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Abstract

This paper develops a model of the geographic distribution of crime in an urban area. Agents
select their occupation, residence, consumption, and housing. The paper is the first to formally study
how the location of crime, the residence of workers, and housing prices are affected by the spatial
allocation of police protection. It examines two opposite strategies of police deployment: concentrated
protection (the police only protect one area of the city) and dispersed protection (the police are evenly
deployed across the city). In equilibrium, under concentrated protection, only rich agents are willing
to pay the high housing prices in protected areas, while poor agents reside in high-crime areas. The
city becomes segregated. Under dispersed protection, all areas of the city have the same income per
capita and crime levels, and an integrated city emerges. Comparing these equilibria, crime is more
likely to be higher under dispersed protection than concentrated protection when inequality is high,
dispersing the police force significantly reduces its effectiveness, and the proportion of income that
criminals extract from rich (poor) agents is high (low). Concentrated protection may induce higher
aggregate welfare than dispersed protection, particularly when inequality is high. Unequal societies
face a difficult dilemma in that concentrated protection maximizes aggregate welfare but exacerbates
social disparities. Fortunately, there is a set of taxes and subsidies that can be employed to offset the
disadvantages to agents left unprotected. Finally, this paper incorporates private security and shows
that dispersed public protection does not necessarily lead to an integrated city equilibrium. Rich
agents may use private security to endogenously isolate themselves in closed residential areas.
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1 Introduction

Following the seminal theoretical work of Gary Becker (1968)!, a large body of empirical literature has
revealed that preventive and punitive measures do in fact have a significant impact on criminal activities
(see Cook and Ludwig, 2011, and Benson and Zimmerman, 2012, for a recent review of the literature).
In particular, regarding law enforcement, it is well established that an increase in the size of the police
force reduces crime (Di Tella and Shargrodsky, 2004; Draca, Machin, and Witt, 2011; Evans and Owens,
2007; Klick and Tabarrok, 2005; and Levitt, 1997). The key question now at the frontier of the economics
of crime and law enforcement is how to make police deployment strategies more efficient. This paper
alms to help answer this question by developing the first general equilibrium model to study how the
geographic distribution of police protection affects the decision to become a criminal, the intensity and
location of crime, residential choices, housing prices, and the welfare of different socioeconomic groups.
The goal is to study the positive and normative effects of different ways of spatially allocating police
forces in a city.

Section 2 of this paper develops a baseline model. The building block is a model of a city populated
by agents of different socioeconomic groups and made up of several residential areas, which are denoted
as neighborhoods. Socioeconomic groups are distinguished by their factor endowments. In particular,
there is one homogenous group of skilled agents, and several homogenous groups of unskilled agents, each
of them with a different per capita endowment of unskilled labor. The city is treated as a small open
economy, that is, the prices of tradable goods and inputs are exogenously given. Agents select (1) their
occupation (i.e., work in firms that produce goods or become a criminal); (2) their residence (i.e., in
which neighborhood to reside); and (3) consumption and housing. Firms demand unskilled and skilled
labor and supply tradable goods using a constant returns to scale technology. Criminals use their labor
endowments to extract income from other citizens. The supply of housing in each neighborhood is chosen
by profit-maximizer developers, who use capital and land to build houses. Capital is a tradable input,
that is, it is elastically supplied at a given price, while land is a nontradable input in fixed supply in each
neighborhood. The government provides public protection by deploying police forces in the city, which

reduces the amount that criminals can otherwise extract from their victims. Given the prices of tradable

!See also Becker and Landes (1974) and Becker (1995).



goods and inputs and the allocation of public protection, the model determines the three endogenous
variables mentioned above by employing a combination of a standard small and open-economy competitive
equilibrium and a spatial notion of equilibrium. In equilibrium, no agent can obtain a rent changing his
or her occupation and/or location. Thus, we adopt a long-run perspective that allows agents enough
time to change their occupation and residence.

The central object of the analysis is public protection regimes. We consider two extreme strategies
to allocate the police across the city, which we assume are both feasible and have the same cost. Under
concentrated public protection, the police only protect some neighborhoods and leave the rest of the city
completely unprotected. Under dispersed public protection, the police are evenly deployed across the
entire city, inducing an equal level of public protection in all neighborhoods. With these two protection
regimes we try to capture, albeit in stylized fashion, the basic trade-off faced by the police with regard
to the geographic allocation of protection. With the same resources, the police can either extensively
protect a smaller area (concentrated protection) or partially protect a larger area (dispersed protection).

Section 3 characterizes the equilibrium in each protection regime. It shows that, under proper condi-
tions, concentrated public protection leads to a spatially segregated city. Only rich agents are willing to
pay the high housing prices in protected neighborhoods, while poor workers and criminals reside in un-
protected neighborhoods. Neighborhoods protected by the police are safe, concentrate wealthy citizens,
and have high land and housing prices. In the rest of the city, crime is pervasive, neighborhoods are
populated by poor agents, and land and housing prices are relatively low. The opposite happens under
dispersed public protection. When the police force is evenly dispersed across all neighborhoods, the city
becomes fully integrated. All neighborhoods are inhabited by citizens of all income levels. Indeed, income
per capita and crime levels are equalized across the city.

There are two mechanisms operating in the model presented here that produce these results. Regard-
ing occupational choices, the payoff from crime does not vary with a citizen’s labor endowment, while the
payoff from working is obviously increasing in a citizen’s labor endowment. This makes relatively poor
citizens more prone to become criminals. Indeed, both under concentrated and dispersed public protec-
tion, we focus on a region of the parameter space for which, in equilibrium, only agents in the poorest
socioeconomic group decide to become criminals. Regarding residential choices, the wealthier the agents,

the more harmful criminal activities are for them and, as a consequence, the more they are willing to



sacrifice in order to avoid high-crime areas. Under concentrated public protection, these differences in
the willingness to pay for a safe neighborhood produce a concentration of rich agents in protected neigh-
borhoods and poor agents in unprotected neighborhoods. Under dispersed public protection, there is no
essential difference among neighborhoods, crime distributes evenly in the city, and agents only take into
account housing prices in their residential choices. As a consequence, there is housing price equalization
across the city and all neighborhoods have the same income per capita.

After formally characterizing the equilibrium under concentrated and dispersed protection, Section 4
makes several comparisons. In particular, it compares crime, measured as the total income of criminals,
aggregate income, and housing prices. With respect to crime, there is likely to be more of it under
dispersed protection than under concentrated protection when the wage-income share of skilled agents is
high, dispersing the police significantly reduces its effectiveness, the proportion of income that criminals
can extract from rich agents is high, and the proportion of income that criminals can extract from the
poor is low. Aggregate income is more likely to be higher under concentrated protection, the higher the
wage-income share of skilled agents, the more intense the reduction in police effectiveness when the force
is dispersed, the more criminals can extract from skilled workers, and the less criminals can extract from
unskilled workers. Finally, we find conditions under which housing prices under dispersed protection
are higher than housing prices in unprotected neighborhoods but lower than housing prices in protected
neighborhoods under concentrated protection . We also show that these conditions are more likely to be
satisfied the higher the wage-income share of skilled agents.

Section 4 also examines the welfare and distributive effects associated with a change in the public
protection regime. First, employing a simple utilitarian welfare function, we show that concentrated
protection may induce higher aggregate welfare than dispersed protection. Moreover, income inequality
matters. We prove that aggregate welfare is higher under concentrated protection for a society with a
high wage-income share of skilled agents, while aggregate welfare is higher under dispersed protection for
a society with a low wage-income share of skilled agents.

Second, regarding distributive effects, we prove that, with regard to a utilitarian welfare function,
unskilled agents as a whole are better off under dispersed protection. Thus, societies with high levels of
income inequality may face a very difficult dilemma. Concentrated protection may maximize aggregate

welfare but exacerbate social disparities. In contrast, in more equalitarian societies, dispersed protection



simultaneously maximizes aggregate welfare and reduces social disparities. One solution to the regressive
distributive consequences of concentrated protection is to supplement the regime with a set of taxes
and transfers. We deduce a set of equations for the compensation that must be provided in order to
make each unskilled agent equally well off between concentrated and dispersed protection. Conceptually,
the compensation received by each socioeconomic group takes into account the impact of the protection
regime on income (different for each group) and housing prices (common for all groups). However,
there are general equilibrium effects associated with the taxes and transfers and, therefore, compensation
cannot be computed separately.

Third, we explore some interesting political economy implications related to the distributive effects
of a change in the public protection regime. In particular, there is room for the formation of atypical
political coalitions with respect to public safety. Although at least one group of unskilled agents will
be better off under dispersed than under concentrated protection, it is not necessarily the case that
all unskilled agents unanimously prefer dispersed protection. Dispersing police forces could induce an
increase in the housing prices paid by unskilled workers that consumes their gains in income. Thus,
skilled and some unskilled agents may have an incentive to form a coalition that supports concentrated
protection.

Section 5 explores two extensions to the baseline model. First, it introduces private security. In many
countries different forms of private security are intensively employed by households and businesses. In
principle, our baseline model can handle pure private security such us alarm systems and security doors.
One alternative is to reinterpret the fraction of income that criminals extract from other agents as the
outcome of a more detailed game that incorporates defensive measures by the victims. More interesting
are closed neighborhoods protected by fences and security guards or patrols collectively financed by the
neighbors — that is, when private security works as a club good. In this case, we show that dispersed
public protection does not necessarily lead to an integrated city equilibrium in which crime, income per
capita, and housing prices are spatially equalized. The reason is that skilled agents may use private
protection to endogenously isolate themselves in fully protected areas, while high housing prices exclude
unskilled workers from these areas.

Second, the section considers a model with a continuum of agent types. Instead of four socioeconomic

groups, we assume that the distribution of labor endowments in the population is given by a continuous



distribution function over an interval. For the analysis of the baseline model with four socioeconomic
groups we focus on a region of the parameter space in which a change in the public protection regime does
not affect occupational choices (in equilibrium, only the less-endowed group of unskilled agents become
criminals). It is not difficult to extend the analysis of the baseline model to study the regions of the
parameter space in which this is not the case. However, it is more natural to attack this problem using a
model with a continuum of types, where any change in the payoffs of legal versus illegal activities affects
the marginal type (i.e., the agent indifferent as to whether to work or undertake criminal activities).
Moreover, in the model with a continuum of agent types, we can handle almost any distribution of
labor endowments, allow for more general ownership structures of land, and let criminals distribute their
plunder unevenly. Although numerical solutions are required to obtain a full characterization of the
equilibrium of the model with a continuum of agent types, we find conditions under which concentrated
public protection leads to a segregated city equilibrium, while dispersed public protection induces an
integrated city equilibrium. Thus, the structure of the equilibrium associated with each protection
regime is the same as in the baseline model. In both protection regimes, in equilibrium, only agents with
labor endowments below some occupational threshold become criminals (although the thresholds are
generally different in each regime). Under concentrated protection, agents with labor endowments below
a residential threshold reside in unprotected neighborhoods with low housing prices, while agents above
the threshold reside in protected neighborhoods with high housing prices. Under dispersed protection,
agents of all types reside in every neighborhood and housing prices are equalized across the city.

Regime comparisons are more complicated in the model with a continuum of agent types because
they depend on the occupational and residential thresholds, which must be computed numerically. Nev-
ertheless, we show that in order to compare aggregate welfare, we only need to compute the occupational
and residential thresholds for the equilibrium under concentrated protection. This is interesting because
it indicates that crime statistics could be a misleading way to infer welfare changes.

There are two bodies of literature connected with this work. First, there is a vast literature studying
how police presence can deter crime and disorder. Various mechanisms have been identified, from influ-
encing the probability of apprehension of active offenders, which is a necessary step for their subsequent
conviction, to proactively targeting “hot” places and people, responding more rapidly to calls for services,

and conducting successful post-crime investigation (Benson and Zimmerman, 2012; Cook and Ludwig,



2011; Glaeser, 1999; Levitt, 2004; Lum and Nagin, 2015; and Yezer, 2014). Surprisingly, to the best of our
knowledge, this paper is the first to analytically study the consequences of police deployment strategies
on the endogenous formation of spatial equilibria and crime. Our model is particularly relevant because
this problem requires a formal general equilibrium approach. In order to fully understand the positive
and normative long-run effects of police deployment strategies, we must carefully take into account gen-
eral equilibrium effects on occupational and residential choices, the location of criminal activities, and
housing prices.

Second, there is a large literature on urban economics and location theory, especially the notion of
spatial equilibrium (Glaeser, 2008). We extensively use the idea that, in a spatial equilibrium, the location
of both legal and illegal activities must be such that no agent has an incentive to move his or her activities
to a different location. Indeed, we apply to the geographic distribution of crime the same tools many
urban economists have used to explain the location of legal activities. Following this parallelism, just as
highways and other public infrastructure affect the incentives of households and businesses to locate in
different areas of the city, we show that police deployment strategies shape the geographic distribution of
legal and illegal economic activities. As do many studies on urban economics, our model also emphasizes
the importance of properly accounting for changes in housing prices. In particular, we stress two channels
through which police deployment strategies affect the welfare of each individual. First, they affect the
intensity and location of crime, thus affecting the income of each agent; and second, they induce changes
in housing prices.

The rest of the paper is organized as follows. Section 2 develops the baseline model. Section 3
characterizes the equilibrium under concentrated and dispersed protection. Section 4 compares the two
protection regimes. Section 5 develops two extensions. First, we introduce private security. Second, we

explore a model with a continuum of agent types. Finally, Section 6 concludes.

2 A Model of Crime and Residence

This section develops a simple model of the geographic distribution of crime and residence in a city, which
we treat as a small open economy. Citizens select their occupation and area of residence within the city.

The government provides police protection. The distribution of agents to occupations and residential



areas, as well as wages, housing, and land prices, is all determined in equilibrium.

2.1 Agents, Neighborhoods, and Endowments

Consider a city integrated by a finite set of neighborhoods indexed by j € J. Each neighborhood has a

fixed quantity of land L; that can be used to build houses. Let L = > ._; L; be the total quantity of

Jj€J
land for residential purposes. The city is populated by four homogeneous socioeconomic groups indexed
by i € I = {l,m,h,s}: three groups of unskilled agents denoted by I, m, and h, and a group of skilled
agents denoted by s. The mass of people in group i is N*. Each unskilled agent owns €’ units of unskilled

labor, where 0 < & < & < &", while each skilled agent owns &° units of skilled labor and an equal share

of all land.

2.2 Residence and Occupations

Each agent has a residential choice. Let r* € J be the residential choice of an agent in group i. Each
agent also has an occupational choice. The agent can be a worker denoted by w, that is, the agent can
rent his or her labor endowment to producers in exchange for a wage. In such a case, let w" and w® be
the wage rates of unskilled and skilled labor, respectively. Alternatively, the agent can become a criminal
who operates in neighborhood j (denoted by b;), that is, the agent can use his or her labor endowment
to extract resources from workers residing in j. Let o' € O = {w,by,...,b;} indicate the occupational
choice of an agent in group 4.

The income of an agent depends on his or her occupation and residence. Let (oi, ri) indicates the
income of an agent in group ¢ who selects (oi, Ti). For a worker in group ¢ who resides in j, his or her
income is given by:

Y (w,5) = (1= 75) [w'e' + s ey prgL] -
where '73‘ € [0,1] is the fraction extracted by criminals, st = 0 for i = [,m,h and s§ = 1/N* (all land is
evenly owned by skilled workers) and py, ; is the price of a unit of land in neighborhood j. Thus, each
worker only keeps a fraction (1 — 'y;) of his market income. Later we will further specify fy; For the

moment, note that vé may vary with the group ¢ and the neighborhood j.



Let N? (oi, fri) denote the mass of agents in group 7 who select (oi, ri). Then, for an agent in group
who selects b; his or her income is given by:
(b)) 6 ier 7§'Ni (w, ) [wiéi + 57, ZjerL,jij}
Yy i) — : ; ;

’ > ier 2oricg N (bj, 1)

where § € (0,1). The numerator is the total plunder in neighborhood j after substracting the fraction of

goods lost due to criminal activities. Indeed, only a fraction 77} =1- 'y;. + 57;- out of each unit of income
of a worker in group ¢ who resides in neighborhood j survives the destruction that crime provokes. The
denominator is the mass of criminals operating in neighborhood j. Thus, each criminal who operates
in j obtains an equal share of the total plunder in j. Note that criminals do not rob each other. As a
consequence, the income of criminals depend on where they decide to operate, but not on their residential

choice.

2.3 Preferences

All agents derive utility from a consumption good and housing services. Specifically, they all have
identical Cobb-Douglas preferences, that is, the utility of an agent of group ¢ who selects occupation

o', place of residence r*, consumption level ¢; and housing services h’; is given by v (oz,rz, hl, cil) =

B\ i l1-a
< &’) <1lea> , with 0 < o < 1. Let pc denotes the price of the consumption good and pg,; the

price of housing services in neighborhood j. Then, the budget constraint of an agent in group ¢ is given

by pp bl +poct, =y (o, r).

2.4 Production and Trade

Production is undertaken by competitive firms in both industries: consumption goods and housing.
The consumption industry employs unskilled and skilled workers. Specifically, assume a Cobb-Douglas
production function Q¢ = (Uc)ﬂ U,c (SC)I_B U.¢, where Ugs and S¢ are the amount of unskilled and
skilled labor employed, respectively, and 3y, € (0,1). Developers use land and capital to build houses.
Again, assume a Cobb-Douglas production function Qg ; = (KHJ)’BKH (Lj)l_BLvH, where Kp ; stands
for capital used in the construction of houses in neighborhood j and By € (0,1). We assume that
the city is a small open economy. The consumption good is a tradable final good, while houses are

nontradable final goods. Capital is a tradable input, while all other inputs (unskilled and skilled labor



and land) are nontradable. The city takes the price of tradable goods pc = pc > 0 and px = prx > 0 as

given. Moreover, we assume balanced trade, that is, pg ZjeJ Kuj=pc(Qc — Co).

2.5 Police Protection

The government’s role is restricted to providing police protection to the neighborhoods. Assume that
the police budget is given and consider two protection strategies of equal cost: concentrated police
protection and dispersed police protection. Under concentrated protection, the police only protect some
neighborhoods. As a consequence, the residents of those neighborhoods are fully protected against crime,
while the residents of other neighborhoods suffer the full brunt of criminal activities. Under dispersed
protection, the police force is evenly deployed in all neighborhoods, inducing equal levels of protection
throughout. Formally, 'y;- = (1 —p;)7", where 7% € (0,1) is the fraction extracted by criminals from
an agent of group ¢ when there is no police protection and p; represents the protection strategy. Under
concentrated protection, p; = 1 for j € J, C J (protected neighborhoods) and p; = 0 for j € Jy,, = J—J,
(unprotected neighborhoods). Under dispersed protection, p; = p < 1 for all j € J. Thus, under
concentrated protection, 72. =0 for j € J, and yé =~ for j € Jyupn, while under dispersed protection,
fyé = (1 — p)~' for j € J. Note that p can be interpreted as the reduction in the effectiveness of protection

when the police force is dispersed.?

2.6 Crime and Income Distribution

We assume that wealthier agents are more vulnerable to crime. However, we put a limit on how much
crime reshapes income distribution. In particular, we keep the income ranking among the socioeconomic

groups constant, before and after crime enters the picture.
Assumption 1: The proportion of income that criminals extract from a worker is higher the richer
the worker is. Formally:

V> A > 4™ s gl (1)

2Tt is possible to consider more moderate policies. For example, assume that under concentrated protection, p; = pu for
j € Jp and p; = py, for j € J — J,, while under dispersed protection, p; = py for j € J, and p; = p}, for j € J — J,, where
pu > Py > pL > pr. The main message of the paper will not be affected.
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Howewver, this is not enough to affect the ranking of groups. Formally:

(1-Byc) N'e"
BU,CNSéS

]és(l—'ys)>éh<1—’yh>>ém(1—’ym)>él<1—'yl). (2)

Assumption 1 will be important and, hence, requires a more detailed discussion. First, note that
Assumption 1 does not take into account any protection (either public or private). It imposes restrictions
on the effects of criminal activities in a hypothetical world without public protection. Second, a simple
way to justify condition (1) is to consider the incentives of criminals to target workers with different levels
of income as in Becker’s (1968) seminal model of crime. Suppose that each time they mount a robbery,
criminals manage to extract a fraction ~ of the victim’s income, regardless of the victim’s income level.
If there is any observable attribute that signals victims’ income, then criminals will attack rich agents
more frequently. If we interpret 7% as the fraction extracted from an agent during a period of time, which
is consistent with our model, then condition (1) holds. Indeed, even if each time they are robbed poor
agents lose a higher fraction of their income than rich agents, it is still possible that rich agents will be
targeted more frequently and, as a consequence, over a long enough period of time will end up losing a
higher fraction of their income.> More generally, the key necessary assumption for our results is that the
richer an agent, the more the agent is willing to pay for security. In this sense, condition (1) can be seen
as a natural sufficient condition to induce the required order on the willingness to pay for security in our
model.

Third, crime affects income distribution, but does not reverse the initial ranking of socioeconomic
groups.? In order to see this, note that the income of an agent in group i = I,m,h who chooses to
be a worker and suffers the maximum possible extraction ~* is w"é’ (1 — ’yi). Thus, the last three
inequalities in condition (2) mean that workers in group h are richer than workers in group m, who are
richer than workers in group [, even after we take into account crime. The wage-income of an agent
in group s who chooses to be a worker and suffers the maximum possible extraction is w*e® (1 — ~*).
With the Cobb-Douglas production function, it must be the case that w® = w" [(1 — ﬁac) Uc/ﬁU,cSO]-

In the worst possible case where only agents in group s and h choose to be workers, we have w® =

3 Another, very different way to justify condition (1) is to rely on Hirshleifer’s (1991) paradox of power. Suppose we
interpret ~° as the outcome of a more primitive conflict game under anarchy. Poor agents will have an advantage in this

game and, hence, conflict will mitigate income inequality.
 As stated by Hirshleifer (1991), the weak form of the paradox of power applies.

11



w [(1=Byec) N heh Bu.cN*e®]. Thus, the first inequality in condition (2) implies that skilled workers

are richer than unskilled workers.

2.7 Equilibrium Conditions

Given the police protection allocation (pj)j s and the prices of tradable goods pc = pc > 0 and px =
pr > 0, an equilibrium is: (1) a price vector (w“,’ws, (P ; 7PL,j)j€ J) (i.e., factor rewards and prices
of nontradable goods); (2) a production vector <QC, (Qu,;, KH?j)j€J>; (3) occupational and residential

decisions (UC, Sc, Nt (oi,j) ); and (4) income levels (y’ (oi,j)) such that:

il jeJ il jed

1. Given the price vector (w“, w®, (PH.j, D L,j)j c J) and occupational and residential decisions N* (oi, j ),

each agent maximizes his or her utility:

v’ (o, r?) = y' (o) y' (o,7) or all (o,7
( , ) (pH,ri)a(pC)l_a 2 (pHJ‘)a (pc)l_a fi 11 (o,r). (3)

2. Given the price vector (w“, w®, (PH,j,PLj) ), producers and developers maximize profits:

jeJ
Se 1-Bu,c Uc Bu,c
w" = pcPuc <UC> , W = pe (1 — ﬁac) S ) (4)
5KH PL T Dic Br,H DL 1-Br,u L T
KHJ — ) 5J ]7 pHJ — ( ﬁ) ( 7]) 17[8 , pH,]QH,] — #‘ (5)
1—-Bknm PK (ﬂK’H) Kl (1 — 5K’H) KH 1—Bru
3. Housing markets clear:
PHQm; = Y er Ypco N (0,4) y' (0',7) - (6)
4. Labor markets clear:
UC = Zi:l,m,h EriEJ Nz (w’ ri) éi’ (7)
SC = ZriGJ N? (w, ’l"i) és. (8)
5. Income levels are given by:
Y (w,j) = (1 — ’Y;) [wiéi + s}, ZjerL,jEj} ) 9)
. 83 ier VN (w, 7) [wié" + 51,2 es pLJI_’J}
y' (b)) = : (10)

Zz‘ef ZrieJ N? (bja Ti)
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There are two important features of this notion of equilibrium. First, individuals sort themselves
across neighborhoods and select occupations in such a way that there are no gains associated with changes
in their decisions. Second, the city is a small open economy for which the prices of tradable goods are
exogenously given. Factor prices and the prices of nontradable goods are determined in competitive

markets.

3 Equilibrium

This section characterizes the equilibrium of the model under concentrated and dispersed protection,
respectively. To facilitate the characterization, the section examines a region of the parameter space in
which the protection regime does not affect occupational choices. In particular, we impose conditions such
that under both concentrated and dispersed protection, in equilibrium, only agents in group [ become

criminals.

3.1 Concentrated Protection

Suppose that police protection is concentrated in some neighborhoods of the city. Specifically, assume
that for security purposes the city is divided into two set of neighborhoods, J, C J and Jy, = J — J).
Neighborhood j € J, is fully protected by the police, while neighborhood j € Jy, is left entirely unpro-

tected. Let J:Jp =) I:Jj and Ly, = > L be the land in protected and unprotected neighborhoods,

j€JIp JE€Jun
respectively. In equilibrium, no criminal activity arises in J,,. If there are any criminals, they must locate
in J,,. An agent exposed to crime keeps a fraction 1 — ~% of his or her income and criminals retain 5~
of the victim’s income. Since the payoff of criminal activities depends on the income of others, and the
poorer an agent the lower the opportunity cost of crime, only poor agents become criminals.

Regarding residential decisions, there are two neighborhood characteristics that agents weigh: housing
prices and local protection. Moreover, in equilibrium, neighborhoods with the same level of protection
have the same housing and land prices. Formally, py ; = pg, and pr ; = pr, for j € J, and py ; = py,,
and pr ; = pr,, for j € Ju,. The wealthier an agent, the more harmful criminal activities are for him

or her and, hence, the more prone he or she is to avoid neighborhoods in J,, and choose to reside in

neighborhoods in J,. Summing up, when protection is concentrated, criminals only operate and reside
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in Jy, and their victims are poor workers who also reside in J,,, while rich workers reside in J,. It
remains only to find the marginal agents, that is, we need to determine the wealthiest agent who prefers
to become a criminal and the wealthiest agent who prefers to reside in J,.

Assume that all skilled agents reside in .Jp, all unskilled agents reside in Jy,,, and only agents in group

I become criminals. Skilled agents will not have an incentive to change residence if and only if

a a(1-Bk u)
pbH pr ’
1 _ ,}/S < ( un) — < un) ,
PH, pL,

that is, when lower housing prices in j € J,, are not enough to compensate them for the income they lose
due to criminal activities in such neighborhoods. Moreover, since py, ; = pg, for j € Jj, the proportion

of skilled agents who reside in j € J, is l_}j / Ep. Unskilled workers will not have an incentive to change

a a(1-Br )
|t (pHun> _ <PLW> ,
PH, pbrL,

that is, when lower housing prices in j € J,, are more than enough to compensate unskilled workers

residence if and only if

for the income they lose due to criminal activities in such neighborhoods. Since 4" > 4™ > 4! (due to
Assumption 1), agents in groups m and [ also prefer to reside in J,,,. Moreover, since pg ; = pm,, for
j € Jun, the proportion of unskilled workers in group ¢ who reside in j € J,, is Ej / L. Finally, only

agents in group [ become criminals who operate in j € J,, if and only if
(1 - 'yl> we <yt (b)) < (1 —~™)w"e™,

where 3! (bj) = dw" (Nl)_l (ymNmém + 'thhéh) is the income of a criminal when only agents in group
| are criminals. Since &" (1 —~") > &™ (1 —4™) (due to Assumption 1), agents in group h prefer to be
workers as well. Note that, in equilibrium, criminals distribute in J,,,, proportionally to the land of each
neighborhood, that is, the proportion of criminals who operate in j € Jy, is Ej /Lun.

pr, and pr,, are endogenous variables that depend on housing demand and supply in each neigh-
borhood. However, given occupational and residential decisions we can easily compute aggregate income
in each neighborhood and, hence, equilibrium housing and land prices. Intuitively, pr,,/pr, depends on
the ratio of aggregate incomes in relation to the ratio of supply of land in protected and unprotected

neighborhoods. Finally, we must verify that no agent prefers to change his or her original residential
a(1-By u)
PLun ) ;

choice for those equilibrium prices, that is, we need 1 — 7% < ( o <1—~h
P
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Lemma 1 formally characterizes the equilibrium under concentrated protection. Let n! =

L AN |
e'N* <Zi:m’h e'N 2) be group i’s labor endowment relative to the labor endowment of groups m and

i _ i i N BUVCQ(I_ﬁK,H)niC_‘—(I_BU’C)
h. Define n&, =1 —+' 4+ 6+" and 7 = Buoll-a(l-Bxm)]

Lemma 1 Concentrated Protection. Suppose that protection is concentrated, Assumption 1 holds

and the following conditions are satisfied:
-1 S
(1-)e < 8(N) Simar'Ne <1 -ymem, (11)

LS i i\ @(1=8rm)
1-7%) < (=2 2izmi: ot <(1-"). (12)
Lun Zz’:m,h nen'

Then, there is an equilibrium in which land prices are given by pr ; = pr, for j € Jp and pr; = pr,, for

J € Jun, with

bL,, = « (1 - BK,H) BU,CpCQC (I_/un)_l Zi:m,h Uic”i> (13)
pr, = a(l—Bgu)BuchcQc (I/p)_l > i e (14)

Bu,c

where Q¢ = (Ei:m,h Niéi> (Nsés)l_ﬁUvC. Moreover, in this equilibrium:

1. Agents in group | are criminals who operate and reside in Jy,. The income of an agent in | is
_ -1 P
y' = 6By cbcQc (NY) Dicmp Y

2. Agents in groups m and h are workers and reside in Jy,. The income of an agent in group i = h,m

is Y = By,cPcQc (Ni)f1 (1—~")n'.

3. Agents in group s are workers and reside in J,. The income of an agent in group s is y° =

Bu.cPcQc (Ns)f1 D immh iibm®. Proof: See Online Appendiz. B

Lemma 1 shows that, under proper conditions, concentrated protection leads to an extremely segre-
gated city. Neighborhoods in J, are completely safe and have high income per capita and high land and
housing prices. In the rest of the city, that is, neighborhoods in J,,, there is crime, income per capita is
low, and land and housing prices are also low. Two mechanisms contribute to produce this equilibrium.
First, the payoff from criminal activities does not depend on an agent’s productivity, while the payoff

from working does. This pushes poor agents into criminal activities. Equation (11) assures that only
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unskilled agents with the lowest level of labor endowment become criminals. Second, the wealthier an
agent, the more harmful criminal activities are for him or her and, as a consequence, the more he or she
is willing to sacrifice in order to avoid high-crime areas. This produces a concentration of rich agents in
the safe protected neighborhoods and a concentration of poor agents in the unprotected neighborhoods.
If the wage-income share of skilled labor is high enough (i.e., 8y ¢ is low), these residential decisions lead
to higher housing and land prices in the protected neighborhoods than in the unprotected ones. This
is consistent with ample causal evidence that crime and insecurity drive housing prices down (Ajzen-
man, Galiani, and Seira, 2015; Besley and Mueller, 2012; and Linden and Rockoff, 2008). Equation (12)
assures that this difference is neither too high, so skilled workers prefer to relocate to the unprotected
neighborhoods, nor too low, so unskilled agents prefer to relocate to the protected neighborhoods.
Employing Lemma 1 we can compute the equilibrium utility of an agent in group i:

v(@c)' o) (L) (P,
Ni ;

o = (15)

where L,i = Ly, for i =1,m,h and L,s = I_Lp and

i B 1—a(1-8 _
o — | (@Br) (Buc) ) (Z)C)aﬁm
() PK ’
Flc = 5Zi=m,h ’Vicni m (1 — ’Yg}) n"
r - 1a(1-Brm)’ - 1a(1-Br )’
o h—ay
1 —~k)nh o o1—a(1-Bg )
e = 1 | C)a(l—ﬁ y Lo [Zﬁm,h ”20”1]
Z i n1i| K,H
i=m,h Ulei

vé is affected by international prices, factor endowments, crime, and protection technology. First, there
are two common terms, v and (Qc)l_a(l_ﬁKvH). v captures a terms of trade effect, where po/px are
the terms-of-trade of the city. Since there is only one tradable sector, there is no Stolper-Samuelson
distributive issue. A higher pc/px makes everyone in the city better off. Income is higher and capital to
build houses is cheaper for all agents. (Qc)l_a(l_ﬂ ) captures the production of tradable goods.
Second, there are two terms specific to each group (Eri)a(l_ﬁ 1) and F%. L, is the land endowment
of the neighborhoods where group i resides. The higher L,:, the lower the housing prices paid by group

1. ZO captures the effect of crime on agents in group . I‘lc is increasing in 4™ and 7*. Two effects
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operate. First, as v* for i = m, h increases, the payoff from crime is higher, which increases the income
of criminals. Second, this produces a reduction in aggregate income in J,,, that is, the neighborhoods
where criminals reside, which depresses housing prices in Jy;,. Thus, criminals pay a lower rent. '} is
decreasing in 4™, but increasing in 4. As 4™ increases, criminals extract more from agents in group m.
The reduction in aggregate income depresses housing prices and, hence, agents in group m pay a lower
rent. This second effect only partially compensates agents in group m for the reduction in income. As
~" increases, criminals extract more from agents in group h. This does not affect the income of agents
in group m. The reduction in aggregate income still depresses housing prices, which benefits agents in
group m. For analogous reasons, F% is decreasing in 7", but increasing in 4. Finally, ¢ s decreasing
in 4™ and ~". Although agents in group s are fully protected in Jp, they own all the land. As there is

more crime in J,, there is a reduction in aggregate income in J,,,,, which induces a decrease in the price

of land. This reduces the income of agents in group s.

3.2 Dispersed Protection

Suppose that protection is evenly dispersed in all neighborhoods. Then, every agent in group ¢ will be able
to retain a fraction ’y% = (1 — p)+* of his or her income, regardless of residential choice. Under dispersed
protection, residential choices are simple, because there is no essential difference between neighborhoods.
Since protection and, hence, crime, is evenly distributed, only housing prices play a role in residential
choices. As a consequence, agents move from one neighborhood to another until there is housing price
equalization.

Regarding occupational choices, the same logic we described for concentrated protection also applies
here. Specifically, the poorer an agent is, the more incentives he or she has to become a criminal. In

equilibrium, only agents in group [ choose to be criminals when the following condition holds:
(1-9b) w'e <y (by) < (1= yB)wie™,

where y' (b;) = w*§ (Nl)f1 > icmh 7%e Nt for j € J is the income of a criminal when only agents in

group [ are criminals and 7%, = 75D+65UCC[1[1_1§1_£3§ ;}2])57;[]1_7%)

Lemma 2 formally characterizes the equilibrium under dispersed protection. Let nlb =1- ’ylb + 573),

7~7i _ Bu,cnpt+(1-Bu.c)np a(1-Bx i )Bu,cnp+(1-Bu,c)
D By o[t—a(1=Bx m)np) Bu.c[1—a(1-Bx m)n%]

and 7%, =
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Lemma 2 Dispersed Protection. Suppose that protection is evenly distributed in all neighborhoods,

and Assumption 1 and the following condition hold:
(1-7b)e <o (N S FEN < (1) e, (16)
Then, there is an equilibrium in which land prices are the same in all neighborhoods and given by
pr =0 (1= By.y) BucbeQe (E)_l > ichum pn’, (17)

. A\B
where Qc = (Zi:m,h Nlél> v (Ns&$)"Pv.e . Moreover, in this equilibrium:

1. Agents in group | are criminals and operate in all neighborhoods. The income of an agent in group

. _ -1 i
lisy = 6BucpcQc (Nl) Zi:m,h Fpn'.

2. Agents in group i = m,h,s are workers. The income of an agent in group i = h,m
is Y = Bu.cpcQc (Ni)_1 (1—7%) n', while the income of an agent in group s is y° =
Bu.cpcQc (N1 (1 —7%) D imhum fiipn'. Proof: See Online Appendiz. B

Lemma 2 shows that evenly dispersed protection leads to an integrated city. The mechanism behind
this result is simple. When protection is the same in all neighborhoods, free mobility of workers and
criminals induces equalization of income per capita and housing prices among neighborhoods. If one
neighborhood has a higher income, criminals move there and workers leave the neighborhood until the

difference disappears.
Employing Lemma 2 we can compute the equilibrium utility of an agent in group i:
vy = (NY) " o (Qe) (- Bie) (£)* (1) pi (18)

where

1—a(1—
- (aBxm) """ (Buc) ) <pc>aﬁK’H
() PK ’
O S N O L

. a(l—BK,H),
[Zi:h,m nZDnl}

rh — (1- '7}15) n s — (L =7D) Xichm iipn’
D — 9 D — .
10 Bn) 700k
Zi:h,m npn ] [Zi:h,m Npn }
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vjj is affected by international prices, factor endowments, crime, and protection technology. First, there
are three common terms: v, (Qc)l_o‘(l_ﬁKvH), and (E)a(lfﬁK’H). v is a terms-of-trade effect. The higher
the terms of trade, the better off everyone in the city is. Q¢ captures the production of tradable goods,
while L is the total endowment of land in the city. The higher the (Qc)lfo‘(lfﬁ K H ), the higher the
income of all agents. The higher the L, the lower the housing prices. Second, there is a term specific to
each group I'%,. FlD is increasing in v, 7%, and v5. I'[) is decreasing in 7'} and increasing in 7% and

Yh- F}l‘) is decreasing in ’y% and increasing in %) and ~5,.

4 Regime Comparisons

This section compares several key variables under concentrated and dispersed protection. First, we study
how the protection regime affects crime, aggregate income, and housing prices. Second, we consider the

utility of each group as well as aggregate welfare.

4.1 Crime

The model supports at least two different measures of crime. First, we can focus on the number and
characteristics of the criminals. Second, we can compute the value of stolen goods, that is., total plunder.’?
Under the assumption and conditions in Lemmas 1 and 2, regardless of the protection regime, only agents
in group [ choose to become criminals. Thus, the protection regime does not change either occupational
choices or the number and characteristics of the criminals. On the contrary, the protection regime affects
the value of stolen goods. Indeed, the value of stolen goods is higher under dispersed protection if and only
if Zi:m’h ('yi - ’ﬁ)) N'é" < 0 or, which is equivalent, Ei:m’h [p'y" —(1-p) 757“733] n’ < 0. The intuition
behind this inequality is straightforward. Under concentrated protection, criminals extract more from
agents in groups m and h (py'), but agents in group s are fully protected. Under dispersed protection,

criminals also extract from agents in group s ((1 — p)y®i%, > 0). It is interesting to study when it is

®We can also consider the value of the goods lost due to criminal activities, but this is just § times the value of stolen
goods. Thus, everything we say about the value of stolen goods also applies to the value of the goods lost due to criminal

activities.
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more likely that this inequality holds. After some simple algebra we can express it as follows:

(522 o (1= Brem)| (1= p) 7

Bu,c

1—a(l-Bgu)]+ 1 —p)a(l—PBru)r (1-0)

Thus, crime, measured as the value of stolen goods, is more likely to be higher under dispersed than

D icmh yint < P (19)

concentrated protection when the wage-income share of skilled labor is higher (3, ¢ is lower), when the
reduction in the effectiveness of protection when the police are dispersed is lower (p is lower), when
criminals can extract more from skilled workers (7* is higher), and when criminals can extract less from

unskilled workers (7 is lower for i = h,m).

4.2 Aggregate Income

The protection regime also affects aggregate income, which is higher under concentrated protection if and
Bu.cnb+(1-Bu.c) Bu,cno+(1-Bu.c)nd
Bu.cll—a(1-Bk i) Bu.cll—a(1-Bx u)np]
It is interesting to study when it is more likely that this inequality holds. After some simple algebra we

only if Zi:m,h (f]"c — ﬁiD) n’ > 0, where ﬁg = ] = ﬁé—i—n% and fﬁj =

can express it as follows:

. 2

C [-a(l-Brm)]re+ [1%, +a(l=Bry)(1-9) 78] D immpn Y .
Thus, aggregate income is more likely to be higher under concentrated protection when the wage-income
share of skilled labor is higher (8, is lower), when the reduction in the effectiveness of protection after
the police are dispersed is lower (p is lower), when criminals can extract more from skilled workers (v* is

higher), and when criminals can extract less from unskilled workers (7* is lower for i = h,m).

4.3 Housing Prices

Housing and land prices are also affected by the protection regime. In particular, pr,, < pr <

pr, if and only if (Eun)_l dimmh nimt < (I_/)_1 D icmh finnt < (Ep)_l > icmh flen’, where i, =
Bu.cno+(1-Bu.c)nh i Buee(1-Brm)ne+(1-Buc)
Bu.c|l—a(1-Bxk u)p) Bu,c|t-a(1-Br.u)] .
it as follows: o ) , )
Lun > max Dicmn e Yicmn (7'p — 1) '
Zi:m,h ﬁbnz ’ Zi:m,h ﬁanz

After some simple algebra we can express

(21)
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Thus, if equation (21) holds, a move from concentrated to dispersed protection will increase housing
prices in Jy, and reduce housing prices in .J,. Moreover, this condition is more likely to be satisfied the

higher the wage-income share of skilled labor (3 is lower).

The following proposition summarizes the results.
Proposition 1 Under the assumptions and conditions in Lemmas 1 and 2.

1. Crime is lower under concentrated protection if and only if equation (19) holds. Moreover, equation
(19) is more likely to be satisfied the higher the wage-income share of skilled labor (By ¢ is lower),
the lower p, the more criminals can extract from skilled workers (v* is higher), and the less criminals

can extract from unskilled workers (v is lower for i = h,m).

2. Aggregate income is higher under concentrated protection if and only if equation (20) holds.
Moreover, equation (20) is more likely to be satisfied the higher wage-income share of skilled labor
(Bu.c is lower), the lower p, the more criminals can extract from skilled workers (v° is higher) and

the less criminals can extract from unskilled workers (v is lower for i = h,m).

3. Housing prices under dispersed protection are between housing prices in unprotected neighborhoods
and protected neighborhoods under concentrated protection (pr,, < pr < pr,) if and only if equation
(21) holds. Moreover, equation (21)is more likely to be satisfied the higher the wage-income share
of skilled labor (B ¢ is lower). Proof: See Online Appendiz. B

The intuition behind Proposition 1 is as follows: Under concentrated protection, skilled agents are
fully protected and the rest of the agents are not protected at all. Housing is expensive for those
protected and cheap for those not protected. Under dispersed protection, all groups get the same level
of protection. This means that previously protected agents (i.e., skilled workers) now get less protection
and previously unprotected workers (i.e., unskilled workers) now receive more protection. The effects
on crime and aggregate income are ambiguous because under dispersed protection, criminals can extract
less from unskilled workers, but they can also rob skilled workers. Income inequality and, in particular,
the wage-income share of skilled labor, plays a key role. When the wage-income share of skilled labor
is high, it is more likely that crime is lower and income is higher under concentrated protection. In

other words, dispersing the police is likely to produce an increase in crime and a reduction in aggregate
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income in an unequal society, and the opposite effects in a more equalitarian one. Housing prices are also
affected by the protection regime. Dispersing the police will induce convergence in the housing prices in
both neighborhoods. Thus, housing prices will decrease for previously protected workers and increase for

previously unprotected workers.

4.4 Welfare

From a normative point of view we can study which protection regime is better. First, we explore
the distributive effects associated with a change in the protection regime. Second, we compare aggregate
welfare under both regimes. As a benchmark we assume a utilitarian welfare function. Formally, aggregate
welfare is given by W = 30, 15> i ns v' (0, j) N* (0%, 7). The following proposition summarizes

welfare comparisons.
Proposition 2 Welfare. Under the assumptions and conditions in Lemmas 1 and 2. Then:

1. Socioeconomic Groups.

1
i} ;N ——L1—
(a) Group . viy > v%, if and only if L% < <11:—l§) a(1-frm) |
A S
(b) Groups m and h. v}y > v}, fori=m,h if and only if L%" < (%) o(1-fxm)
1

(¢c) Group s. vy > v, if and only ifi—g" <1- (1;2) a(1-prm) |

2. Unskilled versus skilled agents. Let W} = Ei:lthiv}) and W§ = Zi:lthivg. Then,

W5 > WE and, hence, at least for one i =1, m, h it must be the case that vfj > vg.

3. Aggregate welfare. Let Wp = > Nl and We =5 Nwk. Then, We > Wp if

i=l,m,h,s i=l,m,h,s
and only if
Eun a(1_5K7H> Ep O4(1—5K,H)
'y [ — IS [ = >T 22
I
where I't, = Zi:l,m,h Fic and T'p = it F’b. Moreover, if 6 € (61,0m) and LE—“: € (AL, Am), there

exist B € (0,1) and Bmm € (0,1) such that We < Wp for 1;5720 € (0,min {1;’3, 1;&, }) and

We > Wp for 1;167’]00 € <min {1/8/3, 1[;&“ } , 1[;&“ ) Proof: See Online Appendiz. B
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Part 1 of Proposition 2 confirms that a change in the protection regime will tend to generate winners
and losers. Under concentrated protection, skilled agents enjoy full protection and unskilled agents are
completely unprotected. Under dispersed protection, all agents enjoy the same intermediate level of pro-
tection. The changes in the protection levels affect the income of each group. Criminals can extract more
from unskilled workers under concentrated protection, but they cannot target skilled workers. Unskilled
workers are better protected under dispersed protection, while skilled workers are better protected under
concentrated protection. The changes in the protection levels also affect housing prices. For example, if
equation (21) holds, criminals and unskilled workers pay higher housing prices under dispersed protection,
while skilled workers pay higher housing prices under concentrated protection. Moreover, the variation
in the income of a group responds to the change in the protection level, while the variation in housing
prices responds to the change in aggregate income. Therefore, for one group the effect on income may
dominate the effect on housing prices, while for another group the opposite happens.

Part 2 of Proposition 2 puts some order to the type of distributive effects induced by a change in
the protection regime. At least one group of unskilled agents is better off under dispersed than under
concentrated protection. This, however, does not necessarily mean that all unskilled agents unanimously
prefer dispersed protection. The reason is that dispersing the police could produce a significant increase
in the housing prices paid by unskilled workers, which dominate the increase in their incomes. Part
2 of Proposition 2 also implies that preferences for concentrated and dispersed protection may not be
monotonic with respect to income. This suggests that there is room for atypical political coalitions made
up of poor and rich agents. Figure 1 illustrates this point for different values of p (Figure 1.a) and 8 (Figure
1.b).5 For example, if p = 0.50 and 8 = 0.50, then v5, = 0.36 < vi; = 0.63, v = 0.93 > v/% = (.85,
Ug = 1.36 < U% = 1.64, and v}, = 10.39 > v7, = 8.75. Thus, in this case, groups m and s will support

concentrated protection, while groups [ and h will prefer dispersed protection.

SFor the numerical example we consider the following values for the parameters of the model: (1) population shares:
N'=0.35, N™ = 0.5, N* = 0.1, and N°* = 0.05; (2) labor endowments: ' =1, e™ = 3, " = 7, and e® = 10; (3) preferences:
a = 0.5; (4) production functions: 8y o = 0.5 (for Figure 1.a), and 8y 5 = 0.5; (5) prices of tradable goods: pc = 1, and

P = 2; (6) Crime: 7' = 0.1, 4™ = 0.2, 4" = 0.5, v°* = 0.7, and § = 0.5; and (7) protection technology: L., = 100, and
L, =10 and p = 0.5 (for Figures 1.b and 2).
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Figure 1.a: Welfare of each socioeconomic group under
concentrated and dispersed protection (vi/v}) as a function of p
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Figure 1.b: Welfare of each socioeconomic group under

concentrated and dispersed protection (vf,/v},) as a function of By ¢
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Part 3 of Proposition 2 shows that aggregate welfare is higher under concentrated protection for an
unequal society, while the opposite is true for an equalitarian one. Figure 2 illustrates this point. The
intuition behind this result is simple. When skilled agents represent an important share of aggregate in-
come, aggregate welfare is higher when they are well protected. This suggests that unequal societies could

face a difficult dilemma. The welfare-maximizing protection regime (i.e., concentrated protection) makes
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society even more unequal. On the other hand, in more equalitarian societies, the welfare-maximizing

protection regime (i.e., dispersed protection) will reduce social disparities.

Figure 2: Aggregate welfare under concentrated
and dispersed protection (W /Wp) as a function of
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4.5 Compensations

A solution to these problematic distributive effects is to provide proper compensation. Suppose that
concentrated protection maximizes aggregate welfare, but the government is particularly concerned about
the impact of this regime on poor agents. Indeed, from Part 2 of Proposition 2 we know that concentrated
protection induces a lower payoff than dispersed protection for unskilled agents. However, the government
can compensate the losers by paying subsidies financed with taxes on the winners. Let ]307'3} be the transfer

received /paid by each agent in group 7. Then, the government budget constraint is:

Sier TN =0. (23)
In the Online Appendix we characterize the equilibrium under concentrated protection when the govern-
ment provides compensation. Equations (11) and (12), as well as equations (13) and (14) for equilibrium
land prices, must be modified, but the segregated city equilibrium persists. We also compute the trans-
fers that the government must provide in order to make each unskilled agent equally well-off between

concentrated and dispersed protection. Formally, (’Tlf, T, T}}) is the solution to the following system of

equations:
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T O‘(l_BK,H)

Dicmp Y0 D imm,h 'ViT}Ni - Tlle 1Y (Tlf’ T T?> Lun 1 (24)
Sicmn 0 0By Qe Yimp Vo1 | L - &
r ~ qa(1-Bk.m)
L™ (1 M| (7o 7575) Lo =1, ()
L=7p nmQc ) | L )
T _ qa(1-Bx )
o (N ¥ ()
h L+ 7 = 1, (26)
1—-9p n"Qc | L

where o
U 7m k) = /8U7CQC Zi:h,m nanz

(Tf’Tf’Tf>_/6 Qcy, i i+ it Nl N

UCWC 2 i=m,nTlc™ i=m,h 1CT f T

There are several interesting features about equations (24)-(26). First, with no transfers, unskilled

agents are better off under dispersed than concentrated protection (Part 2 of Proposition 2). Therefore,
it must be the case that Ez‘:l,m,h T’]'CN * > 0, which means that skilled agents must be taxed. In fact,
from the government budget constraint in equation (23), we have 7} = — (N5)~! D imlmh T;Ni < 0.
Second, compensation must take into account the impact of the protection regime on incomes (first
squared bracket on the left-hand side of each equation) and housing prices (second squared bracket on
the left-hand side of each equation). Moreover, while the effects on housing prices are the same for all
socioeconomic groups, the effects on incomes differ. Finally, note that compensations are interrelated
and cannot be computed separately. The reason is that general equilibrium effects matter. As one group
receives a higher transfer, the aggregate income of unprotected neighborhoods increases, which leads to
higher housing prices for all unskilled agents (see the denominator of ¥ (Tlf, T, T?) ). A higher transfer

for groups m and h also affects the payoff for criminals (see the first squared bracket in equation (24)).

5 Private Protection

Previous empirical work has shown that when crime levels are high, rich agents buy private security to
protect themselves. For example, Di Tella, Galiani, and Schargrodsky (2010) and Levitt (1999) show
that the rich, unlike the poor, are able to protect their homes by hiring security services and/or installing

security devices. This enables them to avoid being robbed as much as they would be if they were not be
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able to self-protect. This section extends the model to include private protection. The main motivation
is to explore the robustness of the segregated and integrated city equilibria when agents have access to
private security. We treat private protection as a club good complement with public protection in the
sense that it requires public protection to be effective.

Consider the model in Section 2, but assume that there is a technology to build protected areas.
In particular, suppose that developers can combine [ units of adjacent land in neighborhood j with
k(1) /A (pj) units of capital and obtain [ units of fully protected land, where A (0) = 0 and A (p;) is
increasing in p;. Whoever resides in a house built on protected land is not affected by criminals. The

average cost of developing [ units of fully protected land in neighborhood j is given by:

_ prk(l)
=21

+pL,j7

where py, ; is the price of land without any security investments. Assume that & (1) /I has a minimum at
Imin > 0, and let cpin = & (Imin) /lmin- Then, if there is free entry, developers will keep converting land
into protected areas until, in equilibrium, the price of a unit of land in a fully protected area is given by:

P - PK Cmin
Lyp,j A (pj)

+pL,;-

Moreover, each of these developments will contain lpi, units of land.” Also note that, since A(pj) is
increasing in pj, pr,,; is decreasing in pj;, that is, developing a fully protected unit of land is cheaper
in a neighborhood with higher public protection. In other words, private and public protection are
complements.

It is simple to prove that private security will not emerge when public protection is concentrated. If a
neighborhood is fully protected by the police, no agent will be willing to pay higher housing prices to cover
the extra costs of private protection because there is no gain from extra protection. If a neighborhood
is not protected by the police, the cost of private security is prohibitive. Thus, when police protection is
concentrated, the segregated city equilibrium characterized in Lemma 1 persists even when agents have

access to private security.

TIf we assume an integer number of symmetric developers, free entry will not necesarilly lead to zero profits. A simple
way to solve this problem is to assume that one developer has a cost curve with a flat range from lmin t0 Imin + 1. Under
free entry, this developer will convert I € [lmin, Imin + 1] units of land into protected areas at a unit cost of % + pL,j-
If the zero profit condition induces a non-integer number of symmetric developers, the developer with the flat range in the

cost curve will absorb the difference.
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On the contrary, when police protection is evenly deployed across the city, private protection can affect
the integrated equilibrium described in Lemma 2. As the following lemma formally shows, under proper
conditions, skilled agents prefer to reside in fully protected areas with private and public protection, while
unskilled agents are not willing to pay the high housing prices in those areas. Thus, private security may
restore a segregated city equilibrium in which rich agents reside in safe areas, while crime is concentrated

in poor neighborhoods.
Lemma 3 Private Protection. Suppose that agents have access to private protection.

1. If police protection is concentrated, private protection has mo effect on the equilibrium, that is,

Lemma 1 applies.

2. Suppose that police protection is evenly distributed in all neighborhoods and Assumption 1 holds.
Let

i a (1= By.p) BucpcQcA (p)
¢ prL

Zi:m,h ﬁanz _ Zi:m,h nanZ
N I

1

3 (1= (1= p)]Comn) 5o i
= 1

S Mot 4 [L =~ (1= p)]*(Pa) o i

(a) Suppose that & < cpin < € and the following condition holds:
~1 S
LA a-p]d<s (V) T 0-pyNE <L-q" (1 -p)em

Then, there is an equilibrium in which the city is segregated. Only agents in group | are
criminals; all unskilled agents reside in areas without private security; and agents in group s

reside in fully protected areas with private security. The size of fully protected land is given by

I —b—+b? —4ac

P 2a ’

where a = ’7}2((57;‘;“, b = —afl —ﬁK’H) Bu,cPcQc Y icm.n (ﬁ’b +np)n' —al and ¢ =
o (1 — BK,H) ﬁU,cpCQC (Zi:m,h ﬁanz) L. Land prices are given by:

pr = o(l—=Bxp)BucrcQc (L — Lp)il D immh npn’,

pr, = a(l=Bxu)BucreQc(Ly)™ i M
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(b) Suppose that cymin > ¢°. Then private protection has no effect on the equilibrium, that is,

Lemma 2 applies. Proof: See Online Appendiz. B

Lemma 3 suggests that dispersing the police force could not be enough to equalize criminal activities
across the city. If & < cmin < €, even when public protection is evenly dispersed in the city, skilled agents
will use private protection to endogenously isolate themselves in fully protected areas. Unskilled workers
will find housing prices in those areas too expensive and, hence, they will reside in areas with cheaper
housing, but more crime. Of course, this might not be the case if skilled agents find private protection
too expensive. Indeed, when cpiy > ¢°, agents in group s are not willing to reside in a neighborhood with
private protection. Therefore, there is no private protection and the dispersed equilibrium persists.

In Lemma 3, we have focused on a situation where only agents in group s have an incentive to buy
private security. This could be easily relaxed. If cpin < &, then at least some unskilled agents also
prefer to reside in a neighborhood with private protection. As a consequence, the areas with private
protection will expand and, provided that there are some unskilled agents who are not willing to buy
private protection, there will be a segregated equilibrium with safe areas with public and private security

populated by rich agents and poor areas with higher crime rates and only protected by public security.

6 A Continuum of Agent Types and Occupational Choices

Previous sections have focused on a region of the parameter space in which the protection regime does not
change occupational choices. It is possible to extend the analysis of the model with four socioeconomic
groups to study regions in which the change in the protection strategy induces agents in group m to
modify their occupational choices. However, it is more natural to attack this problem in a model with
a continuum of agent types, where any change in the payoffs of legal versus illegal activities induces a
change in the marginal agent. Furthermore, it is easier to incorporate some extensions in the model with
a continuum of agent types. In particular, we can introduce almost any distribution of labor endowments,
allow for more general ownership structures of land, and allow for criminals to distribute their plunder
unevenly. Unfortunately, the model with a continuum of agent types has one important disadvantage.
Although we can summarize the equilibrium in a few equations, we need numerical solutions to obtain a

full characterization of the equilibrium.
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Consider a city integrated by a set of neighborhoods J, each with a fixed quantity of land L; and
let L =3

jed L;. The city is a small open economy populated by a continuum of agents. Each agent

has labor endowment e¢ € [eL el ], with 0 < e < efl. The cumulative distribution function of e is
F'(e), which has a continuous density f (e) > 0 for all e. Some agents also own land. In particular, let
st (€) be the share of L; owned by agent e. Assume that s (e) = 0 for e < &, s, (e) > 0 for e > €,
s (e) > 0 and f;HsL (e) f (e)de = 1. Labor is employed in the production of a tradable consumption
good, whose production function is Q¢ = N and whose price is exogenously given by po = pc > 0. Thus,
the wage rate is w = po. Land and imported capital are used to build houses. The production function
is Qu; = (KH,j)ﬁK’H (Ej)l_BK’H, where Ky ; stands for capital used in the construction of houses in

neighborhood j. The price of capital is exogenously given by px = px > 0. Thus, the demand of capital

(Kp,j), the price of houses (pg ;), and the supply of houses (Qp ;) in each neighborhood are given by
1-Br.H _

’ L :
)P and pp ;QH,; = lp,LgK’JH , respectively, where py, ;

. _ Brw prjlL; o (ﬁK)BK’H(PL,j)
KH,] ~ 1-Bkxn Pk , PH,j = (/BKH)BK’H(l_/BK,H

is the price of land.

Each agent has a residential and an occupational choice. r(e) € J is the residential choice of agent
e, where 7 (e) = j indicates that agent e decides to reside in neighborhood j. o (e) € {w, by, ...,bs} is the
occupational choice of agent e, where o(e) = w indicates that e is a worker and o(e) = b; that e is a
criminal who operates in neighborhood j. Let N (o,5) = {e € [e¥,ef] : 0(e) = 0 and 7 (€) = j} be the
set of agents who choose occupation o and reside in j and N (0) = {e € [e¥,ef] : 0(e) = 0} be the set
of agents who choose occupation 0.8 Criminals extract income from workers. Let V5 [eL el ] — [0,1]
indicate for each agent e € [eL, efl ] the fraction of e’s income that criminals will extract if e resides in
neighborhood j and chooses to be a worker. 7; is partially given by technology and partially determined
by the government. In particular, assume that v, (e) = (1 —p;) v (e), where v (e) is the fraction of e’s
income extracted by criminals when the government does not intervene, and p; represents the protection
strategy chosen by the government. The government selects one of the following protection strategies:
under concentrated protection p; = 1 for j € J, and p; = 0 for j € Jy, = J — Jp, under dispersed
protection p; = p < 1 for all j € J.

Let y© (o (e),r (e)) indicate the income of agent e when he or she selects (o (e),r (e)). If e becomes a

8Note that N (0) = Ujes N (o,7).
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worker and resides in j, then

ye (w,§) = (1=, (e)) [ﬁce + sz (e) ZjEJPL,jEj} - (27)

If e becomes a criminal who operates in neighborhood j, then
g (b) = () {8y (©) [Foe + 51 (€) Sy prils) £ (e) de}, and (28)

—1 -1

ele) = ¢ [fN(bj)f (e) de] +(1—¢)e [fN(bj)ef (e) de} . (29)
The term in brackets is total plunder in neighborhood j (note that (1 —d) € (0,1) of it is lost), while
€ (e) captures how criminals operating in neighborhood j distribute the plunder. A fraction e € [0, 1] is
distributed evenly among criminals. The rest depends on the labor endowment of the criminal relative
to the average labor endowment of all criminals. Thus, better endowed criminals get a higher share of

the total plunder.

Regardless of how they obtain their income, agents demand housing services and consumption goods.

he « e 11—«
Assume that all have the same utility function v¢ <0 (e),r(e), hi(e),cﬁ(e)) = (%) <i:%> , where

hf;'(e) is housing services and Ci(e) is consumption. The budget constraint of agent e is pH,r(e)hi(e) +

Pociy = v (0(e). 7 (e)).

Finally, we introduce the following assumption:

Assumption 1.C. v (e) and 6 (e) = e[l — (1 — p;) v (e)] are strictly increasing functions of e. That
18, the better endowed an agent is, the more vulnerable he or she is to criminal activities. However, this

s not enough to affect the income ranking of agents.

Given the protection regime and the prices of tradable goods, an equilibrium is land prices py ;,

residential and occupational decisions N (o,7), and income levels y© (o (e),7 (e)) such that:
1. Income levels are given by equations (27)-(29).

2. Given py, j, residential and occupational decisions are given by:

e e A
N(o,7r)=<e€ [eL,eH] : i ((01’72 ] > Y (O(I’T,B) ] for all (o/,7") 7. (30)
(me)O‘ K,H (pL,r’)a K,H
3. Housing markets clear, that is,
prjL; o .
5. gy (.) F () de + ey Sy, 59 (0n) f (€)de] (31)
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6.1 Concentrated Protection

Suppose that police protection is concentrated. Let L., = > i dun Land L, =3 e, L; be the land
in unprotected and protected neighborhoods, respectively. N (Jyn, Jun) denotes the set of agents who
become criminals operating and residing in unprotected neighborhoods (Jy,); N (w, Juy) denotes the set
of agents who choose to work and reside in Jy,; and N (w,J,,) denotes the set of agents who choose to
work and reside in protected neighborhood (J,). We search for an equilibrium in which N (Jyn, Jun) =
lern,ed), N (w, Jun) = [e@, ed"), and N (w, Jp) = [e, en|, where € > e > e > er. Introducing the
income levels given by equations (27)-(29) into the housing markets clearing condition (31) we obtain the

equilibrium land prices in unprotected and protected neighborhoods:

—_— = w de|
Pt = o refif ne (e)ef () de
PL E _ H - -
p =P = « [pcj‘:mlef (e) de + (pLunLun + prLp)] R
1= Bru ¢

respectively, where 1o (e) = 1 — v (e) + 0y (e). In order to determine the equilibrium values of ef and
ed', note that, in equilibrium, the agent with e = e# must be indifferent between being a criminal and a
worker. Therefore:

€(eB)of5s v () ef () de = e (1 - (e))

w _1 w
where € (ef) = € [f:ff (e) de] +(1—e)e [f:Lcef (e) de] . Due to Assumption 1.C, e (1 — v (e)) is
increasing in e. Hence, agents with e € [er, e®) prefer to be criminals, while agents with e € [ef, e")
prefer to be workers. In equilibrium, the agent with e = e/* must be indifferent between residing in a
neighborhood in J,, and a neighborhood in J,. Therefore:

1 —(ed) _ 1
(pLun)Oé(lfﬁK,H) (pr)Oé(lfﬁk,H)

Since v (e) is increasing in e, agents with e € [ey", ey]| prefer to reside in a neighborhood in J,, while
agents with e € [e, ed"), prefer to reside in a neighborhood in Jy,. That’s because, in equilibrium,
PLun < PL,, agents with e € ler, ed) also prefer to reside in a neighborhood in Jy,. It remains only to
check that there is at least one vector (pLun, DL, €65 e%”) that satisfies the last four equations. Lemma

3 formally proves that such a vector exists.

32



Lemma 4 Suppose that protection is concentrated, Assumption 1.C holds, EL” > f&;ﬁgﬂ))
un —ol\l=-Pr.H
e(1—v(e))

< is increasing in e. Then, there is an equilibrium in which N (Jun, Jun) = [er,e&), N (w, Jun) =

ed,ed), and N (w,J,) = [el, en), where e, < el < e < € < ey and ef and el are uniquely

and

determined by:

1

(1= () "C ) [ehef (o) de a(l=Prn) Ly _ (32)
1 —a(1=Brm)] [ nc(eef(€)de 1=a(l=Brn) Lun
CU =78 g1 (¢)ef (e)de = 0 ()
e (et) ¢
Moreover, in this equilibrium, land prices are given by:
Pran = (1= Brs) (Lun) ' Do fis e (€)ef () de (34)
1-— L 15 H eun
b, = - (1 _iff(’f)_(ﬂ;?ﬂ) = ies @ de+a (L= Brep) [ no (@ ef ()de]  (35)

Proof: See Online Appendiz. B

Lemma 3 simply states that when protection is concentrated, the city is segregated. Only very poor
agents become criminals. Poor agents (criminals and workers) locate in high-crime neighborhoods with
low housing prices (Ju»), while rich agents locate in safe neighborhoods with high housing prices (J,).
There are two marginal agents. The agent with labor endowment ef is indifferent between becoming a
criminal who operates in the unprotected area or being a worker. The agent with labor endowment eg"

is indifferent between residing in the protected and the unprotected area.

6.2 Dispersed Protection

Suppose that protection is evenly dispersed in both neighborhoods. We search for an equilibrium in which
pr,j = pr, for all j € J, agents with e € N (b) = [er,, €}}) are criminals, agents with e € N (w) = [e}, en]
are workers, € > €Y, > ey, and the proportion of agents of type e in neighborhood j is I}j /L. Introducing
the income levels given by equations (27)-(29) into the housing market clearing condition (31) we obtain

the equilibrium land price

poJ

1-Bkn -« [f:LHUD (e) [pce + st (e) prL] f (e) de] :
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where np () =1 — (1 —6) (1 —p)~v(e). In order to determine the equilibrium value of e}, note that, in

equilibrium, the agent with e = e’} must be indifferent between being a criminal and a worker. Therefore:

poeh (1= (1—p)v ()] = ()6 (1 p) 5 7€) [poe + 51, (e) prL] f (e) de

Due to Assumption 1.C, e (1 — (1 — p) v (e)) is increasing in e. Hence, agents with e € [er,, e})) prefer to
be criminals, while agents with e € [e}), err) prefer to be workers. It remains only to check that there is
at least one vector (pr,e}}) that satisfies the last two equations. Lemma 4 formally proves that such a

vector exists.

Lemma 5 Suppose that protection is evenly distributed in both neighborhoods and Assumption 1.C holds.
Then, there is an equilibrium in which N (b) = [er,,€}}) and N (w) = [}, en], with € > e}, > e, and €p

determined by:

H

[5w v (e)ef (e) de+
wil—(1- % e et
b= =P(EB] 5 _p o(1-8xm) [z no(@er@ae) ([5 v@sei@se) | =0.  (36)
€ (eD) + et °
[1-a-81cm) [2 mp(@sc((erce]

Moreover, ifw is increasing in e, there is a unique ey that solves equation (36). In equilibrium,

the price of land is given by
_ =\—1 peH
by — « (1 - 5K,H) pc (L) feL np (e)ef (e)de
= =
l-a (1 - BK,H) feL np (€) s (e) f (e) de
Proof: See Online Appendiz. B

(37)

Lemma 4 shows that when protection is evenly distributed across all neighborhoods, the city becomes
integrated. In equilibrium, income per capita and crime levels are equalized in all neighborhoods and
agents are indifferent with respect to their residential decision. There is a marginal agent with labor
endowment e}, who is indifferent between being a criminal or a worker. Only agents poorer with e < e}

become criminals who operate in the entire city, while the rest choose to work.

6.3 Regime Comparisons

Next, we compare several key variables under concentrated and dispersed protection. We focus on crime,

income, housing prices, and welfare. For aggregate welfare comparisons we assume a utilitarian welfare
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function, that is, W = f:LH vef (e) de, where v¢ is the utility obtained by an agent with labor endowment

e. Define

)

pun 1—a(1-Br.
e = [ e @a] U

- eun H —o(1-Br .
o [ I e @er @det fer @a] )
¢ 1—a(l-Bry) , an

r H 1—a(1-Bk u
Jiv np (e)ef (e) de ( )

1= a (1= Bicn) i np () s1(e) f (e) de

The following proposition summarizes the results:

I'p =

Proposition 3 Under the assumption and conditions in Lemmas 3 and 4.

1. Crime, measured as the value of the goods stolen, is lower under concentrated than under dispersed

protection if and only if
ce(1—7(cg)) _epll—(1—p)v(ep)]
€ (et) € (ep)

2. Aggregate income under concentrated protection is higher than under dispersed protection if and

only if

1 1 1

(F%n) 1*a(1*5K,H) 4 (F%) 1*a(1*5K,H) > (I‘D)I*D‘(I*BK,H) .

3. Housing prices under dispersed protection are between housing prices in unprotected and protected
neighborhoods under concentrated protection (pr,, < pr < pr,) if and only if

1 1 1

(Bun) ™" ey O] < (£) 7 (rp) 0] < (1) 7 (rty) 0]

4. Aggregate welfare under concentrated protection is higher than under dispersed protection, i.e.,

We > Wp, if and only if

Zun a(l—ﬁK,H) ,
P <L> L (
[ |

Proof: See Online Appendiz.

<Ip

)a(l—ﬁK,H)

e~
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Proposition 3 is much less informative than Propositions 1 and 2. The reason is that the conditions
in Proposition 3 depend on endogenous variables, that is, ef&, e/, and e}). Note, however, that in
order to compare crime statistics between the two protection regimes we only need to know e¢ and elf.
Moreover, if e (1 — 7, (e)) /€ (e) is increasing in e, then the two ways of measuring crime will induce the
same comparison. If crime is higher under concentrated than dispersed protection according to one crime
statistic, the same will be true for the other. Note also that, in order to compare aggregate income,
housing prices and aggregate welfare under concentrated and dispersed protection we only need e/ and
ed', while ey does not play any role. This suggests that crime statistics could be a misleading way to

infer welfare changes.

7 Conclusions

This paper has developed a general equilibrium model of the geographic distribution of crime in an urban
area. In order to characterize the equilibrium we have repeatedly applied the notion of spatial equilibrium.
This implies that the equilibrium geographic distribution of legal and illegal activities must be such that
there are no gains from changing their location. We have employed the model to study police deployment
strategies. To the best of our knowledge, this paper is the first to analytically explore the consequences
of police deployment strategies on the endogenous formation of urban spatial equilibrium and crime. Our
formal general equilibrium approach model is pertinent because a change in the geographic distribution
of police protection induces long-run general equilibrium effects on occupational and residential choices,
the location of criminal activities, and housing prices. Indeed, our model revealed two channels through
which the spatial allocation of police protection affects individuals. First, it changes the intensity and
location of crime, thus affecting the income of each agent. Second, it changes housing prices.

In particular, this paper has examined two opposite police deployment strategies: concentrated public
protection (the police only protect a certain area of the city), and dispersed public protection (the police
are evenly deployed across the entire the city). We have shown that, in equilibrium, concentrated public
protection leads to a segregated city. The rich, who are more willing to pay for protection, reside in
protected areas with high housing prices. The poor reside in unprotected high-crime areas with low

housing prices. Conversely, dispersed public protection leads to an integrated city, with all areas of the
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city having the same income per capita and crime levels. We have also compared these two equilibria
and shown that crime tends to be higher under dispersed than concentrated public protection when
inequality is high, dispersing the police force significantly reduces its effectiveness, and the proportion of
income that criminals extract from the rich (poor) is high (low). We have also shown that in very unequal
societies concentrated public protection is likely to produce higher aggregate welfare but exacerbate social
disparities. Fortunately, there is a set of taxes and subsidies that the policymaker can use to avoid the
unfair distributive effects associated with concentrated public protection. Thus, instead of dispersing the
police, taxing the rich and properly redistributing the proceeds to the group made worse off by police
concentration has the potential to efficiently equalize the cost of crime in society. Moreover, we have
shown that dispersing the police might not necessarily produce an integrated city when private security
is available. If private security is a club good, rich agents have incentives to isolate themselves in closed
residential areas.

Besides private security, there are several other directions in which our model can be extended. For
example, it is reasonable to assume that the geographic distribution of protection could affect schooling
decisions, particularly for poor agents. One way to capture this interaction is to imbed our model in a
dynamic human capital formation model. We conjecture that in this setting dispersed protection is more
likely to produce higher aggregate welfare than in our model. The reason is that dispersed protection
would promote schooling among poor agents without significantly affecting schooling among rich agents.

Our model also suggests new paths for empirical work on the economics of crime and law enforcement.
For example, we have a very limited understanding of the effectiveness of more concentrated versus more
dispersed allocations of police forces. Some work on this issue has been done related to the literature on
hot spots (Weisburd, Groff, and Yang, 2012). The next empirical step would be a consistent estimation of
the parameters of the production function of security across locations. Our model provides a theoretical
framework for such an estimation.

Finally, our model points to some interesting policy recommendations. The literature on crime hot
spots has found evidence that they tend to be quite stable over time, which suggests concentrating
police efforts on those hot areas. Our results indicate that one needs to be cautious about such law
enforcement strategies. For example, in our model, ceteris paribus the total area protected, changing the

neighborhoods in which the police are concentrated only switches the entire configuration of the spatial
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equilibrium, with no long-run effect on crime and welfare. The new protected neighborhoods become

rich safe heavens, while the previously prosperous neighborhoods now left unprotected become the new

criminal hot spots. Moreover, our model does not take into account any transition costs, which could

easily make this policy a welfare-reducing one. At a minimum, our model suggests that when we consider

changes in the geographic distribution of police forces, we need to take into account the effects on housing

prices and on reallocation of the population, as well as the overall effect on crime in the entire city (see

Jaitman and Ajzenman, 2016, for evidence of these effects in Montevideo, Uruguay).
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Online Appendix to “Stirring Up a Hornets’ Nest: Geographic Distri-

bution of Crime”

This appendix proves all the lemmas and propositions outlined in the main text.

Proof of Lemma 1. Suppose that protection is concentrated. Assume that o = w and r° € J,,.
Then, in equilibrium, N* (w, j) = (I_/j/[_/p) N*¢ and py; = pg,for j € Jp. Otherwise, some agents in s
prefer to change their residence to a neighborhood in J, with lower pg ;. Let By, = {b; € O : j € Jun}
and assume that o' € By, o' = w for i € {m,h}, and r’ € Jy, for i € {I,m,h}. Then, in equilibrium,
N"(w,5) = (Lj/Lun) N", N™ (w,5) = (Lj/Lun) N™; N'(bj, Jun) = > ey, N'(bj,h) = N' (Bun, j) =
>nesn NU(bpyj) = (Lj/Lun) N', and puj = pa,,for j € Jun. Otherwise, some agents in i € {I,m,h}
prefer to change their residence to a neighborhood in Jy, with lower pg ;, some agents in group ¢ € {m, h}
prefer to move to a neighborhood in J,, with lower crime, or some agents in group [ prefer to change
their criminal activities to a neighborhood in Jy, with higher income per criminal.

Given these occupational choices we have Ugo = Zi:m,h Nigt, S¢ = N%&°, and Q¢ =
(Ug)Pve (S¢)Pve. Then, from profit maximization in industry C, w* = pcBuc (S /Uc) Pue,
w® = pe (1 - Byeo) (Uc/Sc)Pv-e | where po > 0. Moreover, incomes are given by: 3 (b, ) = ¢! =
ow™ (Nl)f1 Zi:m,h'yi]\”’éi for h,j € Jun, ¥y (w,7) = y™ = (1 —y™)w" e and y" (w,j) = y" =
(1 — 'yh) w'e" for j € Jun, and y° (w, j) = y° = we* + (NS)_1 ZjerL,jI/j for j € J,.

From profit maximization in industry H, Kg,; = ,BK,HpL,jf/j/ (1 — ﬁKﬂ) DK, PH; =
(ﬁK/ﬁK,H)BK’H lpri/ (1= Brm)] o and prjQmj = prjLi/ (1 — Bk g), where prc > 0 is the price
of capital. Since py ; = pp,for j € Jp and py; = pp,,,for j € Jun, it must be the case that py ; = pr for
j € Jpand pp; =pg,,for j € Jun. Let Qu, = Zjejp Qm; and Qp,, = ZjeJun Qmj.- Then, the market
clearing conditions in the housing markets are pg,, Q ., = &>y p YN and p 1,Qu, = ay®N®. Intro-

ducing housing supplies and the income of each group into these market clearing conditions, equilibrium

land prices are:

PLun = a(1—Bru)BuchcQc (I_/un)_l D icmh nen'
(1=Bue) +a(l=Bru) BucXicmnnen
BU,C [1 -« (1 - /BK,H)]

_ = -1
pr, = a(l—Bgu)BuchcQc (Ly) [
. L AN ! . . .
where n* = &N’ (Zi:m,h é’]\”) for i = m,h and n, = 1 — ' + 07*. Equilibrium housing prices
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are pm,.,, = (ﬁK//BK,H)ﬁK’H [pLun/l - ﬂK,H]l_ﬁK’H and PH, = (ﬁK/BK,H)BK’H [PLP/ (1 - 5K,H)]1_BK’H-
Thus, py, > pg,, if and only if pr, > pr,,,.

Finally, it still has to be checked that no agent has an incentive to select the occupation and/or
residence selected by an agent in a different group. The indirect utility of an agent in group ¢ who selects
(oi, 7"") is v’ (oi, 'l"i) =y (oi, ri) |:(pH7,,,i)a (ﬁc)l_a} _1. Therefore, we have:

Group [. Agents in group [ do not want to change their criminal operations to j € J, because they
would get no income. They prefer to reside in Jy;, rather than in J, provided that pr, > pr,,. They prefer
to be criminals rather than workers if § (]\/'l)f1 D iemh 7iNie > e max { (1=, (PLun /pr)a(lfﬁK’H) }

Group ¢ € {m,h}. Agents in group ¢ prefer to be workers rather than criminals if (1 - yi) e >
) (Nl)_1 D immh ' N'e' max {1, (pLun/pr)a(l_ﬂK’H)}. They prefer to reside in Jy, rather than in J, if
L= > (pr, /pr,) "0,

Group  s. Agents in group s prefer to be workers rather than crimi-
nals if we > w" (Nl)f1 Zizm’h’yiNiéi and w'e® + (N®)7! (PLun Lun + 1, Lp) >
(b1, /pr,, ) Prn) [w“5 (N i n Y& + (1= 4) (N*) ™ (L L + prI/p)] . They pre-
fer to reside in Jj, rather than in J,, if 1 —~° < (pLun/pr)O‘(lfﬁK’H).9

Employing Assumption 1, these conditions simplify to (1 —vl) e < ¢ (N l)_l Zz’:m,h yiINiEe <
(1—~")e™and 1 —~° < (pLun/pr)a(l_ﬂK’H) < 1 —~". This completes the proof of Lemma 1. B

Proof of Lemma 2. Suppose that protection is dispersed. Assume that o' € B = O — {w},
o' = w for i € {m,h,s} and r’ € J for i € I. Then, in equilibrium, N'(b;,J) = ZhEJNl (bj,h) =
NY(B,j) = ZhEJNl (bn,j) = (L;/L) NY, N*(w,j) = (L;/L) N* for i € {m,h,s}, and py; = py for
j € J. Otherwise, some agents in ¢ € I prefer to change their residence to a neighborhood with lower
PH,j, some agents in group i € {m,h, s} prefer to move to a neighborhood with lower crime, or some
agents in group [ prefer to change their criminal activities to a neighborhood with higher income per

criminal.

9We are implicitly assuming that if a skilled worker decides to become a criminal, he or she keeps his/her land holdings.

Alternatively, if he or she also loses his/her land holdings, conditions become: w®e® + Jr(N5)71 (pLunf/un +prEp) >
u 11 i nTi s 555 s\—1 7 7 pr, \*(1=Pr.m)
w"6 (NY) Y iemn Y N'E and wie® + (N?) (PLun Lun + pr,Lp) > (—p)

PLyn

w"s (Nl)71 > iemh ~{Nig'. They

a(l-Bk,
MM) (1= H). In any case, under Assumption 1, only the last

PLp

prefer to reside in J, rather than in Jy,, if 1 — 7% < (

condition may be binding.
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Given these occupational choices we have Ugs = Zi:m,h Nigt, S¢ = N and Q¢ =
(Ug)Pve (S¢)Pue. Then, from profit maximization in industry C, w* = pcBu.c (Sc/Uc)' Pue,
w' = po(1- Bu.c) (Uc/Sc)Puc, where pe > 0. Moreover, incomes are given by y' (by,j) = ' =

-1 . . . . . . . . . o ) -
(N') 0 immns VDN [wzez + 51 2jesprgl| and y' (w,5) = y' = (1-17p) [wze’ +s% ZjerL,jL]}
for i € {m, h, s}.

From profit maximization in industry H, Kpg,; = 5K,HPL,jEj/ (1 — ﬁK,H) DK, DPH,;j

_ 1- = _ .
(brc/Brerr) ™ [prj) (1= Brea)] 7", and p;jQm; = pr,;Li/ (1 — Br.p), where pre > 0. Since
pr,; = pu for j € J, it must be the case that p; ; = pr for j € J. Let Qp = ZjeJ Qm,j. Then, the

market clearing condition in the housing market is ppQp = @) ;; y'N*. Introducing housing supply

and the income of each group into this market clearing condition, the equilibrium price of land is

Bu.c D iemn npn' +n5 (1 - 5U,C)
/BU,C’ [1 -« (1 - 5K,H) 77?3} ’

pr = (1= Bg.n) BuchoRo (E)_l

where n* = e'N* (Zi:mh é’NZ> for i = m,h and 0, = (1 —vp + 57’D). Equilibrium housing prices

_ 1—
are pr,, = (pK/ﬁK,H)BK’H e/ (1—Br.u)] P,
Finally, it still has to be checked that no agent has an incentive to change occupation. The indirect
utility of an agent in group ¢ who selects (o, r?) is v’ (o',r") = y* (o, %) / (pHJ,i)a (pc)' ™. Therefore,

we have:

l

Group I. Agents in group [ prefer to be criminals provided that y' > (1 — 'le) w'e" or, which is

. n-1 1o +Buc[l-a(1-Br.u)|(Vo=7D) Zinsi VR
equivalent, ¢ (N ) Zi:m,h B o[—a(i—Br )] e'N' > (1 'yD) e | |
Group i € {m,h}. Agents in group i € {m, h} prefer to be workers if y' < (1 — ’yZD) w"e" or, which is
. -1 Yp+Bu.c[l—e(1=Br )| (Vo =7D) =i rri i\
equivalent, J (N') D immh B ol (l—Fren )] eN' < (1—79%) e )
Group s. Agents in group s prefer to be workers if y! < (1 —~%) w®e® + (NS)_lpLL.

Employing Assumption 1, these conditions simplify to (1 — ’le) é <

1 vp+Bu.c[1—a(1=Br 1) (Vo =7D) =i nri _m\ sm :
§ (N D immh By o[i=a(i=Br. )] e'N' < (1—~p)e™.  This completes the proof of

Lemma 2. R

Proof of Proposition 1. Under the assumptions and conditions in Lemmas 1 and 2.
Part 1 (crime). Let CR¢c and CRp denote the value of stolen goods under concentrated and
dispersed protection, respectively. Then, CRc = >,_  ,7'N' and CRp = >_._, , ¥He N*, where

~i _ Vb tBuc[l-o(1-Bku)](vH—h) . . i i isi
Yp = B o [i=a(i=Br. s )] . Then, CRc < CRp if and only if Zi:m,h (’y ’yD) N*e* < 0 or,
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which is equivalent,

(522 o (1= Brem)| (1= p) 7

Bu,c

l—a(l-Bgu)|+1—-pal—PLBry)(1—-0)~"

S < o

The left-hand side is increasing in 4™ and 4", while the right-hand side does not depend on 4™ or +".
The right-hand side is decreasing in 8y and p and increasing in 7*, while the left-hand side does not
depend on either of these variables. Therefore, the inequality is more likely to hold when ™, 4", Bu.cs
and p are low and when ~?° is high.

Part 2 (aggregate income). Let Yo and Yp denote the aggregate income under con-

centrated and dispersed protection, respectively. Then, Yo = By cpcQc Zi:m’h ffcniand Yp =

Bu.cnb+(1-Bu.c) d 7 Bu,cno+(1-Bu.c)nh Th Y,

: : = : . , > Y]
, o Bu,c[1-a(1-Br,u)] ane 7o Bu,o[t—a(1=Bi u)np)] ot b
if and only if Ei:m, L (f)lc — Tﬁj) n' > 0 or, which is equivalent,

Bu,cPcQc i Ipn's where 7 =

s

v

The right-hand side is decreasing in v, ¥* and p and increasing in v*. Therefore, the inequality is more
likely to hold when ™, v", Bu.c, and p are low and when +* is high.

Part 3 (land prices). Land prices under concentrated protection are pr,, =

B — -1 . . B _ -1 " .
« (1 - /BK,H) Bu.cPcQc (Lun) Zi:m,h nen' and pr, = a (1 - /BK,H) Bu.cPcQc (Lp) Zz’:m,h flen’,
Bu.ca(1=Bx u)ne+(1-Bu.c)

5U,C[1*a(1*r3K,H)] '

_ -\ —1 e »
o (1 - /BK,H) IBU,CPCQC (L) Zi:m,h 777an’ where 7’]7'D =
DL, if and only if

where ﬁic = The price of land under dispersed protection is p; =

5U,cnip+(1—5U,C)TiE
Bu,o[t—a(1=Bk m)np]”

Therefore, pr,,, < pr <

(Eun)_l Dicmh nen' < (L) - D immh fipn' < (Ep)_l Dicmph fom'.

These inequalities are equivalent to E% > max {K1, ko }, where k1 = (Zi:mh ﬁlbni) (Zi:mh n’cn’)

N : S
and kg = (Zi:m,h ﬁZDn’> [Zi:m’h (ﬁZD — ffc) nl}. Note that

Oy —"pk1
1-By.c - s =i < 0’
0(755°) (== Frn)np) (Sicmaniibn)
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and

Oko B N 1 1
B <lgﬁi) l—a(l-Bru)ny 1-a(l=Bru)| Dicmnipn
u,C
778D K2

[1—a(l=Bru)np] Ximnpn’
If ko < 0, then it is not relevant because k1 > 0. If ko > 0, then it may be relevant. Since 1}, < 1, then

[ D 1 } < 0 and, hence, 0k2/0 (1;571]00) < 0. Thus, Ly,/L > max {k1, ka} is

1—a(1-Bg m)rp  1-a(1-Bru)
more likely to hold when S - is lower. This completes the proof of Proposition 1. W

Proof of Proposition 2. Under the assumptions and conditions in Lemmas 1 and 2.

Part 1. Under concentrated protection, the utility of an agent in group ¢ is vé =
v (Ni)_1 (Qc)lfa(lfﬁK»H) (Eri)a(l_ﬁK‘H) I'L,, where
[ 1—a(1-
N ) Ml o) W (2e) "
(a)® PK ’
1 . 0 Zi:m,h W/ZCnZ m (1 B 72’1) n
Te = r . O‘(l_BKH>’FC N . O‘<1_BKH)’
_Zi:m,h n’Lan:| ‘ [Zi:m,h nlcnz} ’
h h
h (1—'yc,)n v .l—a(l—,@K,H)
Fe = - sty 1o = [ S| :
i i oH
_Zi:m,hncn}
Under dispersed protection, the wutility of an agent in group ¢ is v% =
(N) o (Qo) o (Bun) (£)*0=Prm) pi where
R DOV S SO kL
i 10(-Brm)’ i 10(1-Br.u)
[Zi:h,m ,,77bnz:| [Zi:h,m nanz]
i TS L CEp ) o
b= 1018 u)’ b= o 1e(1-Bry)
[Zi:h,m UD"Z} [Zi:h,m WD"’}

1

Then, v, > vl if anii only if Lyn/L < (T'h/TL) “(175’(*1{), vl > vl for i zlm,h if and only if
Lun/L < (T%)/T) (7258) “and v3, > v3) if and only if Ly, /L < 1 — (T%/T%)*(-%xm).
Part 2. Under concentrated protection, the welfare of unskilled agents is given by
WE = Sispn N = 0(Qe)' () (L) Pn) &

= 0(Qe)' (1 Prn) (L,,) "),

Te

i=l,m,h
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. l-a(1-8
where ', = [Zi:m,h nen’ ( K’H). Under dispersed protection, the welfare of unskilled agents is

given by
Wy Niph, — 1—06(1—5K,H) 17 17 a(lfﬂK,H) T
D = Ei:l,m,h vp =7 (Qc) ( 1+ 2) Zi:l,m,h D
- v (QO>1—04(1—5K,H) (E)a(l’BK,H) Iy,

}—a(l—ﬂxﬂ) [

where I'f) = [Zi:h’m npn Zizm’h (7739 + 578D6U’Ca(15K’H)771D+(1BU’C)> nl] Therefore

Bu.cl—a(1-Bx,u )n5|
W > W if and only if (L)*("Pxm) ru = (L,,)°0750) 1w Since ity > 17k, we have I > T% and,
hence, this inequality always holds.
Part 3. Aggregate welfare under concentrated protection is given by
We = U(Qc)l—a(l—ﬁxﬂ) |:I"lé (Eun)a(l—ﬁx,}[) +FSC (Ep)a(l—,BK,H):| 7
o ql—-a(l1-p8 . ql-a(l1-8
where Iwé’ — [Zi:m,h nzcnz} ( KyH) and FSC _ [Zi:mﬁ ﬁzc’nl] ( K,H)

welfare under dispersed protection is given by

. Analogously, aggregate

Wp = (Qe)tel-Frm) (L1 + Ez)a(l_ﬂK’H) I'p,

. ql—a(1-p8
where I'p = {Zi:m,h 7~7an2} ( K’H). Therefore, Wo > Wp, if and only if
[_/un a(lfﬁKyH) Z/ oc(l—BK’H)
e =T¢ <E> + T <I_f)> >I'p.

Next, we prove that there exists a threshold for (1 — BU,C) /Bu.c such that Wo < Wp if and only if
(1—-Buc) /Buc is below it.
Step 1. First, we prove that equations (11), (12) and (16) impose an upper bound on (1 - 5U,c) /Bu.c-
From equation (11) we have:
1 -~ &N _my am Nl
o << L

From equation (12) we have:

(1_5UC> > [1-a(l- /BKiH)] Ly

BUL‘ _O[(l_/BKH)I_/un

)

[ Zi:m,h nZC'nZ ]

(1 — o)) 2imma "

L I | E T |
Bu.c ’

Zi:m,h nZCnZ]
(1 = ) 2men)

Zi:m,h n'
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From equation (16) we have:

<1—6U,c> . [1-a(=Brn)mp] 1 -1p)eN' |

Bu.c VD Dicm,p €N
Dicmp {1 —a(l=Bru)vp+a(l-Bru)rp)eN’
YD Zi:m,h e'nN’ 7
<1 - 5U,C> < By— (1 —a(1=Bgm)np] (‘1 —'Vg)ém]\ﬂ N
Bu.c YD D immp €N
Dimmn {1 —a (1= Bxu)|vp+a(l = Bru)vp} N
D Ei:m,h e'N’ '

5. — max [1—a (1= Bru)np] (1-7b) &N (1—~) &N
Zi:m,h { [1 - (1 - BK,H)] ’YiD + (1 — 5K,H) ’YSD} giNi’ Zi:m,h ~iN‘igt
Sy = min 1 —a(l=Brm)mb] (1= 7B) "N (1™ e N
Ei:m,h { [1 —a (1 - 5KH)] Tp t« (1 - BK,H) ’Y‘B} e N’ Zi:m’h ~iNigt

AL = [1- O‘l(l - ﬁng)]

) a1
[1—a(l-Bku)

A}{ = 1
(1) Cmn) o (1 -y )

Assume that d;, < 0 < dg and A\, < Eun/ip < )\}I. Then, equations (11), (12) and (16) only impose
a strictly positive upper bound on (1 — BU,C) /Bu.c, which is given either by By or Ba. Denote such
upper bound (1 — B?}%) /5?}15

Step 2. We study how I'¢ and T'p vary with (1 — 8y¢) /By Te is given by:

Te = [Zi:m,h Ulcnl} L-a(1-Bx.m) (LG>a(15K7H)
Ol R G L WA
i { l-a(l- BK,H) <L)



1-By.c,

e ['¢ is strictly increasing and strictly concave in Boc
s (Lp\@(1Prm)
ore 1o (1= Br)] Lo n'T () ;
_ >

1-3 , 1-8 :

(7&]20) Zizmﬁ [Oz (1 — 5K,H) ne + (75&[]0’0)} nt
12 7 \e(1-Bx.m)
T [1—a (=B e (- Frn) [Semar] Te (7) ;
- <
1-8 2 . 1-8 N2
(e {Sicn [0 = Brem) i + (e ) | mi}
li T — Zi:m,ha(l_BK,H)nl n’ t=o(t=fun) L,/L a(1-Br.n) d
[ ] lm(lfﬁu,c)/ﬁu,cHO C - lfa(lfﬁK’H) ( p/ ) an
hm(]-*BU,C)//BU,CHO c = 00.
I'p is given by:
) 1-8 1—a(1-Bg u)
. 2 i=mh [n’p + ( ,BUfJC’C) n%} n'
D =
1—a (1= Brm)n
e I'p is strictly increasing and strictly concave in (1 -0 U,C) /Bu.c:

s % 7 1_BU,C' s % _a(l_ﬁK’H)
orp _Ip <Zi=m,hn ) {Zi:m,h [WD + ( oo ) WD] n } =0
1-By, o —1 1-a(1-8

(50) 1 (= Buem)] " L= Bre) mp) )
oI
L <o
(5229
Bu.c

i i
Zizm,h pmn

1—a(1-B 1) .
1—a(1—5K,H)7ﬁ7]] and hm(l—:@U,c)/ﬁU,c—’O D =00

* hm(l—ﬁU,c)/ﬁU,c—’O D= [[

Step 3. We compare I'c and I'p.
e Note that hm(l—ﬂu,c)/ﬁmc—@ I'p > hm(l—ﬁu,c)/ﬁmc—@ I'c if and only if
nenir‘“(l_ﬁ i) (

Dicmn (1= Brn)
1—a(l-Bgn)

>a(15K,H)

N\@ !

>

Zi:m,h U,LDnl
[1—a(l—Bru)mp]

] 1—a(1-Bg u)
Since n%, > 77%, this condition always holds.

48



o Ic/d[(1-Buc) /Buc] >0Cp/d [(1 - Buc) /Buc) if and only if

IR ) I | AR
{[1—(1(1—/6K,H)]778D} E‘Z {a(l_ﬁK,H)nich(lggzc)}ni > 1

i=m,h
Since n%, > 77ic, a sufficient condition for this inequality to be satisfied is

) 1-a(1-8g. 1)
Lun 2 l—a(l=Bru)np | «(-¢fxn) B
L, " mh—a(l-Brm)m

Let Ay = min {)\}{, /\%I} Then, combining Steps 1, 2, and 3 we have proved that if §; < § < o
and \j, < % < AH, then there exists By o such that for all (1 — By.¢) /Buc < (1= Buc) /Buc we have
I'c < T'p and for all (1 - BU,C) /BU,C < (1 — BUC) /Bu,c we have I'c > T'p. Finally, Step 1 also implies
that (1—Byc) /Buc € (0, (1 - ,Br{]%) /,Bg“g) and we have already proved that I'c > I'p if and only if
We > Wp. This completes the proof of Proposition 2. B

Compensations. Suppose that protection is concentrated and the government also set a tax/transfer
]507'} on each agent in group ¢ € I. The government budget constraint is ), ; T?N ¢ = 0. Following the

same procedure we used in the proof of Lemma 1 we have:

) =y =0 (V) [BucpeQe St + Sicpn ¥ PeriN + por N for b € Jun,
(w,j) = y™={N"™"1-+") [Buen"bcQc + beTFN™] for j € Jun,

y wg) = o= (N7 (1-9") [Buen'pee + poriN'] for j € Jun
(w, 7)

= y'= (NS)_l [(1 - 5U7c) PcQc + PLon Lun +prI_/p +23(J7';N5] for j € Jp,

where w" = pofByc (So/Uc)' ™"ve, w* = po (1 - Byc) (Ue/Se)*ve, Uo = ¥, , N'€, So = N°&*

and Qc = (Up)Pv (S¢)' 7Pvc. Market clearing conditions in the housing markets are pg, Qu

un un

ay i imh y' N and pu,QH, = ay®N?®. Introducing housing supplies and the income of each group into

these market clearing conditions, equilibrium land prices are

by, = © (1 - BK,H) (Eun)_l BU,CJECQC (Zi:m,h 77ioni + Tun)

pr, = a(l—Bgy) (f/p)il Bu.cpcQc (Zi:m,h fon’ + Tp)
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-1 R LN TSNS +a(1-B, Zi:m N TN
where Tun = (Bu,0QC) ™ Licm 1oy N' + 74N and T, = = fpaéﬁ;;iﬁUcQ;’ e the

new terms related to the tax/transfer program. Finally, we must check that no agent has an incentive to

change his or her occupation and/or residence. Using the same procedure we employed in the proof of

Lemma 1, we need to impose the following conditions:

—1 . ..
(1—¢)d—Tl< 5@W) Y imn Y NE < (1 =™ ™ —T™,
< (1—7h),

where T = (BucQc)” Timpa €N [y f 4 (V) Sy N and T =
15} c -1 @ N Ak 4+ 5 (N - . 4iT%N?| are the new terms associated with the
U.C i=m,h f i=m,h !

_ L a(1-Bg,
Ly (Saiont + 1) ]

Lun (Zi:m,h 7A7icni + Tp>

1-7%) <

tax/transfer program.

The utility of an agent in group i € {l,m, h} is

= Bk H '
v = (N) (pc> Qe (1Pren) (L) U Pa) T,

PK
where
I BucRQcd Y n Y + 03 ’YiTévNi + Tﬁch
cr = o a(lfﬂK H) 5
Bu,cQc (Zi:m,h nen' + Tun) ’
[ B TN 1
o (1 =) (nm+ )
C,T - (1—6 ) 3
. a ,
(Zi:mﬁ TIZCW + Tun) o
B hNh T
1 _ ,.yh <nh + Tf )
Fg _ ( ) Qc
T o a(lfﬁK,H)
(Zi:m,h 77’0”1 + Tun)

Under dispersed protection with no tax/transfers, the utility of an agent in group i € {l,m,h} is
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th = () 0(@e)' 00 (1)) 1, were

ry, = 03 icmn VD1 N (1 —~p)n™
i 1o(1-Bru)’ i 10(1-Br.n)
[Zz’:h m UD”Z} [Zi:h,m nD”Z]
o (1—~%)nh re _ (1 =75) Xichn Uo7
b= i . O‘(l_/BK,H>’ b= — . O4(1—5K,H)
{Zi:h,m WD“Z} [Zi:h,m UD”Z}

Suppose that the government wants to make each agent in group i € {l,m,h} equally well off under
concentrated and dispersed protection. Then, (Tlf, 7';”, T?) must be such that Ué’T = vfj for i € {l,m, h},

while T;NS == icr T?Ni. Thus, <T§c, T’JP, T’}’) is the solution to the following system of equations:

. . . o r S O‘(]'*/BK,H)
Dicmp VO iy VTN TN (Tlfa T T}}) Lun - 1
Simmn A 3B cQ0 Y Vo1 | I :
- _ qa(1-8
—Am s NmNT | U7 T ) Ly (1=Frcr)
L=\ (1, 7F DT .
L=9p n"Qc ) | L = 5L
- T — = a(lfﬁK’H)
L (o ] 9 () e
1+ i .
1-9% nhQc L

_ Bu,cQc Zi:h,m ﬁ%”i
Bu.cQC D it M+ i p Mo Nid 7L N

Proof of Lemma 3.

where ¥ (Tlf, T, T’})

Part 1. Suppose that police protection is concentrated in neighborhoods J,,. Then, p; = 1 and fyé- =0
for j € J, and p; = 0 and ’yé- = ' for j € Jyp. For j € Jy, we have A (0) = co and, hence, prrj = oco.
Thus, no agent can afford an area with private protection in j € Jy,. For j € J, we have A (pj) = A(1)
and, hence, pr» j = prcmin/A (1) +pr,;. However, no agent who decides to reside in j € J, will be willing
to pay for private protection because he or she is already fully protected.

Part 2. Suppose that police protection is evenly distributed in all neighborhoods. Then, vé =
7t (1 — p) for j € J. In equilibrium the prices of land with and without security investment (pr, pr») must
be the same everywhere. Otherwise, agents will move to neighborhoods with lower land prices. Let L, be

the supply of fully protected land. If prr < prcmin/A (p) +pr, then L, = 0. If prr = prcmin/A (p) + 0L,
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developers will elastically supply fully protected areas each with [y, units of adjacent land. Next we
consider two possible cases.

Part 2a. Suppose that agents in group [ are criminals, agents in groups [, m, and h reside in areas
without private security, and agents in group s reside in fully protected areas with private security. Then,

following the same procedure we use in the proof of Lemma 1, housing market clearing conditions become:

PL (L — Lp) = « (1 — BK,H) ,BU,CﬁCQC Zi:m,h niDni7
prly = a(1=Bgu)BuchcQc Y iemn ipn',
_ Bu.co(1=Bx u)nb+(1-Bu.c)

~1
where N = gU,c[l—a(l—,BK,H)}

pr and pre are connected by prr = prcmin/A (p) + pr. Employing these three expressions we obtain the

. Contrary to Lemma 1, L, is now an endogenous variable, but

following quadratic equation for L,:

f(Lyp) = G(LP)Z +bLy+c=0,

where
0 = PK Cmin
A(p)
B i i i PKCmin 7
b = —a(l-Bxn)BucPcQc Y i—mpy (Mp +ip)n' — A(p) .

¢ = a(l=Brpy)BucPcQc Y i—mnipn'L

Solving this quadratic equation we have L, = %_27 Vab2_4ac. Note that b? > 4ac, %_27 Vabz_‘lac > 0, but

%@ > L. Thus, the relevant solution is
—b— Vb2 — 4ac
Ly = 2a '

Introducing L,, into the housing market clearing conditions we obtain p;, and pr»:

pr = o(l—Bru)BucboQc (L—Ly) ™" > icmn DM

prr = « (1 - 5K,H) Bu.cpcQc (Lp)_l Zi:m,h ﬁiDni-

For this solution to be an equilibrium we must verify that no agent prefers to change his or her

occupational or residential choice. Regarding residence, there are no incentives to move if and only if
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1-—7"(1-p)< (pL/pr)a(l_ﬂK’H) < [1=~"(1—p)]. After introducing prand pr» into these inequal-

ities we obtain

- —b— Vb2 —4ac

NL<L,= > <A'L,

1

) i a(1-Bk H) o i
T 1-y'(1-p) (1-src i—m.p DT . . .
where \' = [ ) Zl:l_m’h D for i = h, s. Moreover, since v* > ~", it must be

Y i niDni-ﬂ-[l—v"(l—p)]Q(I_BK’H) D i T
the case that A* < A" Next, we further study \°L < L, < 'L First, note that L, > N°L if and only

if Vb2 — dac < —2aX’L — b or, which is equivalent, —2¢\°L — b > 0 and a (S\SE)Q + A°Lb+ ¢ > 0. Thus,

we need
A(p)a (1 - Bk u) BucpcQc C <
( pKi) : Dicmp (Mo + i) 0’ > (237 = 1) Cmin,
and o L
o AWa(l=Bru)BucPoQc | Xicmp DN D immn Mp
c = —= =5 - NG Cmin-
P L A 1—X

If \* < 1/2, then the first inequality always holds. If A* > 1/2, then the second inequality implies the
first one. Therefore, L, > ML if and only if cpin < €°.

Second, note that L, < N'L if and only if v/b2 — 4ac > —2a\"L—b or, which is equivalent, —2a\"L —
b<Oora (th/)Q + M Ib+e>o0. Thus, we need

A(p) (1 - 5}(,{1) Bu.cpcQc

) L ) -h
Zi:m,h (nzD + nZD) n' < (2>‘ - 1) Cmin

prL
or . X . .
W AWa(l=Brr)BucPcQo | Xicmnr D" Dicmnpn
c’ = —= - - - Cmin
prL \ 11—\

If \" < 1/2, then the first inequality never holds. If Vs /2, then the second inequality is weaker than
the first one. Therefore, L, < AL if and only if cpin > .

Regarding occupational choices, analogous to the proof of Lemma 1, [1 1 - p)] e <
5 (Nl)_1 Y icmn (L=p)y'N'e" < [1 —=~™ (1 — p)] &, implies that only agents in group I prefer to become
criminals. This completes the proof of Part 2a.

Part 2b. Suppose that L, < M\°L, or which is equivalent, ¢pin > ¢°. Then agents in group s are not
willing to reside in a neighborhood with private protection. Therefore, there is no private protection and

the dispersed equilibrium persists. W
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Proof of Lemma 4. Under concentrated protection, the equilibrium conditions for occupational
and residential choices are given by € > e/ > ef > er, where

[1 — (eqén)] O‘(1—[3K,H) f:éief (e) de o (1 — ﬁK,H) B I_/p
[1—a (1= Brn)] 5 ne (e ef (e)de  1=a(l=Brm)  Lun

=) 5o (o) ef () de = o.
€ (et) ¢

Assume that Ly, /Ly, > (1 — BKH) / [1 -« (1 — /BK,H)]- Then, the first equation defines a continuous

function e = f 1 (ed) for each ef € [eL, et ] Moreover, f! has the following properties:
o f1 (eL) € (eL,eH).
o f1(cH) =M,

e f1is strictly increasing since

df* () _ e (ed) et f (ed) > 0.
de; wf(eg”)f:g? no(elef(e)de e (e%n)feegc nc(e)ef(e)de + ( un) un ( un)
€ e €
OEPm)E=CD) [ ester eeten e
€c

Assume that e (1 — v (eg)) /e (ed) is increasing in ef. Then, the second equation defines a continuous

function ef = f? () for each el € [eL el ] Moreover, f2 has the following properties:
o f2(e") = e

o f2 (eH) € (eL,eH).

v(er)eds f(ed)
& (e8)+orv(et)ets f(et)

2 . : : : L df?(ed)
e f* is strictly increasing since e =

et (1= (eg)) Je(ed)-

> 0, where {(ef) =

The properties of f! and f? imply that there exists a unique pair (e, €%") such that e = f!(e%),
el = f2 (), and eX < el < et <efl. M
Proof of Lemma 5. Under dispersed protection, the equilibrium condition for occupational choices

is given by:
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H

) § [5 ’7(6’) ef (e) de+
e[l - (61(;%1;) 1) P 1) ([ mo@resone) (i ~@rss @ rierae)

+
|:1—a 1_BK,H)feL WD(e)SL(e)f(e)dejl

We must prove that there exists at least one ef) € (eL el ) that solves this equation. First, consider the

left hand side of the equation.

e lim:1 . LHS (eF) =0
D

o LS (o) = LI [ e,
f . ef( )de+eH<1 )

Second, consider the right hand side of the equation.

foy e) de+

e RHS (eL) =4(1—p) o(1-Br i (fL np(e)ef( e)de) (fL vy(e)st(e )f(e)de) >0
+

[1-a(-rc) [ w(e)sde)f(e)de}

e RHS (e}f)) is strictly decreasing in elp.

e RHS (eH) =0.

Since LHS (¢}) and RHS (e%) are continuous functions of €%, there must exist e} € (e, ) such
that LHS (e)) = RHS (€)). If, in addition, LH S (eY})) is an increasing function of e} (under Assumption
1.C, this holds for e = 1), then there is a unique €% € (e, ) such that LHS (¢}}) = RHS (¢%). R

Proof of Proposition 3. Under the assumption and conditions in Lemmas 4 and 5.

Part 1 (crime). Let CRc and CRp indicate the value of the goods stolen under concentrated and

dispersed protection, respectively. From Lemma 4, C'R¢ is given by

ORe = 5ot [ €)ef (o) de = P01 (€8

¢ ()

From Lemma 5, CRp is given by

H

Jow v (e)ef (e) de+
EHD €H
CRp = pod(1—p) 1=ic) [z np(@rere) ([ r@sne)se)

+

H
{1_a(1_5K,H) S mp(@rsiersee]
peep 1 — (1 —p)v(ep)]

¢ (p)
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Therefore, CRc < CRp if and only if

¢t (L=7(e8) _ epll—(=p)y(eh)]
€ (e8) € (¢b)

Part 2 (aggregate income). Let Yo and Yp denote the aggregate income under concentrated and

dispersed protection, respectively. Then,

_ peun _eH _ _
Yo = pcfeg ne (e)ef (e) de + pcfeénef (e)de + (PLynLun + pL,Lp)

pofif e (e)ef () de+ pe fonef (€) de
1—a(l-Bkn)

_ eH
v P np (€)ef (o) de
— o
-« (1 - /BK,H) feL np (e)sr(e) f (e)de
Therefore, Yo > Yp if and only if
1 1 1

oy e (=prn) o (pp)=e(Prn) 5 ()= (Prn)

)

where

= [[Fre@er@al
[ e oH 1-a(1-Bx )
°, — a(l_fBKH) felc’i ne (e)ef (e) de—i‘fe?énef (e) de
‘o | l_a(l—ﬁK,H) ’
i eH lfa(lfﬁKH)
r'p = Jor np (e)ef (e) de
|1 —a(l=Bgu) [ np(e)sL(e)f(e)de

Part 3 (housing prices). Suppose that protection is concentrated. Then, from Lemma 4, land

prices are given by

Pr = a(1=Brr) (Lun) " Bo S5 ne (e)ef () de,
a(l-PBrn) (Ep)ilﬁc [
1—a(l—-Bgn)

DL, f:;ef (e)de + « (1 — ﬂK?H) f:gnnc (e)ef (e)de| .
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Suppose that protection is dispersed. Then, from Lemma 5, the price of land is given by

by = = xm) o (1) Jiz np (€) ef (e) de
1—a (1= Bry) [5 np(€) st () f (e) de

<pL <pL, if and only if

Therefore, py,

un

1 1 1

(Bun) ™ () O] < ()7 o) P0) < (L) (0 o)

Part 4 (welfare). Suppose that protection is concentrated. Then, using Lemma 4, the equilibrium

utility of an agent with endowment e is given by

( e(c8)det (1=7(t)) oL << ot
a(l_ﬁK,H) - c
@ ﬂ(l—ﬁK,H)?c
[1—vc(e)le eW < e < eUn
c (10, 1) c- -
Vo = PLyp
]
Lun L
| | .
e i <ese
rL, K,H
L a(l—ﬂK,H)ﬁc

where v = (a)™® (ozBK,H)aBK’H (Pe /D)< . Therefore, aggregate welfare under concentrated protec-

tion is given by:

We = feHUgf (e)de =v [Fién (Eun>a(1—5K,H> + F;zé (I/p)a(l_’BK’H)} ‘

€r

Suppose that protection is dispersed. Then, using Lemma 5, the equilibrium utility of an agent with

endowment e is given by

( - B))ed
e(e)(l ’YD(eD))e(li) . ) el <e< 6%,
a(1-fK,H
w)| _____PL
. e(ep) |:a(1—,31iH)PC:|

Up =V L

[1=vp(e)] [HSZ((?%] ) e <e<el

L o

L a(l—ﬁK,H)ﬁC

Therefore, aggregate welfare under dispersed protection is given by

Wp = feLHU,% (e)de = v (E)a(lfﬁK’H) I'p,

e
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Comparing W with Wp, we have Wp > W if and only if
I a(1-B i) I a(1-Bx u)
ru (L) i, (;) <Tp.

This completes the proof of Proposition 3. B
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