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An Economic Analysis of Violent Crim

Petros G. Sekeris! Tanguy van Ypersele?

In this article we propose a theoretical model to better comprehend the effect of gun
laws on violent property crime. We assume that a violent encounter between a criminal
and a victim is costly to both, and we uncover two types of equilibria: a pure strategy
violent equilibrium and a mixed strategy equilibrium where the criminal is deterred
with strictly positive probability. The effect of a relaxation of gun laws is shown to be
conditional on both initial gun laws and on the relative improvement of the victims’
defense capacity relative to the criminals’ offense capacity. We uncover a potentially
inverted U-shaped relationship between gun laws leniency and investments in violent
activities which helps reconciling seemingly contradictory empirical findings.

Crime - Gun Laws - Deterrence

Une analyse économique des crimes violents

Dans cet article nous développons un modele théorique permettant de mieux compren-
dre I'effet des lois sur le contréle des armes a feu sur les crimes violents liés a I'appro-
priation de propriété privée. Nous supposons qu‘une rencontre violente est coliteuse
aussi bien pour un criminel que pour sa victime et nous identifions deux types d'équi-
libres : un équilibre violent en stratégie pure et un équilibre en stratégie mixte dans le
cadre duquel le criminel est dissuadé avec une probabilité strictement positive. Leffet
d'un assouplissement de la législation sur les armes a feu dépend du niveau des
restrictions légales initiales en la matiere, ainsi que du gain d'efficacité relatif de la
victime et du criminel. Nous mettons au jour une possible relation en U-inversé entre la
souplesse des lois sur les armes a feu et les investissements en activités violentes, ce
qui permet de réconcilier des résultats empiriques antérieurs contradictoires.
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1. Introduction

Crime rates are highly heterogenous across time and space. Besides the
recorded important cross-country differences in criminality, there are
notable differences across regions, neighborhoods, or even between rural
and urban areas (e.g. Munasib et al. [2018]). Scholars have made important
progress in identifying the causes of this variability by pointing at several
factors, including wealth levels, education, or even inherited institutional
contexts (Couttenier et al. [2017]). The one aspect that has drawn the most
attention however, is probably the institutional legal framework and its likely
interactions with other explanatory factors (e.g. income, education), with the
seminal contribution to the field being the work of Becker [1968].

In that context, and given the American exception in terms of high crime
rates and mild gun legislations, a large body of the literature has focused on
the effects of gun laws on crime. Figures are staggering: firearm-related
incidents account for an average of 36 homicides daily in the U.S. (Edwards
et al. [2018]), and for more than 33,000 deaths (including suicides) per year
in the U.S. (Luca et al. [2017]). In 2017 the rate of homicides per
100,000 people in the U.S. was 5.3, when the analogous figures were 1.3 for
France, 1.2 for the United Kingdom, 1 for Germany, and 1.8 for Canada
(World Bank). Given that homicide rates in the U.S. are closer to the ones of
Ecuador, Suriname or Ukraine than to other OECD countries, this American
peculiarity has been associated by many to the ease of obtaining guns in the
U.S., although no causal link can be drawn without deeper investigation.

The empirical literature on the topic is quite divided as can be witnessed
by the titles of two major contributions to the field: “More Guns, Less
Crime” by Lott [1998] and “More Guns, More Crime” by Duggan [2001]. The
theoretical argument of the “pro-gun” camp rests in their deterrent effect on
criminals, while the “anti-gun” proponents point at both the fact that legally
purchased guns will often end up in criminal hands (through theft and the
black market), while also underlying the increased likelihood of pulling a gun
in the face of uncertainty (see Schelling [1960], p. 207). In terms of empirical
findings, some scholars show that the right-to-carry (RTC) laws allowing gun
holders to conceal guns lead to a reduction of crime, thereby pointing at a
deterring effect of flexible gun laws (Lott and Mustard [1997]). On the other
hand, Duggan [2001], Ayres and Donohue [2003], Cook and Ludwig [2006],
or Schneider [2018] propose empirical evidence disproving this deterrence
thesis. Studies on the Stand Your Ground law which allows the use of
deadly force even when retreat is a viable option have shown that homicides
tend to increase as a consequence of such laws (Cheng and Hoekstra [2013];
Munasib et al. [2018]). Tannenbaum [2020] exploits the exogenous disclo-
sures of gun owners (with maps geolocating the gun owners) to show that
criminals are not deterred from knowing that potential victims carry guns.
Luca et al. [2017] and Edwards et al. [2018] study the effect of mandatory
waiting periods during the purchase of guns on crime and find contrasted
results on homicides since the former show a reducing effect, while the
latter find no effect.



These seemingly contradictory results may nevertheless be reconciled.
Manski and Pepper [2018] show how findings on the effect of RTC laws are
highly dependent on empirical modeling decisions, since results may be
reversed using the same database, or when focusing on different points in
time. Similarly, Durlauf et al. [2016] show that imposing homogeneity in the
effect of RTC laws on crime biases the results, thus calling for particular
attention to differences in time and space. But neither Durlauf et al. [2016],
nor Manski and Pepper [2018] are actually able to determine which model is
the most appropriate since such a question is inherently a theoretical one,
and the on-going debate therefore points to a need to better understand the
theoretical consequences of gun laws on crime.

Prior to highlighting our results, it is important to distinguish various
types of observed gun-related violence. While the focus of this paper is
exclusively on property crime (burglaries, pickpocketing, theft), violent acts
like domestic crime, arguments escalating beyond control, suicide (Vitt et al.
[2018]), or even accidental deaths (Levine and McKnight [2017]) are all likely
to be influenced by the availability of guns, and ultimately therefore by the
institutional context governing firearms. Edwards et al. [2018] for instance,
demonstrate empirically that delaying the purchase of guns reduces both
homicides and suicides, while Koenig and Schindler [2019] establish a
causal link between such waiting period and actual (as opposed to inten-
tions of) guns purchases, in turn leading to a statistically significant drop in
homicides. Moreover, Koenig and Schindler present some evidence that it is
essentially “impulsive crimes” that are being avoided by this delay in guns’
acquisition. Yet, such non-economic crimes, whether perpetrated with a fire-
arm or not, are often rooted in behavioral biases and irrational decision-
making processes, as exemplified in Card and Dahl [2011] or Tiihonen et al.
[2017]. We instead focus on rational decisions surrounding the protection
and appropriation of valuable property, that is contexts where behavioral
biases are less likely to play a deterministic role.

We propose a theoretical setting that enables us to further our under-
standing of the effect of gun laws on property crime, and to provide guid-
ance for future empirical research. The model involves a victim and a poten-
tial criminal, with the latter attempting to violently steal the former’s
property. We show that two types of equilibria can emerge in such settings:
a pure strategy equilibrium where the victim is systematically expecting the
criminal to steal his property, and a mixed strategy equilibrium where the
latter does so with some strictly positive probability, although possibly a
small one. The effect of more lenient gun laws is shown to be conditional on
both initial conditions and the relative improvement of victims' defense
capacity to the criminals’ offense capacity. More lenient gun laws are
assumed to increase both the victims’ and criminals’ capacity for violence. If
the relative capacity for violence remains unchanged, we show that (i) the
aggregate effort of victims and criminals in violence decrease and the prob-
ability of an armed confrontation taking place drops, thus yielding support
to the pro-gun laws underlining the deterrent effect of lenient gun laws.
Quite counter-intuitively, if the relative efficiency of the victim increases,
aggregate expenditures in violent activities increase for low efficiency levels
of the victim, and they decrease for high efficiency levels of the victim, that
is when the criminal is deterred (probabilistically). The former result is well-



known in the contest literature. The increase in aggregate effort is due to the
strategic complementarity of the two players’ expenditures in the pure-
strategy confrontation equilibrium: the now more efficient victim is incentiv-
ized to increase his defensive effort, thereby triggering a strategic response
of the criminal who increases his own effort too. On the other hand, when
the victim is already quite efficient, the criminal refrains from systematically
attacking the victim because the latter can indeed afford deterring the crimi-
nal at a contained cost. Further increasing the victim’s relative capacity then
improves the deterrence ability of the victim.

Our simple theoretical framework therefore underlines the importance of
clearly delineating the initial relative confrontation abilities of victims and
criminals, while also accounting for the expected evolution in relative effi-
ciency following a change in the gun laws legislation. Given the non-linear re-
lationship between access to weapons and crime, our predictions may help
reconciling seemingly contradictory results, while also drawing the attention
on the need to focus both on the extensive margin as well as on the intensive
margin when studying the effect of gun laws on crime. Indeed, while at the
margin a more lenient gun law may indeed have a deterring effect on crime
(intensive margin), a drastic toughening of gun laws may nevertheless lead to
alarger drop in crime rates, or at least on their intensity (extensive margin).

We next review the related theoretical literature in Section 2, before pre-
senting our model (Section 3) and comparative statics results (Section 4).
Section 5 concludes.

2. Literature review

Becker’s [1968] model constitutes the seminal theoretical contribution to
the economics of crime literature. His study focused on the impact of insti-
tutional constraints on the equilibrium crime levels, by adopting a “market”
approach to modeling crime since economic agents are seen as unable to
strategically influence each other in such violent interactions. Likewise, all
the early literature on the topic favored a market approach that studied
individual incentives in the absence of strategic thinking (e.g. Ehrlich [1981,
1998]). Subsequent works, however, adopted a game theoretic approach
that enabled us to better comprehend the victims’ strategies, and more
specifically their incentives to deter crime being directed against them. Like-
wise, our model considers strategically interacting law-abiding citizens and
criminals. Several studies on crime have adopted a game-theoretic
approach, but with a different focus to ours. Donohue and Levitt [1998] and
Mialon and Wiseman [2005] concentrate on the relationship between the
lethality of crime (Donohue and Levitt [1998]) or the relaxation of gun laws
(Mialon and Wiseman [2005]) and the likelihood of crime being committed
by allowing players to take binary decisions of committing a crime of given
(uncertain) intensity or not. Donohue and Levitt [1998] point at a non-linear
effect of lethality on the probability of crime, while Mialon and Wiseman
[2005] find an inverted U-shape relationship between gun laws flexibility and



victims’ well-being. We uncover a similar mechanism to Donohue and Levitt
[1998] and we equally identify non-linearities in the victims’ well-being as
Mialon and Wiseman [2005]. We nevertheless propose a richer framework
since, unlike these two studies, we allow players to choose their effort
amongst a continuum of potential effort levels rather than restricting this
decision to a binary choice between committing or not a crime of a prede-
termined intensity. Besides giving rise to a richer configuration of equilibria
(pure strategy confrontation equilibrium and mixed strategy deterrent equi-
librium), our approach also enables us to study the endogenous variation in
the intensity of violence rather than merely looking at the likelihood of
confrontation or the players’ (fixed) utility.

Other models of crime have focused on the role of incomplete information
on the victim’s belongings (Lacroix and Marceau [1995]), on the role of
observability of private protection on the efficiency of the private protection
decisions (Hotte and van Ypersele [2008]), on the strategic interaction
between criminals and authorities (Marceau [1997]), or between victims’
protection investments and government’s policing levels (Guha [2003];
Hickey et al. [2019]), or on the study of optimal sanctions in such settings
(Bac [2010]). Our focus is on the strategic interaction between victims and
criminals in a complete information setting, and on the effect of gun laws in
such frameworks.

We model the violent confrontation between a potential victim and the
criminal as a two player contest a la Tullock [1980] where two strategies
survive at equilibrium: a confrontation strategy and a deterrence strategy.
While a very vast literature has adopted similar setups to model violent
encounters (e.g. Hirshleifer [1989]; Skaperdas [1992], for early contributions),
only a smaller number of contributions have scrutinized the concept of
deterrence in such settings. Grossman and Kim [1995] introduce the concept
in the contest literature by distinguishing offensive from defensive invest-
ments, and by imposing a sequential setup with defensive - that is deterrent
- investments taking place first. Our setting considers a single type of invest-
ment in effort for violence as well as a simultaneous timing. In settings
similar to ours, other works have established the existence of deterrent
equilibria, and have demonstrated as is the case in our paper too - that no
pure strategy deterrent equilibrium can exist (Neary [1996]; Jacobsson
[2009]; and De Luca and Sekeris [2013]). Our contribution is the first however
to propose a full characterization of the mixed strategy deterrent equilib-
rium, thus enabling us to derive richer predictions.

3. A two-stage game of crime

3.1. The setting

We consider a two-stage game with two players: a victim labelled v, and a
criminal labelled c. In stage 1, before the two agents encounter, the victim



decides its protection investment x € R, , aimed at protecting its property W,
and the criminal chooses simultaneously his capacity for violence, x.€ R,
that can be used to appropriate the victim’s property.3 In stage 2 the criminal
takes his criminal decision, d, of attempting to violently appropriate the
victim’s wealth (d=A), or not (d=N).

If the criminal refrains from attacking the victim, the players’ respective
payoffs are given by the following expressions:

U=w-x, (]
and

Uf_’=—xc. [2]

The confrontation technology is described by a Tullock contest success
function (Tullock 1980), such that the probability that the criminal appropri-

(‘xC

(1(’, xc + Olv )CV
ity designating the likelihood the criminal fails stealing the wealth from the
victim. The parameters «, represent the efficiency of the opponents’
(viz. criminal and victim) capacity for violence, with a=a /., so that the

ates Wis given by 7 (x,x, )= , with the complementary probabil-

X +oax
world we impose that a < 1. The appropriation act bears a cost both to the
victim and to the criminal that is proportional to the weapons’ lethality. For
simplicity, we shall assume that the cost of confrontation, k, i= {c, v} is a
function of the efficiency parameters, a_and «, such that ok, (o, a_,)/0,, >0

and ok, (a, a_,)/da_,>0. We thus assume that the cost of violence, which is
a short notation capturing both the lethality of the injury and its likelihood,
increases directly when increasing one’s opponent’s fighting efficiency, but
also indirectly when increasing one's own efficiency because of the
increased likelihood that the opponent will commit a violent act in that
instance.* Moreover, since a < 1, we assume that k> k_, Va. For the remain-
der of this section, we use the short notation k, for clarity.

Summarizing this information, the payoff of a victim under violent appro-
priation is given by:

above probability can be written as 7 (x, x,) = . In line with the real

A v
U = W-x —k, [3]
Voox tox v v

c v

3. Contrary to Grossman and Kim'’s [1995] seminal contribution to deterrence in conflictual
settings that considers sequential arming, we assume that players take their decisions simul-
taneously. Bear in mind that our assumed timing captures the non-observability of the
players’ respective investments at the time of deciding how to act. Besides the obvious fact
that victims cannot observe the criminals’ investments in violence, this assumption also
reflects the fact that the criminal is very imperfectly aware of the victim’s effort in violence
because most of the investments, and especially the ones relating to gun-ownership and
associated training, are not observable.

4. There is ample evidence that pro-gun laws have led to increase murders and nonnegli-
gent manslaughter of both assailants and victims, e.g. Cheng and Hoekstra [2013], Kalesan et
al. [2016], and McClellan and Tekin [2017].



While the criminal’s payoff then reads as:

Ul=—"—W-x_—k,
X +ox ¢ ¢
c 4

(4]

We solve for the game’s subgame perfect equilibria, and thus proceed
backwardly.

3.2. Equilibrium analysis

Stage 2

In stage 2 the criminal decides whether or not to commit the crime.
Accordingly, he is deterred from committing the crime, and thus prefers
implementing his idle strategy (N), if the utility he would obtain is higher
than the expected utility of violent appropriation (A). This will be the case
when the following inequality holds:

X
c

X, +ax,

X
ox 2= [V—V—l].

N

N
Ul(x,x)==-x2

W-x —k=U" (x,x,) (5]

Stage 1

In stage 1, the criminal chooses the utility-maximizing capacity for vio-
lence, x_, given constraint (5). The criminal has two potential strategies: he
can either invest in capacity for violence in anticipation that he will commit
a crime, or else he can optimize anticipating that he will not commit the
crime. Using superscripts to describe the players’ strategies, we accordingly
call the former strategy the appropriation strategy that — in line with Stage 2
actions - we label A, and the latter the idle strategy that we label N.

We first focus on the appropriation strategy, which consists in maximizing

Uf (x, x,) conditional on (5) not being satisfied, i.e. conditional on the crimi-
nal not being deterred. This problem reads as:

A X Xe w
max Uy =max s ———W-x —k. stx,<_ [k__l] [6]

c v c

Optimizing, we obtain the appropriation best response of the criminal:

xf(xv):axty[liaxlv:lllz_l} s,t,xv<% I:%—l:| [7]



We next need to verify when the constraint in (7) is satisfied. Replacing
¥ (x,) in Condition (5), we deduce that the condition is not violated when:

[(W-k]°

W [8]

X <XV=

v

In summary then, the appropriation strategy is defined over the interval
x,€ [0 %], and yields a utility of:

17242
ax, ] —k,.

Ul(x,)=[W"?- 191

Figure 1. Best response function of the criminal.

Xv

Xv

Xc

The idle strategy on the other hand consists in maximizing Uf’ as given by
(2) subject to Condition (5) being violated. Since it is immediate to see that

x’fv(xv) =0, it follows that this strategy is defined for any x,> 0, and it yields
zero utility.

Combining the above elements, we can now deduce the optimal strategy
of the criminal. Observe that U’:(O):W>0. Moreover, Uf(xv) is strictly

[W1/2_ [k ]1/2]2

decreasing in x,, with U"(x,)=0 when xvzfv=+. Thence
Ut (x,)>U" for x,<%,. Moreover, observe that (by construction) in x, =%,
UM (%) =-x(%)<0=U"(%), thusimplying that¥,>%,.



Summing up, the criminal’s best response is defined as:

W 1172
ax, —_— -1 ; =
X (x,)= [[“"] } Fox<h [10]

0 otherwise

To fix ideas, we graphically depict x/ (x,) on Figure 1. More specifically,
we represent x, on the y-axis, thus requiring a reverse reading of xJ (x,).
According to the above description of x/ (x,), the reaction function of the
criminal consists in following his appropriation strategy up to the threshold
x, after which it is optimal to implement the idle strategy. Graphically, the
best response of the criminal is thus increasing and convex in the victim's
expenditures levels up to X thence reflecting the strategic complementarity
of expenditures in violence. For higher values of the victim’s protection
investment, however, the criminal prefers to totally refrain from investing in
violence, and renounces to commit the crime as well.

We now proceed likewise for the victim. From the preceding analysis we
know that the victim’s utility is given by:

Wk, ar x| -1
vox tox, VoY k,

U,= , [11]
U’:’ =W-x, otherwise

where the constraint already reflects an optimization result, since, for any expen-
diture level x , the victim always prefers avoiding the confrontation and retaining
the entire prize W, rather than having to face the criminal. If the victim expects
the criminal to follow his appropriation strategy, the best response of the victim

is obtained by maximizing U’ (x,, x, ) with respect to x,, which gives us:

xf(xc):%[[%V]Uz—l]ifaxv<xv[z—1:—l]. [12]

Substituting x* (x.) in the constraint, we deduce that the constraint is
satisfied when:

aki
xX.>X, = W [13]

The unique value x_ therefore defines a threshold such that the confronta-
tion strategy is defined over the interval x_e [, + o[ and yields a utility of:

w12 _ 1272
Uf(xc,xv)=M—k,. [14]

o v



The deterrence strategy, on the other hand, consists in maximizing U’VV as
given by (1) subject to Condition (5) being violated. In other words, the
victim then aims at minimizing his capacity for violence expenditures such

that xVfo"’, and the solution to that problem is obviously given by xvzxf”’.

The associated utility of the deterrence strategy is then equal to:

N e [W
U (x.x)=W o [kl,- 1] [15]

Combining the above elements, we can now deduce the optimal strategy of
the victim. Over the interval x_e [0, x_] the victim always opts for the deter-
rence strategy, while for values of x_> x , he opts for the confrontation strategy

if U (x,x,)>U" (x, x,). Comparing U" (x, x,) to U" (x, x,), we obtain:

Ué(xc, x,)> U':](xc, x,) e [[aW]”z—xi/z]z—a [k, +W] +xc[‘;(1— l] >0
[16]

(&

Which simplifies to:

w
k

c

-2 [aWx 1" - ak +x, 7->0 [17]

Since the above expression describes a parabola, upon deriving the roots,

. A N - .
we obtain that U (x,x,)>U (x,x,) for x e]-oo, EC[U]T/? +2°°[, with

o 2 kv 2 = a 2 kv .
)_c(,=W[k(,] [1—[1+k—} ] and XL-:W["%] [1+[1+k—] } Notice,

c

however, that x <0, while x.>Xx,. We thence conclude that the deterrence
strategy is optimal for any x <.

The victim's equilibrium strategy x7 (x,) is therefore defined as:

Y [W
2] if v S5,

x(‘j ()CC) = xc (.aW "~
E[ [x_c] - 1] otherwise

Notice lastly, that x’j (%) <xcl(fc) since by comparing these two expres-
sions we have:

[18]

A= N, =
X(X) < x (%)
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o [ﬂ] <

SI=

X

c

@[kc] a . fza[kc] |:1+|:]+li]”2]2

w ¢ w k

k 12
sl < [1+[1+k—”] ]

10



In other words, the victim’s reaction function jumps downwards at the
discontinuity point x, =% _(x,).

We depict on Figure 2 the victim’s best response function which consists
in deterring the criminal for values smaller to X, and in confronting the
criminal for values higher to this threshold.

Having derived the players’ best responses, we now focus on the game’s
equilibria. Consider first the following lemma:

Lemma 1 The game admits at most one pure strategy equilibrium, where
the crime is always committed.

Proof. Observe first that if the victim plays his deterrence strategy at
equilibrium, there can be no pure strategy equilibrium since by definition of

""’(xr), the criminal’s best response is to either play his idle strategy

v

whereby xf'(xv) =0, or his appropriative strategy xf (x,). In the former case,
f” (0) =0, and because of the CSF’s discontinuity in (0,0), the criminal’s best
response is to produce a strictly positive effort xf (0)>0. In the latter case, it

is necessary that xf(xf“’(xc)) >x,, for otherwise x >Xx , and the criminal is

deterred. Consider ‘next a potentiai equilibrium where the criminal plays his
appropriative strategy and the victim his confrontation strategy. Observe
that the two players’ best responses being strictly concave, they can cross
only twice, in (0,0) and for a combination of some strictly positive values.
The former crossing is not a fixed point, however, because of the disconti-
nuity of the CSF in (0,0). The latter crossing is a fixed point and could
constitute a pure strategy of the game. Lastly, the criminal playing his idle
strategy and the victim playing the appropriative strategy cannot be an

equilibrium either since xﬁf'(xv) =0, and xf (0)=0. Yet, because of the CSF's
discontinuity in (0,0), the criminal will always have incentives to deviate by
playing his appropriative strategy if x,=0.

Figure 2. Best response function of the victim.

xp(xc)

Xe Xc

11



We next derive the two equilibria the game admits: the (unique) pure
strategy equilibrium, and the mixed strategy equilibrium.

3.2.1. Pure strategy equilibrium

Consider first the unique pure strategy equilibrium where the criminal
always commits the crime.

Result 1 The game admits a unique equilibrium such that x’=x/= +ﬂ1 1?
and d*=A if and only if

w kv 172
k>[a+1] 1+[1+k] .

c c

Proof. From Lemma 1 we know that the game admits only one pure
strategy equilibrium. Notice first that the only fixed point where the criminal
plays his appropriative strategy, xf (x,), and the victim plays his confronta-
LT Observe next that the
[a+1]
condition in Result 1 is tantamount to imposing x”> %, so that it is optimal
for the victim to play his confrontation strategy in response to x". Next, we
demonstrate that x‘:>)?(,:>x:j<fv, which, in turn, implies that the criminal’s
best response to x” is given by his appropriative strategy. Observe indeed

tion strategy, xf(xc), is such that x"=x"=

that x” <X, can be written as Z—V> [a+1]° Using the condition of Result 1, it

is therefore sufficient to show that:

1

kv 5 2
[a+1]] 1+ 1+k— > [a+1]7,
k 12
|:1+k—v] > q,

which follows straightforwardly from « <a < a<1. This ensures that

P aW
[a+1]

To rule out the existence of other - mixed strategy — equilibria, observe

that over the interval x_ e [x7, + o[, x7(x,) =x" (x,). We can easily show that

axr(x,)
a.x(,'

And since x” (xv):xf (x,) for x, <x7, this rules out the existence of equilibria

Or,

is a pure strategy equilibrium of this game.

<0 for any x_>x7, so that x” (x,) <x’ over that range of parameters.

12



in that specific space since there exists a unique pure strategy equilibrium.
Next, over x_e [0 x’] there can be no equilibrium if the maximal value of
x'(x.) is strictly smaller than x. Let us proceed by contradiction. Since
x' <X, assume that the highest value that " (x,) can take over that interval
is larger than % . Since x (x,) is monotonically increasing in x,, the highest
value it can attain lies at the discontinuity, i.e. in x_=x . We are then assum-
ing that /(% )>i. Using the notation Y= [I+ [I+k /]"]* and

det _ det

X =x"(x,) this implies:

»

Olki ; I:W :|> [WI/Z_ki/2]2
a

And after simplifications:

”
[kﬂ’}‘ +1
= aY>W.

12
HEI

Bearing in mind the parameter restriction for the result to hold true, it is
also necessary that the following restriction be satisfied: Z—V> [a+1]Y. Com-

bining those two conditions then, we reach a contradiction if the following
inequality cannot be satisfied:

/
[Z—V]”H
1 12
[&]"

Re-arranging and simplifying, this expression reduces to:

aY> [a+1]Y.

Z—V< [2a+1]%

Simplifying we obtain:
[1+k, 7k ]<2a

And since k,>k_and a <1, we reach a contradiction.
We represent graphically this pure strategy equilibrium on Figure 3.

We next complete the characterization of the equilibrium by inquiring into
the parameter restrictions violating the condition for obtaining the (unique)
confrontation pure strategy equilibrium presented in Result 1. Our second
result considers that the discontinuity in the victim’s best response function
occurs for larger values than the ones compatible with a confrontation pure
strategy equilibrium.
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Figure 3. The unique pure strategy equilibrium.

Xv

Xy (xc

Result 2 The game admits a mixed strategy equilibrium such that
[WIIZ _ kl/2]2
== =0, =k [W” k], and the probability of the

v o

1/2
criminal committing the crime is given by p*=§ [1 —W] if and only if:

k12
w v
k<[a+1] 1+[1+k] .

c

Proof. The constraint in the above result implies that (a—Wl)zo?c, ruling out
a+

the existence of a pure strategy equilibrium. For any x_>x_the victim’s best
response is to play its confrontation strategy, whereby there can be no fixed
point since this would violate the equilibrium uniqueness in Result 1. For
any x_<x, the victim's best response is to play his deterrence strategy.
Observe next that the criminal’s best response exhibits a single discontinuity
in X, irrespective of the location of the discontinuity, i.e. whether the discon-
tinuity occurs for values lower or larger than aW/[« + 1]7, the value of the
optimal capacity for violence at the pure strategy equilibrium identified in
Result 1. This implies that there exists exactly one mixed strategy equilib-
rium where the criminal mixes between his appropriation and idle strat-
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egies. The equilibrium capacity for violence of the victim, x7, must be such that
the criminal is indifferent between his two strategies. This reads as:

* N 172 x71/272 « [Wm_kcm]z
EUS (x))=EU}(0) & [W" = [ax)]" ]~k =05 =———

For the victim to choose this level of capacity for violence at equilibrium,

however, he should have no incentives to deviate. The victim’s expected
utility under a mixed strategy equals:

EU, =p*EUS (X} (x), x5 p*) + (1-p")EUY () (x7), 7, p*)

ax*
=p*+W xX'=ptk,+ [1-p]W
ax’+x, (x7)

Replacing for x (x7), as given by (7) allows us to re-write the above
expression as:

EU,=p*(aWx] )”2 X =prk,+ [I-p*]W

The mixed strategy equilibrium then ought to satisfy the following condi-

tion:
. 12 Al
dx, 2 x a w

This mixed strategy equilibrium is represented graphically on Figure (4).

Having characterized the game’s equilibria, we now inquire into the effect
of the right to carry guns on the game’s equilibria.

4. The effect of gun laws

In this section we study the effect of gun laws on the game’s equilibria,
namely on the likelihood of crime being committed, on the equilibrium
levels of guns, and on the victim’s utility. Relaxing the gun laws increases
both «, and «, with an indeterminate effect on a=a, /. Indeed, while
non-criminals may commonly be thought of |mprovmg their relative effi-
ciency in a possible encounter with a criminal, more lenient gun laws also
imply an easier access to guns by criminals through theft or via a higher
supply of guns on the black market (Webster et al. [2012]). As such, we shall
consider all possible cases to propose a thorough analysis of the possible
consequences of gun laws legislations. To sum up, if we denote by g the

da;
easeness of the gun laws, we shall assume that d—g’>0 with i={v, c}.
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Figure 4. The mixed strategy equilibrium.

Xv

We proceed sequentially by first assuming that the type of equilibrium
does not change following a (marginal) change in the guns’ legislation,
before inspecting the effect of a change in « on the type of equilibrium.

4.1. Pure strategy confrontation equilibrium

The equilibrium capacity for violence in the pure strategy confrontation
equilibrium is integrally a function of «. We therefore differentiate the pure
strategy equilibrium capacity for violence of player i (i= {c, v} ) with respect
to g to obtain:

6{ aW ]
6x;‘_ (a+1)’ da_ (1-a)Woy

g da g (a+1) 08

[19]

We thus obtain that in a confrontation equilibrium, if the relative efficiency
of the victim rises (decreases) with a gun laws relaxation, both the victim
and the criminal (whose equilibrium investments in capacity for violence are
equal) are incentivized to increase (decrease) their investments in capacities
for violence. This is a widely established result in the literature on contests
and on conflict: making the players’ fighting efficiency more symmetric
incentivizes the less efficient player (i.e. the victim) to increase his invest-
ment in capacity for violence, thereby triggering a strategic reaction of the
criminal whose incentives to invest in capacity for violence are now higher.
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We can therefore state the following result:

Proposition 1 If the criminal is never deterred at equilibrium, pro-gun laws
increase the level of violence if they make victims relatively more efficient,
while they decrease the level of violence otherwise.

Focusing then on the victim’s expected utility, it is easy to show that it
equals:

2
[

U’;‘:mw—kv(ac, av).

de,  da,
Assuming that —g— A—, with >0, we can differentiate the first term of

d I
the above expression Wlth respect to g to obtain:

o o
d a2 Za_z dav 2a_¢ dac
{(1+a)2} T (I1+) 48 (I+a) dg

) da, da, . S
Since —=1——, the above expression simplifies to,

dg dg
C(z o
dl—*— P
|<1+a>z] @,

dg C(I+a)’ dg

L [1-ad].

I-al da,, the above expression reads as:

c

Observing then that da =

2

fater]
(U+e)’) 20 da
dg (1+a)*ds’

It thus follows that the effect of a gun laws relations on the equilibrium
utility of the victim is given by:

20 da 9,

(I1+a) dg dg
dk, dk, de, dk da,

dg da dg da d
if da/dg <0, while otherW|se it is indeterminate. Indeed, if a gun laws relax-
ation, dg>0, maps in an increase of the criminals’ relative efficiency,
da/dg < 0, the victim will naturally be penalized on a double count by having
a lower probability of successfully defending his property and by facing a
larger risk of damage. In the opposite case, the victim will see his probability
of successfully defending his property go up, at the cost of a larger risk of
damage, thus implying an indeterminate effect on his wellbeing.

with > 0. The sign of this expression is always negative
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4.2. Mixed strategy equilibrium

We next turn to the mixed strategy equilibrium described in Result 2.
Taking the total differential of x we obtain:

At x g, dk, W=k
Iy ads dg '

We observe that if da/dg>0 so that the relative efficiency of the victim
increases with more lenient gun laws, then the victim will expend less
resources in capacity for violence at equilibrium. This follows from the
increased deterrent capacity of the victim in such instances. If, on the other
hand da/dg <0, the opposite could be observed provided the increased
expected damage of confrontation for the criminal is not too high. In other
words, if the deterrent capacity of the victim decreases and the expected
damage to the criminal from a more violent confrontation is not too high,
the victim will have to expend more resources in violent activities at equi-
librium.

We can differentiate xf* with respect to g to obtain:

Ay
dxv 1 172 12 dk,
— =0 (W™ =2k"]—,
dg 2k, dg

with the sign of this expression following from the requirement that p*< 1,
which is equivalent to [2-a]W'"? <2k thus implying that, & fortiori,
W1/2<2k1/2 )

Having shown that the criminal’s equilibrium effort will unequivocally

decrease but that the victim’s equilibrium effort could increase following a
gun laws relaxation, we then inspect the effect of such a policy on the

expected aggregate equilibrium efforts, p*x” +x* which is given by:

[W1/2 _ 2k1/2]2 2k1/2
Sl B +1

4 *
prx. tx = o W2

Differentiating this expression with respect to g then yields:

d{p*xr+x7}  3[WP-24Tak, [W"-2%"]° [2@’2 ] da

dg aw'’? dg a w2 dg’

which reveals that if the victim's relative efficiency increases, the total effort
for violence decreases, while in the event the victim's relative efficiency
decreases, we could witness an increase in aggregate violence.
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Finally, inspecting the effect of a change in gun laws on the equilibrium
probability of confrontation, p*, we observe that:

E E dg an/Z ki/z dg :

And we thus obtain that in the event a gun laws relaxation increases the

relative efficiency of the victim, the probability of confrontation unambigu-

ously decreases. Otherwise, if the added expected damage from gun laws

relaxation is not too large, then we could observe an increase in the prob-
ability of confrontation.

This enables us to claim the following result:

Proposition 2 In a mixed strategy equilibrium where the criminal commits
the crime probabilistically, if pro-gun laws increase the relative efficiency of
the victim this leads to a decrease of both the level of violence and the
probability of an armed confrontation. Otherwise, the level of violence will
increase. The probability of armed confrontation increases if the marginal
damage of guns is low.

The intuition behind these results is the following. By increasing the rela-
tive efficiency of the victim’s technology, pro-gun laws enable the victim to
deter the criminal with a lower effort. The strategic complementarity will
generate a reduction in the criminal’s equilibrium effort too. Since a higher
victim’s confrontation efficiency will increase the marginal benefit of con-
frontation to the victim, and since this effect is further reinforced by the
reduction in the players’ equilibrium efforts, which will make the outcome
more sensitive to further changes in confrontation effort, for the victim to be
kept indifferent between its two strategies the confrontation probability will
have to decrease. If, however, the criminal becomes relatively more efficient
following a relaxation of gun laws, the effects can be reversed, and the
probability of confrontation could increase following a relaxation of gun
laws.

Turning to the effect of a relaxation of gun laws on the victim’s expected
utility, we first rewrite the victim’s indirect utility as:

Ur=p*[aWx']" =x*=pk + [1-p*]W.
Totally differentiating w.r.t. g, we obtain:

au* « AU  dx” dk
=1 (an:f)l/Z—kV—W]di+_v_v—p*—v.
dg dg ox dg dg

The second term in the above expression is nil by definition of p*, thus
implying that a more lenient guns law will unambiguously reduce the vic-
tim’s utility if dp* /dg <0, which can only occur if da/dg < 0. If dp* /dg >0, on the
other hand, the victim’s expected utility could increase if the guns law relax-
ation does not increase too much the expected damage ( dk, /dg), weighted
by the likelihood of a confrontation taking place, p*.
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4.3. The effect of gun laws on deterrence

Consider lastly that the constraint defining the type of equilibrium is bind-
ing, so that, after re-writing the condition in Result 1 we have:

W= [a+1] [kc+ [k [k +k] ]12]

and the game therefore admits a unique pure strategy confrontation equi-
librium prior to relaxing the guns law. An increase in «, then leads to higher
expected damage k_ (a,«,) and k (x,«, ), thus implying that the RHS
increases, and the game switches to a mixed strategy equilibrium where
deterrence takes place with strictly positive probability.

4.4. Graphical representation and discussion

We can combine the elements derived in this section and visualize graphi-
cally on Figure 5 the effect of gun laws on the expected aggregate equilib-

rium effort in violence, that is x”+x” in the pure strategy equilibria space,

and p*x”+x" in the mixed strategy equlllbrla space. On the x-axis we deplct
the efﬁmency of the victim’s capacity for violence, and on the y-axis the
players’ relative efficiency, a /. The darker shades on the figure reflect
higher levels of aggregate efforts. The negative-slopped dark curve sepa-
rates the graph in two zones. To the south-west of this frontier, the game
admits a unique pure-strategy confrontation equilibrium, while to the north-
east of the frontier the game admits a mixed strategy equilibrium.

Figure 5. The effect of gun laws relaxation on aggregate
equilibrium effort in violence.

a
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Having shown that in the pure strategy equilibrium aggregate effort in vio-
lence is increasing in « alone, we obtain visually darker colors the closer we
get to the separating frontier. In the mixed-strategy equilibrium, however, the
results with respect to « are reversed, higher values of «, and of a map in
lower aggregate efforts in violence.

This graph allows to visualize the potentially ambiguous effect of gun laws
on aggregate expenditures in violence. In the event gun laws improve the
victim’s and the criminal’s relative efficiencies in same proportions so as to
leave their relative efficiency unchanged, the aggregate expenditures will
either remain unchanged or decrease for sufficiently large efficiency levels.
Bearing in mind, however, that higher efficiencies go hand in hand with
more harmful encounters, the relaxation of gun laws will decrease the vic-
tims” well-being up to a point where the deterrent effect of higher guns
availability initiates a sufficiently important decrease in the probability of the
crime being committed, and provided the marginal damage of weapons dk,
is not too high. In other words, while more lenient gun laws could prove
beneficial to victims, this will only be true locally since the victim’s utility is
U-shaped in a,.

Proponents of gun laws are likely to claim that a more realistic scenario
involves more lenient gun laws increasing both the absolute and relative
efficiencies of the victim, « and . Even in such cases, however, our findings
are highly ambiguous as one can observe on Figure 5. Indeed, moving from
the south-west part of the graph towards its north-east part, we observe that
aggregate expenditures in violence first increase and then decrease. The
increasing part reflects the higher incentives for criminals to invest in vio-
lence when facing more dangerous victims, while the decreasing part is
driven by deterrence becoming more effective with the rise in the expected
costs of confrontation.

What the above analysis thus reveals is a non-linear relationship between
both, violent effort and victims’ well-being, and the degree of leniency of
gun laws. This is quite an important aspect to underline since empirical
studies focusing on marginal effects (e.g. the impact of right-to-carry laws or
the impact of stand your ground laws) may very well demonstrate a drop in
guns-related violence, when a drastic coarsening of gun laws (e.g. forbid-
ding guns) could have proved much more effective in reducing crime. In
other words, while focusing on marginal effects is instructive, empirical
studies should also attempt to explore more systematically the extensive
margin given the non-linearities we uncover in this paper. Second, our
theory also allows to reconcile seemingly contradictory results since the
marginal effect of a gun law will depend both on the relative efficiency of
victims compared to criminals (e.g. degree of organization of criminal net-
works, guns training of victims, etc...), as well as on whom the reform most
benefits to. Empirical evidence establishes that more lenient gun laws
equally benefit criminals (e.g. Webster et al. [2012]), and this is likely to lead
to an intensification of gun-related violence if the balance is initially tilted in
favor of criminals as is the case in contexts with highly strict gun laws.
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5. Concluding remarks

In this paper we have developed a simple theoretical setting to help us
better understand the effect of gun laws, and thus of institutions, on gun-
related violence. Our model features a (potential) victim and a criminal
attempting to steal the former’s property. We show that the effect of gun
laws on the equilibrium level of violence is non-linear and dependent on the
initial relative efficiency of players, as well as to whom the change in guns
legislation benefits the most. When victims are relatively inefficient in con-
fronting criminals, our model predicts that the criminal will never be
deterred from committing a crime, but that the efforts exerted by both the
victim and the criminal will be low. This situation typically characterizes
polities with harsh gun laws, whereby the level of injury of a possible
encounter is also low. Relaxing gun laws will then increase the level of
violence if that equally maps in an increase in the relative efficiency of
(potential) victims because the criminals react strategically to the expected
increase in the victims’ effort for violence by spiraling up their own effort
too. When the initial relative efficiency of victims is already high, however,
as one would expect in polities with lenient gun laws, further relaxing guns
legislation will likely produce a decrease in both the players’ violent effort
and the likelihood of a crime being committed. In such instances, the result-
ing increase in victims’ efficiency will deter criminals from committing
crimes, and even more so if the expected damage from a confrontation
increases more.

Our results may help rationalize a series of empirical regularities, while
also reconciling seemingly contradictory empirical findings. Several studies
point for instance at the deterrent effect of more lenient gun laws in rural
areas as opposed to the resulting increase in violence in urban areas (e.g.
Durlauf et al. [2016]), attributing these differences to a series factors. Higher
“prizes” and lower probabilities of arrest both explain higher likelihood of
criminal acts (Glaeser and Sacerdote [1999]). Indeed, in rural areas social
networks are denser, thereby resulting in less “anonymity” and higher
chances of getting arrested for potential criminals (Decker [1979]), but also
implying less social control in urban areas (Chamlin and Cochran [2004]). An
alternative possible explanation of such findings that we uncover is that the
initial relative efficiency of victims in rural areas with a more developed
gun-culture (e.g. Felson and Pare [2010]; Gresham and Demuth [2020]) is
higher than in urban areas, thus implying that in the former areas criminals
are to a large extent already deterred from committing crimes prior to the
law change. By making gun laws more flexible, this deterrent effect will then
intensify, whereas in urban centers we will observe an escalation of violence
because of the two sides’ mutual expectations of higher effort in violence.
Likewise, the literature has identified racial patterns in gun ownership, with
blacks being more likely to carry guns in U.S. (Felson and Pare [2010];
Kalesan et al. [2016]). Our theory then helps reconcile these facts with the
reduced effect of SYG laws on increased crime among blacks (McClellan and
Tekin [2017]), by attributing this reduced effect to the initially higher degree
of gun ownership among potential (black) victims.

22



Such analysis is confined to the intensive margin of gun laws, but from a
broader perspective it is certainly important to equally consider the exten-
sive margin. In that respect our model is very instructive in light of the
inverted U-shaped relationship tying violent effort to gun laws relaxation.
This provides a theoretical basis for understanding why the U.S. whose gun
laws are the most flexible amongst OECD countries, also stands out as an
exception in terms of high crime rates per capita. We are then able to
reconcile the fact that gun laws at the margin may seem to deter crime,
when from a broader viewpoint the most effective way of reducing crime
intensity would be to drastically restrict access to guns.

Rather than viewing this contribution as a comprehensive theoretical
setup for understanding the relationship between guns legislations and
crime, we instead believe that our model points at some important theoreti-
cal mechanisms, while possibly neglecting other equally important chan-
nels. This study is a reminder that theory is essential for structuring empiri-
cal approaches, and that more theoretical contributions are essential in the
study of crime.
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