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Abstract 

Worldwide, it is widely recognized that violent conflicts constrain economic growth and 
development. Thus, it is necessary to research and analyse the main causes of violence 
and their relationship with development. This paper analyses how violence has affected 
economic development in the Mexican context during the 2000-2015 period. It takes into 
account that in the last decade, this country has had increased levels of violence, 
especially since the “war on drugs” against drug trafficking was promulgated in 2006. 
This study uses different econometric models that apply the assessments of the panel unit 
root and cointegration tests and panel cointegration estimation. The results indicate that 
the tests used to validate the data allow the panel data cointegration relationships to be 
calculated. They demonstrate the existence of a long-run relationship between violence 
and economic development. Specifically, the results take into account that gross domestic 
product per capita and public investments have inverse relationships with the homicide 
rate, whereas poverty, unemployment, illiteracy and the Gini index have direct 
relationships with the homicide rate. Moreover, violence is strongly related to the 
deterrence variables. The findings of this study demonstrate that drug trafficking explains 
the increased violence in Mexico. Thus, it is important to develop and formulate adequate 
policies to control this situation, take measures to control violence starting with its root 
causes and promote social and economic development with a strategy to strengthen legal 
activities in society. 
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1. Introduction 

Violence is considered one of the main risks to economic growth and development, 
especially in emerging and developing countries. It generates higher insecurity, 
discourages investments and the creation of entrepreneurship and new businesses, 
deteriorates institutional structures, and increases the costs of doing business (Herrera and 
Martinez 2022, World Bank 2015, Gagne 2015). This reality implies the importance of 
analysing the relationship between violence and economic growth (World Bank 2015, 
Gagne 2015). 
 
Countries’ recurrent violence in the short and long terms undermines economic growth 
and development. It is difficult to measure the economic costs of the effects of conflict 
on economic activity, infrastructure, employment, internal and foreign investments, new 
businesses and entrepreneurship, higher levels of poverty and inequality and decreases in 
health and the welfare of society. Moreover, violence is generated especially in fragile 
nations, which feeds a negative cycle composed of conflict, economic instability, poverty, 
and injustice. This reality makes it important to design, formulate and apply adequate 
policies to prevent violence and conflict and to minimize their effects on economic and 
human development (Muñiz, Fuerte and Méndez 2022, Mueller and Tobias 2016). 
 
Based on the World Economic Forum, Schippa (2016) estimated that for 2015, the global 
costs of violent conflicts were $13.6 trillion in terms of purchasing power parity (PPP), 
which equates to 13.3% of global gross domestic product (GDP). Additionally, the 
average level of global peacefulness deteriorated by 0.3% in the 2022 Global Peace Index  
(GPI), mainly in terms of the political terror scale, neighbouring country relations, the 
intensity of internal conflict, the number of refugees and political instability. Although 
small, this deterioration continues a long-standing trend, with the GPI deteriorating in 
eleven of the past 14 years (Institute for Economics & Peace, 2022). These facts suggest 
that many of the world's regions are spending too much on conflict and war and too little 
on peace, thus making it important to change the trend and dynamic (Schippa 2016). 
 
The economic impacts of violence are related to the duration and intensity of violence. 
The costs of violence can be divided in the following manner (Shippa 2017; Mueller and 
Tobias 2016): i.) The direct costs are accounting losses that appear in the present year and 
are related to public expenditures on the military, the judicial system, healthcare and the 
police. ii.) The indirect costs are economic losses that are incurred as a consequence of 
conflict being prolonged within the present year, such as decreased productivity, lost 
economic output due to murder, pain and trauma resulting from violence and the 
reduction in economic growth when conflict is prolonged. 
 
Collier (1999) developed a study on conflict and the economic effects that have had 
relevant impacts in recent decades. The results indicated that economic growth and 
development are disturbed by the following: i.) the deterioration of resources, ii.) damage 
to infrastructure, iii.) changes in the social order, iv.) budgetary changes, v.) dissaving 
and vi.) the decrease in foreign investment. The first five of these effects influence 
economic development only during violent episodes, whereas the last continues to affect 
economic development after the restoration of peace. These elements are important 
because they allow for the analysis of specific contexts since a conflict depending on time 
can generate higher or lower impacts on economic growth (Collier 1999 and Brück and 
De Groot 2013). In other words, long conflicts are generally followed by an increase in 
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economic growth, whereas short conflicts can reduce economic growth rates over a longer 
time, which is known as a legacy effect (Collier 1999 and Brück and De Groot 2013). 
 
The objective of this study is to empirically analyse and evaluate the relationship between 
violence and economic and social development in Mexico, taking into account the 
increase in drug trafficking. Therefore, the research question that guides this study is the 
following: How can violence derived from drug trafficking undermine economic and 
social development, and what are the respective connections? 
 
This study contributes to the economic and development literature by presenting 
empirical evidence on the relationship between violence and crime. It does so by using 
different approaches, including economic, social and drug control variables, and by 
showing how these interrelations can affect economic performance and development in 
an emerging economy such as Mexico. 
 
Mexico is selected in this study because in recent decades, this country has experienced 
an increase in violence and crime, especially after 2007 when its homicide rate and the 
absolute number of homicides grew more than those of any other Western country. This 
growth has been attributed to drug trafficking and organized crime. In the last five years, 
there was an average of 23,293 homicides per year, which is more than 55 people per day 
or just over two people every hour (Calderon et al. 2018). These data demonstrate the 
importance of analysing how violence can affect economic performance in Mexico. 
 

This paper proceeds as follows. The first section is the introduction, which describes the 
main study and the objectives of this research. The second section presents the literature 
review of this study. The third section presents the specifications of our model, the 
empirical strategy and the data description. The fourth section explains the main results 
and provides a discussion. Finally, the paper concludes by discussing the relevance of the 
results and exploring future avenues of research. 
 

2. Literature review 

The economic impact of violence on the global economy in 2021 was $16.5 trillion in 
terms of PPP, which is equivalent to 10% of the world’s economic activity (gross world 
product) or $2,117 per person. Moreover, violence has an important effect on the world’s 
economic performance. For example, for the ten countries most affected by violence, the 
average economic impact of violence was equivalent to 34% of GDP, compared to 3.6% 
in the countries least affected by violence (Institute for Economics & Peace, 2022). 
 
Different studies have demonstrated several relationships between violence and economic 
aspects. For example, Camacho and Rodriguez (2013) studied the causal effects of 
violence on firms’ exit using a fixed-effect estimation method that determined that 
violence especially affects younger and smaller enterprises that are important for 
increasing equality and development in emerging economies. Shemyakina, O. (2011) 
evaluated the impacts of violence on educational outcomes using an empirical approach 
and found that violence is significantly and negatively related to schooling results, 
especially for girls. Caudillo et al. (2014) investigated the effects of violence on failing a 
grade in elementary school by applying different causal inference techniques. Their 
results suggested that violence could affect early educational achievements, which in turn 
could affect human capital formation and economic welfare. Amodio and Maio (2014) 
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evaluated the relationship between violence and firm production using an econometric 
model. Their findings suggested that violence damages the most productive sectors of the 
economy and generates negative effects on growth and the population. Cook (2014) 
determined the relationship between violence and economic activity by assessing the 
production of patents through a historical exercise. The findings showed that the 
production of patents is higher when violence declines and that conflict may have effects 
on the development of quality inventions and economic growth over time. Driffield et al. 
(2013) evaluated the determinants of a business strategy to invest in violent zones through 
a standard model of international business and a probit model. They found that countries 
with low institutionality and conflict problems are less attractive places for foreign 
investment. Diallo (2018) examined the connection between internal armed conflicts, 
criminality, terrorism, political violence and economic growth, proposing a fully-micro-  
founded endogenous economic growth model. The findings showed that an increase in 
internal violence has a strong negative impact on economic growth and that a reduction 
in internal violence promotes saving, investment and growth. The United Nations 
Development Programme (UNDP) (2021) determined that violence is a causal factor 
propelling the high-inequality, low-growth trap and that the persistence of violence 
generates a vicious circle promoting inequality and slow growth. This reality requires the 
adoption of policies that promote a peaceful solution to conflicts considering that progress 
in combating violence may pave the way towards more equal, more productive and more 
peaceful societies. De Groot et al. (2022) estimated the average consequence of various 
dimensions of conflicts on yearly GDP growth using different quantitative techniques. 
They found that conflict-induced global GDP loss gives valuable insights into the 
structure of the economic burden of violent conflict and the need for the international 
community to make additional efforts regarding conflict resolution and peacekeeping. 
These studies show the importance of continuing to analyse the effects of violence on 
economic growth and development based on different approaches, especially for 
countries or regions that have suffered from increased conflict and violence in recent 
decades. 
 
In the Mexican context, different studies have investigated the connection between 
violence and economic growth and development in the following ways. i.) The first is the 
relationship between the labour market and violence. Some studies, such as Coronado 
and Saucedo (2018), have evaluated the effects of violence generated by drug trafficking 
on employment using an econometric model and system-generalized method of moments, 
finding that violence due to drug trafficking has a negative influence on employment. 
BenYishay and Pearlman (2013) analysed the connection between trends in violence 
measured by homicides and working hours by applying a fixed-effect model and 
instrumental variable regressions. They found that the intensification of violence through 
homicides has negatively impacted labour market activities. Liu et al. (2013) studied the 
impact of the labour market and deterrence variables on different Mexican crime rates 
through a panel data model. They found that rising average wages, federal police forces, 
and incarceration rates reduced violent crime rates in Mexican states. ii.) The second is 
the relationship between geography and crime. Some studies, such as Gonzalez (2021) 
on conservation and violence associated with the Mexican drug war, and Basu and 
Paerlman (2017) have determined the impacts of violence on migration at the municipal 
and state levels using an empirical analysis, finding little support for the notion that 
homicides related to the war on drugs increased domestic migration. Buchelia, Fontenla 
and James (2021) estimated the direct effects of return migration in the context of Mexico, 
a traditionally migrant country that has suffered record levels of violence in the past 
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decade. Rios (2014) generated an estimated migration pattern as a consequence of drug-
related violence by applying a linear regression model. The results indicated that 
migration outflows are higher in places with higher drug-related violence and crime. iii.) 
The third is the effects of violence on the economy. Various authors have indicated that 
drug trafficking has increased violence and deteriorated some economic indicators in this 
country. For example, Rios (2017) analysed the causal effects of violence on the diversity 
of local economies through a panel fixed-effect model. The results showed that higher 
violence reduced economic diversification, increased industrial concentration and 
decreased economic complexity. Robles et al. (2015) determined the economic costs of 
drug-related violence by applying two empirical strategies. They found that violence has 
a negative effect on the economy and development. Enamorado et al. (2013) assessed the 
impacts of violence on development patterns and growth through a regional convergence 
analysis, finding that violence related to drug trafficking resulted in negative growth. 
Zepeda and Perez (2022) found that an increase in the number of years of schooling in 
Mexico is correlated with a decline in homicide rates and that sustained development 
policies can be a pacifying mechanism in the country. 
 
These studies in both the international and Mexican contexts show that there is still scarce 
quantitative and empirical research supporting the relationship between violence and 
economic development and its social dimensions. 
 
In Mexico, the longer-term trends indicate a marked deterioration in peacefulness in the 
last decade due to high levels of corruption, poor governance and drug trafficking. The 
economic impact of violence in Mexico is estimated to be 4.9 trillion pesos (US$243 
billion) in constant 2021 terms, which is equivalent to 20.8% of Mexico’s GDP. On a per 
capita basis, the economic impact of violence was 38,196 pesos (US$1,884), which is 
approximately 2.5 times the average monthly salary (Institute for Economics & Peace, 
2022). These facts show the importance of analysing the relationship between violence 
and economic development in Mexico. 
 
3. Model specification and the empirical strategy 
 
This section presents the econometrics models, data and variables used in this research 
with the aim of understanding how violence affects economic development. Mexico 
during the 2000-2015 period is used as a case study. 
 
3.1 Econometric models and estimation methods 
 
The panel cointegration model estimations involved the following steps: the panel unit 
root and cointegration tests and the panel cointegration estimation. These steps guarantee 
the reliability, consistency and robustness of the results. 
 
3.1.1 Panel unit root tests 
 
We need to check that all variables are integrated to the same order. To do so, we use 
panel unit root tests following Levin, Lin and Chu (2002), Im, Pesaran and Shin (2003), 
Breitung (2000), Maddala and Wu (1999) and Choi (2001). 
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Levin, Lin and Chu (2002) 
 
Levin, Lin and Chu consider the following basic augmented Dickey–Fuller (ADF) 
specification: 
 

Δ𝑦௧ =  𝛼𝑦௧ି +  𝛽 Δ𝑦௧ି



ୀଵ

+ 𝑋௧
´ + 𝜖௧.                                                                                

 

The method described in Liven, Lin and Chu (2002) derives the estimates of α from the 
proxies for Δ𝑦௧ and 𝑦௧, which are standardized and free of autocorrelations and 
deterministic components. The test shows that under the null hypothesis, a modified t 
statistic for the resulting αෝ is asymptotically normally distributed. 
 

𝑡ఈ
∗ =  

𝑡ఈ − ൫𝑁𝑇෨൯𝑆ே𝜎ොିଶ𝑠𝑒(𝛼ො)𝜇் ∗

𝜎் ∗
→ 𝑁(0, 1) 

 

where 𝑡ఈ  is the standard t statistic for αෝ = 0, 𝜎ොଶ is the estimated variance of the error term 
, 𝑠𝑒(𝛼ො) is the standard error of αෝ , and 
 

𝑇෨ = 𝑇 −  ൭
𝑝

𝑁


൱  − 1   

 
Im, Pesaran and Shin (2003) 

Im, Pesaran, and Shin (2003) start by postulating a separate ADF regression for each 
cross-section: 
 

Δ𝑦௧ =  𝛼𝑦௧ିଵ +  𝛽 Δ𝑦௧ି



ୀଵ

+ 𝑋௧
´  𝛿 + 𝜖௧.                                                                            

 

Once they estimate the separate ADF regressions, the average of the t statistics for α 
from the individual ADF regressions t்

(𝑝) is as follows: 
 

 𝑡ே்ሬ⃐ሬሬሬሬሬሬ =  ൭ t்
(𝑝)

ே

ୀଵ

൱ /𝑁 

 

The Im, Pesaran, and Shin (2003) test statistic requires the specification of the number of 
lags and the specification of the deterministic component for each cross-sectional ADF 
equation. The test may choose to include individual constants or to include individual 
constant and trend terms. 
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𝑊 ௧ಿതതതതതത =  
√𝑁[𝑡ே்തതതത − 𝑁ିଵ ∑ 𝐸 (tప்തതതത(𝑝))ே

ୀଵ ]  

ට𝑁ିଵ ∑ 𝑉𝑎𝑟(tప்തതതത(𝑝))ே
ୀଵ

→ 𝑁(0, 1) 

 
Breitung (2000) 

The Breitung test accepts that there is a common unit root process such that ρi is identical 
across cross-sections. Breitung considers the following basic ADF specification: 
 

Δ𝑦௧ =  𝛼𝑦௧ିଵ +  𝛽 Δ𝑦௧ି



ୀଵ

+ 𝑋௧
´  𝛿 + 𝜖௧.                                                                            

 

The ADF model for panel data usually includes two assumptions. The autoregressive 
portion (and not the exogenous components) is removed when constructing the 
standardized proxies. The test specifies that the proxies are transformed and detrended. 
 

∆𝑦௧
∗ =  ඨ

(𝑇 − 𝑡)

(𝑇 − 𝑡 + 1)
൬Δ𝑦௧ −

Δ𝑦௧ାଵ+ . . . +Δ𝑦்

𝑇 − 𝑡
൰ 

 

𝑦௧
∗ = 𝑦௧ − 𝑦ଵ −

𝑡 − 1

𝑇 − 1
(𝑦் − 𝑦ଵ) 

 
The persistence parameter α is estimated from the pooled proxy equation: 
 
𝑦௧

∗ = 𝛼𝑦௧ିଵ
∗ + 𝜈௧ 

 
Breitung demonstrates that under the null hypothesis, the created estimator α∗ is 
asymptotically distributed as a standard normal distribution. 
 

Maddala and Wu (1999) 

They suggest the use of a test that is constructed by combining the ρ-values of the test 
statistic for a unit root in each cross-sectional unit. The Maddala and Wu statistic is 
specified as follows: 

𝑃ெௐ =  𝜆 = −2  ln

ே

ୀଵ

𝜋 ,                                                                                              

 

The 𝑃ெௐ test is distributed as a chi square with 2N degrees of freedom under the 
hypothesis of cross-sectional independence. 𝜋 is the ρ-value of the unit root test. 
 
Choi (2001) 

Choi (2001) suggests the following standardized statistic: 
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𝑍ெௐ =  
√𝑁{𝑁ିଵ𝜆 − 𝐸[−2 ln(𝜋)]}  

ඥ𝑉𝑎𝑟[−2 ln (𝜋)] 
 

3.1.2 Panel cointegration tests 

Pedroni (1999, 2004) proposes two types of cointegration tests. First, the panel tests are 
based on the within-dimension approach, which includes four statistics: the panel ν, panel 
ρ, panel Phillips–Perron (PP), and panel ADF statistics. The within tests (panel 
cointegration statistics) are as follows. 
 
i. Panel ν statistic: This is a non-parametric test with a variance ratio type. 

𝑇ଶ𝑁ଷ ଶ⁄ 𝑍௩ොே,் ≡  𝑇ଶ𝑁ଷ ଶ⁄ ൭  𝐿ଵଵ
ିଶ 𝜖̂௧ିଵ

ଶ

்

௧ୀଵ

ே

ୀଵ

൱

ିଵ

 

 

ii. Panel ρ statistic: This is a non-parametric test with a PP ρ statistic type. 

𝑇𝑁ଵ ଶ⁄ 𝑍ఘෝே,்షభ ≡  𝑇𝑁ଵ ଶ⁄ ൭  𝐿ଵଵ
ିଶ 𝜖̂௧ିଵ

ଶ

்

௧ୀଵ

ே

ୀଵ

൱

ିଵ

  𝐿ଵଵ
ିଶ ൫𝜖̂௧ିଵ∆𝜖̂௧ −  ൯

்

௧ୀଵ

ே

ୀଵ

 

 
iii. Panel t statistic: This is a non-parametric test with a PP t statistic type. 

        𝑍௧ே,் ≡  ൭𝜎ே,்
ଶ   𝐿ଵଵ

ିଶ 𝜖̂௧ିଵ
ଶ

்

௧ୀଵ

ே

ୀଵ

൱

ିଵ ଶ⁄

  𝐿ଵଵ
ିଶ ൫𝜖̂௧ିଵ∆𝜖̂௧ −  ൯

்

௧ୀଵ

ே

ୀଵ

 

 
 
iv. Panel t statistic: This is a parametric test with an ADF t statistic type. 

              𝑍௧ே,்
∗ ≡  ൭�̃�ே,்

∗ଶ   𝐿ଵଵ
ିଶ 𝜖̂௧ିଵ

∗ଶ

்

௧ୀଵ

ே

ୀଵ

൱

ିଵ ଶ⁄

  𝐿ଵଵ
ିଶ

்

௧ୀଵ

ே

ୀଵ

𝜖̂௧ିଵ
∗ ∆𝜖̂௧

∗  

 
These statistics basically pool the autoregressive coefficients across different Mexican 
states for the unit root tests on the estimated residuals. These statistics take into account 
the common time factors and heterogeneity across states. Additionally, the group tests are 
based on the between-dimension approach, which includes three statistics: the group ρ, 
group PP, and group ADF statistics. The between tests (group mean panel cointegration 
statistics) are as follows. 
 
i. Group ρ statistic: This is a non-parametric test with a PP ρ statistic type. 

𝑇𝑁ିଵ ଶ⁄ 𝑍෨ఘෝே,்షభ ≡  𝑇𝑁ିଵ ଶ⁄  ൭ 𝜖̂௧ିଵ
ଶ

்

௧ୀଵ

൱

ିଵ

൫𝜖̂௧ିଵ∆𝜖̂௧ −  ൯

்

௧ୀଵ

ே

ୀଵ

 

 

ii. Group t statistic: This is a non-parametric test with a PP t statistic type. 
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𝑁ିଵ ଶ⁄ 𝑍෨௧ே,் ≡  𝑁ିଵ ଶ⁄  ൭𝜎ො
ଶ  𝜖̂௧ିଵ

ଶ

்

௧ୀଵ

൱

ି
ଵ
ଶ

൫𝜖̂௧ିଵ∆𝜖̂௧ −  ൯

்

௧ୀଵ

ே

ୀଵ

 

iii. Group t statistic: This is a parametric test with an ADF t statistic type. 

𝑁ିଵ ଶ⁄ 𝑍෨௧ே,்
∗ ≡  𝑁ିଵ ଶ⁄  ൭ �̂�

∗ଶ

்

௧ୀଵ

𝜖̂௧ିଵ
∗ଶ ൱

ି
ଵ
ଶ

 𝜖̂௧ିଵ
∗ ∆𝜖̂௧

∗

்

௧ୀଵ

ே

ୀଵ

 

 

These statistics are founded on the averages of the individual autoregressive coefficients 
related to the unit root tests of the residuals for each state in the panel. The tests are 
asymptotically standard normal distributed. 
 

3.1.3 Panel cointegration estimation 
 
Although the cointegration methodology proposed by Pedroni allows us to test the 
presence of long-run relationships, it is unable to provide an estimation under an error 
correction model framework. To estimate a long-run relationship among variables under 
a panel setting in the presence of cointegration, several estimators are proposed: dynamic 
ordinary least squares (DOLS), the pool mean group (PMG), ordinary least squares 
(OLS), and fully modified OLS (FMOLS). In this investigation, we use the DOLS 
estimator. Kao and Chiang (2000) demonstrated that both OLS and FMOLS have a small 
sample bias and that the DOLS estimator appears to outperform both estimators. Pedroni 
(2001) has also created a between-dimension, group-means panel DOLS estimator that 
includes parametric adjustments for endogeneity and serial correlation. 
 
DOLS estimation (Kao and Chiang, 2000) 
 
The DOLS estimator of Kao and Chiang (2000) is an extension of the estimator of Stock 
and Watson (1993). To obtain an unbiased estimator of the long-run parameters, the 
DOLS estimator extends the static regression with the leads, lags, and contemporaneous 
values of the first-difference regressors. We use a fixed-effect panel model: 
 

𝑦௧ =  𝛼 + 𝑥௧
´ 𝛽 + 𝜇௧  i = 1, ..., N ;  t = 1, ..., T 

 

Kao and Chiang (2000) assume that 𝑦௧ is 1x1, 𝛽 is a k x 1 vector of the slope 
parameters, 𝛼 are the intercepts, and 𝜇௧ is an error term. We assume that  𝑥௧ is a k 
x 1 vector and an autoregressive process of the first-order difference: 
 

𝑥௧ = 𝑥௧ିଵ + 𝜀௧ 

The DOLS estimator is shown in the following expression: 

𝑦௧ =  𝛼 +  𝑥௧
´ 𝛽 +   𝑐



ୀିభ

Δ𝑥௧ା + 𝜈௧ 
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Another important point is to guarantee the reliability of the results and to guarantee that 
the relationship between development and violence is not due to the period itself. For 
these reasons, this study differentiates the effects of the relationship between development 
and violence by taking two reference periods in a regression by sections to determine that 
the impacts are not due solely and exclusively to the reference period analysed. For the 
first period I, the variables are the homicide rate and GDP per capita during the 1991-
1999 period. For the second period II, the same variables are considered during the 2000-
2015 period. 
 
First Period I: 
 

𝑦 =  𝛼ଵ + 𝛼ଶ𝑋 + 𝜇ଵ 
𝑖 = 1, 2, … … , 𝑁ଵ 

 
Second Period II: 

𝑦 =  𝛽ଵ + 𝛽ଶ𝑋 + 𝜇ଶ 
𝑖 = 1, 2, … … , 𝑁ଶ 

 
where Y = Homicide Rate 
            X = GDP per capita 
            𝜇ଵ , 𝜇ଶ = shocks in both regressions, piecewise regression 
 
Full period 
 

𝑦పෝ  =   4.63177 - 0.1553894 
                                                         (1.810905)  (0.2039636) 

t = (2.56) (-0.76) 
First period I 

 
𝑦పෝ  =   5.116542 - 0.2002451 𝑋

  
                                                         (1.648891)  (0.1941163) 

t = (3.10) (-1.03) 
 

𝑦పෝ  =   0.0238624 - 0.2877357 𝑋
  

 
(0.0516424)  (0.5449817) 

t = (0.46) (-0.53) 
 
With this analysis, it can be concluded that for each period, the regressions are different 
for each intertemporal space using Chow's test to check the above estimates. 
 
The Chow test indicated that the value of 36.5 is significant at 5% level. It can be 
concluded that the two regressions are different for each period, particularly for the– 
2000-2015 period. For this reason, the study period is little affected by the variables of 
development and violence. 
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3.2 Data 

The dataset consists of a panel of observations for the 31 Mexican states and the Federal 
District over the 2000-2015 period. The homicide rate of each state is the dependent 
variable. The data come from the National Institute of Statistics and Geography (INEGI), 
the National Council for the Evaluation of Social Development Policy (CONEVAL), the 
Mexican Ministry of Public Education (SEP), the Office of the Mexican Attorney-
General (PGR), the Uniform Statistical System for Crime Analysis (SEUNAD), and the 
Secretariat of National Defense (SEDENA). 
 
The explanatory variables are calculated from the information provided by the Mexican 
institutions that have the statistics, such as the level of economic development, poverty, 
inequality, the labour market, education and drugs. These indicators are used to answer 
the research question: How can violence derived from drug trafficking undermine 
economic and social development, and what are the respective connections? This 
question guides this study. To assess the development level of each state, the model uses 
the aggregate-level production per capita (GDPpc by state) and public investment in 
economic development from the INEGI. It also uses poverty (asset poverty) and 
inequality (Gini index) data based on the CONEVAL. The model uses education 
(illiteracy by state) data from the SEP. Additionally, it uses drug (psychotropic drug 
seizures and poppy gum seizures) data from the INEGI. Furthermore, it uses crime and 
captures based on the databases of the INEGI, SEUNAD and SEDENA. Finally, 
unemployment is the variable selected to define the labour market in the states, with data 
coming from the database of the INEGI. 
 
Table 1 shows the summary statistics of every variable used in this study. Cotte (2011a, 
2011b, 2010) demonstrated in the Colombian context the strong connection between 
poverty, inequality and labour market features and trends in violence. This supports the 
selection of these variables in this study to determine the different effects between 
violence and economic development. 
 
Table 1. Summary statistics of the variables used in this study 

Variable Mean Std. Dev. Min Max 
Homicide rate 25.38605 17.60708 2.008248 128.5879 
GDP per capita 6378.613 7331.116 131.1361 45252.74 

Gini 0.4857215 0.0303903 0.39485 0.5896082 
Unemployment 3.517238 1.472194 0.4 8.5 

Crime 40181.2 38518.84 550 255532 
Captures 4537.835 4982.619 424 40102 

Asset poverty 51.81091 15.41729 9.188068 79.07156 
Public investment in 

economic development 
4089109 5897772 2057 3.80e+07 

Illiteracy 5.3975 3.520219 1.48 14.84 
Poppy gum seizures 9.552554 14.11512 0.1681719 136.5116 

Psychotropic drug seizures 262257.6 595118.6 63.55626 5478753 

 

4. Results and discussion 

In this section, the main results of the study are shown based on the requirements of the 
empirical strategy following the different stages described in the last section. The aim is 
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to obtain robust results that allow us to analyse the relationship between violence and 
economic development in the Mexican context. 
 
4.1 Panel unit root results 
 
Since our database is composed of annual data from 2000 to 2015, we run panel data unit 
root tests on all variables. Table 2 shows that among the five unit root tests mentioned 
(individual effects and linear trends), at least one exists that provides evidence of the non-
stationarity of each variable. This allows us to continue with the next stage of the 
empirical strategy. 
 
Table 2. Panel unit root test (individual effects and linear trends) 
 Levin, Lin and Chu 

test 
Breitung 

test 
Im, Pesaran and 

Shin W stat 
ADF-Fisher chi-

square 
PP-Fisher chi-

square 
Variable Level 1st 

difference 

Level 1st 
difference 

Level 1st 
difference 

Level 1st 
difference 

Level 1st 
difference 

Homicide rate 
-4.044 
(0.00) 

-21.08 
(0.00) 

-0.118 
(0.45) 

-6.992 
(1.00) 

-6.694 
(0.00) 

-19.63 
(0.00) 

168.4 
(0.00) 

359.4 
(0.00) 

252.1 
(0.00) 

526.6 
(0.00) 

GDP per capita -27.28 
(0.00) 

-30.13 
(0.00) 

-3.572 
(0.00) 

-5.686 
(0.00) 

-11.52 
(0.00) 

-20.65 
(0.00) 

171.4 
(0.00) 

321.2 
(0.00) 

247.8 
(0.00) 

453.7 
(0.00) 

Gini 
-6.073 
(0.00) 

-12.76 
(0.00) 

-3.128 
(0.00) 

-9.683 
(0.00) 

-2.846 
(0.00) 

-8.422 
(0.00) 

93.54 
(0.00) 

175.0 
(0.00) 

75.12 
(0.16) 

257.7 
(0.00) 

Unemployment 
-5.756 
(0.00) 

-16.96 
(0.00) 

-0.798 
(0.21) 

-9.767 
(0.00) 

-1.694 
(0.04) 

-13.75 
(0.00) 

81.43 
(0.04) 

265.0 
(0.00) 

67.45 
(0.29) 

367.9 
(0.00) 

Crime 
-69.87 
(0.00) 

-69.82 
(0.00) 

-4.014 
(0.00) 

-5.965 
(0.00) 

-30.40 
(0.00) 

-36.46 
(0.00) 

265.4 
(0.00) 

368.5 
(0.00) 

283.5 
(0.00) 

492.5 
(0.00) 

Captures 
-91.83 
(0.00) 

-6.914 
(0.00) 

1.304 
(0.90) 

-2.514 
(0.00) 

-29.92 
(0.00) 

-18.32 
(0.00) 

215.7 
(0.00) 

313.1 
(0.00) 

242.7 
(0.00) 

445.5 
(0.00) 

Asset poverty 
-1.900 
(0.02) 

-13.09 
(0.00) 

-1.884 
(0.02) 

-8.703 
(0.00) 

-3.658 
(0.00) 

-12.59 
(0.00) 

58.18 
(0.68) 

210.7 
(0.00) 

39.31 
(0.99) 

230.0 
(0.00) 

Public investment 
in economic 

development 

-29.37 
(0.00) 

-18.10 
(0.00) 

0.109 
(0.54) 

-0.095 
(0.46) 

-14.61 
(0.00) 

-15.29 
(0.00) 

207.89 
(0.00) 

295.1 
(0.00) 

219.2 
(0.00) 

432.2 
(0.00) 

Illiteracy 
1.276 
(0.89) 

-7.459 
(0.00) 

8.005 
(1.00) 

4.973 
(0.00) 

1.688 
(0.95) 

-6.016 
(0.00) 

71.69 
(0.18) 

167.9 
(0.00) 

12.14 
(1.00) 

216.2 
(0.00) 

Poppy gum 
seizures 

-15.96 
(0.00) 

-21.30 
(0.00) 

-5.63 
(0.00) 

-18.34 
(0.00) 

-7.748 
(0.00) 

-15.63 
(0.00) 

169.3 
(0.00) 

311.5 
(0.00) 

185.15 
(0.00) 

610.2 
(0.00) 

Psychotropic drug 
seizures 

-8.949 
(0.00) 

-28.91 
(0.00) 

-4.520 
(0.00) 

-11.06 
(0.00) 

-5.306 
(0.00) 

-24.07 
(0.00) 

137.75 
(0.00) 

383.9 
(0.00) 

218.3 
(0.00) 

487.6 
(0.00) 

The p values are in parentheses. All tests include intercepts and individual trends. 

 
4.2 Panel cointegration results 
 
The results of the cointegration analysis between violence and economic development are 
reported in Table 3. The four within-group tests were used. The panel tests were 
conducted using the within-dimension approach, including four statistics: the panel ν, 
panel ρ, panel PP, and panel ADF statistics. Three between-group tests were conducted 
to check whether the panel data are cointegrated. The group tests were based on the 
between-dimension approach, including three statistics: the group ρ, group PP, and group 
ADF statistics. 
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Table 3. Panel data cointegration tests 
Pedroni Panel Cointegration Test  [1] [2] [3] [4] [5] [6] 

Panel 
Cointegration 

Test 

Panel ν Statistic 
 -5.153 

(1.00) 
-5.549 
(1.00) 

-5.609 
(1.00) 

-5.251 
(1.00) 

-5.006 
(1.00) 

-3.889 
(0.99) 

Panel ρ Statistic 
 1.133 

(0.87) 
2.649 
(0.99) 

4.930 
(1.00) 

6.178 
(1.00) 

4.039 
(1.00) 

6.108 
(1.00) 

Panel PP Statistic 
 -15.60 

(0.00) 
-14.64 
(0.00) 

-17.54 
(0.00) 

-18.18 
(0.00) 

-17.21 
(0.00) 

-11.83 
(0.00) 

Panel ADF Statistic 
 -12.66 

(0.00) 
-11.26 
(0.00) 

-9.548 
(0.00) 

-9.204 
(0.00) 

-10.58 
(0.00) 

-8.123 
(0.00) 

Group Mean 
Cointegration 

Test 

Group ρ Statistic 
 4.208 

(1.00) 
5.351 
(1.00) 

7.317 
(1.00) 

8.547 
(1.00) 

6.790 
(1.00) 

8.847 
(1.00) 

Group PP Statistic 
 -15.99 

(0.00) 
-15.68 
(0.00) 

-18.847 
(0.00) 

-22.438 
(0.00) 

-22.81 
(1.00) 

-11.89 
(0.00) 

Group ADF Statistic 
 -9.193 

(0.00) 
-8.280 
(0.00) 

-7.680 
(0.00) 

-7.669 
(0.00) 

-8.761 
(0.00) 

-4.066 
(0.00) 

The p values are in parentheses. All reported values are distributed N(0,1) under the null hypothesis of 
no cointegration. 
 
Table 2 shows that between the panel cointegration test and the group mean cointegration 
test of Pedroni (1999), there is at least one that rejects the null hypothesis of no 
cointegration in all six models. This allows us to estimate the cointegration relationships 
of the panel data. 
 
4.3 Panel estimation and empirical results 
 
The strategy used to estimate a long-run relationship between violence and economic 
development is based on one estimator with error correction: DOLS. The DOLS model 
that is used is as follows: 

𝑦௧ =  𝛼 +  𝛽ଵ𝐹௧ +   𝛽ାଷ

ଵ

ୀିଵ

Δ𝐹,௧ା  + 𝛾ଵ𝑋௧ +   𝛾ାଷ

ଵ

ୀିଵ

Δ𝑋,௧ା + 𝜇,௧  

 

Table 4 presents the results from the DOLS estimates of the cointegration relationships. 
The estimated coefficients for several of the variables were statistically significant for all 
states of Mexico. The DOLS results confirm the existence of a long-run relationship 
between violence and economic development. 
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Table 4. Panel DOLS long-run estimates 
Violence measured as the homicide rate is the dependent variable 

Parameter [1] [2] [3] [4] [5] [6] 
GDP per capita -0.068c 

(-1.75) 
-0.137a 
(-3.64) 

-0.128a 
(-3.46) 

-0.131a 
(-3.34) 

-0.143a 
(-3.72) 

-0.117a 
(-3.10) 

Gini 0.519 
(1.45) 

0.352 
(1.03) 

0.455 
(1.29) 

0.059 
(0.17) 

  

Unemployment 0.095 
(1.32) 

 0.147b   
(2.12) 

 0.152b 
(2.19) 

0.187a 
(2.71) 

0.290a  
(4.05) 

 0.143b 
(2.04) 

Crime 

 
 0.105a 
(2.75) 

 0.104b 

(1.97) 
 0.126b 

(2.42) 
 0.167a 

(4.22) 
 0.109b 
(2.08) 

Captures 
 

 -0.304c 
(1.68) 

-0.056 
 (-0.31) 

 
 

Asset poverty 
 

  0.262 
(1.26) 

 0.265 
(1.26) 

Public investment in 
economic development 

    -0.038b  
(-2.36) 

 

Illiteracy     0.363 a 
(4.52) 

 

Poppy gum seizures  
 

   -0.131a 
(-3.47) 

Psychotropic drug 
seizures 

  
 

  -0.045b 
(-2.38) 

     Notes: The figures in parentheses are t statistics. a Significant at the 1% level. 
    b Significant at the 5% level. c Significant at the 10% level. 
 
The estimations thus show that the development level of Mexican states negatively affects 
regional violence (i.e., a higher development level translates into less violence in each 
Mexican state) based on the DOLS model. The estimations of the economic variables 
assessed using GDP per capita and public investments in economic development are 
comparable. In the first case, the results indicate that a higher GDP per capita in a Mexican 
state leads to a lower homicide rate. These estimations coincide with Hart (2015), 
Centrepiece (2015), Cotte (2011b) and Elgar and Aitken (2010), who established that 
countries with a better GDP per capita have low homicide rates. The results of public 
investment in economic development show a negative relationship such that an increase 
in public investment in economic development generates a decrease in violence in a state. 
 
Examining the estimations for social conditions, measured in terms of asset poverty and 
the Gini index, we find that these variables have a direct relationship with homicide rates 
in the states of Mexico. Therefore, high poverty levels and inequality in states are likely 
to cause higher rates of crime and violence. These estimations coincide with the results 
of Pridemore (2011) and Roberts and Willits (2014) in the context of the United 
States and Nadanovsky and Cunha-Cruz (2009) in the context of developed and 
developing countries. The results for the labour market reveal a positive coefficient 
for the unemployment rate. That is, lower unemployment and higher employment 
generate lower incentives to participate in criminal activity. This result coincides 
with Hojman (2004), Robinson et al. (2009) and Cotte (2011a). 
 
The estimations of this analysis indicate that factors such as inequality, poverty, crime 
and unemployment influence violence in Mexican states and negatively impact economic 
and social development in Mexican states. This finding coincides with the results of 
several studies, such as Cotte (2007), Darby et al. (2004), and Ades and Chua (1997). All 
of these social indicators are therefore essential in the formulation of strategies leading to 
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growth and development, although the development of each state must also be taken into 
account. It is also necessary to consider key policies to increase economic growth and 
development with the objective of decreasing violence in the states of Mexico. 
 
Violence is examined based on the homicide rate, and the estimations indicate that the 
deterrence variables and captures have negative effects on violence. These results show 
that violence is closely associated with the deterrence variables. Captures are determined 
by state presence, and violence is likely to be associated with critical variables such as a 
weak state presence and a lack of effective justice, which coincides with the Mexican 
case. 
 
The results for education indicate that states with a more educated population have lower 
homicide rates. Illiteracy and low education among the poor population may generate 
unemployment, which in turn may increase the potential for crime and violence (Cole and 
Marroquin 2009). Moreover, the results concur with the country-level findings of 
Fajnzylber et al. (2002) and Souza and Carvalho (2006) for a Brazilian city. They indicate 
the importance of strengthening education and related policies to guarantee a decrease in 
violence, especially in developing countries, to offer more labour opportunities and 
adequate salaries as a strategy for promoting a peaceful society (Fajnzylber et al. 2002; 
Souza and Carvalho 2006). 
 
The presence of drug trafficking explained the increase in violence in Mexico, especially 
because drug cartels have used their profits from this illegal business to violently continue 
their domination over the market despite the government's war on drugs (López 2016, 
Dell 2014, UNODOC 2011). Specifically, two associated factors have been described as 
contributing to this increase. First, the expansion of drug trafficking weakened law 
enforcement institutions and facilitated the diffusion of criminal know-how, thereby 
strengthening the initial effect of violence and increasing the level of violence in the 
2000s. Second, the rivalry over the operation of drug markets and the essentially criminal 
nature of the drug business produced a rise in homicides. Illegal drugs, measured as poppy 
gum seizures and psychotropic drug seizures, have a negative and significant influence 
on violence. In the Mexican case, narcotics traffickers have originated a new scale of 
ideals for Mexican society. This practice is verified by the consumerism and the damage 
to institutional legitimacy shown in the crisis of state authority implemented by this 
country in the mid-2000s. This crisis gradually devastated all chances of institutional 
arbitration because drug traffickers have no institutional loyalties of any kind and validate 
that anyone can reach power through the use of violence, mainly due to the lack of 
management between municipal, state and federal policy agencies and state weakness, 
which generates circumstances in which violence is provoked and increased (Zepeda 
2018, Benitez 2015, Durante and Gutierrez 2013). 
 
5. Conclusions 
 
This paper analysed the relationship between violence and economic development in the 
Mexican context during the 2000-2015 period. The results indicate that an empirical 
strategy is adequate to analyse the relationship that was proposed, and the estimations 
confirm the existence of a long-run relationship between violence and economic 
development. The development level of Mexican states negatively affects the situation of 
violence. This result suggests the importance of designing and applying new political 
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instruments that make it possible to promote equitable development in Mexican regions 
based on their contexts and requirements. 
 
Economic variables (GDP per capita and public investment) have inverse relationships 
with violence, thus indicating that a higher GDP per capita and public investment are 
associated with low homicide rates. In the case of social variables (asset poverty, Gini 
index and illiteracy), the study reveals a direct relationship with homicide rates, thus 
demonstrating that states with high poverty levels, low education and inequality have high 
levels of violence and crime. 
 
The unemployment rate has a positive coefficient, thus suggesting that higher 
employment discourages participation in criminal and illegal activities. The institutions 
related to the deterrence variables and captures have inverse relationships with violence. 
This result indicates the importance of strengthening state presence and effective justice 
and decreasing corruption to decrease crime and violence. In this respect, Mexico should 
formulate new strategies to guarantee security and legality around the country. 
 
The findings of this study are important for analysing and evaluating the importance of 
controlling violence and defining adequate policies to promote peace. This is especially 
true in countries with drug trafficking problems. In such countries, one of the most 
important challenges is to ensure order, provide security and guarantee equal 
opportunities for society, as doing so will allow future increases in economic 
development, productivity and the welfare of the population. It is key to continue 
conducting empirical studies that reveal other factors that can strengthen violence or 
decrease violence. These factors can be used as important inputs for policy makers and 
decision makers in the formulation of policies and programmes to control drug 
trafficking, to progressively eliminate the root causes of violence through social and 
economic activities and to motivate legal activities and a peaceful society. 
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