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There have been very limited attempts to fit the crime model started by Becker in 1968 to the case 
of Mexico, as well as the usage of victimization surveys for these sorts of models. In this work, we 
attempt to construct an econometric model based upon economic theory with available data for the 
years 2000 and 2004 with the aim of estimating the elasticities of enforcement. We analyze 
victimization survey estimations in contrast to official indicators of crime (robbery) to construct a 
model according to the specific criminal process of this country. In addition, we explore the potential 
simultaneity bias in enforcement expenditures and unobserved heterogeneity across states based 
upon the construction of the budget formulae. 
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I. Introduction 

Since ancient civilizations, there has been an extensive research on policies to deter crime. 

However, to evaluate "empirically" whether a policy mitigates crime or not, it was not 

possible until the last century when advances in statistics and econometrics provided us 

with the necessary tools to do robust inference. 

For ages, criminologists, psychologist, sociologists and even doctors have researched 

criminals’ behavior and its effect on the society. Despite of the fact that earlier economists 

noticed the relation between crime and economics, it was not until the seminal paper of 

Gary S. Becker (1968) when economists started using modern economic analysis to study 

the phenomenon, thus this research uses the classical model of this paper as the starting 

point for a good comprehension of modern economics of crime. 

Researchers from other disciplines could ask: Why are some economists interested in 

Criminology? The urgency of more sophisticated techniques to evaluate and model public 

policies in criminal justice has absorbed the attention of economists1. The classical 

microeconomic approximation is focused on the trade-off between marginal incentives in 

the individual utility maximization which is determined by public and private enforcement. If 

we think as a welfare maximizer, variables that affect crime and any policy determined to 

mitigate this phenomenon possess an implicit cost to the society.  

The opportunity cost of enforcement expenditures can be huge. For example, if half of the 

budget that was labeled to enforcement in Mexico2 would have been destined to pay 

unemployment assistance through some benefits scheme,3 around quart million of citizens 

could have been aided. Indeed, this would deter crime. On the other hand, a question that 

surges immediately is: if we did not spend that money on enforcement, how costly would 

                                                      
11

 A good explanation of this can be found at Dilulio (1996). 
2
 The state budget for the year 2008 was approximately .3 billion pounds. 

3
 This scheme is not currently available in Mexico. Calculation based upon average wage (2008). 
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the crimes that were not deterred be for the society? Hence, it is imperative to estimate 

elasticities of public enforcement controlling for factors to do robust inference (ceteris 

paribus) and not remain just in theory, nowadays this would be inappropriate. This is a 

common practice in developed countries such as United States, Canada, United Kingdom 

and Australia where public policies are questioned and influenced by robust academic 

estimations. For example it is argued that the introduction of dead penalty by some USA 

local government was influenced by the ideas of the seminal paper of the economist Isaac 

Ehrlich (1975)4. 

Nevertheless, in the case of Mexico, there is a disparity between criminology theory and 

econometric analysis; this is consistent with the complications found in official data since 

most of it can just be found in highly aggregated fashion and printed publications 

discouraging international academia to do empirical research. Furthermore, misleading 

studies can be found based upon inconsistent series published by institutes and even the 

National Bureau of Statistics without any caution. 

It is important to mention that criminologists study the antisocial behavior of individuals and 

its consequences on the society. This includes people who commit crime because of 

madness or mental problems as well known as "psychopaths" and, at least hypothetically, 

individuals who commit crime without any guiltiness5. Nevertheless, it is crucial for 

economists to assume that individuals are rational to be able to construct mathematical 

behavior representation. Consequently, the special cases mentioned above are trivial in our 

study.  

The most common factors found in the literature related with rational crime can be 

summarized in socio-demographic, enforcement, and economic factors (including the labour 

market). For economists, more interesting crimes are related with property6 because of the 

                                                      
4
 See for example Cornwell and Trumbull (1994) and Hodgkinson and Schabas (2004).  

5
 An exhaustive explanation of this theory can be found at Rodriguez-Manzanera, pg. 473-477. 

6
 We include robbery in this definition. Note, however, that "property crime" definition for most countries 

does not include robbery because is considered as a "violent crime" instead. 
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intuitive relationship with vast amount of economic variables. However, even if models 

developed by our best economists were good approximations, series related with crime 

would suffer from inconsistencies and statistical problems. 

The consensus among researchers is that elasticities broadly differ between crimes and 

these relationships may not even be statistically significant for some offences. For example, 

it is clear that better opportunities for education deter robbery offences; however, its 

relationship with murder is not clear (Becsi, 1999). Hence, researchers advise to trait 

different kinds of offences separately and do not use crime aggregates. For this reason, this 

work focuses on property crime. 

This work attempts to estimate enforcement elasticities based upon years 2000 and 2004 

constructing a panel data for the 31 States of Mexico and its Federal District based upon 

controls that have been vastly explored in the literature by economists and criminologists. 

Nevertheless, the innovation of this paper is the usage of estimations made by victimization 

surveys (the closer available approximation of the real rate of crime). These sorts of 

estimations neither depend on the willingness of people to report nor suffer from authority 

manipulation that can lead to spurious inferences. In addition, these estimations allow to 

proxy the propensity (probability) to report crime. This enriches our model with a very 

important variable since this can be monotonically liked with the credibility to the authority 

and corruption perception. 

This work is organized as follows: the second section gives a short panorama of crime in 

Mexico and explains the different crime measurements that have been traditionally 

implemented by the government and we use them to break down the probability of 

conviction according to the criminal process of this country. Section three describes 

intuitively the market of offences and gives a sketch of the classical model of crime and its 

implications. Section four discusses some extensions and new models in the literature. The 

fifth section explains some statistical problems and shows the econometric methodology 

and estimations. Finally, section five gives conclusions and remarks.  
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II. Crime in Mexico: understanding the criminal process 

A. Crime in Mexico and official indexes 

Mexico has been popular regarding crime levels reflected on international agencies and 

media. It is estimated that during 2007 at least 11% of the total population suffered from 

some kind of crime in this country. In spite of the efforts of the Federal government, the 

organized crime has become so serious that the United States congress approved a budget 

of $400 million dollars to help Mexican government to tighten law enforcement in 2008.  

Offences are differentiated in Mexican law among 2 types: federal law violations and what is 

named “common competence crimes” which accounted for around 85% of total offences in 

2007. The difference between them is marked by the Federal Code of Criminal Procedures 

(e.g. federal offences are related with drugs, guns and damage to government’s property). 

In this work we focus on robbery offences that are, in general, defined as common 

competence type7. 

There are 2 indexes that the government uses to measure crime in Mexico: the named 

Official Crime Index (OCI) based upon reported crimes that proceed to investigation and the 

Legal Crime Index (LCI) based upon the number of people in criminal trial. Despite of the 

fact that there is available data to construct the legal crime index from 1901, these series 

are no comparable due to changes in the definition of the legal index during 1953 and are 

aggregated at country level that precludes panel data analysis. 

We will not describe patterns in aggregated crimes since this work focuses on robbery. 

However, we show in Figure 1 the official index available from 1997 and in Figure 2 the 

trend in common competence crimes under legal statistical definition (people in criminal 

trial).  

                                                      
7
 By simplicity, in the rest of the document, we assume that robbery offences are common competence crimes. 

However, if the offence were committed against the state property, robbery could be competence of Federal 
authorities. It can be found that this special case represents less than .8% of the total robbery offences 
registered. 
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Figure 1: Official Crime Index 
(aggregated common competence offences per 100,000 inhabitants) 

 

Figure 2:  Legal Crime Index and Convicted Criminals 
(aggregated common competence offences per 100,000 inhabitants) 

 
 

The indicators showed previously are the result of state records based upon reported 

crimes; however, as we explain later, this is not the best crime indicator since there is a 

large amount of factors that discourage citizens to report. This is one of the reasons of why 

indexes that are measured by the government appear to be lower than crime rates 

measured by other countries. Nevertheless, recent victimization surveys have given better 

approximation of the high levels of crime in this country. 

B. Robbery 

Reports of the victimization survey in 2005 estimates that robbery accounts for 86% of the 

total crimes suffered by Mexico citizens (without murder). As we will see later, this kind of 

offence have interesting pecuniary incentives to be committed by criminals, issue that has 

turned the attention of economists. 

The Legal index indicates a sharp increase in robbery trials in the early 80’s falling at the end 

of the same decade having the same behavior (cycle) during the 90’s and nowadays. The 

number of convicted criminals follows the same pattern. The ratio between both indicators 

has remained around .82 for the last 3 decades that can be interpreted as that the 

probability of conviction of a person under robbery tail. 
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Figure 3: Legal Crime Index and Convicted Criminals (robbery) 
(offences per 100,000 inhabitants   

 

  For years 1954-1997 the data was obtained from Piccato (2001) and completed for the years 1997-2006 with 
data published by the National Institute of Statistics and Geography (INEGI)8. The population estimations from 
1952 to 1996 were obtained from Arango-Duran (2004) and population estimations for the years 1997-2006 
were obtained from the Citizen Institute of Criminal Studies (ICESI).  

Figure 4: Probability of Conviction (robbery) 
(once the person is under criminal tail    

 
  Ratio of the number of convicted criminals to the LCI. 

 

In contrast (see Figure 5), we observe that from 2002 the official index takes an opposite 

path compared with the legal index. This disparity can be explained by focusing on the 

criminal procedure. Once an offence is reported, a pretrial judge decides rather there are 

enough elements to proceed to trial (see Figure 11 at the appendix). The difference 

between both indicators is the number of cases in which the pretrial judge decides not to 

proceed. Thus even if the reported offences have dropped in recent years (OCI), stricter 

attitudes of pretrial judges could show an increase in the legal index as noted in the 

following graphs. 

 

                                                      
8
 Note that for the year 1968 there is an inconsistency since, by construction, the number of convicted 

criminals cannot be higher than the number of people in criminal trial. It is important to mention that this sort 
of problem is common in Mexican criminal records. 
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Figure 5: Official and Legal Crime Index (robbery) 
(offences per 100,000 inhabitants   

 

 
  Official Crime Index obtained from the National Institute of Statistics and Geography (INEGI). Population estimations were 

obtained from the Citizen Institute of Criminal Studies (ICESI). 

 

By using victimization survey estimations that are not based upon reported crimes (see 

Figure 6 in next page), it can be appreciated that there has been a downward trend in 

robbery at the end of the 90’s remaining between two tight bands in that decade (8,100-

7,700). The official index shows similar behavior; note that the difference between 

victimization surveys and the OCI is the tendency of the victims to report. That means, the 

less the propensity to report, the higher the difference between both indicators and the 

higher the measurement bias of the OCI. Note the huge difference between these indexes, 

it can be seen that estimations based upon victimization surveys are around 10 times higher 

than official estimations. 

We argue that, when this discrepancy remains the same and both indicators move in the 

same fashion, the behavior of the victims does not change. On the other hand, if the 

disparity between indicators changed, it will be due to a change in the attitude of victims to 

report.  
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Figure 6: Victimization and Official Crime Index (robbery) 
 (offences per 100,000 inhabitants   

 

  

  Data obtained from National Victimization Survey Reports. The official index and the population estimations were obtained from 
the Citizen Institute of Criminal Studies (ICESI)  

As we discuss later, the probability of conviction affects the expected payoff of crime, thus 

the supply of crime. In the case of Mexico, this probability depends on the propensity to 

report and the criminal procedure which is affected by the pretrial and trial judges since 

they make a decision which could let the offender go unpunished. The probability of 

conviction can be broken down to achieve interesting results of the criminal process (see 

Figure 11 of the appendix). This can be expressed as follows 

 (     (    (      (      
                   

                   
  (1) 

or 

          (2) 

Where  

    (     is the unconditional probability of conviction, 

    (    is the propensity to report, 

   (      is the conditional probability that the reported offence proceeds to 

trial once is reported and 

    (       is the probability that the offender were convicted conditional to be 

under criminal trial.  
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Assumption 1 (A.1) 

To make simple the construction of   we assume that reported offences proceed to 

investigation9, this could be questioned; however, this assumption is not misleading since 

the propensity of pretrial judges to send the case to investigation has remained the same 

across time, thus changes in   can be taken as changes in the probability of report. 

Under A.1      
   

                    
 

       
   

   
 

       
                   

   
 

Now, we show the calculations of these probabilities in the following graphs 

Figure 7: Probability Charts 
(percentages) 

 

 

In spite of the high probability of being convicted once the offender is under trial (γ), the 

result of the estimations using victimization survey data put in evidence the high level of 

impunity in Mexico for the case of robbery offences since less than one percent of these 

crimes are punished (p). This is highly attributed to the low propensity to report.  

Nevertheless, the increase in the probability that reported offences proceed to trial (ψ) 

indicates that tighter attitudes of pretrial judges have increased its contribution of the 

probability of conviction (p) in previous years.  

                                                      
9
 Remember that the official index is the number of cases under criminal investigation in pretrial, thus if the 

offence does not proceed to investigation is not registered in this index. 
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III. The market of offences (Theoretical Framework) 

A. Introduction to economics of crime: Becker’s model. 

As we mentioned before, Becker’s paper was the starting point for modeling the market of 

offences formally. The intuition of the underlined model has a large amount of previous 

ideas initiated by pioneer criminologists akin to the Italian Enrico Ferri (1846-1929) and the 

French Emilio Durkheim (1858-1917). 10 

It is worthy of emphasis that we are referring to the first person in modeling under modern 

economic standards. Notice, however, that early ‘statisticians’11 such as Adolphe Quetelet 

(1879-1874) and André Guerry (1802-1866) were doing crime statistics at the beginning of 

the XIX century and they found, at least informally, important correlations between crime 

and variables such as gender and demographic distribution among others (Rodriguez-

Manzanera, 2007). 

Moreover, early economists were interested in the causality of crime. For example Adam 

Smith (1776-1937) noticed the relationship between crime, the demand of protection and 

property accumulation, William Paley (1785-1822) studied the factors of the differences in 

probability and severity of sanctions for different crimes, the utilitarian Jeremy Bentham 

(1748-1832) researched the optimal response of policy makers against crime (Ehrlich, 1996) 

and the German economist Adolph Wagner (1835-1917) was interested in finding variables 

affecting crime (Porter, 1995). 

To explain Becker’s model it is important to describe the concept of the market of offences. 

This market is formed by the supply of unlawful activities which is determined by criminals. 

On the other hand, the demand for protection is determined by noncriminal households and 

the government (named demand of crime). In other words, there is an indirect demand for 

crime, which is an inverse demand for protection and is also negatively related to the payoff 

of criminal activities (Becsi, 1999). The price of this market is analogous to the monetary net 

payoff of the unlawful activity and quantity is linked with the number of offences. 

Note that it is possible to have a negative price. This is common in crimes that do not have 

monetary gain such as pure murder in which the gain could be subjective. That is, under 

assumptions of rationality, there could be a strong incentive that gives an agent great 

nonmonetary satisfaction to commit a crime (e.g. vengeance). However, crimes committed 

under a pecuniary incentive are the offences of interest.12 

                                                      
10

 See Porter (1995) and Beirne (1987). 
11

This studies were done just around 30 years after the mathematicians Legendre and Gauss (1806 and 1809 
correspondently) parallel discover the bell curve and leas-squares methodology (Mandelbrot, 2004:33-37), 
however, their work is more descriptive rather than formal due to the lack of more advanced statistical tools. 
12

 It can be seen in some research such as Becsi (1999) that crimes akin to murder are not sensible to variables 
such as income, education and police enforcement; hence most studies focus upon property crimes and 
robbery which have more interesting properties for economists. 
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The equilibrium in a simple framework is given by both, the supply and demand of offences 

that is the result of the tradeoff between private and public demand of protection and the 

payoff of crime.  

Figure 8: The market of offences13 
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As we can see above in Figure 8, the optimum level of crime will be positive, this is due to 

the fact that deterring crime is costly and the marginal cost of protection is an increasing 

function of the number of offences. Consequently, it is not optimal to set crime close to zero 

being this, an implicit demand for crime14. In addition, notice that the private equilibrium 

has higher level of offences than the equilibrium with public enforcement (Becsi, 1999).  

B. The supply of offences 

The aggregate unlawful activities of people who allocate time to commit crime represent 

the supply of offences. The microeconomic foundation of economics of crime relays in the 

individual behavior of agents who are assumed to be rational and maximize their utility. 

Following Becker’s model, agents under uncertainty decide whether to allocate their time to 

unlawful activities or legal activities.15 The decisions depend on the tradeoff between the 

gains, cost of crime and risk aversion of the agents (assumed to be risk takers in this model). 

For robbery, the gain of crime is the expected booty that thieves could obtain. In contrast, 

the cost of crime is the income that criminals lose in case of been convicted.16 However, for 

                                                      
13

 This graph was taken from Ehrlich (1996) ideas. 
14

 See Landers and Posner (1975) for discussion of this point. 
15

 This can be criticized since, as Merlo (2001) noticed, around 71% of the people in USA were employed 
before conviction. Thus, most of criminals combine between both activities. This is extended by Ehrlich (1973). 
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Total Demand 
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crimes such as simple fraud, an interesting question for economists surges: would these be 

just simple transactions between agents in terms of social welfare? This is a question that 

Becker asked to himself and pointed that there is an implicit cost in the society in terms of 

time allocation to unlawful activities (the measure of labour value and capital input spent in 

unlawful activities).17 It is easier to think in property crimes to understand the intuition of 

these kinds of models since a limitation of economics of crime is the impossibility to 

measure the real impact of some offences in the society. 

Turning back to the model, the utility function that represents the individual decisions is 

split in two. The first part is an expected utility function weighted by the clearance rate18 

‘’ ’’ and monotonic in the payoff of illegal activities. The second part is a certain utility 

function increasing in legal activities. This can be expressed by a Neumann-Morgenstern 

utility faction as  

 (   {
   (       (      (                                       (     (   

 (                                          (     (   
          (3) 

Were    represents income obtained from illegal activities,    the obtained from legal 

activities and   the punishment derived from the current legislation (it can be thought as a 

simple fine for simplicity).19 In the case of criminal activities the marginal utility functions 

are represented by20 

  (    

  
  (       (            (4) 

  (   

  
      (                     (5) 

  (   

   
     (       (       (          (6) 

There is a consensus in criminology, penology and empirical evidence that the deterrent 

effect on individual behavior of a change in the probability of conviction is greater than the 

effect of an equal change in punishment severity21. Thus, this is usually assumed in 

                                                                                                                                                                     
16

 There is a huge literature focused on this point since there are nonmonetary implicit costs such as 
stigmatization that are not included in most of crime models (Ehrlich, 1973). For example, it has been 
calculated for USA that wages after conviction decrease around 4%-12% and it last to recover to its previous 
levels around 6 years. See Imrohoroglu, et al. (2001) for a literature review and discussion. 
17

 Although, the reduction in crime that imprisonment would produce is just mentioned but not endogenoused 
in the classical model (convicts during imprisonment cannot commit crime, at last in the society). Nowadays 
this implies that from the currently 2 million USA inmates in 2008, there would be around 27 million of crimes 
prevented following estimations of Dilulio (1996).  
18

 In this model this is analogous to       in our previews analysis.  
19

 Imprisonment can be measure by the present value of the expected forgone earnings during sentence. See 
Imrohoroglu et al. (2000) for a different treatment of individual choice allowing the special case in which a 
person earns less than the subsistence level that the level given during imprisonment. 
20

 Note that this is a very simple framework which does not take into account of costs associated with criminal 
activity such as instruments, bribes and weapons. See Becker and Stigler (1975) for an extension with bribes. 
21

 This is consistent with empirical studies, see for example Smigel (1965), Ehrlich (1967), ; However, this is 
nothing new, we can go back to the XVIII century when the Italian Cesar Beccaria who is consider the pioneer 
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economic models (mathematically speaking  
  (    

  
 

  (   

  
 ). Unfortunately, data regarding 

length of imprisonment as well as the kind of punishment determined in conviction is not 

available for Mexico by state. 

Furthermore, Becker introduces this concept through the assumption that criminals are risk 

takers (in average).22 He argues that the expected income obtained from an offense will not 

change as a consequence of an increase in   compensated with an equal drop in  . 

However, the expected utility of unlawful activity will decrease. In other words, the 

elasticity of the severity of the punishment is smaller than the elasticity of the probability of 

being convicted. We show this in the following elasticity’s formulae: 
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                   (8) 

 

and can be reordered as 

 (     (     

 
   (                     (9) 

Where the term in the left hand side is the average change in utility between      and   . 

In addition, under the risk taker assumption,      . However, note that if        the 

inequalities mentioned above would be   (       if the agent is risk avoider or       if 

the agent is risk neutral otherwise).23 

Once we have the individual behavior that represents the agents of our economy, these 

agents in an aggregate fashion will define the supply of offences which will be a function of 

    and an extra variable named   which will take into account of additional factors. Hence, 

we have the following relationship24 

      (             (10) 

where 

  

  
   

  

  
   

  

  
                 (11) 

For the econometric model constructed in this work, we consider different variables that 

have been discussed in the literature and modeled by other authors that can be included in 

                                                                                                                                                                     
of Penology Law wrote in 1763 a discussion regarding the inefficiency of punishment to deter crime and its 
consequences. 
22

 This assumption is relaxed by Ehrlich (1973) and widely discussed by Polinsky and Sharvell (1984). 
23

 In larceny, an extremely example of a risk taker would be a kleptomaniac. 
24

 Note that   ∑   
 
   where    is the offences supplied by the individual   of the n total individuals in the 

economy. 
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the variable   categorized as socio-demographic and economic factors; we explain this in 

the next section. 

C. The demand of protection and equilibrium 

In this theoretical framework, the demand of offences is determined by public and private 

enforcement. The common examples in public enforcement are the expenditures in police, 

supervision (e.g. CCTV systems) among others. On the other hand, the private sector 

expends in private police, bodyguards25, security systems, insurances, etc. Traditionally, just 

public enforcement is taken into account in econometric models due to unavailability of 

private enforcement data and Mexico is not the exception. 

There is a huge discussion on the success of different policies such as the optimum level of 

punishment, expenditures, fines and police enforcement. The main point of the debate is 

regarding the opportunity cost, the scope of the deterrent effect and the cost to the society 

of such policies. 

For example, the Bureau of Justice and Statistic of United States reported that during 2001 

the average cost per inmate in adult correctional was around $22,650 (29.5 billion US 

dollars in total) this is $100 per resident approximately. This is the same amount of money 

as the cost to send around 700,000 people to study a master’s degree in England at a top 

university every year, which would boost human capital with all its gains otherwise.26 

This is only the direct monetary cost. Additionally issues such as the impact on the family of 

the convicted offender, stigmatization, and the opportunity cost of enforcement determine 

the net cost or social cost. 

The demand of protection in Becker’s approximation is modeled as ‘activity’ (public 

enforcement). The monetary cost of such activity can be expressed as follows: 

   (             (12) 

Where, “E” is the level of enforcement in monetary terms, “O” is the level of offences, “p” is 

the provability of apprehension and “a” expresses other expenses on enforcement.27 Where 

  

  
   

  

  
   

  

  
    

   

      
   

                  (13) 

In the case that marginal cost of increasing enforcement were rising, the second derivatives 

would be strictly positive28 and, without the term a, the enforcement function would be 

strictly convex. 

                                                      
25

 This has become more common in Mexico where most of the top business man and politicians have from 2 
to 10 bodyguards who earn from £500 to £1,500 at month (without accounting captains, in case of military 
forces, and heads of a bodyguard group who could monthly earn even £3,000-£5,000). 
26

 This is based upon £22,000 yearly post-graduate scheme. 
27

 We allow the effect to be negative as well since this could include positive externalities (or external 
economies) such as private enforcement since it is not taken into account. 
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Becker focuses on 2 control variables, the probability of being convicted and punishment 

severity. Nevertheless, long term policies such as education are empirically proved to 

reduce crime29. Regarding the cost to the society of the policies mentioned before and the 

net cost of crime, Becker focuses on the minimization of a social loss function. This is 

determined by the social cost (or net cost) of crime    30, expenditures in combating 

offences     (enforcement), the social cost of the severity of the punishment    (where   is 

a parameter that approximates the real cost of the punishment f to the society)31 and   that 

represents the number of offences. This is expressed 

   (               (14) 

were 

  

  
   

  

  
   

  

   
   

  

  
         (15) 

As we have seen with some clear examples, the signs of the first order derivatives are 

straightforward.  The aim of the policy makers is to choose           to minimize the social 

welfare loss   which is assumed to be equal to the total social loss in real income from 

offences for simplicity. After policy makers determine the optimum           to 

minimize  , indirectly determine     and  . The loss function is represented by  

   (    (                       (16) 

Where      symbolize the total social loss from punishments since    is the number of 

punished offences.32 It is assumed by simplicity that offences are independent of each other 

and that p instead of E is controlled. Thus, just   and   remain in the optimization problem 

which First Order Conditions (FOC’s) can be written as33 

  

  
                           (17) 

  

  
                              (18) 

                                                                                                                                                                     
28

 See Becker’s original paper for a discussion of this issue. 
29

 However, note that these policies affect the supply of offences. In the demand are just considered 
enforcement policies. For an empirical research in this policies see Imrohoroglu, et al. (2000, 2001). 
30

    (    (   is assumed to be positive which means that the harm to the society  (     is higher 

than the gain obtained by offenders  (    . Additionally assumptions are   
  

  
   

   

     , these 

imply 
  

  
 

  

  
    and  

   

      
   

     . 
31

 The parameter   is close to zero for fines and greater than one for more severe punishments such as torture 
and imprisonment. This parameter is assumed to be constant and positive. 
32

The model is criticized by economist such as Harris (1970) and Stigler (1970) because it does not take into 
account the social cost of the possibility of convicting innocents that should be included in the loss function. 
33

 The complete derivation of the model goes beyond the aim of this work. See the original paper of Becker 
(1968) for details. 
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reordering the FOC’s,34 we obtain the equilibrium conditions 
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  ]                             
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       (20) 

The left hand side of equations (19) and (20) shows the marginal cost of changing the 

number of offences from a change in   and   correspondently. The right hand side shows 

the marginal revenue as a function of the elasticities    and    of the number of offences 

with respect to   and   correspondently. 

Note that marginal costs will be positive until   (         (      . In addition, under 

assumptions         <135, reducing offences through an increase in the probability of 

conviction p will be marginally less expensive than a decrease in the severity of the 

punishment f, thus the equilibrium Marginal Revenue (MR) from p will be lower than the 

equilibrium MR from f.  

Figure 9: The optimum level of Enforcement 

 

 

 

 

 

 

 

 

As pointed out before it is clear that MR from f will be larger than MR from p. This 

follows        and is straightforward from the assumptions made in the individual 

behavior, thus crime does not pay36. However, only the attitudes that offenders have 

toward risk can directly determine whether “crime pays”, rational public policy indirectly 

insures that “crime does not pay” through its choice of p and f (Becker, 1969). Note that the 

smaller the elasticities (assumed less than unity) the higher the optimal level of offences. 

                                                      
34

 These results come from dividing by 
  

  
     

  

  
 equations (17) and (18) correspondently. 

35
 See Becker (1968) for an example where       and other cases regarding risk preferences. Note that 

average revenue, in contrast with firm maximization, is not conditioned to be positive. However, it will be 
positive until the elasticities         were less than unity that is consistent with estimations in the field, see 

Cornwell and Trumbull (1994) and Ehrlich (1981). 
36

 This is negative expected income but higher expected utility from unlawful activities. 
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This model behaves well in explaining why serious offences are more severely punished with 

higher levels in the provability of apprehension, since the higher the damage of offences, 

the higher the marginal cost. As a consequence, higher optimal values of p and f will be 

set37. 

D. Extensions and recent models 

The following authors are considered in the literature as the pioneers of crime modeling. 

These models have being modified with new ideas, extended with more specific social 

phenomena and calibrated using advanced econometric techniques; however, the intuition 

of individual choice behavior and the basis of economics of crime remain under the original 

Beckerian paradoxes and data complexity problems.  

First, while Becker just considered the probability that the offender went unpunished (type I 

error), Harris (1970) and Stigler (1970) noticed the social cost of the possibility of convict an 

innocent (named type II error)38. The former endogenouses the legal framework (fixed in 

Becker’s model) subject to public choice and type II error in the minimization problem (loss 

function)39. The latter enriches the classical model endogenousing public enforcement 

through an "agency". In addition, he observed that the right incentives must be built 

through a correct specification of punishment scheme (marginal deterrence) due to the fact 

that offenders would commit more serious crimes otherwise. For example, assuming the 

probability of being caught fixed, if an offender who stole £100 received the same 

punishment than an offender who stole 1 million, the marginal deterrence for the one who 

stole more would be zero. However, while it is impossible to set the right punishment since 

no monetary damage in uncountable, taken into account rational enforcement would be 

optimum. 

In contrast, Ehrlich (1973) allows non-market activities and a combination of both, illegal 

and legitimate activities (instead of the limitation of the corner solutions of Becker’s 

model40) and generalizes, with similar conclusions, the classical model with time allocation 

decisions under uncertainty41 including the benefits and costs of both illegal and legal 

activities, rather than just the punishment cost. In addition, the author considers the effect 

of imprisonment in the supply of offences, which means that even if imprisonment had not 

a deterrence effect, the total number of offense might drop since, during imprisonment, 

criminals cannot commit crime (at last in the community). In contrast with Becker’s model, 

it is important to mention that the assumption that the offenders must be on balance risk 

                                                      
37

 This is discussed by Stigler (1970). 
38

 The idea is: if the severity of the punishment or the probability of being convicted increased, there is a 
growth in number of convicted innocents and consequently a loss of social welfare. Hence, rational 
enforcement (or legal safeguards) policies to avoid unfair punishment would be optimal. 
39

 These ideas were formalized by Persson and Henric (2006) who endogenous type I and II error with the 
median-voter framework on the judicial procedure, see this paper for a literature review in the field. 
40

 This means that it is just considered either to spend time on criminal or legal activities. 
41

 The more time spent in legal activities, the less time spent in illegal activities and vice versa. 
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takers is not needed in this model. Later, Ehrlich (1975) in a different approach extends the 

loss function of Becker focusing on the deterrent effect of dead penalty for murder. 

In the same year, Becker and Stigler (1975) focus on law enforcement and corruption, they 

explain with a simple dynamic model the tradeoff between the law enforcement against 

bribes (analogous to the probability of detection) and the wages paid to enforcement 

employees that discourage corruption. They criticize public enforcement arguing that the 

revenue to the enforcer is usually inferior to the fine charged to the offender that provokes 

a negative incentive and explain alternatives to this problem. On the other hand, they 

informally mentioned the role of private enforcement suggesting the privatization of public 

enforcement. 

Under some assumptions, Landers and Posner (1975) rigorously formalized these ideas; 

using the loss function of Becker they explained the market of offenses under perfect 

competition related to the market of offences and fines between private enforcers, public 

and private monopoly. They argue that there could be over enforcement under the private 

scheme since fines usually are set higher than the monetary cost to take into account no 

monetary damage. This will be the wrong signal to private enforcers which will spend more 

resources with higher clearance rate than the optimum.  

These were some of the most famous papers that are cited in most of economics of crime 

literature, more recent works can be found in Akerlof and Yellen (1994) who focus on 

organized crime (or gangs) rather than isolated criminals and extend the classical model 

(under the implicit principal agent government-criminal premise in Becker’s work) adding a 

third party, the community, who plays an important role to deter crime through their 

cooperation with the police. In other words, the criminals (the agent) will take their 

decisions based upon the probability of apprehension which in this model is not only 

determined by factors outside the criminal control (e.g. law enforcement or monitoring) but 

by the community behavior which is directly influenced by criminals decreasing the 

propensity to report (e.g. intimidation42) and the level of crime outside the neighborhood 

(tolerance of crime). This is clear in Mexico regarding federal offices because people do not 

report due to fear of reprisals. 

Modern general equilibrium models can be found in Ehrlich (1981), Furlong (1987), Persson 

and Henric (2006) and Imrohoroglu, et al (2000), the latter focuses on property crimes using 

Becker’s insights and introduce, in a static time allocation model with heterogeneous 

agents, a political economy which is ruled by majority voting monotonic in wages. They 

calibrate the model for USA data and explain the tradeoff between taxes, subsidies (aim to 

redistribution) and police expenditures.  

The main contribution of the authors is the rule of inequality (measured by the standard 

deviation in wages) in the majority voters who determine the expenditure of the 
                                                      
42

 Becker and Stigler (1975) mentioned this but did not formalized. 
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government. They find that the effect of an increase on lump-sum subsidies (analogous to 

an unemployment insurance benefit in this model) is uncertain since it depends on the 

wages distribution (inequality). For example, the median voter, to be able to expand the 

expenditures in subsidies, will be willing to tolerate higher levels of crime when the 

inequality in wages is high. Thus, the level of illegal activity could be higher in the case that 

overtakes the threshold wage level in which a person would decide to commit crime. This 

paper is extended later using a more complex dynamic general equilibrium model in 

Imrohoroglu, et al, (2001), adding the age and skill’s distribution (human capital) as well as 

the unemployment rate and stigmatization, this is an example of more recent and 

complicated models that have taken more interesting factors into account. 

As Cornwell and Trumbull (1994) documented, in spite of the good ideas that have surged, 

the econometric techniques applied to estimate the model of crime have been misleading 

for vast amount of papers including some researches cited in this work.  For example, the 

usage of OLS does not take into account the fact that enforcement and crime could be 

simultaneously determined. In contrast, some papers using 2SLS or even 3SLS ignore the 

potential unobserved heterogeneity between countries. Thus panel data fixed effects 

methodology is extremely important for applied work in the field43. These authors 

demonstrate comparing elasticities of enforcement between different researches that 

elasticities are clearly overestimated in models that ignore these potential sources of bias. 

In summary, using this methodology and testing for the potential law enforcement bias are 

crucial44.  

IV. The Data, Econometric Methodology and Estimations 

A. Problems found in crime statistics 

There are a large number of problems with variables related with economics of crime that 

affect the estimations (demand and supply side). In the following section we mention three 

principal issues that can be generally found.45  

1. Aggregation bias 

It can be found in large number of econometric models the usage of aggregated indicators 

as independent variable. This is suggested to be inappropriate since elasticities among 

different sorts of crimes widely differ. Hence, estimations that assume homogeneity of the 

coefficients among offences will suffer from bias. 

                                                      
43

 The usage of Fixed Effects methodology has become common in applied economics of crime, good examples 
can be found as well in Becsi (1999) Cherry and List (2002) and Edmark (2003). 
44

 The only variable in common between our model and their approximation is the provability of conviction 
since the severity of the punishment usually approximated by sentence length, number of police officers, 
provability of arrest as well as the provability of been imprisoned is not available for the case of Mexico by 
state. 
45

 A good summary of problems regarding crime models can be found in Ehrlich (1996). 
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For example, clearance rate vastly differs with the seriousness of the offence, in the case of 

the USA; the probability of conviction in violent crimes is around 70% while just around 22% 

for property crimes. Furthermore, it can be seen in some econometric models in which 

wrong signs in the parameters are observed that, when offences are disaggregated, the 

signs are corrected (Cherry, et al., 2002).  

2. Underreporting (measurement bias) 

As we have explained, official crime statistics are based upon reported offences, however, 

there is a large discrepancy between the rate estimations and the real rate. Some factors 

that explain this problem can be summarized as follows:  

Firstly, it is common in countries where institutions are perceived to be corrupt as well as 

for offences with low clearance rate that citizens are not willing to report46. This is worsened 

in countries with long bureaucratic processes such as Mexico where to report a simple 

offence could take more than 5 hours. This can be explained with microeconomic 

foundations in a simple way: individual expectations of the implicit cost (time) to report a 

crime is larger than the possible payoff (monetary of not) if the criminal is convicted. As an 

example, Table 1 shows the main reasons for underreporting in case of burglary for a large 

amount of countries. 

Table 1:                                                             
(             for the last incident in a period of five years) 

Mentioned reasons Percentage 

Not serious enough 34 

Police could not do nothing 21 

Police would not do anything 20 

Solved by myself 18 

Other reasons 17 

Inappropriate police 15 

My family solved it 11 

Fear/dislike to police 6 

Do not know 5 

No insurance 4 

Did no dare 4 

Other authorities 3 

  International Victimization Survey 2004-2005 published in 2007. 

  Multiple answers were allowed, percentages add up to more  

than 100%. 

Secondly, societies where organized crime or ‘gangs’ have become more intimidatory are 

less likely to report (Akerlof and Yellen, 1994). For example, in Mexican cities where drug 

                                                      
46

 For example the Latin-American cities: Sao Paulo and Rio de Janeiro, Brazil; Lima, Peru and Mexico City are 
perceived to report below 18% of the property crime offences to the police (estimations based upon five sort 
of property crimes)  were close to 50% of unreported crime were caused by inefficient or not trustily police 
perception (van Dijk, et al., 2007). 
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dealers have infiltrated the police and investigation departments, people are usually afraid 

to report some kinds of offences due to vengeance. 

Thirdly, it has been empirically proved that successful programmes specialized in victim 

attention increase the confidence of citizens to report. This is extremely important since if 

such as policy was evaluated with the number of offences, we could obtain spurious results. 

For example, after the creation of the agencies to attend victims of sexual offences in 

Mexico47, it appeared that the rate of rapes increased dramatically. Nevertheless, this effect 

was due to the fact that more women were reporting the related crimes since they received 

adequate treatment. 

It is important to mention that there can be other explanations of this type of bias such as 

cultural and socioeconomic factors. 48 For example, middle-high class citizens are more likely 

to have their goods insured. Thus, offences such as burglary in this cohort lead to a higher 

opportunity cost in case of not reporting (i.e. If the offence was not reported, the insurance 

company would not pay). Consequently, due to an economic incentive, it is common that 

most of motor theft offences and bank robberies are reported49.  

In spite of these problems, victimization surveys50 that are not based upon official reports, 

do not suffer from this kind of bias, so using this approximation of the real rate gives us 

better estimations. 

3. Simultaneity bias 

As pointed out earlier, the equilibrium of offences depends on the enforcement level to 

deter crime (demand of protection) which depends on allocations of policy makers, 

however, in the levels of crime itself (Ehrlich, 1973). This provokes a problem of simultaneity 

during modeling since enforcement (public and private) is tightened in areas with high levels 

of crime, thus enforcement could be endogenous and even report the wrong sign. For 

example, if we wanted to measure enforcement with the number of police per capita in 

some area, policy makers commonly increase the number of police officers in areas of 

conflict.  

For the reasons explained in this subsection, we take into account these 3 issues for the 

econometric model, the first one is considered taking just one offence in the model as 

independent variable taking into account the second concern using the victimization 

approximation of the real rate. The third matter is considered using econometric techniques 

such as GMM to take account of it. 

                                                      
47

 This program was launched during 1989; we thank Dr. Lima-Malvido for this contribution. 
48

 See MacDonald (1998) for a discussion and literature review. 
49

 However, this effect appears to be very small, since just 4% of a 30 countries survey answered that did not 
report due to absence of insurance (van Dijk, et al., 2007). 
50

 There are estimations of Mexico from the year 1999. The methodology is available at the web site of the 
Citizen Institute of Criminal Studies (ICESI) at http://www.icesi.org.mx 

http://www.icesi.org.mx/
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B. Variables51 

The Data were collected for the 31 states of Mexico and the Federal District for the years 

2000 and 2004. The independent variable is robbery offences per 100,000 inhabitants 

measured by victimization surveys. The variables of interest are principally the set of 

enforcement variables, described in our model as expenditures in public enforcement and 

the probability of conviction composited by the 3 probabilities explained in section 2. 

Furthermore, we use as control variables socio-demographic factors such as population 

density, differences in gender education with some insights of Seals and Nunley (2007) and 

drug consumption following Moffatt (2005) ideas; we control for the labour market 

structure through temporal and permanent employees, unemployment, education, 3 labour 

indexes and rural labour participation. In addition, we control for economic variables such as 

GDP per capita, poverty, private average wages and taking some ideas of Imrohoroglu, et al 

(2000, 2001) Gini coefficient. These control variables are expected to account for 

opportunities and return of legal and illegal activities to produce unbiased estimators of law 

enforcement. 

C. The econometric model 

Panel Data techniques are applied for this research since we have 2 time periods (2000 and 

2004). We use these years due to the schedule of national surveys. Traditionally, the 

appropriate methodology that should be used in panel data relays in the orthogonal 

conditions between the explanatory variables and the unobserved heterogeneity across 

states.  Consider the following model 

                  t=1, 2,…, T      (21) 

                    (22) 

where    denotes the unobserved state heterogeneity that do not change over time,      

represents the composite error and     the idiosyncratic disturbance. Under additional 

conditions, if the explanatory variables are orthogonal to the unobserved effect, more 

precise  (         (     , Random Effects (RE) model estimated by Feasible General 

Last Squares (FGLS) is consistent and efficient.52 

Although, if this condition does not hold, Fixed Effects (FE) models are able to produce 

unbiased estimators once rank condition and the strict exogeneity assumption hold. FE 

methodology allows controlling for unknown time-constant variables that would affect our 

estimations otherwise. 

One procedure to eliminate the unobserved effect is known as the within transformation, 

however, FE procedures are not without any cost; a pitfall of this methodology is that we 

                                                      
51

 The full set of variables used in the econometric model is explained in Table 8 of the appendix and 
summarized in Table 9: Variables SummaryTable 9. 
52

 FGLS must be utilized since serial correlation would be present in the composite error leading to inefficient 

OLS estimations. See Wooldridge (2002) for a full explanation of this point. 
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cannot estimate the effect of variables that do not change over time. Let us explain this 

more carefully, from equation (21) and (22) we obtain  

                                        
53    (23) 

Now we transform the equation to cancel the unobservable    in 2 steps. Firstly, we define 

the demeaned equation as54 

 ̅    ̅      ̅        (24) 

where all variables are expressed as their time average. Thus the sub index t is eliminated. 

Secondly, we subtract equation (24) from the structural equation (23) to obtain the within 

transformation 

     ̅   (     ̅   (            ̅        (25) 

or 

 ̃     ̃    ̃       (26) 

Note that the variable    has been canceled out in the subtraction. This model uses the 

variation from the mean within each cross sectional observation (state). RE uses a similar 

procedure where variables are quasi-demeaned from equation (21) by 

    (
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  with the asymptotic estimator  ̂    (
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      (27) 

I addition, it can be shown that  ̂ 
   ̂ 

   ̂ 
   Notice that FE assume   

  large relative to   
  

so  ̂   . In contrast, if    ̂    the equation is quasi-demeaned and usually named 

random effect estimators (using FGLS). Finally if  ̂    pooled OLS can be used since     
  is 

relatively trivial so     .  

Hence, it is important to estimate   to see the relation of the available methodologies. Now 

we proceed to estimate the model with different techniques to test which should be used, 

this can be appreciated in Table 2 (Next Page). 

  

                                                      
53

 This equation could allow for different slopes and intersections across time. 
54

Other procedures imply differencing the structural equation, however, the within estimator and estimations 
obtained using first difference lead to the same results since we have just 2 periods (Wooldridge, 2006). 
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Table 2: Regressions set 1 (Robbery)  
(All variables are expressed in logarithm form with exception of GDP per capita and Gini coefficient) 

Variable   POLS ML RE FGLS RE          FE  Robust 

FE 

     ( ̂) -0.671 *** -0.671 *** -0.340 *** -0.201 ** *** 

 l   ( ̂) -0.473 *** -0.473 *** -0.296 *** -0.166 ** *** 

     ( ̂  0.431 ** 0.431 ** -0.247 ** -0.208 ** ** 

Expenditures 0.137   0.137  0.243 ** -0.438 ** *** 

GDP per capita (in levels) 0.005   0.005  0.002   -0.022 *** *** 

Drug Addicts 0.111 ** 0.111 ** 0.110 ** 0.251 *** *** 

Drugs Dummy -0.067   -0.067  -0.050   -0.174 ** *** 

Temporal Employees -0.133   -0.133 * 0.002   0.045   ** 

Permanent Employees 0.699 * 0.699 ** 0.003   -0.236     

Gini Coefficient (in levels) 1.497 ** 1.497  0.682 ** 0.841 ** *** 

Poverty 0.003   0.003  0.011   0.008     

Labour index 2 0.215 * 0.215  0.051   0.115 * * 

Labour index 3 0.096   0.096  -0.045   -0.037     

Labour index 4 0.417   0.417  0.002   -0.102     

Private Wage 0.576   0.576  0.633   0.831 ** ** 

Gender Education Ratio F/M 5.321 *** 5.321 *** 3.499 *** 1.090   ** 

Density -0.067   -0.067  0.034   -1.525 ** *** 

Rural Labour Participation -0.072   -0.072 * -0.034   0.127   ** 

Education 2.379 * 2.379 ** 0.453   -0.794 * ** 

Unemployment -0.357 ** -0.357  -0.017   0.024     

Constant -1.320   -1.320  2.260   12.28 *** *** 

F-statistic/X^2 20.48 
 

 150.65 86.62 
 

6.13 
  

Probability (.05) 0.000 
 

 0.000 0.000 
 

0.001 
  

R-squared  0.861 
 

  
     

R-within   
  0.638 

 
0.911 

  
R-between   
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 0.182 0.035 

 
0.035 

  
RSS 2.122 

 
  

  
0.014 

 
0.014 

N=64   
  

     
  Here and elsewhere in this article, asterisks ***, ** and * denote rejection at the 1%, 5% and 10% critical values respectively. 
                       (                                                

To choose the right methodology first we evaluate the presence of heterogeneity across 

states. Intuitively, there is likely to be vast amount of heterogeneity factors across states 

that do not change over time. For example, estates that are usually in the border with the 

United States are more likely to have high levels of crime due to the fact that organized 
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crime historically has concentrated in the north of the country for drugs and contraband 

strategic issues55. Other factors could be cultural, historical and geographical issues that 

affect criminal conduct. 

We fail to reject the null         , evaluating state heterogeneity through the Lagrange 

Multiplier (LM) test proposed by Breusch Pagan (1980). However, this is not consistent with 

the value obtained for  ̂      suggesting that fixed effects estimations should be similar to 

RE estimators. This suspicion is consistent with a similar test calculated by maximum 

likelihood form the model labeled ML RE in Table 2 that soundly rejects the null         . 

Moreover, it can be shown constructing the dummy variable model that heterogeneity 

across states is both individually and jointly significant. The latter was tested with the F test 

statistic suggested by Greene (2002, 289)56 with null    (      that is rejected by a  

 (               with probability 0.0000 or well a    
        with the same probability. 

Finally, comparing POLS estimations with RE, it is easy to see that the results broadly differ, 

consequently, these evidences lead us to believe that conventional Pooled OLS would be 

inappropriate.  

Secondly, we evaluate the properties of state heterogeneity through the test proposed by 

Hausman (1978) and its extensions based upon probabilistic differences between the within 

(FE) and FGLS (RE) estimators57 assuming strict exogeneity  (                    in both 

models. In other words we are testing     (       . 

Table 3:             s 

Hausman test    Prob 

STATA     

  Default 15.11 0.770 

  Sigmamore 35.55 0.012 

  Sigmaless 110.69 0.000 

Eviews 110.89 0.000 

According to the results, the default Hausman test computed by STATA fails to reject the 

null hypothesis suggesting that differences between FE and RE estimators are not 

statistically significant58. In contrast, Eviews reports rejection of the null that is consistent 

using the same error variance estimator to construct the covariance matrices (RE for the 

sigmamore extension or FE for the sigmaless case in STATA) we strongly rejecting the null. 

                                                      
55

 See the map at the appendix. 
56

 This is constructed from the dummy variable model. 
57

 It is important to mention that we call FE or RE estimators to the estimators obtained from FE and RE 
models. The methodology used to calculate the estimators is FGLS and OLS. 
58

 In addition, the matrix     ( ̂  )      ( ̂    resulted not positive definite. 
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This suggests a possible Type II error in the STATA default test due to poor sample 

properties.59  

Moreover, negative correlation of individual heterogeneity is reported by STATA to be on 

average     (               . Hence, with the available information we conclude 

that there is not enough evidence to reject the presence of unobserved effects that are 

correlated with the explanatory variables. Thus, FE methodology is followed. 

To conclude this subsection we evaluate normality of the residuals since large amount of 

tests rely on this assumption. We use the classical test proposed by Jarque, Carlos, and Bera, 

Anil, (1980) concluding that we cannot reject that our residuals are normal distributed in 

spite of little left-skewness. 

Figure 10: Normality Tests 

 

 

1. Properties of the within group (FE) estimator 

In this subsection we proceed to implement the corresponding tests to evaluate the chosen 

model, the first step is to define the assumptions that the within group estimators (FE) 

should fulfill.60 

Assumption FE. 1  (                                    

Assumption FE. 2     [ ( ̃   ̃ ]    (K exogenous variables) 

Assumption FE. 3  (    
          (       

    

                                                      
59

For an exhaustive discussion of the pitfalls and advantages of alternative tests that are available using STATA 

using Monte Carlo simulations see Chmelarova (2007). 
60

 The assumptions were taken from Wooldridge (2002). 
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A.FE.1 assumes strict exogeneity, since we are using just 2 periods we do not have to worry 

testing neither for serial correlation61 nor for lagged explanatory variables. In addition, 

A.FE.2 holds since we did not have any problems during calculations62. If A.FE.1 and A.FE.2 

hold, our model is consistent. However, as we pointed out before, there is a potential 

problem in econometric models regarding simultaneity bias of law enforcement. Hence, it is 

crucial to test whether our variable labeled “Expenditures” is exogenous or not. 

This variable is constructed by the addition of 2 budgets, the federal one and the state 

budget for public security. The former is just assigned based upon uninteresting 

administrative rules. In contrast, the latter is determined by the following formulae 

                                          (28) 

Where     = Country-State contribution to total population 

    =                

   = Country-State contribution to robbery, assault and murder 

   =Country-State contribution to the aggregated reported crimes 

   = Country-State contribution to kidnapping and bank robbery 

    = Country-State contribution to total jail population 

  = Advance in the National Program of Public Security (complicated 

formula). 

   = Investment in Special Projects 

 

The first three variables     are available with the exception of bank robbery, hence under 

some assumptions63 we can use them as instrumental variables to see whether 

expenditures are exogenous or the structural equation suffers from simultaneity bias.  

Intuitively, we expect this sort of bias to be null, since this formula is calculated from 

reported offences. We highlighted “reported”, since our independent variable is based upon 

victimization surveys and not by reported crimes. Note that these 2 variables follow 

different fashions and are influenced perhaps by similar factors but in a very different way. 

                                                      
61

 See Arellano (2003:14) and Wooldridge (2002:274). 
62

 A.FE.2 will not be violated until we do not choose variables unwisely (e.g. a lineal transformation of other 
variable). 
63

 None of these variables are significant in the structural model. 
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For example, reported crimes are clearly affected by the confidence to the authorities while 

victimization rates are not, this is one of the advantages of choosing the latter methodology.  

Table 4 shows the Two Stages Generalized Method of Moments (2SGMM) estimations to 

have larger information of the alternative methodology rather than just testing with a 

simple 2SLS the validity of our Instrumental Variables (IV) since we have heteroskedastic 

disturbances that make 2SLS suboptimal64. In spite of this we show both estimations for 

comparison purposes.  

Table 4: Regressions set 2 (Robbery) 
(All variables are in logarithm form with exception of GDP per  

capita, Gini coefficient and Kidnapping contribution) 

Variable Robust FE 2SLS 2SGMM 

     ( ̂) -0.201 *** -0.199 *** -0.200 *** 

 l   ( ̂) -0.166 *** -0.163 *** -0.160 *** 

     ( ̂  -0.208 ** -0.206 *** -0.220 *** 

Expenditures -0.438 *** -0.486 ** -0.469 *** 

GDP per capita -0.022 *** -0.023 *** -0.023 *** 

Drug Addicts 0.251 *** 0.258 *** 0.271 *** 

Drugs Dummy -0.174 *** -0.181 *** -0.170 *** 

Temporal Employees 0.045 ** 0.048 ** 0.035 ** 

Permanent Employees -0.236   -0.234   -0.288   

Gini Coefficient 0.841 *** 0.872 *** 0.991 *** 

Poverty 0.008   0.008   0.016 * 

Labour index 2 0.115 * 0.123 ** 0.109 * 

Labour index 3 -0.037   -0.036   -0.067 ** 

Labour index 4 -0.102   -0.115   -0.171 ** 

Private Wage 0.831 ** 0.816 *** 1.034 *** 

Gender Education Ratio F/M 1.090 ** 1.007 ** 1.437 *** 

Density -1.525 *** -1.616 *** -1.776 *** 

Rural Labour Participation 0.127 ** 0.134 ** 0.090 ** 

Education -0.794 ** -0.817 ** -0.658 *** 

Unemployment 0.024   0.026   0.033   

Constant 12.28 ***         

              

log (  ) NA   Excluded IV Excluded IV 

log (  ) NA   Excluded IV Excluded IV 

log (  ) NA   Excluded IV Excluded IV 

Kidnapping contribution NA   Excluded IV Excluded IV 

Log(    NA   Excluded IV Excluded IV 

RSS 0.014   0.014    0.017   

N=64 
      

                                                      
64

 The efficiency of our estimators is discussed later. 
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Table 5: 2SGMM Tests 

Test Value Prob Critical value 
Partial Shea R2 0.248 NA   

Anderson-Rubin Wald test   
   45.48  0.0000   

Stock-Wright S statistic   
   13.60  0.0219   

              (     test  .70 .64    

Underidentification Kleibergen-

Paap LM   
  

8.14  .1487    

Hansen J statistic 10.49 .0329     

Weak instruments Kleibergen-Papa 
/ Stock-Yogo critical value at 30% 
maximal IV relative bias 

.7 0   5.25 

Endogeneity C type test   
   

(                              
.012 .9916 

 

 

The partial    proposed by Shea (1997) reports a low independent relation between 

excluded instruments and the suspected endogenous variable in the first stage; this can be 

attributed to the fact that our IV just take into account states expenditures (no federal). In 

addition, the Wald test regarding weak instruments of Kleibergen-Paap (2006)65 suggests 

that our instruments are especially weak, so there is not gain using GMM methodology with 

this set of excluded instrument (note that the F statistic is below the critical value at 30% 

maximal IV relative bias). 

Since we suffer from weak instruments, using both the Anderson-Rubin Wald test and 

Stock-Wright S statistic that are robust to this problem indicate an identification problem in 

our equation. This is consistent with the low F statistic of excluded IV in the first stage that 

can be attributed to the low correlation of our instruments with the suspicious variable. In 

addition, using the Wald test for the jointly significance applied for the omitted instruments 

in the structural equation indicates that the IV are not correlated with the disturbance 

(omitted from Table 5: 2SGMM Tests). 

Moreover, Kleibergen-Paap LM (and Wald) test fails to reject the null of under-identification 

suggesting that in spite of the fact that we have more excluded instruments than 

endogenous variables, the set of IV is not relevant66 . In addition, this is consistent with the 

rejection of the Hansen “J” test. 

                                                      
65

 We do not use the Cragg-Donald Wald statistics, Anderson LM and Sargan test due to presence of 
heteroskedastisity. Note that all the tests used in this section are robust; see STATA help for the command 
ivreg2 for details (estimations were obtained using the command xtivreg2 available in STATA). 
66

 We used Baum, et al (2003) for the description of this test. 
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Finally, we use an endogeneity test that is analog to the “C” statistic based upon differences 

of Sargan-Hansen tests67 indicating that the exogeneity null for “expenditures” cannot be 

rejected which is consistent with our hypothesis. 

Summing up, there is not enough evidence to reject expenditures to be treated as 

exogenous. In other words, there is no signal that enforcement expenditures are 

simultaneously related with the robbery index estimated by victimization surveys. Thus, 

using 2SGMM would not lead to more efficient estimators. 

Returning to the FE assumptions we have discussed A.FE.1- A.FE.2 for consistency, now we 

explore assumption A.FE.3 regarding efficiency of the estimators. Since we are using panel 

data structure, to fulfill the efficiency condition we have to check three different problem 

sources: serial correlation, groupwise heteroskedasticity and cross–sectional correlation. 

However, since we have just 2 cross sectional equations (   ) this is reduced to check for 

simple groupwise heteroskedasticity68. 

Following this, Table 6  shows a summary of the residuals constructed from the dummy 

variable model. No surprising, using the modified Wald test for groupwise homoskedasticity 

gives us strong rejection of the null (   
                     ). This suggests 

 (                 that can be mitigated using the robust variance matrix suggested by 

Arellano (1987) when N is large enough relative to T and asymptotically valid for fixed T 

when    69. 

Table 6: Summary of Residuals  

State 
Std. 
Dev. 

State 
Std. 
Dev. 

State 
Std. 
Dev. 

State 
Std. 
Dev. 

1 0.0031 9 0.0098 17 0.0063 25 0.0008 

2 0.0025 10 0.0033 18 0.0120 26 0.0041 

3 0.0095 11 0.0222 19 0.0074 27 0.0344 

4 0.0302 12 0.0072 20 0.0120 28 0.0510 

5 0.0010 13 0.0081 21 0.0027 29 0.0159 

6 0.0141 14 0.0337 22 0.0175 30 0.0169 

7 0.0053 15 0.0376 23 0.0195 31 0.0343 

8 0.0354 16 0.0407 24 0.0126 32 0.0113 

  Frequency of 2, total std. Dev.= .01507464. 

                                                      
67

 This test is provided by STATA by the command “endogtest” and is robust to heteroskedasticity in contrast 
with the Durbin-Wu-Husman test. 
68

 This is because when     after the within transformation the remaining 2 equations are a lineal 
transformation of the other, thus is similar to having the information of just one cross sectional equation. This 
would be similar to apply first deference in which remains just one equation (Arellano, 2003). 
69

 This robust variance estimator is     ̂( ̂  )  ( ̃  ̃)(∑  ̃   ̃  ̃   ̃ 
 
   )( ̃  ̃) where  ̃   represents the 

residuals of the transformed model shown in equation (26). 
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Having evaluated our model, we proceed to show in Table 7 our final regressions excluding 

redundant control variables.70 Model one is derived from our previews model named 

Robust FE with the probabilities explained in section 2 and Model 2 is the constructed using 

the unconditional clearance rate p. 

Table 7: Final Model 
(All variables are expressed in logarithm form with exception of GDP per capita and Gini coefficient) 

Variable Model 1 Model 2 

     (θ̂) -0.200 ***     

 l   ( ̂) -0.161 ***     

     (γ̂  -0.207 ***     

     ( ̂      -0.170  *** 

Expenditures -0.415 *** -0.392 *** 

GDP per capita -0.022 *** -0.020 *** 

Drug Addicts 0.233 *** 0.212 *** 

Drugs Dummy -0.154 *** -0.163 *** 

Temporal Employees 0.058 *** 0.060 *** 

Gini Coefficient 0.771 *** 0.703 *** 

Labour index 2 0.135 ** 0.131 ** 

Private Wage 0.733 *** 0.706 *** 

Gender Education Ratio F/M 0.889 ** 0.848 ** 

Density -1.314 *** -1.246 ** 

Rural Labour Participation 0.173 *** 0.174 *** 

School -0.890 ** -0.852 ** 

Constant 11.55 *** 11.39 *** 

RRS 0.017 
 

0.020 
 

N=64 
    

 

As we can see in the preview table, we obtained the expected negative elasticities in the set 

of enforcement variables consistent with theory; the sign of the control variables is 

straightforward with the exception of both the average wage in the private sector labeled 

“Private Wage” and population density. 

The elasticities of enforcement clearly emphasize the importance of the budget given to the 

states and the federal forces; we argue that the latter is explained by external economies of 

scale since these authorities do not pursue these kinds of offences, however the presence of 

the federal police in the street has a negative effect in the incentives to commit crime71. 

The coefficient of the probabilities regarding enforcement is lower than the elasticity of 

expenditures. If the propensity to report grew 10%, this would have a negative effect to 

                                                      
70

 The jointly F test statistic indicates that the null in both models cannot be rejected for the variables that are 
not significant in the regression labeled “Robust FE”. Further, informal economy controls (labour index 3 and 
4) resulted no significant when we dropped the former variables, this is explained later. 
71

 Note that we use the word crime in this part of the document regarding robbery. 
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commit robbery of around 2%. On the other hand, the severity of the judges in pretrial and 

trial would have a deterrent effect of 1.6% and 2% respectively in a similar change. In 

contrast, Model 2 indicates that around 1.6% of robbery offences would be deterred if the 

unconditional probability of conviction were increased in 10%.72 

In addition, some controls have interesting considerations; following Moffatt (2005) we 

found a positive effect in drug consumption. As being observed in our model, there is a 

dummy variable labeled “Drugs Dummy”, this variable was included after the within 

transformation as a control for the unbalance panel data generated by the variable that 

control for Drug Addicts (where 8 values were missing), the interpretation of this variable is 

that due to the fact that the data were taken from addiction treatment centers, states with 

low levels of addicts do not join the program of this special centers that is reflected in the 

sign of this binomial variable. In other words the 8 states with lower levels of drug 

consumption have on average .15% less robbery73. 

On the other hand education appears to have a strong negative effect close to 1 by 1 

percent against these offences. In addition, if GDP per capita increases in average 50 pounds 

(1,000 pesos)74 there would be a drop of crime of around .022%. In contrast, this is not 

consistent with wages in the private sector with a misleading elasticity of .733. In theory this 

could be explained going back to equation 3 (page 15), note that an increase in income 

could rise    and   . Let us explain this more carefully, an increase in income deter crime 

due to better opportunities in legal activities, on the other hand, this increases the expected 

theft income (expected booty), thus, the final effect in crime depends on the strongest 

effect in the respective utilities. In spite of this, this argument is not really convincing, 

perhaps the misleading sign could be due to the labour’s earning structure between the 

private, public and informal sector or due to wages aggregation. We conclude that larger 

series are needed to do inference for this variable. 

Moreover, the coefficient of density population has the wrong direction. We argue that 

density population is not a proper indicator of urbanization. Mexico, especially in the north, 

has long extensions of uninhabited desert and these are the most popular states regarding 

crime, thus it would be better to use a different proxy of the percentage of people leaving in 

cities. However, this is consistent with the variable regarding rural labour participation since 

less urbanized states have higher share of people working for the agricultural sector. For this 

reason, it could be possible that there are higher levels of crime in rural areas in Mexico 

across states. 

                                                      
72

 This elasticity is according with assumptions made in the Beckerian model regarding elasticities    and   ; 

however, is not possible to estimate    due to data unavailability. Note that      . 
73

 We would like to thank Dr. Jennifer Smith for her advice in this point. 
74

 This variable is used at levels in the equation and is measured in thousands of pesos to avoid a very little 
coefficient. Note that the variables used at levels were not significant in logarithm form. 
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Furthermore, the positive sign of gender differences in education can be explained by 

arguing that the higher share of females in the labour market, the less opportunities 

available for males who are the most likely to commit crime. Following this, more educated 

females in comparison with males leads to less employment opportunity for males. Note 

that this is the opposite of the results of Seals and Nunley (2007) for the same offence. 

In addition, the remaining labour market variables behave in the expected direction. 

Temporal employees who do not have a contract are more likely to commit robbery due to 

the absence of stability in their work that gives an elasticity of .058. This is consistent with 

labour index 2 that measures the percentage of people employed under critical conditions 

with elasticity of .135. In addition, rural labour participation that traditionally represents the 

population with the worst labour conditions and salaries in Mexico is consistent with a 

positive elasticity of .17. 

Finally, the Gini coefficient regarding income inequality has a positive coefficient of .711 

which means that if the coefficient decreases in ten units75, robbery would drops in 

approximately 7.11%. Note that the introduction of this variable is crucial, since GDP and 

other variables are not good estimators of the median income since it is not weighted to 

take into account extremely reach people leading the coefficients to be misleading. For 

example, GDP per capita could increase but has a positive effect in crime if this increment 

were allocated just in the higher part of the income distribution. Perhaps, this could be 

happening with our variable private wages since we do not have a good indicator of 

inequality for this sector. 

Regarding the excluded variables, all of them have the expected sign but without power to 

explain robbery. According with vast literature in the field, no surprising we found 

unemployment and opportunities in the formal sector (permanent jobs) no significant. 

According with Chapman, et al. (2002) this could be because long term unemployment 

disaggregated by gender and age distribution should be used instead; however, there is not 

disaggregated data for the case of Mexico.  

Additionally, the proxy variable of poverty appears to have no power to explain rubbery 

suggesting that, in reality, perhaps the poorer people is not the cohort more likely to 

commits robbery, this would have opposite conclusions to the classical model of crime; 

however, this could be due to the fact that the poorest communities in Mexico are isolated 

or Indian communities that have totally different culture, rules and even laws that are 

respected by the government.76 

Finally, once we drop these 3 variables, opportunities in the informal sector (labour index 2 

and 3) have not power to explain robbery anymore. We argue that, even if the former 

variables are not significant, we should consider the model labeled “Robust FE” as well since 

opportunities in the informal sector have power to explain the variable of interest once we 

introduce this controls.  

                                                      
75

 This is .1 since the variable is expressed at levels (in decimals). 
76

 We did not include this variable due to the fact that Indian population is just available for 2000. 
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V. Conclusions and remarks 

For the case of robbery in Mexico the economic model of crime behaves in the same way 

that is suggested by the literature in the field. However, with the exception of Cherry and 

List (2002), the estimated elasticity of the probability of conviction appears to be too low in 

contrast with estimations made to other countries and offences77. This can be due to the 

fact that we used a better estimation of crime and the proper methodology. On the other 

hand it could be explained by the behavior of Mexican criminals towards risk, which means 

that, on average, Mexican criminals are higher risk takers than offenders in other countries. 

Expenditures have higher effect than all the estimated probabilities suggesting that indeed 

more resources designated to the states and the federal agencies have a deterrent effect of 

.4% for an increase of 1 percent in the aggregated budget78. In addition, we did not find any 

signal of simultaneity bias in the suspicious variable; this can be attributed to the fact that 

expenditures are based upon reported crimes rather than victimization surveys.  

Unfortunately, there is not available data with respect to punishment severity; hence it is 

not possible to explore the elasticity of  79 and its correspondence with the probability of 

conviction of the Beckerian Model. Nevertheless, new laws have been created recently 

regarding crime statistics in Mexico80; for example, nowadays the number of arrests by state 

must be systematically recorded. Thus, in a few years it will be possible to build better 

econometric models to know more about the efficiency of the criminal process and the law 

enforcement for deterring crime. 

Moreover, the control variables suggest that higher education and smaller inequality would 

have larger effect than direct enforcement measures. Though, we argue that this is more 

expensive and difficult goal to achieve since it is more politically profitable to invest in short 

term programs to drop crime rather than long term educational projects. The question that 

                                                      
77

While our estimation of          ,  Orsag (1973) estimated         (      and          (     

for felonies across US states; Trubull (1989)          (     for overall offences in the USA (Cornwell, et al., 

1994); Cornwell and Trumbull (1994)          (         and         (    for the FBI index; Edmark 

(2003)           (    for property crimes and           (    for robbery in the USA. However, 

Cherry and List (2002) using (FE) estimated           for robbery in the USA, similar to our estimations. 
78

 Note that all our variables regarding monetary units are in real terms.  
79

 Estimations and discussion of     can be found in Levitt (1996). 
80

 We are referring to the law approved in the 3th of January 2009 named “General Law of the National Public 
Security System” in which the National Information Center of Public Security was created. 
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arises with our model is the related to the average private sector wage which posses a 

misleading sign and doubtfully interpretation. Thus, this research could be extended with a 

deeper study in the labour market since there are richer data by state in this market and 

other offences.81 

Finally, the difference in the coefficients using simple OLS and fixed effects strongly remarks 

the conclusions of Cornwell and Trumbull (1994): ignoring the unobserved heterogeneity 

across states strongly biases the estimations. This can be observed in Table 2 where 

enforcement OLS elasticities are around 2 or even 3 times higher in the case of the fist 2 

probabilities with misleading sign in enforcement expenditures and the conditional 

probability of conviction. Hence, we conclude that the usage of fixed effects in estimating 

the model of crime is crucial. 

  

                                                      
81

 The interpretation of the estimated elasticities in this work should be taken with caution since to achieve 
robust estimations of the model of crime would imply having larger period samples for each state. 
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VI. Appendix 

A. The criminal process in Mexico, crime indexes and the probability 

correspondence between indexes. 

Figure 11: The Criminal Process in Mexico and Crime Indicators82 

 

  

                                                      
82

 This table is just valid under Assumption A.1. 
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Figure 12: Correspondence between Indexes83  

 

Figure 13 

This can be represented as follows, 

          

Where 

A=Real Crime Rate (all offences) 

B= Victimization Survey Index (VSI) 

C=Official Crime Index (OCI) 

D=Legal Crime Index (LCI) 

E=Number of Convicted Criminals (NCC) 

 

If A is our universe it can be shown by set properties  

                 

                                

                                  

  

                                                      
83

 It is important to review our assumptions in section II, B. 
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B. Variables Index 

Table 8: Variables Index84 

Variable Description Construction Units before log Source 

Robbery85 Robbery 
Robbery per 100,000 inhabitants 
base upon victimization surveys 

x100,000 
inhabitants 

Estimations of the 
Institute of Criminal 
Studies (ICESI) 

Expenditures86 
Enforcement 
Expenditures 

Expenditures of the State in Public 
Security. This was constructed as 
the addition of federal and state 
enforcement expenditures. 

x1,000 pesos 

Ministry of Finance 
and Public Credit 
(SHCP) and Mexican 
Congress Special 
Report 2006 

     ( ̂) 
Probability of 
Report  

Proxied by the Ratio of the official 
index (Reported Crimes) to 
Victimization survey estimations of 
the real robbery rate. Important: 
see assumption A.1. in Section II.B. 

decimals 

Estimation based 
upon ICESI and 
Bureau of Statistic 
(INEGI) databases 
and Presidential 
Reports. 

 l   ( ̂) 

Probability that the 
case proceeds to  
trial conditional to 

    

Ratio of the number of cases sent 
to trial to the official index 
(Reported crimes) Important: see 
assumption A.1. in Section II.B. 

decimals 

Estimation based 
upon ICESI and 
INEGI's databases 
and Presidential 
Reports. 

     ( ̂  

Provability of 
Conviction 
conditional to 

    

Ratio of convicted criminals to the 
number of cases sent to trial 

decimals 

Estimation based 
upon ICESI and 
INEGI's databases 
and Presidential 
Reports 

GDP per capita GDP per capita State GDP/State Population 
pesos x1,000/ 

state population 
INEGI 

Drug Adicts2 Drug Addicts 

Proxy as the number of addicts 
registered in addiction treatment 
centers per 100,000 inhabitants 
(gaps=0) 

x100,000 
inhabitants 

Juvenile Integration 
Centers (CIJ) 

Drugs Dummy 
Control to Balance 
Panel 

D=1 for missing values in the Drug 
Addicts variable, D=0 otherwise 

Binomial 
Variable 

NA 

Temporal 
Employees 

Employees without 
a formal contract 

Employees without a formal 
contract over  Economic Active 
Population (EAP) 

decimals 
Reports of the 
National 
Employment Survey  

                                                      
84

 All variables are in natural logarithms with exception of GDP per capita, Gini coefficient and the excluded 
instrumental variable “kidnapping contribution”. Note that the order of this table follows the order of the 
variables in the regressions showed in tables 2, 4 and 7. Data available under request in any format at 
luis.academic@gmial.com  
85

 Population projections of the Institute of Criminal Studies (ICESI) were used to weight variables when 
necessary. 
86

 All variables regarding monetary units were adjusted by the Consumer Price Index. 

mailto:luis.academic@gmial.com
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Variable Description Construction Units before log Source 

Permanent 
Employees 

Formally Employed 
Percentage of the employed people 
with a formal contract 

decimals 
Reports of the 
National 
Employment Survey  

Gini Coefficient 
Inequality 
measurement 

Gini Coefficient decimals 

Based upon Sánchez-
Almanza (2006) and 
the Educational 
Panorama Report, 
Ministry of Education 
2004. 

Poverty Poverty (Proxy) 
% of People earning less than the 
minimum wage 

decimals 
Annual Presidential 
Reports 

Labour index 2 
Workers under 
critical conditions 

Percentage of the occupied people 
that takes account of people 
working less than 35 hours at week 
due to  Labour Demand, workers 
earning less than the minimum 
wage and working less than 35 
hours and people working more 
than 45 hours at week who earn 
less than 2 minimum wages. 

decimals 
National 
Employment Survey 
Reports 

Labour index 3 
Proxy of the 
Informal Sector 

Percentage of the occupied people 
that work in the street without a 
fixed place (informal sector) 

decimals 
National 
Employment Survey 
Reports 

Labour index 4 
Proxy of the 
Informal Sector 

Percentage of the occupied people 
that work in the informal sector 
(no agricultural), without a formal 
contract and without medical 
insurance. 

decimals 
National 
Employment Survey 
Reports 

Private Wage 
Daily Average Wage 
of the Private Sector 

Daily Average Wage of the Private 
Sector that is legally registered and 
subscripted to the National Health 
System (IMSS) 

Pesos 
Annual Presidential 
Reports 

Gender School 
Ratio F/M 

Differences in 
Education between 
Genders 

Ratio of people under 25 years that 
is studding Females/Males 

decimals UNDP 

Density Population Density People per km2 levels INEGI 

Rural Labour 
Participation 

Proxy variable of 
Urbanization 
(inverse) 

Ratio of people working in the 
Rural Sector to EAP occupied 
people 

decimals 
National 
Employment Survey 
Reports 
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Variable Description Construction Units before log Source 

Education 
Education Average 
Level 

Education index that takes account 
of illiteracy, percentage of people 
over 25 years without school and 
percentage of people under 25 
years that is currently studying. 

decimals UNDP 

Unemployment Unemployment  
Ratio of people searching for a job 
over EAP  

decimals 
Reports of the 
National 
Employment Survey  

Log(p) 
Provability of 
Conviction 

The probability of conviction is 
equal to the product of the 3 
probabilities described earlier. 

This is        Appling 
logarithms:  
   (      (      (       (   

decimals 

Estimation based 
upon ICESI and 
INEGI's databases 
and Presidential 
Reports. 

log (  ) 
Excluded 
Instrumental 
Variable I 

Country-State contribution to total 
population 

decimals ICESI Reports 

log (  ) 
Excluded Inst, Var. 
II 

Country-State contribution to 
robbery, assault and murder 

decimals ICESI Reports 

log (  ) 
Excluded Inst, Var. 
III 

Country-State contribution to the 
aggregated reported crimes 

decimals ICESI Reports 

Kidnapping 
contribution87 

Excluded Inst, Var. 
IV 

Country-State contribution to total 
kidnapping 

decimals ICESI Reports 

Log(    
Excluded Inst, Var. 
IV 

Country-State contribution to total 
jail population 

decimals ICESI Reports 

 

  

                                                      
87

 We did not use in this variable in logarithms due to the fact that, apparently, some states have zero 
contribution (zero kidnappings). 
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C. Variables Summary 

Table 9: Variables Summary 

Variable 
 

Mean Std. Dev. Min Max 
 

Obs. 

                
Robbery overall    6,650     4,007       1,039     19,046    N =      64 
  between      4,028       1,070     19,038    n =      32 
  within          303       5,852       7,448    T =       2 
                
Expenditures overall 62          39             18           286    N =      64 
  between            34             25           209    n =      32 
  within            20           (16)          139    T =       2 
                
p overall 0.01  0.0068    0.0014      0.0299    N =      64 
  between    0.0067    0.0016      0.0293    n =      32 
  within    0.0016    0.0046      0.0147    T =       2 
                
  overall 0.08       0.04         0.01         0.19    N =      64 

 
between         0.03         0.02         0.16    n =      32 

 
within         0.01         0.04         0.11    T =       2 

                
ψ overall 0.18       0.16         0.04         0.91    N =      64 
  between         0.13         0.05         0.60    n =      32 
  within         0.09       (0.15)        0.51    T =       2 
                
γ overall 0.82       0.17         0.48         1.1888    N =      64 
  between         0.16         0.52         1.10    n =      32 
  within         0.06         0.66         0.97    T =       2 
                
GDP per capita overall 51          25             20           143    N =      64 
  between            25             21           135    n =      32 
  within               3             43             59    T =       2 
                
Drug Addicts overall 20       16.7            0.6         81.8    N =      5689 
  between         15.5            0.6         62.8    n =      29 
  within           6.8            0.6         38.8    T =      1.93 
                
Temporal Employees overall 0.04       0.01         0.01         0.08    N =      64 
  between         0.01         0.02         0.06    n =      32 
  within         0.01         0.02         0.06    T =       2 
                
Permanent Employees overall 0.62       0.10         0.35         0.77    N =      64 
  between         0.10         0.36         0.76    n =      32 
  within         0.01         0.59         0.65    T =       2 
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 This mistake is from government records and it was not manipulated due to random sample properties. 
89

 The unbalance panel was corrected with the dummy variable explained earlier in this work. 
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Variable 
 

Mean Std. Dev. Min Max 
 

Obs. 

Gini Coefficient overall 0.49       0.10         0.31         0.70    N =      64 
  between         0.03         0.43         0.54   n =      32 
  within         0.99         0.30        0.67    T =       2 
Poverty overall 0.49       0.10         0.31         0.70    N =      64 
  between         0.03         0.43         0.54    n =      32 
  within         0.10         0.30         0.67    T =       2 
                
Labour index 2 overall 17         8.4            3.9         38.8    N =      64 
  between           8.2            4.1         37.6    n =      32 
  within           2.2         11.4         22.1    T =       2 
                
Labour index 3 overall 2.74       1.24         0.56         5.34    N =      64 
  between         1.05         1.19         4.98    n =      32 
  within         0.67         1.42         4.05    T =       2 
                
Labour index 4 overall 25         5.0         17.1         37.0    N =      64 
  between           4.8         17.9         35.1    n =      32 
  within           1.7         21.6         29.1    T =       2 
                
Private Wage overall 121          23             83           202    N =      64 
  between            21             93           192    n =      32 
  within            10           104           138    T =       2 
                
Gender School Ratio F/M overall 0.97       0.04         0.85         1.04    N =      64 
  between         0.03         0.91         1.02    n =      32 
  within         0.02         0.91         1.04    T =       2 
                
Density overall 275    1,023               6       5,972    N =      64 
  between      1,031               7       5,886    n =      32 
  within            17           189           362    T =       2 
                
Rural Labour Participation overall 0.19    0.108       0.003       0.450    N =      64 
  between      0.107       0.005       0.417    n =      32 
  within      0.018       0.137       0.243    T =       2 
                
School overall 0.83       0.04         0.74         0.90    N =      64 
  between         0.03         0.76         0.90    n =      32 
  within         0.02         0.77         0.89    T =       2 
                
Unemployment overall 0.02    0.009       0.005       0.045    N =      64 
  between      0.007       0.005       0.038    n =      32 
  within      0.005       0.009       0.028    T =       2 
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D. Regression Graphs 

Figure 14: Regression Graphs 
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E. Unobserved Effects across Mexican Sates90 

State Name FE

Distrito Federal 9.404

Mexico 3.294

Morelos 2.560

Aguascalientes 2.152

Tlaxcala 1.994

Baja California 0.945

Nuevo Leon 0.864

Puebla 0.791

Guanajuato 0.774

Queretaro 0.647

Chihuahua 0.526

Tabasco 0.475

Jalisco 0.421

Hidalgo -0.236

Quintana Roo -0.284

Michoacan -0.394

Sinaloa -0.460

Tamaulipas -0.482

Yucatan -0.598

Nayarit -0.716

Veracruz -0.840

Campeche -0.976

Guerrero -1.308

Sonora -1.456

Oaxaca -1.486

Coahuila -1.616

San Luis Potosi -1.729

Colima -1.876

Baja California Sur -2.338

Chiapas -2.440

Durango -2.705

Zacatecas -2.907    

                                                      
90

 Estimators of  ̂  from the dummy variable model: we introduced a constant to see clearer the states that are 
over (in red) and under the national average regarding unobserved time invariant variables. This is just for 
informative purpose. 
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