented later.

2.3 Hypothesis Testing

As noted, estimates of d and glead to tests of the null hypotheses. This subsection explains
those tests for parts marking. The tests for anti-theft devices are similar.

Let:

A

&il,di , represent the parameter estimates for d for each of the states.

Let V; represent their estimated covariance matrix, such that:

2 2
V :Sil Sin
i 2 2
Siz Si

Consider the linear model [1]. When M automobiles are marked at time T, the effect of
interestis:

[3] DireLs =100,000- (Md;, + MYd,,)

Multiplication by 100,000 provides areduction in automobile theft per 100,000 registered
automobiles. Using the delta method, [3] has an estimated variance of:

M ©
[4  s2__ »100000°-[M MY Mg - g
MY g

Holding time constant, the estimates from specification [1] are linear functions of the
proportion of automobiles that are marked.

The ML Poisson model raises an additional complication. Because the ML Poisson model is
nonlinear, the effects must be evaluated at some base level of theft. Call this baselevel Tg;.
Then the estimated effect is:
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[S] Diupoisson =100,000- T, (eMd‘1+MYdi2 - 1)

Theterm e":*M™:z _ 1 will be zero when marking has no effect on theft rates and it will

equal the proportional reduction in the theft rate when marking reduces that theft rate.
Multiplying that proportionate reduction in the theft rate by the prevailing base level theft
rate Tg; provides the estimated reduction in the theft rate attributable to parts marking.
Multiplying that reduction in the theft rate by 100,000 provides an estimate of the reduction
in the number of stolen cars per 100,000 registered cars.

Using a Taylor-series approximation, the estimated variance for [5] is:

éM
6 s? 100,000°T2 - [M MY VA /
[6] » | ] 'S'IVIY H

DiMLPOImN

Given [3] through [6], there are several ways to derive an average estimate of the effect of
parts marking across the states. This study sets weights proportional to the number of
automobiles registered in a state, because this weighting comes closest to representing the
average effect that parts marking/anti-theft devices have on automobile thefts. Thusthe
weight for theith state is:

a aRr;
ik
aaa R

i j k

VV|:

Those weights are used to estimate:

49 49
~ P ~ ~ P ~
[7] DFGLS - a VviDiFGLS or DMLPOIS&)N - a \NlDiMLPOISi)N
i=1 i=1

2 — 2 12 2 2 -2 2
[8] S _aVViSD or s _a \lesDiMLPomoN

Dras IFGLS DwiLpoisson

Holding time constant, this approach produces a grand estimate for every value of M. To
present findings, this study setsMY = 0.5M (that is, timeisroughly 1994 for the sixteen-year
series) and graphs E[OT w]against M. Confidence intervals are two standard errors from the
mean. Resultswill show that the effectiveness of parts marking/anti-theft devices decrease
over time (the parameters associated with the interaction terms are positive), so setting time
egual to 0.5 provides an average of the span of time observed in this study.
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3.0 Data Assembly

This analysis requires a combination of data from many different sources. The main
elements are automobile thefts, automobile registrations, factory-installed anti-theft device
information, parts marking and anti-theft exemption information, body style change
information, and to which segment of the consumer market each make and model is targeted.

The previous analysis (Rhodes, Johnston and McMullen, 1999) generated analysis data for
the calendar years 1984 to 1995. Abt’stask was to update these data old with the newest
available data and improve upon them. We discuss the old data, each piece of new data, and
address issues of combining them all.

3.1 Automobile Thefts

The FBI’s National Crime Information Center (NCIC) database maintains arecord of al
automobiles stolen in the United States. When an automobile is stolen, the law enforcement
agency to which the theft is reported records the vehicle' s Vehicle I dentification Number
(VIN) and any other relevant information about the theft case. The FBI receivesthis
information and records it in the NCIC database.

Through the Department of Justice, we asked the FBI for access to the data for the calendar
years 1995-2001. Though the older data already gave us the number of theftsin 1995, we
wanted to make sure our methodology of processing these data was comparable to the
previous contractor. The FBI gracioudly provided the data, and all the support we needed to
understand the NCIC database.

The NCIC database contains a number of necessary analytic fields, such as the automobile’'s
VIN, make, model, model year, theft status, date and state from which it was stolen, and date
found if it was recovered. For model years 1981 forward, the Department of Transportation
standardized VINs to decode information about the vehicle' s make, model, model year,
country of manufacture, and a serial number corresponding to when it was produced.

The NCIC considers an automobile theft case “ open” for 5 years from the date of theft. After
that time, the caseis closed. We consider these closures unrecovered vehicles. Additionally,
if aVIN number cannot be entered for a theft case within 60 days, the NCIC will indicate a
closure of thistype. There are few of these casesin the data, so we drop them from our
analysis. Since we are using newer datathat have thefts less than five years old, we do
observe some open cases. We assume these cases are unrecovered thefts, as recoveries
usually occur within months of theft.

Deciphering the make, model, and model year was the main task with these data. We began
by decoding VINs. A VIN isacryptic 17 character identifier. To decipher this volume of
VINSs, we licensed the VinPower Software Developer Kit from ESP Data Solutions Inc.
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However, the VIN has an internal method of checking its validity, and some of them were
incorrectly recorded. Fortunately, the NCIC uses its own coding scheme to identify make,
model, and model year of the data, documented in the vehicle data codes portion of the
“NCIC 2000 Code Manua” (FBI, 2000). We could not rely exclusively on this, however,
since many of these fields were either blank or did not correspond to published codes.

3.2 Automobile Registrations

RL Polk, an automotive industry consultant, is the sole source of automobile registration
information for each State and the District of Columbia. For July 1 of each year, they collect
registration information from the various Departments and Registries of Motor Vehicles
around the country. We purchased these data aggregated by state, make, model, and model
year for the calendar years 1996 to 2001. The data are expensive, and though we would have
liked to confirm our data processing methodol ogy with the older data by purchasing 1995
registrations, we could not justify the cost. Fortunately, since these data are cleaned and
provided by RL Polk to many different automotive analysts, there is little reason to suspect
differences between the pre-1996 and post-1996 registrations.

3.3 Production Numbers for Factory-Installed Anti-theft Devices

Ideally we would have found the percentage of automobiles that have anti-theft devices
installed for each state, make, model, and model year. Anti-theft devices are defined as
alarms, tracking systems, and engine or fuel cutoff designs. However, through both our own
research and talks with automotive analysts, this information seems impossible to compile.

Instead, we found that DRI-WEFA collects anti-theft device installation data for all
automobiles produced in North America, and alimited number of those that are produced
elsewhere but sold here. Unfortunately, they had begun limited data collection in 1996 and
full collection in 1997. Asthese were the only possible data we found to use in our analysis,
we purchased them.

3.4 Parts Marking/Anti-theft Device Exemption Information

Since 2000, the National Highway Transportation Safety Administration (NHTSA) has
published the “ Parts-Marking Quick Reference Guide for the Law Enforcement Community”
(NHTSA 2001). Thisreport outlines all makes, models, and model years of automobiles that
are subject to parts marking or have an anti-theft device exemption.

3.5 Body Style Change Information

Automobile manufacturers frequently redesign their automobiles to update technology or
styling. Between redesigns, the model lines go through so few changes that different model
years can be considered substitutes. For example, a 1987 Ford Mustang is essentially the
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same car as a 1988, but is a much different car than the 2001. Therefore, in our analysiswe
aggregate automobiles of like technologies, styling, etc. The web site
www.consumerguide.com, an automotive review site, was useful to determine in which year
amake and model’ s body style had changed for automobiles manufactured since 1990. For
models produced before then, a mixture of manufacturer, review, and enthusiast web sites
provided the necessary body style change information.

One example that similar body styles are substitutes is shown in Figure 3. It depictsthe
number of thefts per 100,000 for 4 different body styles of the Mazda 626 for each calendar
year. The selection of the 626 isillustrative of the time path of theft rates for most other
makes, models, and body types. The top left pane shows the 1981-1982 models, followed by
panes representing models with different body styles. Note that the time paths of the theft
rates for each model year within abody style are remarkably similar.

Figure 3 — Theft Rate Time Path for 4 Body Styles of Mazda 626
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3.6 Market Segment Information

One additional piece of new information is the consumer segment in which a make and
model belongs. It may be that certain segments, such as sports cars, garner more attention
from thieves, and marking or anti-theft devices may have alarger deterrence effect for those
segments than for other, less popular segments. Again, the consumerguide.com web siteisa
useful resource for classifying segments. Segments we identified for the analysis are:

Compact — an amalgam of compact and sub-compact autos

Pickup — an amalgam of compact and full-size pickups

SUV — an amalgam of compact, mid-size, full-size, and luxury Sport Utility
Vehicles

Mid-Size/Full-Size — amalgam of mid-size and full-size passenger cars
Van — contains both full-size and minivan

Luxury — e.g., Mercedes-Benz S-Class

Near Luxury — e.g., Volvo 740

Sports— e.g., Chevrolet Corvette

Sporty Coupe — a coupe with sports styling, e.g., Dodge Avenger
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For some segments, automobiles that comprise those segments never had anti-theft
exemptions and, consequently, they never entered into the segment analysis.

3.7 Previous Analysis File

To assemble data for the earlier evaluation of the effectiveness of parts marking, KRA
Corporation compiled automobile registration and theft data for the calendar years 1984-
1995. For reasons outlined in Rhodes, Johnston and McMullin, 1999, we discard the 1984-
1985 data. For the other years, we used the number of registrations, thefts, and theft
recoveries, and added our newly collected data about parts marking and body style changes.

Since two contractors (KRA and Abt) compiled data from different time periods, we are
concerned about comparability between them. Using the compilation of 1995 NCIC data
assembled by both contractors, we examined numbers of thefts between like makes, models,
and model years. The differencesin number of thefts between our methodology and theirs
were negligible. Figure 3 above provides a visualization of the comparability between the
data sets; the pre-1996 data are from KRA, the data from 1996 forward are our updates.
There are no obvious breaks in the time paths for theft rates between 1995 and 1996. To the
extent there are differences, we presume that the time variablesin equation [1] provide
adequate control for those differences.

3.8 Analysis File Data Creation

We spent agreat deal of time merging al of these data pieces together. These datafiles are
large and require lengthy processing times; furthermore, assuring that all makes and models
merge together is time-consuming.

Before aggregation we removed any data where the model year was greater than or equal to
the theft year. For example, both thefts and registrations for a 1997 Ford Explorer stolenin
1996 or 1997 were deleted from the analysisfile. The problem isthat RL Polk’s census
occurs on July 1 while the FBI reports thefts for the entire calendar year. Thus, for 1997
Ford Explorers, we could not know how many Explorers were registered during 1996 or
1997; nor could be know how long on average each of those Explorers were at risk of being
stolen. This problem disappears for 1998 and later registrations of 1997 Ford Explorers.

Once adata set containing all of the pieces was created with one observation indicating a
theft year, state, make, model, and model year, within atheft year, state, make, and model we
aggregated across model years within a body style.
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4.0 Findings

As noted, this study estimated regressions using two methods:

FGL S that adjusted for auto-correlation and heteroscedasticity, and
ML Poisson with arobust covariance matrix estimator.

Using each technique, the study specified different models and used different data.

It varied the definition of automobile theft. For most of the analysis, the
dependent variable was the number of automobile thefts; for other parts of the
analysis it was the number of automobile thefts that were not recovered.

The study used different data. For some of the analysis, it used the sixteen-year
data series, for which factory-installed anti-theft devices were inferred from the
fact that an automobile had an anti-theft exemption. For the rest of the analysis, it
used the six-year data series, for which factory-installed anti-theft devices were
identified from industry data.

The study estimated the same statistical models for different automobile
segments.

The study experimented with different ways of specifying the model including:

Introducing powers of M and F;
Introducing interactions between M and F.

Furthermore, each of these statistical models and variations were estimated for
each state.

A reader would almost certainly be overwhelmed by a needlessly detailed presentation of
findings, so subsections 4.1 through 4.3 are selective in their reporting. To outline the
remainder of this section:

Subsection 4.1 reports regression results from the FGL S and Poisson model for asingle state
(Florida) where:

the dependent variable is automobile thefts;

the data are from the sixteen-year series,

the data are for all model segments,

the statistical model specifications correspond to [1] and [2].
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Subsection 4.2 reports summary estimates of the effectiveness of parts marking. It provides:

Table 4.2A reports estimates of the effectiveness of parts-marking and anti-
theft devices for each state.

Figures 4.2A and 4.2B show the best estimate of the effectiveness of parts-
marking based on the results reported in table 4.2A.

Table 4.2B summarizes results across model segments.

Table 4.2C summarizes results across model segments when M2 and F2 are
used in place of MY and FY.

Subsection 4.3 has the same organization as 4.2, but 4.3 reports results from anti-theft
exemptions.

4.1 Estimation in a Single State

Table 4.1 reports detailed regression results for asingle state (Florida). Although Floridais
one of the largest states with respect to automobile registration, there was no special reason
for choosing it to illustrate the regressions, and there is no reason to believe that findings
based on Florida are “representative” of findings for other states. The purpose of presenting
table 4.1 is simply to show the nature of the regressions that underlie the rest of the analysis.

For the FGL S regressions, the dependent variable is automobile thefts per registered
automobiles, the data are from the sixteen-year series, and the model corresponds to equation
[1]. For the maximum likelihood Poisson regressions, the dependent variable is automobile
thefts, the data are from the sixteen-year series, and the model corresponds to equation [2].

The first column of table 4.1 identifies the independent variables, which were defined earlier.
None of the fixed-effects associated with model line appear in thistable.® Columns 2 and 3
report the parameter estimates and their t-scores from the FGL S estimation. A t-scoreisthe
parameter estimate divided by its estimated standard error. Columns 4 and 5 provide
parameter estimates and t-scores from the maximum likelihood Poisson model. A t-scorein
excess of 2 (absolute value) might be considered to be statistically significant.

10 There arejust over 660 fixed effects. They are not reported to conserve space, but this loses little of value

because the fixed effects are of no direct interest to this analysis.
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Table 4.1 — lllustrative Regression Results for Florida

Estimation Methodology
FGLS Maximum Likelihood
autocorrelation Poisson
heteroscedasticity

(robust covariance estimator) (robust covariance estimator)

parm. t-score parm. t-score
YEAR86 0.00223 3.59 el
YEARS87 0.00291 4.45 0.1538 4.87
YEARS8 0.00449 6.22 0.4008 7.63
YEARS89 0.00460 5.77 0.4676 6.91
YEAR90 0.00471 5.42 0.4762 6.19
YEAR91 0.00421 4.45 0.4429 4.68
YEAR92 0.00497 4.87 0.5705 4.94
YEAR93 0.00569 517 0.6845 5.14
YEAR94 0.00661 5.62 0.7308 4.73
YEAR95 0.00603 4.82 0.6043 3.45
YEAR96 0.00640 4.69 0.6355 3.41
YEAR97 0.00638 4.46 0.6146 3.07
YEAR98 0.00575 3.77 0.5729 2.61
YEAR99 0.00496 3.07 0.4214 1.75
YEAR20 0.00508 2.99 0.3715 1.44
YEAR21 0.00533 2.98 0.3902 1.37
MARKED (M) -0.00271 -3.86 -1.0894 -2.33
INTERACTION (MT) 0.00144 2.80 0.789 1.57
ANTITHEFT -0.00386 -2.78 -2.1786 -3.48
INTERACTION (FT) 0.00057 0.54 0.3658 1.06
AGESTOCK -0.00026 -2.69 0.0063 0.27
R-Square (corrected) 0.51
Observations 6347
50% marked -99 +/-71.5 -221 +/-160
50% exemptions -179 +/-149 -476 +/-176

Notes: Theregressions are from Florida. Data are from the 1986 through 2001
time-series. All automobile models enter the analysis. Theftsare all automobile
thefts.

*** The Poisson model includes a constant, so the first year was excluded

from the regression specification

Estimation based on an OL S model, before variable transformations, explains 51 percent of
the variance after adjusting for degrees of freedom. The parameter associated with parts
marking, and the parameter associated with the interaction between parts marking and time,
are both statistically significant with t-scoresin excess of 2 in the FGLS regression. Setting
time equal to 0.5, parts marking prevented an estimated 99 thefts per 100,000 automobiles
when 50 percent of those automobiles were marked. The formulais 99 = 100,000x(-
0.00271x0.5+0.5x0.00144x0.5). The parameter associated with parts marking is statistically
significant in the maximum likelihood Poisson regression, but the interaction effect is not
quite significant. Setting time equal to 0.5, and using a base theft rate of 754 thefts per
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100,000 cars, parts marking prevented an estimated 221 thefts per 100,000 cars. The formula
is 221=754x[exp(-1.0894x0.5+0.5x0.789x0.5)-1].* Although these two estimates seem very
different, their confidence intervals overlap. Of course these results show that estimates from
asingle state are not very precise. Combining estimates across the states will increase
precision.

The parameter associated with anti-theft devicesis statistically significant, but the parameter
associated with the interaction term is not, for both the FGL S and the maximum likelihood
Poisson models. The FGLS model implies that anti-theft devices prevented about 179 thefts
per 100,000 cars when half those cars had anti-theft devices. According to the maximum
likelihood Poisson model, the reduction is 476 per 100,000 cars. The confidence intervals
overlap for these two estimates.

Although the FGL S model treats parts marking and anti-theft devices as additive, afew
automobiles had both parts marking and anti-theft exemptions, and an interaction term
between M and F (not included in the model reported in Table 4.1) is negative, suggesting
that an interaction term would improve the model. Nevertheless, the study did not include
the interaction term because the overlap between parts marking and anti-theft exemptions
was modest; addition of an interaction would have had little substantive importance while
needlessly complicating the modeling. The ML Poisson model is a multiplicative model, so
an interaction would play an even less important role.

Table 4.1 has provided illustrations of the regressions used to estimate the effectiveness of
both parts marking and anti-theft devices at preventing automobile theft. Of course, these
two regressions were repeated for each of the states. They were then replicated for each of
the automobile model segments, run on both the long time-series from 1986 through 2002
and the short time-series from 1996 through 2002, and estimated after defining thefts as
“unrecovered” thefts. Furthermore, the models were repeated with somewhat different
specifications before settling on the specification reported here.*? Reporting all this analysis
would generate too much output for a manageable report, but the next section will summarize
how these changes affected results.

4.2 Estimates: Effectiveness of Parts Marking

Table 4.2A shows state-by-state estimates of the theft reduction per 100,000 registered cars.
The calculations assume that 50 percent of the cars were marked and the estimates are for
1994. Estimates are based on the 1986—2001 time-series and use al thefts in constructing the
dependent variable.

1 Unlike the FGLS estimator, the Poisson estimator is non-linear. Some baseline must be factored into the
estimation. We chose the number of theftsin 1994 as the baseline.

2 One competitor specification included M? and F? in the regression but dropped MT and FT. Another

specification included an interaction between M and F. We selected the simplest specification both for ease
of reporting and because other specification did not materially change conclusions.
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The first column identifies the state and the second column reports the national percentage of
carsregistered in that state over the period of this study. Column 3 reports an estimate of the
number of thefts prevented per 100,000 cars (50 percent marked), and column 4 reports at-
statistic suitable for testing whether or not parts marking was effective in that state. Both
columns come from the FGLS model. Columns 5 and 6 report similar statistics from the ML
Poisson model. Some states are excluded from this table because colinearity problems
precluded estimation.
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Figure 4.2A — Summary Statistics for the Effectiveness of Parts Marking
(FGLS and Maximum Likelihood Poisson)

FGLS ML Poisson

registrations estimate  t-statistic estimate t-statistic
AK 0.22% 109.6 0.63 -222.2 -4.58
AL 1.76% -67.6 -2.45 -79.2 -2.45
AR 0.96% 94.5 1.12 -49.3 -1.90
AZ 1.39% -39.7 -0.63 -177.8 -2.20
CA 10.89% -77.5 -2.05 -242.5 -2.17
cO 1.43% 5.7 0.14 -118.1 -3.29
CT 1.47% -124.2 -1.48 -119.7 -1.67
DC 0.15% -512.0 -2.25 -316.9 -1.31
DE 0.34% -74.9 -1.41 -108.3 -3.28
FL 5.81% -99.3 -2.78 -221.2 -2.76
GA 2.73% -17.5 -0.38 -84.6 -1.04
IA 1.22% -25.0 -0.77 -42.6 -3.85
ID 0.43% -1.1 -0.03 -22.9 -2.25
IL 4.73% -82.0 -2.65 -204.4 -3.78
IN 2.41% -108.2 -3.65 -111.3 -2.92
KS 1.05% -13.0 -0.32 -95.8 -2.95
KY 1.51% 425 1.25 -29.4 -1.30
LA 1.65% -43.9 -0.93 -100.1 -1.66
MA 2.61% -128.6 -2.13 -245.3 -2.71
MD 2.07% -393.4 -5.81 -161.4 -2.37
ME 0.53% -208.0 -5.42 -29.9 -3.30
MI 4.27% -150.0 -3.36 -124.5 -2.34
MN 1.96% -27.7 -0.73 -82.9 -2.37
MO 2.13% 105.5 1.95 -100.0 -2.98
MS 0.88% -251.8 -1.74 -35.1 -0.85
MT 0.34% -15.3 -0.23 -4.0 -0.27
NC 2.87% -70.1 -2.15 -63.9 -3.25
NE 0.55% -14.3 -0.26 -91.1 -2.68
NH 0.59% -14.9 -0.51 -27.8 -2.21
NJ 3.33% -232.0 -3.39 -277.0 -3.18
NM 0.64% 80.5 0.98 56.5 0.87
NV 0.51% -120.6 -1.65 -158.6 -2.18
NY 6.01% -123.6 -2.22 -379.0 -3.77
OH 4.74% -92.3 -3.78 -75.6 -3.07
OR 1.18% -59.2 -1.48 -101.0 -1.24
PA 4.78% -153.9 -4.26 -139.4 -3.01
RI 0.40% -220.3 -2.38 -293.4 -3.89
SC 1.38% -28.2 -0.70 -77.8 -3.00
SD 0.31% 16.1 0.30 -21.8 -1.22
TN 2.08% -23.9 -0.32 -107.2 -2.16
X 6.98% -83.6 -2.26 -126.9 -1.81
uT 0.66% -61.0 -1.60 -29.3 -1.26
VA 2.80% -49.6 -2.26 -63.2 -2.15
VT 0.28% 56.5 0.96 -1.2 -0.07
WA 1.90% -71.9 -1.54 -131.0 -1.59
Wi 2.16% -38.2 -1.11 -80.6 -3.03
WV 0.72% -95.7 -2.51 -9.8 -0.58
wYy 0.20% 127.1 1.95 19.9 0.71
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The estimates associated with parts marking typically are negative and often statistically
significant. Whether or not this table demonstrates variation across the states in the
effectiveness of parts marking is unclear, because there is considerable sampling variability
in the estimates, both across the states and between the two estimation techniques.

After weighting across the states, figure 4.2A shows the confidence intervals for the
estimated reduction in automobile thefts per 100,000 cars when M percent of cars are
marked. Thisfigureisbased on the FGLS model. When 50 percent of a model line has been
marked, the reduction in automobile theft rates is estimated to be between 67 and 101 per
100,000 automobiles. When 100 percent of amodel line has been marked, the reduction is
estimated to be between 138 and 207 per 100,000 automobiles. The latter confidence
interval, evaluated at 100 percent marking, should be accepted with caution because 100
percent marking is beyond the support point for these regressions. Nevertheless these results
are consistent with concluding that parts marking has prevented an appreciable number of
automobile thefts.

Figure 4.2A — Estimated Effectiveness of Parts Marking As a Function of
Percentage Marked Based on the FGLS Model

All Automobiles
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Figure 4.2B shows similar statistics based on the Maximum Likelihood Poisson model. The
Poisson model seems to show a somewhat larger effect from parts marking—somewhere
between 220 and 300 reduced thefts per 100,000 registered cars. These differences might
result from the way that the estimates are calibrated, however. Had we used a different base
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for computing the estimates based on the ML Poisson model, or had we selected a different
year for the FGL S model, such comparisons could have been different.

Figure 4.2B — Estimated Effectiveness of Parts Marking As a Function
of Percentage Marked Based on the ML Poisson Model

Conditional Poisson - All Models, Parts Marking
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Inferences based on model segments are broadly consistent with the inferences based on all

automobiles combines. Table 4.2C provides a summary of the confidence intervals, by

model segment, evaluated when 100 percent of automobiles were marked.

Table 4.2B — Estimated Effect of Parts Marking by Model Segment

Confidence Intervals

FGLS

Confidence Intervals

ML Poisson

Type Lower Limit Estimate Upper Limit Lower Limit Estimate Upper Limit
All -207.1 -172.3 -137.6 -299.9 -261.3 -222.8
Compact -441.6 -376.4 -311.2 -173.6 -85.6 24
Mid/Full -321.0 -255.2 -189.4 -260.2 -193.0 -125.8
Luxury -31.2 103.8 238.9 -48.3 103.1 254.5
Near Luxury 107.6 190.0 2724 175.3 325.8 476.4
Sports -818.2 -411.4 -4.5 -1001.3 -716.1 -431.0
Sports Coup -620.5 -445.7 -270.8 -635.3 -479.3 -323.4

For compact cars, mid-size and full-size cars, sports cars and sports coups, the FGL S model
indicates that parts marking has decreased automobile thefts. The effect for compactsis not
significant in the ML Poisson model. The confidence intervals vary over these segments,
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presumably for two reasons. Thefirst isthat the amount of data about thefts within these
segments is less than the amount of data across all cars, and this likely causes wider
confidence intervals for estimates based on segment data. The second reason is that the
automobiles that comprise the different segments have different latent theft rates.
Presumably the size of the estimated reduction in theftsis larger when the latent theft rate is
large.

For luxury cars and near luxury cars, the results are anomalous. Automobile thefts seem to
have increased with the introduction of parts marking. Perhaps the findings for luxury cars
should be discounted given that it lacks statistical significance. Findings for near luxury cars
are not so easily dismissed because the effects are both statistically significant and
substantively large. The reason for this perverse effect is unknown.

The study also estimated the above model using M? in place of MT and using F? in place of
FT. Resultsare summarized in Table 4.2C.

Table 4.2C — Estimated Effect of Parts Marking by Model Segment (with M? and FZ)

FGLS ML Poisson
Confidence Intervals Confidence Intervals
Type Lower Limit Estimate Upper Limit Lower Limit Estimate Upper Limit
All -92.8 -73.5 -54.2 -78.7 -52.1 -25.5
Compact -137.9 -102.3 -66.7 -15.0 21.7 58.4
Mid/Full Size -167.8 -132.7 -97.6 -141.7 -90.0 -38.3
Luxury -100.3 -20.5 59.4 -100.9 -30.1 40.7
Near Luxury -7.9 37.8 83.4 -25.2 22.3 69.7
Sports -334.9 -116.8 101.3 -799.7 -601.0 -402.3
Sports Coups -294.6 -206.9 -119.2 -319.0 -218.6 -118.3

A problem with introducing the power of M into this specification is that the relationship
between thefts and M is no longer monotonic. In some of the regressions, thefts first
decrease with M, reach a minimum, and then increase with M. This nonsense result probably
occurs because most of the datais concentrated around values of M that are considerably less
than 100 percent marking, so the regression may do a poor job of predicting in the area of
100 percent marking. Table 4.2C consequently shows estimates when 50 percent of the
automobiles are marked.

Estimates for all automobiles are somewhat less than half what they were in Table 4.2B.
This seems reasonabl e because the estimates are evaluated at 50 percent marking in Table
4.2C and at 100 percent marking in 4.2B. Results based on the segments are consistent for
compact (except for the ML Poisson), mid-sized and full-sized, and sports coups. The
estimates are not statistically significant for luxury, near luxury and sports cars.

As noted earlier, the regressions were repeated after limiting thefts to cars that were not
recovered. The effect was not significant: the confidence interval was—10 to 17 fewer thefts
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per 100,000 marked cars. Notethat a*“recovered” car may have been recovered after it had
been damaged or even destroyed. This means that the failure to recover acar isarelatively
rare event, and this fact may account for failure to detect an effect from parts marking for
unrecovered cars while it was detected for all stolen cars.™

Also as noted earlier, the analysis was repeated using the shorter time-series from 1996
through 2001. For this analysis, anti-theft devices were determined from industry data rather
than being inferred from anti-theft exemptions. The FGLS model provided little evidence
that parts marking had deterred an appreciable amount of automobile theft. The confidence
interval was -2 to -15 for the model with interaction terms (evaluated at 100 percent
marking). For the ML Poisson models, estimates were positive. The problem with the short
time-seriesisthat thereis scant variation in M within amodel over time. That is, M is
typically O or 1 for al years; even when it is between 0 and 1, it typically does not change
much over the five years that comprise these data. The shorter time-series data provide too
little information to derive a credible estimate of the effectiveness of parts marking.

To summarize this section, there is a statistically significant and substantively meaningful
inverse relationship between the percentage of automobiles that have parts marking and the
proportion of automobiles that are stolen. The findings seem robust with respect to model
specification, but there are some contrary findings. At least in one instance, the relationship
between marking and thefts was positive, and no ready explanation is apparent. The findings
could not be replicated when the automobil e theft rate was based on unrecovered car thefts.
The five-year time series showed small effects, but failure to find alarger effect can be
attributed to inadequacies of those five-year data.

4.3 Estimates: Effectiveness of Anti-Theft Devices

Thereisalso alogical problem when judging the effectiveness of anti-theft devices. Thereis
no specific anti-theft device; there are instead a variety of anti-theft devices. Some are
audible alarms, which seem to vary widely in quality. Others are electronic vehicle
immobilizers. Of thislatter type, some require purposeful intervention by driversto activate
and deactivate; others are passive devices that set and unset themselves without driver
interaction. There are aso vehicle locator systems, but the analysis does not consider these
because the manufacturers do not typically install them. Furthermore, this technology has
evolved over time, as have counter technologies used by criminals.*

1B Theearlier datafile had defined an unrecovered automobile as one that had not been recovered within five

years. A better definition would have been to define an unrecovered automobile as having been
unrecovered within a 60 days or some other period. After 60 days, we would expect an automobile to have
sustained significant damage, perhaps having been stripped of its parts, so that “recovery” implies that not
more than a shell was identified and returned to the owner or, more likely, to the owner’ sinsurance
company as the owner’s agent. Although we would have used such a definition for the more recent data,
we lacked any means to convert the older data to this preferable specification.

" For example, some immohilizer systems work by sending infrared signals between the key and the

automobile’s computer. Electronic supply stores now sell low-cost devices that are able to intercept and
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Table 4.3A, which pertains to anti-theft devices, is the counterpart to 4.2A, which pertained
to parts marking. As before we report separate estimates for the FGLS and ML Poisson
methods.

then emulate the infrared signal, thereby defeating the anti-theft device. Alternativesrely on radio signals.
(Texas Instruments, undated.)
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Figure 4.2b — Summary Statistics for the Effectiveness of
Anti-Theft Devices (FGLS and ML Poisson)

registrations FGLS ML Poisson

(national percentage)  estimate t-statistic eStimate t-statistic
AK 0.22% 505.3 1.47 -144.2 -0.59
AL 1.76% -273.9 -4.58 -157.6 -3.32
AR 0.96% 203.6 1.27 -135.4 -4.09
AZ 1.39% -102.0 -1.04 -484.2 -5.06
CA 10.89% -116.6 -1.76 -307.8 -3.62
CO 1.43% -360.7 -4.41 -233.6 -5.41
CT 1.47% -87.7 -0.58 -342.1 -6.22
DC 0.15% -773.8 -1.90 -227.3 -0.62
DE 0.34% -143.8 -1.34 -232.8 -4.77
FL 5.81% -178.7 -2.40 -475.8 -5.42
GA 2.73% -41.4 -0.48 -229.6 -1.71
1A 1.22% -179.7 -3.05 -64.8 -4.38
ID 0.43% -55.6 -0.98 -28.6 -1.44
IL 4.73% -187.7 -3.14 -386.8 -6.24
IN 2.41% -185.7 -3.04 -234.5 -5.70
KS 1.05% -85.0 -1.01 -180.7 -4.32
KY 1.51% -84.0 -1.09 -98.9 -2.99
LA 1.65% -84.5 -1.00 -316.3 -5.42
MA 2.61% -113.7 -0.96 -512.2 -4.32
MD 2.07% -211.9 -1.61 -189.5 -1.70
ME 0.53% -366.7 -5.38 -51.0 -3.68
MI 4.27% -332.5 -3.58 -266.1 -2.93
MN 1.96% 234 0.33 -170.9 -5.35
MO 2.13% -87.7 -0.85 -248.2 -5.36
MS 0.88% -7353.8 -21.70 -119.4 -1.66
MT 0.34% -9.0 -0.07 2.3 0.06
NC 2.87% 31.9 0.50 -117.3 -3.74
NE 0.55% 83.7 0.61 132.6 1.14
NH 0.59% -94.8 -1.60 -86.5 -4.62
NJ 3.33% -103.6 -0.81 -484 .1 -4.34
NM 0.64% -50.5 -0.33 -85.7 -2.01
NV 0.51% -264 .1 -2.03 -118.3 -1.19
NY 6.01% 63.6 0.59 -578.6 -3.29
OH 4.74% -174.8 -3.18 -198.7 -5.64
OR 1.18% -36.0 -0.47 -216.7 -3.93
PA 4.78% -139.1 -1.93 -324.6 -6.14
RI 0.40% -1296.2 -6.33 -412.1 -6.17
SC 1.38% -88.9 -1.21 -159.2 -3.72
SD 0.31% 106.3 0.91 -62.3 -3.61
TN 2.08% -113.2 -0.75 -272.5 -6.31
TX 6.98% -168.7 -2.38 -356.7 -4.76
uT 0.66% -42.1 -0.61 -91.9 -4.63
VA 2.80% -22.3 -0.50 -132.1 -3.24
VT 0.28% -227.4 -1.88 -18.6 -0.45
WA 1.90% -68.5 -0.82 -262.5 -7.19
Wi 2.16% -267.1 -3.96 -135.9 -4.27
\AY 0.72% -76.0 -1.03 -63.5 -3.42
wyYy 0.20% 24.2 0.18 12.2 0.23
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Both models tend to show fewer thefts after the introduction of anti-theft devices. The state-
specific estimates are often statistically significant, and it appears that the effect was more
likely to be detected by the ML Poisson model.

Figure 4.3A shows the estimated rel ationship between reductions in thefts per 100,000
automobiles and the presence of anti-theft devices as inferred from the presence of
exemptions. Thisfigure was based on the FGL S model.

Figure 4.3A — Estimated Effectiveness of Anti-Theft Devices As a Function
of Percentage with Devices Based on the FGLS Model

All Automobiles
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According to this analysis, anti-theft devices reduce automobile thefts by between 156 and
222 cars per 100,000 when 50 percent of those 100,000 cars have anti-theft devices. Anti-
theft devices reduce thefts by between 311 and 445 cars per 100,000 when 100 percent of
those cars have anti-theft devices.

Figure 4.3B, based on the ML Poisson model, is the counterpart to 4.3A, based on the FGLS
model. It tellsasimilar story. Anti-theft devices seem to reduce thefts by between 413 and
475 cars per 100,000 automobiles. As before, we are cautious about inferences about the
consequences of having 100 percent of automobiles have anti-theft exemptions, because the
estimates are outside the range of the data.
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Figure 4.3B — Estimated Effectiveness of Anti-Theft Devices
As a Function of Percentage with Devices
Based on the ML Poisson Model

Conditional Poisson - All Automobiles, ATD Exemptions
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We repeated this analysis for each segment. Results are summarized in Table 4.3A.

Table 4.3A — Estimated Effect of Anti-Theft Devices by Model Segment

FGLS ML Poisson
Confidence Intervals Confidence Intervals

lower limit  estimate upper limit lower limit estimate upper limit
All -444.9 -378.0 -311.2 -474.7 -443.9 -413.1
Compact -9.7 174.9 359.5 142.8 254.6 366.4
Mid/Full -280.0 -181.5 -83.0 -341.0 -257.3 -173.6
Luxury -73.3 170.4 4141 -249.0 96.2 441.4
Near Luxury 48.3 168.5 288.6 -346.8 -53.4 239.9
Sports -1880.9 -1257.4 -633.8 -1219.3 -1026.6 -834.0
Sports Coup -1493.4 -1185.4 -877.3 -1388.4 -687.2 141

Analysis of the segment data supports inferences drawn from the combined data for mid-
sized and full-sized cars, sports cars and sports coups. (The confidence interval based on two
standard deviations overlaps zero for sports coups according the to ML Poisson model.) The
estimated effects were not statistically significant for compacts and luxury cars. In fact, the
estimate for compact carsis perverse when based on the ML Poisson model. For the FGLS
model, the evidence was perverse for near luxury cars, afinding for which there is no ready
explanation.
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The study repeated the above analysis using the model with quadratic terms, M? and F?

instead of MY and FY. Results are summarized in Table 4.3B. Effects are evaluated when

50 percent of the cars have anti-theft devices.

Table 4.3B — Estimated Effect of Parts Marking by Model Segment (FGLS with M? and Fz)

Confidence Intervals

FGLS

Confidence Intervals

ML Poisson

lower limit  estimate upper limit lower limit estimate upper limit
All -201.8 -182.3 -162.8 -280.2 -249.8 -219.5
Compact 74.2 109.8 145.4 66.7 95.3 123.9
Mid/Full Size -147.5 -111.7 -75.9 -167.7 -115.0 -62.3
Luxury -11.7 61.3 134.4 207.8 667.1 1126.3
Near Luxury 119.4 165.6 211.7 -17.4 167.9 353.2
Sports -969.9 -748.7 -527.6 -912.3 -609.3 -306.3
Sports Coups -877.7 -788.7 -699.6 -370.9 -171.5 27.8

Results for mid-sized and full-sized cars, for sports cars and for sports coups are consistent
with findings for all cars combined. Anti-theft devices reduce automobile theft by between

163 and 201 per 100,000 when half those cars have anti-theft devices (FGLS) and by 220 to
280 per 100,000 (ML Poisson). Confidence intervals are for all cars combined. Yet thereis
an unsettling finding that thefts seem to increase with the introduction of antitheft devices for
compact cars and for near luxury and luxury cars.

When unrecovered cars is the dependent variable, the effect of anti-theft devices was not

statistically significant (-31 to 24). The smaller file, representing thefts from 1997 through
2001, is especialy useful because the data report the proportion of automobile models that
actually had factory-installed anti-theft devices. These data are in contrast to the data from

1986 through 2001, where an anti-theft device was inferred from an exemption to parts
marking. Table 4.3C reports findings for the ML Poisson model. As before, the table
identifies the state. The first two columns report the estimate and t-score for amodel that
includes the M? and F? terms. The last two columns report amodel with the interaction MT

and FT.
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Table 4.3C — Summary Statistics for the Effectiveness of
Anti-Theft Devices (ML Poisson)

Time Interaction where

Square term Time=.5
State Estimate z-score Estimate z-score
AK 370.2 0.60 118.5 0.61
AL -77.6 0.85 -32.6 0.62
AR 153.2 0.95 63.9 1.06
AZ -338.9 2.52 -158.3 1.40
CA -80.3 0.77 -67.5 1.43
CO -127.0 1.50 -55.9 1.26
CT -180.7 2.28 -74.8 1.28
DC -462.0 0.46 -197.3 0.23
DE -55.2 0.34 -99.8 1.45
FL -134.0 1.21 -22.1 0.30
GA -83.3 1.00 -37.1 0.83
1A -46.7 0.68 -26.9 0.77
ID -77.6 1.35 -26.0 0.39
IL -202.8 2.41 -77.2 1.41
IN -130.3 1.77 -7.5 0.13
KS 243.5 1.00 41.6 0.54
KY 8.5 0.16 12.5 0.34
LA -182.5 2.58 -145.5 2.93
MA -97.9 1.07 -45.2 0.66
MD -298.4 412 -110.8 1.04
ME -48.7 1.15 -10.1 0.20
Mi -198.8 1.56 -170.1 1.70
MN -109.7 2.87 -83.5 3.14
MO -230.4 3.51 -73.8 1.49
MS -161.5 1.63 -18.8 0.22
MT -43.3 0.54 46.5 0.61
NC -104.8 2.43 -25.4 0.83
ND -65.6 3.52 -21.9 0.59
NH -44.3 0.94 -12.5 0.38
NJ -312.9 4.11 -211.0 3.64
NM -6.7 0.04 -100.4 1.47
NV -237.1 1.12 104.8 0.76
NY -168.8 2.76 -60.3 1.60
OH 68.7 0.56 1.1 0.03
OK -171.8 2.53 -99.2 2.87
OR 33.0 0.24 13.8 0.19
PA -182.0 2.87 -41.7 0.86
RI -274.1 2.62 -108.4 1.28
SC -149.6 2.77 -81.9 2.06
SD -78.8 2.52 -41.4 1.31
TN -116.5 2.49 9.7 0.18
X -129.1 1.33 -133.8 2.87
uT -1.2 0.01 171 0.21
VA -65.5 1.29 -30.5 0.99
VT -68.9 2.79 -49.4 1.99
WA -151.1 0.64 -136.3 1.46
Wi 79.0 0.65 65.7 1.13
wv 282.3 1.20 167.2 2.10
wy -64.7 1.27 7.9 0.08
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The estimates are typically negative, as we would expect if anti-theft devices were effective
deterrentsto theft. The effects are occasionally statistically significant. When they are
averaged across the states, that average is statistically significant and appreciable. Figure
4.3C, which is based on the interaction model, illustrates.

Figure 4.3C — Estimated Effectiveness of Anti-Theft Devices
As a Function of Percentage with Devices

Poisson - All Autos, Factory-Installed ATD
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When 100 percent of automobiles have anti-theft devices, we estimate that thefts will be
reduced by roughly 90 cars per 100,000 registrations. (For the FGLS model, the confidence
intervalswas -5 to —33) Thisisasmaller deterrence effect than was estimated using the
longer time-series, but there are problems with this shorter time-series. Many model lines
always have anti-theft devices, many others never have anti-theft devices. Inferences are
based on the relatively few automobile models for which provision of anti-theft devices
changed materially over time. Still, these findings are consistent with a conclusion that anti-
theft devices have decreased automobile theft, and they might provide evidence that the
previous estimates (based on the 1996-2001 data) are not seriously biased toward zero.

The previous statement about “serious bias’ notwithstanding, the analysis of the
effectiveness of anti-theft devices suffers from a measurement problem. Most of the analysis
is based on the presence of an anti-theft exemption to parts marking, from which we inferred
the presence of an anti-theft device. In truth, many automobiles that lack an anti-theft
exemption nevertheless have factory installed anti-theft devices as standard equipment. This
has significance for the analysis, specifically: the estimate of the effectiveness of anti-theft
devicesis amost certainly understated.
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Essentially the inference about the effectiveness of anti-theft devicesis based on asimple
comparison. The analysis presumes that cars that |acked anti-theft exemptions also lacked
anti-theft devices. We observed the trend in theft rates for those cars over a sixteen-year
period. In contrast, we assumed that cars that received anti-theft exemptions lacked anti-theft
devices prior to receiving exemptions, but they had anti-theft devices after receiving anti-
theft exemptions. The inferences about the effectiveness of anti-theft devicesis based on the
observation that the theft rate fell more (or increased less) for cars that had exemptions than it
did for carsthat lacked exemptions. Furthermore, the difference was greatest for those
models that had the largest proportion of registered cars with exemptions (e.g. anti-theft
devices).

Assuming equival ence between having an anti-theft exemption and having a factory-installed
anti-theft device is surely incorrect. We can observe that during the period 1997-2001, a
sizable proportion of cars that had anti-theft devices did not have anti-theft exemptions.
(Most cars that had anti-theft exemptions also had anti-theft devices, and we are uncertain
why thisis not 100 percent.) How does a mistaken assumption affect the analysis and the
inferences based on that analysis?

Table 4.3D provides some evidence about trends in factory-installed anti-theft. The table
shows the status of automobile models that were manufactured in the specified year—1997
through 2001. It would be useful to extend this table into earlier years, but as noted earlier,
the earliest available data commencein 1997. For each year, the table shows the percentage
of automobile models that fall into each of four categories:

Exemptions — these are automobiles that received exemptions from parts marking.
We presume that all have factory installed anti-theft devices, although curiously afew
(7 of 42in 2001) do not have such a device according to our data.

100% anti-theft devices — the complete model line has factory-installed anti-theft
devices but no exemption.

1 to 99% anti-theft devices — part of the model line has factory-installed anti-theft
devices. This happens because the manufacturer offered an anti-theft device as
optional equipment, typically as part of alarger package of electronic equipment such
as power windows.

No anti-theft device
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Table 4.3D — Introduction of Factory-Installed Anti-Theft Devices through Time

1997 1998 1999 2000 2001

Exemptions 24.0% 24.4% 24.1% 22.4% 22.8%
100% anti-theft devices 14.3% 18.3% 18.8% 21.3% 26.1%
1-99% anti-theft devices 20.1% 25.0% 30.0% 27.9% 28.8%
no anti-theft device 41.6% 32.3% 27.1% 28.4% 22.3%

100% 100% 100% 100% 100%
Notes: The columns denote the year that an automobile line was produced. Thus,
if model A were produced in 1997 but not thereafter, it would only affect the statistics
reported in column 1997. The percentages are the percentages of models produced
during the designated year that had a specified anti-theft device installed at the
factory.

Trends are apparent. Almost 42 percent of the models lacked any anti-theft devicesin 1997,
but by 2001 that percentage had shrunk to 22 percent. Manufacturers offered anti-theft
devices as standard equipment even without acquiring an exemption from parts marking on
more than 14 percent of their modelsin 1997 compared with over 26 percent of their models
in 2001. Anti-theft devices were offered as optional equipment on over 20 percent of the
modelsin 1997 compared with nearly 29 percent of the modelsin 2001, and even that
increase hides alarger trend, because over time an increasing proportion of buyers choose the
anti-theft option.

Projecting these trends backwards suggests that the presence of anti-theft devices without an
exemption was probably relatively rare prior to the middle 1990s (Gomez, 1998; Vitty,
undated). That is one reason why we chose to make our estimates of the effectiveness of
anti-theft devices as of 1994. Note that theft rates for 1994 were based on automobile
manufactured before 1994, and given that cars stay in use for ten to fifteen years, coupled
with the trend shown in table 4.3D, we would expect anti-theft exemptions to be a reasonably
good proxy for the presence of afactory-installed anti-theft device and the absence of an
anti-theft exemption to be a reasonable proxy for the absence of an anti-theft device, for
1994.

Nevertheless, we would expect the effectiveness of anti-theft devices to be underestimated by
the analysis reported in this subsection. 1f some of the cars assumed to lack an anti-theft
device actually had one, then the time-series for automobiles that we mistakenly deemed to
lack anti-theft devices would understate the theft rate for cars that in fact lacked anti-theft
devices. Thiswould then bias downward the comparison between automobile deemed to
have an anti-theft device, based on the presence of an anti-theft exemption, and automobiles
deemed to lack anti-theft devices, based on the absence of an anti-theft exemption.

4.4 Displacement as an Alternative Explanation

Criminologists who study the effectiveness of crime prevention have been concerned that
crime prevention programs may shift criminal activity from hardened and hence less
desirable target to more desirable ones (Hesseling, 1995; Eck, 1993). From this perspective,
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thieves may stop stealing marked cars and shift their attention to unmarked ones; they may
stop stealing automobiles with anti-theft devices and switch their attention to cars that lack
alarms and locking mechanisms. The benefit-cost analysis would overstate the cost
effectiveness of parts marking and anti-theft devices to the extent that displacement causes
thieves to shift the focus of their attentions.

This theory of displacement, when applied to the theft of automobiles, presumes that thieves
decide to steal a car and then search for an automobile that is relatively unprotected.
However, Rice and Smith (2002) argue that planning is not the modus operandi of not-for-
profit thieves, whom Rice and Smith considered to typify automobile thieves. These two
researchers argue that most auto theft depends on opportunity, the flow of traffic of
motivated offenders, and other factors. From this perspective, displacement would be
modest, because target hardening removes opportunity. In contrast, the automobile theft
rings described by Mulmat et. al. (2000) clearly have a profit motive and whether or not Rice
and Smith are correct that theft ring members are a minority of thieves, professionals stea a
disproportional number of automobiles. For them, displacement isarealistic possibility.

Nevertheless, even for professional thieves, there is no reason to believe that crime
displacement completely or materially offsets prevention. Target hardening may cause
thieves to shift their attentions from the most desirable targets (before hardening) to less
desirable automobiles, but still, thisimplies that the reward from stealing cars has been
decreased. Asaconsequence, we would expect the number of thefts to fall as aresult,
although the decrease in total theftsis uncertain.

Furthermore, the phenomenon of displacement is not universal. Some criminologist point
out that target hardening can have a beneficial spillover effect (Clark and Weisburd, 1994),
and at least one study seems to show that reverse displacement can apply to automobile anti-
theft devices (Ayres and Levitt, 1998). Thelogic of the spillover effect is that thieves cannot
easily tell which cars have anti-theft devices and which do not. Therefore, once anti-theft
devices are widely used, the risk of unwittingly stealing a car with an anti-theft device poses
aprohibitive risk for asignificant proportion of potential thieves.

The underlying criminological theory points all ways: Target hardening may increase, have
no effect on, or decrease crime for targets that are not hardened. Whether or not a significant
amount of positive or negative displacement exists for parts marking and factory-installed
anti-theft devicesis thus an empirical question, for which strong evidence is unfortunately
lacking. Thisisnot to say that available evidence is unworthy of consideration, however.

With respect to parts marking, athief’s ability to shift his or her attention to aternative
targetsislimited. If thereisademand for Cadillac hoods, then thereis no gain from stealing
Ford doors. From the thief’s perspective, the Government has imposed parts-marking on
especially desirable models, specifically, those that are worth the most to chop-shops. The
thieves might shift to less desirable models, of course, just as counterfeiters might respond to
an increased quality of twenty-dollar bills by manufacturing one-dollar bills. But given the
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altered incentive structure, the thieves might better switch to other crimes (such as robbery or
burglary), or earn alegitimate income.

Still, thisis an empirical question, and some of the evidence from this study provides insight.
Recall that the regression specification was non-linear, allowing us to determine whether the
incremental effect of marking an additional Cadillac increased or decreased as more
Cadillacs were marked. When just afew automobiles are marked, and if displacement is
operable, then we would not see any effect from part marking. A thief would smply steal an
unmarked Cadillac from the same model line as the marked one. As additional Cadillacs are
marked, however, the thief would have fewer choices; either he or she would steal marked
Cadillacs or else he or she would switch to some other model or some other crime. In fact,
when we examine the relationship between theft rates and the percentage of marked
Cadillacs, we see that thefts decrease after even a small percentage of Cadillacs get marked,
suggesting that even professional thieves are opportunistic in the sense that Rice and Smith
used thisterm. Displacement does not seem to account for the results from the parts marking
anaysis.

With respect to anti-theft devices, Ayres and Levitt (1998) report that LOJACK has had a
spillover effect on reducing all automobile theft. LOJACK is not afactory-installed anti-

theft device, however, and while we might suspect that factory-installed anti-theft devices
have similar spillover effects (for the same reason that LOJACK does), we cannot be sure.

Evidence that displacement has been minimal comes from noting that, over time, an
increasing percentage of automobiles were receiving factory-installed anti-theft devices.
(Seetable 4.3D and the previous discussion about that table.) If displacement were the
explanation for earlier findings about the effectiveness of anti-theft devices, then we would
expect the effectiveness of parts marking to decrease materially over time as anti-theft
devices appeared on amagjority of cars. Infact, figure 4.3B shows that the marginal
effectiveness of installing anti-theft devicesis smaller as anti-theft devices are extended to
more cars, suggesting displacement. But the extent of that displacement is overwhelmed by
the apparent effectiveness of those anti-theft devices.

The displacement hypothesis must be taken seriously and this study cannot altogether rule
out the possihility that displacement accounts for findings. Nevertheless, concluding that
displacement probably accounts for these findings, or is likely to account for these findings,
would be unwarranted. From alogical perspective, the fact that part marking and anti-theft
devices deter criminals from stealing desirable (to the thief) carsisavictory for law
enforcement, as fewer cars, especialy fewer expensive cars, will be stolen. From an
empirical standpoint, the evidence points toward afinding that if displacement occurs, it does
not come close to offsetting the salutary effect of part marking and anti-theft devices.
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5.0 Conclusions

Evaluation results released in 1998 caused the National Highway Traffic Safety
Administration to provide a qualified endorsement of the effectiveness of parts marking
(NHTSA, 1998). Neither the NHTSA report nor the Abt report were seen as compelling by
the insurance industry (Alliance of American Insurers et. al., 2002), who nevertheless called
for improvement in the parts marking technology and expansion of parts marking to all cars.
The automobile industry judged the evidence differently (Card, 1997; Technical Affairs
Committee, 2002), calling for eliminating parts marking. As noted, the law enforcement
community has expressed support for the continuation and expansion of parts marking (Finn,
Truitt and Buron, 1997).

There is less disagreement about the effectiveness of anti-theft devices although formal
evaluations are lacking. NHTSA (1998) reports that “ The system installed by a domestic
manufacturer as standard equipment in various car lines during 1989-94 was associated with
an immediate, and persistent 70 percent reduction in the theft rate and a 58 percent reduction
in the unrecovered-theft rate.” Others have referred to statistics published by the Highway
Loss Data Institute (HLDI, 2000) that seem to show that passive immobilizing anti-theft
devices had a dramatic reduction on insurance losses. From the HLDI report, the reductions
in claims after the introduction of passive immobilization devices was:

380/100,000 for Nissan Maxima (midsize car)
0/100000 for Ford Ranger 4wWd (small pickup)
100/100,000 for Ford F-150 (large pickup)

10/100,000 for Chevrolet Venture (large passenger van)
30/100,000 for all passenger cars

There is considerable variation in these numbers. Furthermore, they are based on claims
data, which includes theft of the vehicle and theft from the vehicle. Finally with respect to
published studies, Ayres and Levitt (1998) reported that LOJACK reduced automobile theft,
but the LOJACK technology is very different from the anti-theft technology considered in
this evaluation. In short, the published literature provides few evaluations of standard anti-
theft technology that are likely to pass rigorous scientific scrutiny.

This current evaluation provides evidence that parts marking has reduced automobile theft.
Perhaps the magnitude of the decrease is uncertain, but we can ask the question: How large
must the effect be to justify the cost of marking cars?

First, the answer depends on the cost of marking cars, and there is some disagreement about
that figure. NHTSA estimated the average cost of marking acar as $4.92 in 1995 (NHTSA,
1998). Because the average automobileisin use for ten to fifteen years, thisimplies a cost of
less than $0.50 per car per year, the figure used in the earlier Abt calculations. Animproved
system, recommended by the insurance industry (Alliance of American Insurerset. al.,
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2002), would cost about $24.86, so a high estimate would seem to be about $2.50 per car per
year. This estimate would likely exceed the costs of marking cars using the technology
assessed in this current evaluation.

Second, the answer depends on the dollar loss from a stolen car. The earlier Abt calculations
were based on an assumption of $6,000 per car. (See Rhodes, Johnston and McMullen,
1999, for an explanation.) According to HLDI (2000), the average loss payment per claim
was about $5,500 for passenger cars during 1999. Taking deductions into account, and
figuring that claims from thefts by professional thieves would be higher than this $5,500
average, an assumption of $6,000 loss is probably conservative. Furthermore, it does not
account for the non-pecuniary costs to car owners, or for any prorated administrative costs of
the automobile insurance system, or for police, prosecutorial and court costs (see Field,
1993).

If these estimates are true, how many automobile thefts must be deterred to justify the cost of
parts marking? If parts marking costs $0.50 per car, then preventing 9 thefts per 100,000
cars (9x$6000=$54,000) would offset the yearly cost of marking those 100,000 cars
(100,000x$0.50=$50,000). Suppose the cost of marking were increased to $2.50 per year per
car. Then preventing 42 thefts per 100,000 marked cars ($6,000x42=$252,000) would justify
the cost of marking those 100,000 cars (100,000x$2.50).

Our best estimates for the reduction in the number of thefts per 100,000 marked carsis
between 54 and 93 cars. Such estimates seem to justify parts marking from a benefit-cost
standpoint. Of course these estimates do not include the costs of training police to use parts
marking effectively or other costs associated with incorporating parts marking into
investigations and prosecution, but if parts marking is a productivity enhancement, thereis
little reason to suppose that police and prosecution costs would increase.

The benefits may be understated for another reason. Possibly parts marking increases the
rates at which automobiles are recovered without significant damage once stolen. If that is
true, the benefits from parts marking would be understated, but we lack any means to assess
the evidence for this surmise.

What about factory-installed anti-theft devices? We are uncertain of the costs of such
devices. Asnoted earlier, factory-installed anti-theft devices vary widely both in quality and
in methodology used to protect avehicle. When factory-installed anti-theft devices are
standard equipment, their costs cannot be factored from the total cost of avehicle. When
they are optional equipment, they are typically offered as part of a package of electronic
devices, so their costs cannot be extracted from the total cost of the package. Audible alarms
and electronic immobilizers can be purchased from secondary sources, and a check of prices
provided on the Internet shows that alarms and immobilizers can both be purchased for under
$100. Installation would be extra, of course, although the installation does not appear
complicated. We tentatively set the cost of an anti-theft device at $200 per car.
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Assuming that a car will be operational for ten years, the yearly cost of an anti-theft deviceis
about $20 per year or $2 million for 100,000 automobiles. At such prices, how many thefts
must be deterred to justify the cost? If a stolen car resultsin a $6000 loss, then anti-theft
devices must prevent about 330 thefts per 100,000 cars. Thisisin the range of estimates
provided by our analysis of the effectiveness of anti-theft devices.

For several reasons, these estimates may be conservative. We are uncertain about the cost of
anti-theft devices, and as noted, $200 may higher than the actual cost to consumers. Also as
noted earlier, the effectiveness of anti-theft devices might be underestimated, because some
automobiles that had anti-theft devices were classified as lacking such devices, afact that
would bias downward our estimates of the effectiveness of anti-theft devices. Furthermore,
the benefit from anti-theft devicesis not limited to automobile theft per se. By hindering
access to automobiles, anti-theft devices also reduce the theft of detachable parts (i.e., radios)
and possessions that are in a car but not part of the car (i.e., shopping packages).

On the other hand, the estimated $6000 may be too high as an estimate for the loss from
automobile theft when applied to car theft prevented by anti-theft devices, because many of
those deterred thefts are likely to be by nonprofessional thieves, in which casethe car is
typically returned to the owner with at most minor damage. Still, this estimate excludes
losses of items from the car. When that is the case, the stolen car islikely to be recovered
without serious damage within afew days of the theft.

Nothing in this argument says that parts marking is better than anti-theft devices. Nothing
says the opposite. We remain convinced that parts marking and anti-theft devices serve
different purposes. They are complements rather than substitutes. One might be effective
while the other is not or, more likely based on the analysis presented here, both are cost-
effective ways of reducing automobile theft. We hold to our earlier recommendations that
anti-theft exemptions be eliminated. If parts marking and anti-theft devices are cost-
effective, they should act in concert to reduce the cost of automobile theft.
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