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Abstract

Lojack is a stolen vehicle tracking technology that achieves extremely high recovery rates.
Ayres and Levitt (1998) show that introduction of the system produced large reductions in
vehicle thefts in areas where it was implemented in the United States. The reduced theft risk
was shared by all vehicle owners, not only those who bought Lojack. This paper, in contrast, uses
the introduction of Lojack to a publicly known set of Ford car models in some Mexican states
to show that Lojack generates negative externalities if thieves can distinguish between Lojack
and non-Lojack-equipped cars. The empirical analysis suggests that, although Lojack-equipped
vehicles experienced a reduction in theft risk of 55%, most of the averted thefts were replaced
by thefts of non-Lojack-equipped automobiles in neighboring states. The increase in thefts in
non Lojack-serviced states was especially strong for the same car models that in Lojack-serviced
states were sold equipped with Lojack.
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1 Introduction

Auto theft is an extremely salient property crime: the value of the stolen goods is substantial and
violence is often involved. Auto theft can be seen as a conflict between vehicle owners, manufac-
turers, and authorities on one side - - whose objective is to minimize thefts - - and thieves and the
black market in general on the other side, who gain from the theft of automobiles. In this game,
technological improvements arrive continuously and can upset the equilibrium number of vehicles
being stolen. In terms of of technological innovations that make auto theft more difficult, Lojack
is one of the most ingenious in recent decades. Lojack is a tracking technology that allows stolen
vehicles to be located, and that produces extremely high recovery rates.

While it has proven to be an extremely effective recovery device for those who own it, there also
has been much interest in the externalities that the introduction of Lojack may have generated.
Ayres and Levitt (1998) showed that, in the United States, introduction of the Lojack system
resulted in large reductions in auto theft - - on the order of 10%-50% - - where the service became
available. While only a small proportion of vehicle owners actually purchased the recovery system
for their cars, the deterrence effect of Lojack was shared by all cars in the same geographic location
because thieves had no way of knowing which vehicles had Lojack and which did not. In other
words, those who purchased the system generated large positive externalities for other vehicle
owners.

In contrast, this paper shows that the existence of positive externalities depends crucially on
thieves not being able to distinguish Lojack-equipped vehicles from non-Lojack-equipped ones.
Selling Lojack to a discernible group of cars in fact generates a negative externality in terms of
displaced thefts from owners of Lojack-equipped vehicles to those without the tracking system.

I analyze the impact of the introduction of Lojack in Mexico, where it was publicly and exclu-
sively installed in new cars sold by Ford within a specific subset of vehicle models. The Lojack
recovery device was installed, free of charge, and the recovery service was paid for during one year
in new Ford cars included in the program from participating states. The program was rolled out
gradually, both on the intensive margin - - with new Ford models entering the program at different
moments in time - - and the extensive one, with an expansion over time in the number of states

where the program was implemented. I use variation over time in theft risk, at the state and car



model level, to measure both the impact of Lojack in deterring auto theft for Lojack-equipped
vehicles and the displacements in theft risk that this generated on non-Lojack vehicles.

In Mexico, I find Lojack generated increased thefts of vehicles in states close to those where
Lojack was implemented, with especially strong impacts on the same models that were sold with
Lojack in the Lojack states. In states distant to those where Lojack was introduced, I find no
significant impact on theft rates. Within Lojack serviced states, I find no statistically significant
change in thefts among non-Lojack-equipped vehicles. Regarding Lojack-equipped vehicles, I find
reductions in theft risk of around 55%. Further, among Lojack-equipped cars, although Lojack
coverage over time went from 100% when the cars were new to 40% when they were three years
old, the effect on thefts was roughly constant. This suggests that the deterrence effect of Lojack is
similar for Lojack coverage rates varying from 40% to 100%. Another way of saying this is that the
maximal deterrence effect of Lojack may well be attained with Lojack coverage rates below 40%,
and closer to the 1.5% to 2% that Ayres and Levitt (1998) analyzed.

The importance of this paper is twofold. First, it shows that Lojack was effective in reducing
auto theft of vehicles equipped with it in Mexico. The problem of reducing auto theft in developing
countries has been especially difficult to tackle because of corrupt and/or incompetent police forces.
Lojack may be an effective tool in reducing auto theft in such contexts. Second, the paper is
important because it measures the spillovers that Lojack generated on vehicles not equipped with
the device when it was sold to a distinguishable - - from the thieves’ point of view - - set of cars. As
stressed by Clarke and Harris (1992), or Karmen (1981), some anti-theft devices simply generate a
displacement of theft to unprotected vehicles. In the case of Lojack, the same device can generate
either positive or negative externalities depending on how it is offered to the public; this suggests
that regulation of similar technologies in terms of how the product is offered to the public, can have
important consequences for societal welfare.

The rest of the paper is structured as follows: Section 2 describes the recovery technology and
how it was implemented and offered to the public in Mexico. Section 3 provides a theoretical
framework for thinking about Lojack and the implications of selling it to an anonymous, rather
than a distinguishable, set of cars. Section 4 describes the data used in the paper. The estimation

strategy is discussed in Section 5, while Section 6 presents the empirical results. Section 7 concludes.



2 Technology and Intervention

2.1 Technology

Lojack is an automobile recovery technology developed in the late 1980s in Massachusetts (United
States). After a successful expansion in its home country, Lojack had been introduced into over 30
countries by 2007.! Lojack uses radio technology to recover stolen vehicles. The system consists of
two main components: a radio-frequency transceiver in the protected vehicles and a grid of locality-
specific tracking antennas. Every geographic location that is covered requires a combination of
tracking devices in fixed locations, vehicles, or aircraft in order to provide the recovery service.
The specific combination depends on the topography, road system, and other relevant factors of
the locality.

Lojack has an extremely high recovery rate, with 90% of vehicles being recovered within 24
hours of the report (LoJack (2006)) and 95% eventually recovered (Romano (1991)).2 Its small size
- - similar to a deck of cards - - allows it to be hidden in many possible places inside a car, making
it hard to locate. The device has its own power source, meaning that it does not depend on the
car’s battery to operate. Cars equipped with the device do not signal its presence with decals of
any sort. The company sells recovery — not deterrence — services, and announcing the presence of
Lojack in the vehicle may compromise the likelihood of recovery. Finally, it only emits the signal
once it is activated remotely. The combination of these factors make it impossible to know from a
visual exterior inspection if a car is equipped with Lojack.

The Lojack radio transceiver remains dormant unless a theft occurs. If an owner realizes that
the vehicle has been stolen, she calls Lojack and her specific device is remotely activated. Once the
signal is active, any of the tracking devices can perceive it if the car is in close proximity. After
a signal becomes visible for one of the trackers, mobile trackers can be sent to follow and find the
stolen vehicle. The radio signal is perceptible to the tracking devices even if the vehicle is in a
covered environment, like a warehouse, a building, or a container. Competing technologies based
on GPS are mainly used for better logistics, not as recovery devices. In fact, GPS antennas are

conspicuous and are severely compromised if the vehicle is under a roof.

Lwww.lojack.com

2The information on Lojack is based on discussions with company executives in Mexico and on information from
their web page.



2.2 Intervention

Installing a Lojack recovery system in a locality requires large fixed costs. These take the form
of lengthy agreements with the local police, regulatory approvals, and the cost of installing the
network of tracking equipment. The owners of the Lojack technology gave exclusive distribution
rights to a Mexican company to introduce the system in Mexico. The patent holders would supply
the equipment and the Mexican company would be in charge of the management of the system.

For a startup company, the large setup costs, together with uncertain demand for the product
made the enterprise extremely risky. The Mexican company decided to offer a major car builder
an exclusive agreement to have Lojack installed in its cars. The vehicle recovery company would
instantly gain a large customer, improving the short-term viability of the company, and the large
car manufacturer would offer an exclusive benefit for its customers. Ford Motor Company of Mexico
agreed to be the sole Lojack customer for a prearranged period.

Ford Motors agreed to pay the Lojack company a fixed cost per unit installed. In exchange
for the payment, the company provided the transceiver, installation costs, and one year of Lojack
recovery services. After the first year, customers had the option of continuing the recovery service
at an annual cost of around $100.

The system was first tested at the end of 1999 in a single Mexican state with a single Ford
model. In 2002, after the trial period, the Lojack tracking system was introduced into four states
in Mexico. Once the recovery system had been implemented, Ford distributors in the covered
states engaged in large publicity campaigns to inform the population which of their models were
equipped with Lojack. Lojack gradually was introduced into different models beginning in 2002,
and continuing until 2005. In total, 13 different Ford models came equipped with Lojack in the
period I study. A list of the Lojack models, the states, and dates of introduction into the program
can be found in Table 1. Once a Ford model in a state came equipped with Lojack, it maintained
its Lojack status throughout the period being analyzed. That is, once a car became part of the
Lojack program, all newer version of the cars were sold with the device.

Like other major automobile manufacturers in Mexico, Ford and its distributors have an agree-
ment to sell new vehicles for the same price nationally. The Ford Lojack program did not change

this arrangement: customers in Lojack states paid the same price for a vehicle as customers in



non-Lojack states.

The company administrating Lojack was in charge of obtaining the permits and necessary
regulatory approvals. Lojack managers decided to operate the tracking system jointly with the
local police forces. The high degree of control over the tracking system - - as opposed to simply
handing it over to the police - - was arguably the best option in an environment where police forces
were not deemed sufficiently trustworthy or reliable to operate the system up to its full capabilities.
However, local police cooperation was always necessary given that, in Mexico, taking possession of

stolen property is an exclusive attribute of police forces.

3 Theoretical Framework

The following simple framework aims to clarify why different effects on auto thefts can be expected
according to the way Lojack is offered to the public. Assume that when making the decision to steal,
the thief takes into account the costs and benefits of his action. Let B;; represent the monetary
payoff to the thief of stealing a car, model 7 in state j, and delivering it to the local chop shop.
The probability of failure is Pthief (Lojack;;). The thief does not obtain payment if he is caught by
the police or if the car is recovered by Lojack before he gets to the shop. The probability of failure
depends explicitly on whether the car that is stolen is equipped with Lojack.

During the time that the thief is in possession of the stolen vehicle, the police or Lojack may
recover it and, in the process, apprehend the perpetrator. Assume that if the car is recovered before
the thief delivers it, the thief is sent to jail. This generates a utility loss for the thief of —J < 0.

Let Q;j denote the total number of cars of model i stolen in state j during a year. The (marginal)
cost to the thief of stealing a car can be described by C(Q;;, Sij, X;), where S;; is the stock of cars in
the state and X; represents vehicle characteristics like the difficulty in picking the lock and starting
the vehicle. For a given stock of cars on the road, the more stolen, the higher is the cost of finding
and stealing the car, i.e. 0C/0Q;; > 0. It is reasonable to assume that cars that are targeted first
are those that are easy to steal: those located close to the chop shop, or those that are parked on
the street, as opposed to inside a garage, for example. This would make the (marginal) cost of
stealing the cars increase with the number stolen, after controlling for vehicle characteristics (X;)

and the amount subject to being stolen (S;;). The cost of stealing is incurred independent of the



success of the theft attempt. It consists of time and the equipment cost of the theft. The thief will

decide to steal a car whenever
Bz’j . (1 — Pthief(LOjaCkij)) —J- Pthief(LOjaCk'ij) Z C(Qijy Sz’j, Xz)

the left-hand side represents the expected benefit of the theft attempt, which is compared to the
marginal cost of doing so on the right-hand side of the equation.

When a chop shop buys a stolen car, it benefits from the purchase through possibly various
channels. First, it can reintroduce the car into the legitimate market with false documents and a
fake vehicle identification number (VIN). Second, it can export the car to another country, where
it can be sold as a legally imported vehicle. Third, it can chop up the car and sell the stolen parts.
Fourth, it can sell the car as “an input” to other crimes. These input cars are usually abandoned
a few minutes after a major crime, like kidnapping, or a bank robbery, has been committed.
The income for the chop shop from the combination of these activities can be subsumed into an
increasing and concave function of the number of cars processed by the shop. Let w(qu) represent
gross income for shop k in state j from processing ¢ stolen cars of model 7. In deciding how many
cars to process, the chop shop is assumed to maximize expected utility. The cost of buying an
additional car is B;;, the cash that is paid to the thief for delivering a vehicle to the shop. For each
additional car processed, the shop obtains w’ (qf]) if its operation is not discovered by the police.
For every car processed by the shop, there is an independent probability PP (Lojackj) of the

operation being discovered and shut down. The shop has the following objective function:
k k shop . qu

max (w(ql-j) — Byj - qij> (1 - P (LOjaCkij))

qij

The more cars processed by the shop, the larger the cumulative probability that the operation is

discovered. The first order condition for an optimum is

at (1 — P*hP(Lojack;;))%s

F= (w/(qu) — Bij) (1 — PShOp(LOjaCkij)) v (w(ij) — Bjj 'qzkj) oqr. =0
ij

The first term of the condition is the usual marginal benefit (w’ (qu)) equals marginal cost (B;;),

while the second term in F' is the incurred cost of processing an additional car in terms of the increase



in the probability of the shop being discovered. Considering that the income one shop generates is
affected by what other shops do, the benefit function should be thought of as depending on other

factors beyond the quantity processed by shop k. Specifically, it is taken to be a function of

w(gis > dij» Sij» Xi, Bij, Bi—) (1)
[

The second component in (1), representing the number of cars of the same model processed by other
shops, is introduced because competition means that if the number of cars processed by other shops
> Lk qu) increases, this will depress the benefits obtained by shop k. B_;; is expected to generate
a positive effect because of substitutability across car models for many of the components that
drive w. For example, the demand for stolen cars as an input to other crimes should exhibit a large
amount of substitutability across car models. In terms of w, the higher the price for car models
different from those processed by shop k, the higher the benefits. Similarly, the higher the price
of cars processed by shop k in other states (B;_;), the higher the benefits. This occurs because of
spatial spillovers: if the price of stolen parts of a certain car increase in one state, then consumers

of stolen parts in neighboring states will increase demand for parts in the state with lower prices.

C(Qij ,Si]' ,Xi)+J-Pthief (Lojackij)
(1—Pthief (Lojack;;))

In equilibrium, B;; = . It is straightforward to check that

oF <0 oF <0 and OF <
— - n -
O Pthief ) O Pshop ) & aqu

Because Lojack increases the probability of being caught, both for the thief and the shop, the
equilibrium quantity stolen falls if the car is equipped with Lojack:% < 0, where qu* solves
F=0.

I now can compare two distinct ways of making the device available to the public. In the
United States, wherever Lojack recovery services were available, the device was offered to anyone
who wished to purchase it. Because cars bore no visible indication of having Lojack - - such as
decals - - thieves had a hard time determining if the car they intended to steal had Lojack. In
such a framework, it is as if there are n cars in state j, and a proportion + of them randomly

get Lojack. Because thieves have difficulty determining whether a car has Lojack, a rational thief

will assign probability v to any car being equipped with the device. (More specifically, he would



assign the same probability of having Lojack to all cars of similar visible characteristics.) In the
model’s equilibrium, thefts decrease for both Lojack and non-Lojack equipped vehicles: the theft
deterrence provided by Lojack is shared equally among all cars. Given that non-Lojack car owners
took no action but benefitted from lower theft probability, Lojack can be said to be providing
positive externalities. Ayres and Levitt (1998) investigate the effects of making Lojack available to
the public in this way in the United States. Consistent with the model, they document a strong
reduction in theft rates for all cars in localities where Lojack was introduced. In fact, the total
externality - - in monetary terms - - is estimated to be around ten times as large as the private
benefit to the Lojack car owner. However, as with most goods with positive externalities, there is
underprovision relative to the socially optimal level.

The way Lojack was offered in localities where it was introduced in Mexico can be described as
selling Lojack only to a discernible group of cars: Ford models participating in the Lojack program.
This allowed thieves to identify and differentiate between those cars with Lojack and those without.
Thieves could avoid cars that had a high probability of having Lojack. The model predicts a fall
in the thefts of Lojack equipped cars. Additionally, given that different models are substitutes,
the reduction in thefts of Lojack-equipped cars can be displaced towards non-Lojack-equipped ones
(% > (). If this prediction of the model is correct, then car owners of non-Lojack vehicles
might be saddled with increased theft rates, even though they took no action. In other words,
Lojack equipped car owners may have generated a negative externality for other vehicle owners.
What should be clear from the model is that the same theft prevention technology can have either
positive or negative externalities depending on how it is offered to the public.

On the other hand, there is the possibility that Lojack promoted a reduction in chop shops in
a locality, or increased the incarceration rates of auto thieves. In that case, Lojack may have had
a positive effect on the theft rates of non-Lojack-equipped vehicles. This would happen if for some
reason chop shops dealt with both Lojack and non-Lojack vehicles. With Lojack increasing the
probability of detection of the shop’s operation, it would reduce the equilibrium number of cars
processed, both Lojack and Non-Lojack cars.

The theoretical prediction of differing externality consequences according to the degree of dis-
cernibility for thieves of Lojack equipped vehicles begs the question of why the Lojack company

decided not to explicitly signal that a car was protected with Lojack with a decal. The main reason



is that Lojack’s business is to provide a reliable recovery service in the event of theft. Advertising
that a car has Lojack may compromise recovery rates because thieves may take actions to make
the recovery less likely. Lojack provides important deterrence effects, which are the focus of this
study, although that is not the main concern of the auto recovery system managers.

The negative externality produced by Lojack can be subdivided into two categories: within a
Lojack state and in non-Lojack states. The former are referred to as Within-State Externalities
while the latter are referred to as Geographical Externalities. The framework presented here focuses
exclusively on thefts of vehicles. However, the intervention could be analyzed from the more
comprehensive framework of crime in general (Becker, 1968). This is not attempted in this paper
because of lack of state-level crime data in Mexico. However, the possible displacement of auto
theft with the introduction of Lojack towards other kinds of property crime was investigated by
Ayres and Levitt (1998). They used available crime data for the United States, but found no

displacement effects.

4 Data

The data used in this research consist of detailed auto sales and theft reports at the Mexican state
level. Because there is no country-wide auto theft database compiled by a government agency in
Mexico, no longitudinal crime studies using Mexican data have been performed up to now. This
paper is the first to use detailed auto theft data on Mexico from a a novel source, the internal
reports generated by the Mexican Association of Insurance Companies (AMIS).?

AMIS is a non-profit organization funded by insurance companies that compiles industry-wide
theft and accident rates. These statistics are then used by members of the association to price
insurance contracts. AMIS associated companies have a market share of over 80% of the automobile
insurance market. The AMIS auto theft dataset is not publicly available, but its use was authorized
for this study. The database is generated continuously in this automatic manner: when an insured
vehicle is stolen, the owner calls his insurance company to file a report; as soon as the employee
of the insurance company fills out the electronic report for the company’s use, a copy of it is

automatically sent to the compiling system at AMIS. Note that, under this system, if a stolen

3www.amis.org.mx



vehicle is recovered, the report of the robbery is still preserved.

In this study I use AMIS data on all countrywide theft cases reported from January 1999 to
August 2005. Each entry in the dataset is a theft report, which includes the brand and model of
the car, the date and state where the robbery occurred, and the year the car was sold. Unlike
the case of uninsured vehicles, thefts of insured vehicles are very likely to be recorded for financial
reasons.

The auto sales data were provided by the Mexican Association of the Automobile Industry
(AMIA).* AMIA is a non-profit organization formed by the principal vehicle distributors and man-
ufacturers in the country, which compiles detailed data on automobile sales. The series used here
are annual dealership sales at the state level from 1999 to 2005. The data were available aggregated
into various categories of brand and car type. For each brand, the vehicles were classified into cat-
egories: subcompacts, compacts, luxury cars, sports cars, SUVs, minivans, and trucks. The AMIS
theft data was aggregated to match the AMIA sales data (annual state sales for each model group)
and both datasets were then merged. The resulting groups of cars are shown in Table 1. Some of
the groups consist of single models, while others contain various models. Throughout the paper,
the terms model and model-group are used interchangeably to refer to the groupings of vehicles in
Table 1.

The econometric analysis uses variation in theft risk over time to identify the effect of Lojack.
For that reason, the unit of observation should be car models whose theft risk can be followed
throughout the analysis period. All thefts cases of cars sold up to 1998 but stolen between 1999
and 2005 were not used as units of observation because of lack of data on the stock susceptible to
being stolen: state level sales of any car model marketed before 1999.

The second type of discarded observations was car models introduced into the national market
after Lojack was implemented. For these vehicles, it is impossible to analyze theft risk before Lojack
was introduced. Therefore, car models introduced after 2001 were not used in this study. Similarly,
some models were discontinued before the Lojack intervention. For these models, there is no post-
treatment data available to analyze theft behavior, so they are left out. After these deletions, I
have data on car models for which information on theft risk is available before and after Lojack was

implemented. In total there are 69 model-groups (some brands have more than one car model per
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category and are grouped in the data) for which I have up to 28 observations in each of 32 Mexican
states: 7 annual theft observations per state for cars sold in 1999, 6 annual theft observations
per state for cars sold in 2000, and so on, with only one theft observation for cars sold in 2005.
However, the data do not consist of these 59,892 possible cases mainly because some car models
have no distribution channels in low population states. Further, some car models - - especially
sports cars and luxury cars - - are not sold in some of the poorer states. The final dataset has a
total of 36,406 observations available for analyzing the impact of Lojack on auto theft dynamics.
As I mentioned before, 13 of the 69 car groups are Ford models that obtained Lojack. This Lojack
intervention occurred in four states during the period of analysis. The summary statistics of auto
theft behavior are presented in Table 2.

In panel A of the table, a summary of the variables used in the statistical analysis are presented.
The unit of observation is a quadruple (model group, state, year sold, year stolen) combination
with available data. The average unit of observation has 619 vehicles, and 3.5 thefts. This results
in a mean annual theft rate of 6 cars per 1000 vehicles. The maximum number of thefts in any of
the observation units was 1,502. The cars being studied are relatively new: they range from zero
to six completed years on the road.” The average car age is 1.95 years. The mean age is not three
because, by construction, the data has fewer observations of older cars: all cars are observed when
they are new, but the only observations available for six year old cars are those that were made in
1999. Lojack is a dummy variable equal to one if the car is equipped with Lojack. Out of all the
observation units, 0.64% had Lojack installed when they were new.

Panel D in the table focuses on vehicles that were Lojack equipped when they were sold. Lojack
equipped vehicles are newer than those in the entire sample, with a mean age of 0.72 years, because
the Lojack program was introduced in the latter part of the analysis period. Lojack equipped
observations have a mean of 2.97 thefts and a mean stock of 558 vehicles. Panels B and E of the
table divide the observations into two groups, Lojack and non-Lojack models. In the table, as
throughout the paper, a Lojack model is one of the 13 Ford models that participated in the Lojack
program. In panel B, all observations pertaining to Lojack models are included, even those for years
before the program was implemented and for states where Lojack was never implemented. Lojack

models had an average stock of cars susceptible to being stolen of 225 units, while non-Lojack

5Age is set to 0 if the vehicle is less than 12 months old, 1 if it is between 12 and 24 months old, etc.
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models had an average stock of 721 units. Mean theft cases for Lojack models are correspondingly
smaller than those for non-Lojack models: 1.08 and 4.15, respectively. Dividing mean thefts by
the mean stock of cars on the road reveals that theft rates were smaller for Lojack models: 4 per
1000 versus 5 per 1000 (this rate is an underestimate of the theft rate because the numerator only
includes thefts of insured vehicles.) Finally, panels C and D of the table divide the observations
into two groups: Lojack States and non-Lojack States. This partition highlights the fact that
average sales in Lojack states are larger than in non-Lojack states. The mean stock of cars in the
observation units in the former is 1,703, while in non-Lojack states it is 381. Furthermore, Lojack
states on average are high crime states: dividing mean thefts by the mean stock of cars yields
an estimate of nine thefts per 1000 in Lojack states and only two per 1000 in non-Lojack states.
Finally, the table indicates that 3.5% of Lojack state observations correspond to vehicles that were
equipped with Lojack when they were sold.

A first caveat with this data is that it provides information about where the car was sold, but
not where the car currently resides. Although the latter is preferred, if the probability that a
car of a given model and year migrates from state j to state i is equal to the probability that a
car of the same model and year migrates from state 7 to j, then the first variable is a noisy but
unbiased measure of the number of cars in a state. However, one can imagine that some states are
net exporters of cars to other states. This would induce a systematic error in the measure of cars
exposed to theft, and receives attention in the section on robustness checks.

A second and more important caveat is that the data available here are not total number of
thefts, but rather total number thefts of insured vehicles. The Robustness Checks section provides
evidence that Lojack introduction did not have any effect on the rate at which Lojack models were

being insured; this is important in identifying the effect of Lojack on theft risk for different vehicles.

5 Estimation Strategy

This paper focuses on the evolution of theft risk and its relationship to the introduction of Lojack.
The theft variable used is the number of vehicles stolen; it is non-negative and integer-valued. A
histogram of the theft variable is presented in Figure 1. As the figure makes clear, over 60% of the

observations are zero. When the dependent variable is this type, OLS is problematic because the
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conditional mean function takes on negative values. I therefore use the canonical model for count

data in my estimations: the Poisson regression model. The estimated equation is:

6
E[The ftsijyt|Xijyt] = (Sijy) - exp (%’j + B; -t + Brojack - Lojackijye + > Ba - I[Age = a]) (2)

a=0

where the dependent variable (T'heftsij,:) is the number of vehicles stolen in any given state,
model group, year made, and year stolen combination. S;j, refers to the state-specific annual sales
of each car model, which is a proxy for the stock of cars susceptible to being stolen in every state,
model-group, and production year combination. The estimated equation also includes a fixed effect
(7ij) for every combination of state and car model in the data. This incorporates the fact that
theft risk varies according to location (state) and type (model group). A time trend, specific to all
vehicles in a state ((3; -t) is also included. The purpose of this regressor is to allow for state-specific
dynamics in theft risk. All vehicles in the same state are subject to the same police and judiciary
institutions, which may have different dynamics over time in every state.

In the regressions, the coefficient of interest is some variant of a dummy variable indicating
that Lojack had been implemented. For expositional purposes, the regressor of interest is simply
denoted Lojack;jy in the remainder of this section. However, in the Results section, the specific
definition of the regressor is presented and the data used are clearly defined for each of the estimated
regressions.

Finally, all of the regressions include a full set of vehicle-age dummies (I[Age =t — y]). These
regressors, in a completely flexible way, capture the mean theft schedule according to the age of
the car. This is relevant because theft risk varies by how old the car is. Typically, newer cars are
subject to higher theft risk because they provide a higher payoff in the black market. All regression
standard errors are clustered at the state level (Bertrand, Duflo, and Mullainathan (2004)).6

Sijy allows for a meaningful comparison of theft even if the quantity of cars subject to risk varies
by model. That is, given that different models have radically different market shares, any analysis
of auto theft that distinguishes among models in the same geographic location must control for

the quantity of cars subject to theft. In a Poisson regression, this is referred to as “controlling for

SCameron, Gelbach, and Miller (2006) two-way clustered standard errors at the state and year level were also
calculated, without changing the significance of the main results.
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exposure”. The exposure variable (S;j,), is usually incorporated with a coefficient constrained to
unity. This introduces the assumption that thefts are a function of the stock of cars and that this
relationship is the same across all car models: a doubling of the stock accompanied by a doubling
of thefts is interpreted as keeping theft risk constant.”

The descriptive statistics showed that there is much heterogeneity in theft risk depending on the
model and/or the state in question. In such situations, one major worry is that estimated effects
may simply be capturing cross-sectional differences in theft risk, particularly in cases such as this
one in which the treatment was not randomly assigned. This concern is addressed by including a
fixed effect (v;;) for every (state, car model) in the data. In other words, average differences in
theft behavior across car models or states are not the source of identification of the coefficient of
interest.

The fact that various observations are available for the years before Lojack was introduced
means that I do not rely on the assumption that time trends in theft dynamics were identical in
treated and non-treated states. The specification that I use directly estimates a linear time trend
of theft risk that is common to all car models in a particular state (3;-t). So, all states are allowed
to have differential trends in theft, guaranteeing that the results are not driven by differential theft
dynamics at the state level. I obtain identification of Br,jqcr from an upward or downward shift
in the theft rate in the years after Lojack was implemented from what was predicted by the linear
trend estimated from the years before the introduction of Lojack. This specification makes the
traditional concerns about the selection of the control group in a difference-in-difference context
much less relevant (see Miguel and Kremer (2004) for more on this). Many studies rely on an
assumption of equality of trends in the pre-treatment periods; in this case, the identification of the
coefficient of interest does not come from control and treatment group differences, but rather from
deviations from a linear time trend estimated using pre-treatment data.

The exponential form of the conditional expectation, and the fact that the coefficient of interest,
BLojack, is associated with a dummy variable, makes interpretation of the coefficient highly intuitive.

The ratio of expected thefts conditional on having Lojack to expected thefts conditional on not

"The results are robust to a relaxation of the coefficient restriction on S;j,. See the Robustness Checks section.
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having Lojack is:
E[Thefts;jyt|xijye, Lojacksjye = 1]
E[Theftsijy|xijye, Lojackijye = 0]

. ﬂLojack
=€

Note that the effect is independent of the values of the other regressors in x;j,¢. For this reason,
I report exponentiated coefficients, also known as incidence rate ratios (IRR), in addition to the
Poisson regression coefficients for each regression in the results tables.

Poisson regressions have this advantage: it is straightforward to obtain an estimate of the
magnitude of the effect in terms of the number of cars stolen. So, the third column in each of
the regressions in the tables, labeled Count, reports a transformation of the Poisson coefficient
into an estimate of the number of cars stolen as a consequence of the introduction of Lojack. The

calculation is:

Z (E[The ftsijyt|Xijyt, Lojackijye = 1] — E[Thefts;jyi|Xijye, Lojackijy = 0])
ijeA
Because of the conditional expectation’s form, this simple sum can be rewritten as the percent

change in thefts attributable to Lojack multiplied by the pre-Lojack average annual thefts in the
group:

(IRR—1)- | Y E[Theftsy| Lojackijy = 0] (3)
iJEA

This is simply a function of the Poisson coefficient and the size of the group of affected cars. The
standard errors are obtained with the delta method, using those reported in the coefficient column.

The theoretical framework suggests that Br,jqck should clearly be negative for vehicles equipped
with Lojack. It also suggests that the reduction in thefts from Lojack vehicles should have generated
higher thefts in vehicles not equipped with Lojack, because of substitution effects. Evidence of
negative externalities w