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Abstract

I develop a model with endogenous gun ownership and study the interac-
tion between the demands for guns by heterogeneous potential offenders and
victims. I show that the interaction depends on pervasiveness of guns, injury
probabilities and, in particular, the impact of the gun on the probability of
success against armed relative to unarmed adversaries. While the sanction on
armed offense is maximal under plausible conditions, the sanction on unarmed
offense balances direct deterrence benefits against marginal deterrence costs
and corresponding net property losses. Optimal gun control policy disarms all
offenders but allows the attractive potential victims to own guns. The paper
also discusses the effects of enforcement and price controls on the demands for

guns and welfare.
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1 Introduction

The fact that guns can both cause and deter violent crimes is at the source of the
ongoing debate over proper regulation of guns. Proponents of gun control argue that
reducing availability of guns will curb violent crimes whereas opponents point out
that if only outlaws will have guns when guns are outlawed, law-abiding citizens will
be defenseless against encouraged perpetrators.! Understanding the nature of the
interaction between potential offenders’ and potential victims’ demands for guns is
important to this causality debate and formulation of sound gun control policies. The
present paper makes a theoretical contribution toward this objective and generates
new and useful insights for future empirical work.

I study a crime model with endogenous gun ownership by heterogeneous potential
offenders and victims, incorporating the detailed parameters of armed and unarmed
victim-offender confrontations. Victims’ losses and successful offenders’ gains are
correlated, i.e., when the victim’s loss is large, so is the offender’s gain.? As a result,
only the most effective offenders and the potential victims with large victimization
costs acquire a gun. The model also incorporates public deterrence and a social cost
objective to evaluate the welfare effects of punishment probability, sanctions and gun

control policies.

The analysis shows that the interaction between the two demands for guns de-
pends on the impact of the gun on the success probability of an offense against armed
and unarmed victims. Suppose that by switching to acting with a gun the offender
produces a larger increase in the probability of successfully completing the offense
against unarmed victims. Then, less guns in victims’ hands implies more guns in of-
fenders’ hands. Conversely, a stimulus on potential victims’ demand for guns deters
armed offenses: Now the marginal armed offender will drop his gun because the pop-

ulation against which the gun produces a relatively large increase in the probability

1See for instance Duggan (2001), Cook and Ludwig (2002), Ayres and Donohue (2003) for the
pro-control arguments. The opponents, led by Lott (2000), present evidence that more guns in
potential victims’ hands leads to a fall in violent crimes. Estimates of the number of defensive gun
use vary considerably according to U.S. data, but even the relatively conservative figure of 100.000
annual instances offered by Cook and Ludwig (2004) may seem surprisingly large. A much larger

estimate is 2.2-2.5 million annual instances, by Kleck and Gertz (1995).
2This is a common feature of assault, robbery and burglary, crimes motivated primarily by

taking victims’ property and valuables; offenders typically value stolen property less than their

victims and they often cause damage. One can add sexually motivated crimes to the list.



of success—unarmed potential victims—shrinks. Read from the victims’ perspective,
the same probability condition implies that an increase in armed offenders prompts
an increase in defensive gun ownership. Now that gun ownership produces a larger
fall in the probability of harm to property against armed than unarmed offenders, an
increase in the measure of armed offenders raises potential victims’ expected benefit
from gun ownership and induces the marginal unarmed potential victim to buy a
gun.?

The empirical gun-crime literature does not offer conclusive evidence about the
effects of gun ownership on the probability of successful completion of an offense
against armed and unarmed victims. These effects would depend on the attributes of
the firearm in question as well as several environmental parameters and regulations.
Though less plausible, reversal of the probability condition stated above remains a
theoretical possibility and should be given a consideration. If acting with a gun
the offender typically produces a larger increase in the probability of success against
armed than unarmed victims, prevalence of arms enters into the equation. Now, if the
measure of armed potential victims is initially small so that the newly armed victims
are wealthy and offensively attractive, an increase in potential victims’ demand for
guns may well stimulate armed offenses despite the risks involved. Otherwise the

sign of the interaction between the two demands remains unchanged.

The sanction on armed offense is maximal under plausible conditions. A crime
substitution effect is at work: An increase in the sanction on armed offense will disarm
potential offenders, which may lead too many potential victims to drop their guns and
induce further increases in unarmed offenses. While the latter undesirable effect can
be offset partially by raising the sanction on unarmed offense, this chain of reactions
may reduce welfare if the net property losses from newly disarmed victims exceed

the gains from avoided injuries. However, if injury costs have a sufficiently large

3To illustrate, consider a numerical example in which this probability condition holds. Suppose
that an unarmed offender’s probability of successfully completing the offense is 0.1 against an armed
victim and 0.4 against an unarmed victim, whereas if he acts with a gun these probabilities rise to
0.2 and 0.6, respectively. Therefore by acting with a gun he raises the probability of success by 0.1
if the victim is armed, by 0.2 if the victim is unarmed. Symmetrically, the victim by acquiring a
gun can reduce the probability of harm to his property by 0.4 (from 0.6 to 0.2) in the case of an
armed offense, by 0.3 (from 0.4 to 0.1) in the case of an unarmed offense. For this example the
model’s prediction is that more arms at victims hands reduces armed offenses, whereas more arms
at offenders’ hands increases gun ownership by potential victims, as mentioned in the paragraph

above.



weight relative to victims’ net property losses, then the sanction on armed offense
is maximal. As for the sanction on unarmed offense, it is determined predominantly
by the balance between the costs and benefits of direct deterrence for the unarmed

offense and marginal deterrence for the armed offense.

The analysis also offers a number of insights on gun control policies. A gen-
eral increase in the cost of the gun quite effectively reduces the demands for guns.
Effectively, because it selectively disarms potential offenders and potential victims:
victims who continue to afford guns are also those who risk large property losses
if left unprotected, and the armed offenders who drop their guns are those who
produce the largest net property losses in their group. Similar considerations are
at work in determining the optimal quantity and allocation of guns in the society.
Because sanctions are bounded from above and disarming potential victims dilutes
deterrence of the unarmed offense, the optimal policy offers potential victims who
risk large property losses from a potential offense an option to own guns and disarms

the rest of the population.

While the empirical literature on the causality between availability of guns and
crime is large and growing, formal studies of the interaction between criminals’ and
potential victims’ demands for guns are scarce. Among the notable contributions,
Chaudhri and Geanakoplos (1998) show the negative effect of a tax on guns whereas
Donohue and Levitt (1998) endogenize the decision to fight in armed offender-victim
encounters and show that an asymmetric arm power is likely to generate less violent
outcomes than a symmetric one. Ghatak (2001) models the interaction as a contest
game but assumes homogeneous criminals and victims; his model does not capture
intra- and inter-group external effects of gun ownership. Mialon and Wiseman (2005)
come closest to the present analysis in that they also endogenize gun ownership (and
include also the choice of “lying low” for potential victims.) They assume homoge-
neous offender and victim populations and focus on the mixed-strategy equilibrium
of their model to generate predictions about the impact of gun control and sanc-
tions. The modeling approach in this paper is quite different. Most importantly,
the populations are heterogeneous and victim-offender encounters can generate net
property losses as well as separately accounted injury costs. The present analysis
thus explains equilibrium interaction and gun ownership by offenders and victims
as a function of distribution characteristics and a rich set of relevant parameters in

victim-offender confrontations.



Section 2 presents the model. In Section 3 I derive the expected payoffs and
social costs from offender-victim confrontations. Sections 4, 5 and 6 contain the
results. Section 4 studies the interaction between the two groups’ decisions, Section
5 investigates the optimal sanctions and Section 6 derives the optimal gun control
policy and presents results on the welfare and incentive effects of the likelihood of

punishment and price controls. Section 7 offers concluding remarks.

2 The Model

A society comprises two groups of individuals, potential offenders and potential vic-
tims. The groups are of equal size, normalized to one. Potential victims differ in their
privately known losses, denoted h, from a successful offense. Let G : [0,00) — [0, 1]
denote the cumulative distribution function of A, with continuous density function
g(.). The loss h excludes the individual cost from potential injury during the offense.
This is denoted separately by ¢ and is assumed common to offenders and victims.
Potential offenders differ in their private benefit from the offense. This hetero-
geneity is represented by the parameter o € [0, 1], with cumulative distribution
function F(.) and continuous density function f(.). An offender’s realized private
benefit is correlated with his victim’s loss: more precisely, successfully completing

the offense against a type-h victim yields the benefit ah to the type-a offender.

Potential offenders and potential victims decide on whether to acquire a gun,
at cost x, and potential offenders who choose to act (armed or unarmed) are each
randomly matched with one victim.* A match is denoted XY where X stands for the
offender’s choice (A if armed, U if unarmed) and Y stands for the victim’s choice.
Let ¢ denote the probability of own injury when the adversary is armed. An offender-
victim match has a rich set of potential outcomes, displayed in Table 1 according to
match type.

Throughout the paper a successful offense means that the offender reaps the

private benefit ah and the victim loses h. When the offense fails, the victim, himself

4In the model there is one type of arm which has no other use for offenders than to facilitate
crime, no other use for the victims than to resist crime. The cost z, assumed identical for simplicity,
could differ among offenders and potential victims to account for the fact that offenders acquire
their guns through the underground secondary market or theft rather than legal market transactions
(Cook et al (2007)); then, 2 would represent the cost of theft or the price in the underground market
for offenders, the market price for potential victims.



Table 1: Probabilities of successful offense and punishment according to match type

'. Probability of: AA-match | AU-match | UU-match | UA-match
' Successful offense 1—g¢q 1 ou oa(l—q)
" Punishment g+ (1 —q)u m 1 g+ (1 —q)u

injured or not, avoids losing h. The assumptions below on the links between injury
outcomes, success of the offense and detection outcomes are motivated by analytical

simplicity.

Offenders are more likely to be apprehended and punished if injured than not.
To economize on notation I assume that the injured offender fails and is punished
with probability one. If not injured, he is punished with probability 4 < 1.> To
capture the fact that an armed offense is more likely to be successfully completed if
the victim is unarmed, I set the probability of a successful armed offense to one if
the victim does not own a gun. On the other hand, an armed offender succeeds only
if he avoids injury, thus with a smaller probability 1 — ¢, against a victim who carries
a gun. As for the offender who acts without a gun, he succeeds with probability ¢

if the victim is unarmed, with probability ¢4(1— ¢) if the victim too is armed, where
1> QbU > @A(l — q)

These assumptions imply that the offender’s probability of success is largest when
he has a gun while to victim does not (in the AU-match), followed by the UU-match,
and lowest in the UA-match.® Basically, the gun improves its owner’s chances, to
succeed for the offender, to avoid the loss h for the victim.

Sanctions are monetary.” The sanction for unarmed offense s;7, and the sanction
for armed offense s4 (with or without injury to the victim) are determined by the

state within the interval [0,3].% Potential offenders who choose to comply are not

5Injured offenders are more likely to be caught than uninjured offenders. The assumption that
the injured offender is punished with probability one economizes on notation. The same motivation
applies for the assumption of a common punishment probability for armed and unarmed offenses.

The qualitative effect of a larger punishment probability for the armed offense is transparent.
6Kleck (1991) reports that attempted rape and robberies are less often successful against armed

victims than victims who do not use a weapon; see also Kleck and Gertz (1995) and the references
cited therein, and generally, Cook (1991).

"The impacts of nonmonetary and costly sanctions are well known; see, e.g., Polinsky and Shavell
(1999) and Polinsky (2000). These issues are tangential to the objectives of this paper.

8 Allowing for differential sanctions according to the victim’s injury status does not add an



sanctioned and get zero; similarly a potential victim who is not matched with an

offender gets zero.

Two remarks are in order before proceeding with the payoffs from matching out-
comes. First, offenders decide on whether to acquire a gun and act under incomplete
information about the status of their prospective victim; symmetrically, potential
victims do not know whether they will be visited by an offender, armed or unarmed.
Second, an offender’s expected benefits from matching with an armed and unarmed
victim are different not only because the probabilities of success and injury differ,
but also because gun ownership depends on victims’ types h, which is correlated with

the private benefit from a successful offense, ah.

3 The Matches, Payoffs and Choices

The AA-match presents the largest set of potential outcomes. With probability ¢
the adversaries injure each other, the offender fails, is detected and punished. He
gets —c — s4 while the victim gets —e. With probability ¢(1 — ¢) only the offender
is injured and gets the payoff —c — s4, whereas the victim receives zero. In the
symmetric case only the victim is injured. This time the offender succeeds, but is
detected and punished with probability pu; the offender’s payoff is ah — pus4 and the
victim’s payoff is —h — ¢. Finally, in the no injury outcome the offender’s payoff is
again ah — us4 while the victim gets —h. Therefore expected payoffs in AA-matches

are
Us* = (1—q)ah —qc— g+ u(l —q)]sa and Up? = —qc— (1 —q)h.
In UU-matches the probability of injury is zero. The offense succeeds with prob-
ability ¢y < 1 and the offender is detected with probability u. The payoffs are
UgU = ¢gyah — usy and U‘(/]U = —¢yh.
When the offender has a gun but the victim does not (the A U-match), the payoffs

are

ULV = ah — usa and UpY = —h — qe.

interest to the analysis because injury is modeled as a random event. Including the level of care as
a choice to reduce the adversary’s probability of injury would justify differential sanctions, but this
would complicate the analysis considerably. See Donohue and Levitt (1998) for a model in which

the choice to use the gun (modeled as a choice between fighting and not fighting) is endogenous.

6



Finally, in a UA-match, the offender is caught and imposed the sanction sy with
probability u(1 — q) + g. He succeeds and reaps the benefit ah with probability
®4(1 — q). Now the payoffs are

Up" = da(l—q)ah—[u(l —q) +qlsu —gc and  UJ* = —¢4(1 — q)h.

Denote by [ the probability of an offense per potential victim and by 7 the
probability that the offender is armed. The expected payoff of a potential victim is

EU# = —70lgc+ (1 —q)h] — (1 = 7)Bda(l —q)h —x  if victim is armed,
EUY = —7Blqc+ h] — (1 — 7)Bouh if victim is unarmed.

Comparing FU{# and EUY reveals that a potential victim will acquire a gun if
x

B(rq+ (1 —7)(dv — ¢a(l — q)))

Low-h individuals stay unarmed, high-A individuals acquire a gun. The critical

h

¢ (1)

victimization cost ( defines the potential victim type indifferent between the two
options and determines the measure of unarmed potential victims, G((). Given the
assumption ¢y > ¢4(1 — q), note that G({) < 1 and the measure of armed potential
victims is positive as long as (3, the probability of an offense per potential victim, is

positive.

Potential offenders’ choices will depend on the proportion of armed and unarmed
victims. Armed victims have large h values but also carry large risks of injury and
punishment, whereas unarmed victims are safe targets but have low h values. The

expected payoff from an unarmed offense can be written as
¢ [e's)
EUS (@) = éu [ ahg(hdh+ (1= 0)ox [ ahg(bydh— My~ (1-G(C)ac, (2
0 ¢

where M = G(C)u+(1-G(())[g+p(1—g)] is the effective probability of punishment.

Similarly, the expected payoff from an armed offense is

C oC
EUS (o) = /0 ah.g(h)dh + (1 — q)/C ah.g(h)dh — Mss — (1 — G(())gc — =, (3)

Comparing the payoffs in (2) and (3) yields useful preliminary results. First,
the larger the offender’s «, the larger the difference between EUS () and EUS ()

provided EUS (o) > EUS (), hence, the stronger is the offender’s incentive to act



armed. So, for two potential offenders a; and as such that a; > as, if type-as acts
armed, so does type-aq; if type-a; complies, so does type-as. Second, if sy < sy,
FEU4 (o) > EUS(a) for all o as long as the cost of the arm, , is not too large.
Therefore s, > sy is required to induce some offenders to drop their arms and
act unarmed. Third, the set of potential offenders who choose to comply is always
nonempty given positive injury costs and sanctions; this set occupies the lower end
of the interval [0, 1]. Unarmed offenders form an “intermediate” group with « values

between those who will comply and those who act armed.”

4 The Interaction between the Demands for Arms

Understanding the interaction between gun ownership decisions by potential victims
and offenders is crucial for the formulation of sound gun control policies. This sec-
tion clarifies the conditions under which the two demands for guns feed each other,
beginning with the impact of an increase in defensive gun ownership on armed and
unarmed offenses. More precisely, I study the impact of a change in  on two critical
a levels, defined below, which determine the partition of potential offenders according

to their choices:

The offender of type ay(() is indifferent between complying and acting unarmed.
For this offender, EUS (ay(¢)) = 0, that is,

(1—-G(())ge+ Msy

av(6) = $u fy h-g(h)dh + ¢a(1 = q) [ h.g(h)dh

(4)

The offender of type «.,(() is indifferent between acting armed and unarmed,
provided a,({) < 1. Otherwise set a.(¢) = 1:

x+ M(sa— su)

a-(C) =  ming 1,
© o) hgih+ (1 — o)1 —0) [ hg(h)dh

[N

The measure of armed offenders is 1 — F(,(()), the measure of unarmed offend-
ers is F'(a,-(()) — F(ay(¢)) and the measure of complying individuals is F(ay(()).

Proposition 1 follows from differentiation of (4) and (5).

Proposition 1 An increase in the measure of armed potential victims leads to a fall
in the number of offenses: day(C)/0C < 0. It also leads to a fall in the measure of

9Note that it cannot be optimal for a potential offender to obtain an arm and then act unarmed.

8



armed offenders, 0o (C)/0¢ < 0, if

- (C)Clg + ¢a(l —q) — ¢u] + (1 —p)(sa—su) > 0. (6)

Increased defensive gun ownership deters offenders by raising the likelihood of
punishment and by reducing the expected benefit from the offense (the denominator
in (4)) because offenders are less likely to succeed against armed victims, of which
more are present.

Consider the qualitative impact on the measure of armed offenders. Stated in (6),
the sign of da.-(¢)/0¢ shows the reaction of the offender who is indifferent between
acting armed and unarmed. Of the two terms in this expression, the second is related
to expected costs: The larger is s 4 relative to sy, the stronger the deterrence effect of
increased defensive gun ownership. As for the first term in (6), it represents the effect
through the change in the expected gross benefits from an armed offense relative to
an unarmed offense. Here, as well as in the determination of the optimal sanctions in
the next section, the sign of ¢+ ¢4(1 — q) — ¢y is a crucial issue. It is useful to write
this term as [1 — ¢y| — [1 — ¢ — ¢a(1 — q)]: Switching to acting armed, an offender
increases the probability of success by (1 —¢) — ¢a(1 — ¢) when the victim is armed,
by 1 — ¢y when the victim is unarmed (see Table 1.) Therefore an increase in gun
ownership by potential victims reduces the relative expected benefit from switching
to acting armed if (1 —q) — ¢pa(1 —q) <1 — ¢y, or if g+ ¢a(1 — q) > ¢y, that is,
if the gun produces a larger absolute increase in the probability of successful offense
when the victim is unarmed than armed.

The changes in the offense success probabilities underlying this condition would
depend on the technical properties of the gun as well as environmental factors and
public enforcement policies. The empirical literature does not offer a conclusive
evidence for or against ¢ + ¢4(1 — q) > ¢p. If it holds and the sanction on armed

offense is not too low relative to the sanction on unarmed offense, the model delivers
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