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Abstract

This paper studies the spatial effects of demographic changes, education condi-
tions and conflict situation on the spatial persistence in the municipal homicide
rate in Colombia, as a result of shock increases in the displaced population and
local residents between 15-29 years old, the education coverage, and the conflict
actions. In order to do this, a temporal analysis of homicides rate during 2000-
2010 is undertaken through the inclusion of temporal dynamic characteristics
in a spatial autoregressive model, a spatial weights matrix was constructed that
was based on the distance travelled between near-by municipalities and the
departmental capital cities which were defined as centroids, which standardizes
the municipal relationship that affects the demographic dynamics and social
connectivity of the last decade that affects homicides and their temporal persis-
tence. The results show that in some departments of the country there is spatial
agglomeration in homicide rates in nearby municipalities but the spatial shock
is low and disappears in time. Population changes due to forced displacement
flows, greater density of young population and low coverage in secondary
education affect the diffusion and concentration of homicides in Colombia.
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Resumen

Este documento estudia el efecto espacial de cambios demogrdficos, condicio-
nes de educacion y situacion de conflicto respecto de la persistencia espacial
de la tasa de homicidios municipal en Colombia, a partir de shocks en el
crecimiento de la poblacion desplazada y de residentes locales entre 15-29
arios, cobertura educativa y acciones de conflicto municipales. Se propone
un andlisis temporal de la tasa de homicidios durante 2000-2010 mediante la
incorporacion de caracteristicas dindmicas temporales en un modelo espacial
autorregresivo, se construye una matriz de ponderacion espacial basada en la
distancia recorrida hacia municipios cercanos y las capitales departamentales
definidas como centroides, que estandariza la relacion municipal que incide
en la dindmica demogrdfica y la conectividad social de la ultima década que
afecta los homicidios y su persistencia temporal. Los resultados muestran que
en algunos departamentos del pais existe aglomeracion espacial en la tasas de
homicidios en municipios cercanos, pero el shock espacial es bajo y desaparece
en el tiempo. Los cambios poblaciones por flujos de desplazamiento forzado,
mayor densidad de poblacion joven y baja cobertura en educacion media incide
en la difusion y concentracion de homicidos en Colombia.

Palabras clave: Homicidios, persistencia espacial, dindmica demogrdfica.

Clasificacion JEL: K42, C13, C33.

1. INTRODUCTION

Criminality in Colombia, as seen by the homicide rate during 1970-1974
was 16 per 100,000 inhabitants and reached its maximum level in 1991 with 89
homicides per 100,000 inhabitants and then presented constant reductions until
the year 2000, period in which peace processes were presented, demobilized
armed groups and began the democratic security policy that maintained the
reduction until 2009 to then present slight increases in recent years. However,
the homicide rate remains low compared to previous decades, and in major
cities reflects a greater state presence in the prevention of drug trafficking,
crime reduction and dismantling of criminal gangs that affect regional security.

Despite government efforts to control the causes that generate violence, the
distribution of homicides is not isolated or random, on the contrary the most rel-
evant homicides rates are concentrated in some regions and present a persistent
pattern associated with the regional internal conflict, leaving aside the demographic
dynamics that explain the variation in the homicide rate due to the population link
in regional violence activities. Being the above, a reason to study the behavior
of the homicides during 2000-2010, a period that presented the homicides rates
in the history, forced displacements concentrated in certain regions, increases in
population density, low educational coverage and disputes between armed groups
that jointly contribute to the spatial persistence of the municipal homicide rate in
view of the diffusion of special effects that characterize the regions of the country.

It seeks to analyze the relationship between population shocks due to forced
displacement, young population pressure and conditions of conflict with the
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dynamic persistence and prolongation of municipal homicides in a period where
the demographic transition of the young population coincided with the increase of
insecurity and homicidal violence (Villamor, Chavarro, & Caro, 2009), (Sandoval,
2014), (Bonilla, 2010). The results are useful to show that homicides do not
necessarily relate to conflict conditions and tend to accumulate in regions of
the country where there is a greater concentration of young population, which
makes it possible to compare the effects of propagation between neighboring
areas on the basis of the local conditions of the regions in terms of population,
education and conflict (Valencia & Sanz, 2016).

The paper uses municipal data on education, income and displaced population
supplied by DANE (National Administrative Department of Statistics), conflict
actions and crimes by municipality given by Conflict Analysis Resource Center
(CERAC). The variables used are constructed following the stylized facts that are
referenced in the previous section that serve to answer the research question and
to approximate the effect of the variables on the spatial persistence of homicides.

Furthermore, this paper seeks to answer the following question: ;Do the demo-
graphic changes in the population displaced by the internal conflict and changes
in the local population of citizens aged between 15-29, together with economic
conditions in the municipalities explain the persistence and spatial diffusion of
homicides? This question is important because of the dynamics of the resident and
displaced population that is affected by the local and neighboring environment,
especially when the homicide rate of the last decade has declined significantly
compared to the 80s and 90s, where the country faced different types of violence
associated with drug trafficking and armed conflict that promoted social disorder
and increased the propensity for criminality. In order to answer this question,
spatial lags were included in the dependent variable and in the error term as was a
matrix of municipal distances that standardized the link municipal residents have
with near-by municipalities and the departmental capital cities, which were defined
as centroids. These standardized the municipal link by closeness or proximity,
which was used in a panel with the fixed effects of lags and spatial autoregressive
(SAR) errors in order to show if the variations in spatial demographics, economic
conditions, and conflict affect municipal homicides.

The results show that an increased temporal persistence in the density of the
young population, the receiving of displaced people and actions resulting from
the conflict can explain the homicide rate and its behavior in nearby regions.
The coefficient for the spatial dependence is low but significant, which indicates
that the shock of spatial contagion is present, but diminishes over time. Section 2
presents the literature review of criminality in Colombia and the spatial persis-
tence associated with crime. Section 3 describes the methodology, the theoretical
model, the weights matrix, and the data used. The Section 4 presents the results,
which are used to draw conclusions in Section 5.

2. LITERATURE REVIEW

2.1. Determinants of the violence in Colombia

Based on theoretical concepts of criminal behavior, (Montenegro & Posada,
1994) point out that the increase in criminality during the 70s and 80s arose
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from the growth of productivity in the country, the increase in social wealth, and
weaknesses in the judicial system that incentivize criminal behavior (Sdnchez
& Nuiiez, 2001). (Sarmiento Goémez et al., 1999), meanwhile, have found that
the education level, political participation, and level of equality affected the
variation in homicide rate in the years between 1985-1988 and 1990-1996.
In contrast to the previous research, (Echandia, 1999) has studied the geo-
graphical distribution of violence and points out that the municipalities with a
higher homicide rate are not spread over the country, but are indeed centered
in certain areas. The number of municipalities that are prone to having a higher
number of homicides increase as the factors that generate violence themselves
increase.

In studies that disagree with others on the subject, (Rubio, 1999), (Rubio,
2001) states that violence is not a result of poverty or regional inequality. For
this author there are only a small number of homicides in regions with high
levels of poverty, which seemingly by coincidence have low levels of violence.
He, in turn, affirms that regions that have more favorable poverty indicators,
that are better developed, and that have a more complete education coverage are
more violent than municipalities in which there is a higher presence of armed
groups. Based on this position, (Lopez et al., 1999) state that poverty itself is
not a cause of violence, but inequality is, particularly when there is social ex-
clusion that only benefits one sector of society and there are incentives for the
evolution of drug-trafficking. This causes a downward spiral of delinquency in
which the drug trade and sale of drugs prolongs the violence (Gaviria, 2000),
(Montenegro, Posada, Piraquive, & Martinez, 2001).

According to the authors, such organizations generate patterns of dispersion
that facilitate the persistence of violence in fragmented regions. This is caused
by low levels of state presence and judicial inefficiency, which contribute to
the spread of criminality (Cohen & Tita, 1999). Homicides that involve dy-
namics resulting from armed groups that self-finance by drug trafficking and
violence that arises between persons involved (Steiner, 1997), (Rocha, 2000)
can be counted as being part of this criminality. Moreover, crimes such as ho-
micides show persistence and spatial diffusion as a consequence of the lack of
justice and the presence of drug trafficking (Sanchez Torres, Diaz Escobar, &
Fornisano, 2003).

However, in the country’s cities (Restrepo, Moreno, & Villegas, 2006) there
are some measures that contribute to the reduction in homicides, although
variables that are associated with the spatial and temporal dynamic have a
positive and significant impact on the homicide rate (Sdnchez, Espinosa, &
Rivas, 2003).

Moreover (Howe, Sanchez, & Contreras, 2010), claim that the demobilization
processes of paramilitary groups reduce the number of homicides in the areas
in which they have an armed presence. However, in the areas in which there
is a higher population density, the probability of there being higher municipal
homicide rate is increased. Due to this, it is important to consider the density
demographic and the size of the young population, which is more vulnerable
to the prolongation of periods of violence that can affect the life expectancy of
inhabitants as well as the quality of schools and children and young people’s
attendance (Rodriguez & Sanchez, 2012).



Socio-economics characteristics and spatial... / Luis Eduardo Sandoval 55

2.2. Persistence and spatial autocorrelation

The previous studies suggest the existence of spatial persistence in crime
indexes. This gives reason to study the literature that addresses the temporal
effect in demographic systems from population shocks that continue and remain
over time (Azomahou, Diebolt, & Mishra, 2009). This focus helps to explain
future patterns in regions that are affected by characteristics that only remain
temporarily. As such, the transition in a variable such as the homicide rate
that depends on the economic cycle (Romero, Herrera, & Espitia, 2011) can
be explained by demographic movements associated with the structure of age
groups that determine present and future decisions (Boucekkine, De la Croix, &
Licandro, 2002). This is important in order to show how demographic changes
have an influence on regional development and growth (Lindh & Malmberg,
2007), particularly when the conditions of the young population are affected.

Therefore, when using a panel to capture the spatial autocorrelation between
regions located close together and maintaining heterogeneous individuality, it is
possible to obtain an unbiased estimate of the dependent variable (Anselin, Le
Gallo, & Jayet, 2008), (Baltagi, 2008), (Baltagi & Li, 1992),(Baltagi & Li, 2006),
maintaining a disturbance component that not only shows an spatial autoregres-
sive (SAR) parameter associated with the weights matrix, but also an error term
with independent distribution (Anselin, 1988), (Anselin & Bera, 1998). It should
also be noted that the weights matrix W* is symmetrical and presents binary
outcomes that relate to neighboring and non neighboring elements, as well as
diagonal elements are zero in order to have robustness (Moscone & Tosetti, 2011).

These types of models are made by maximum likelihood estimation (MLE)
or by generalized method of moments (GMM). This last method uses moments
to take advantage of the properties of the error term and the estimation resolves
the problem of nonlinear optimization, which can be found in the specification
(Lee & Liu, 2010), (Lee & Yu, 2010), (Lin & Lee, 2010). It has the advantage of
obtaining consistent estimators that keep regularity conditions and low variance
of unknown heteroscedasticity, which prevails when the diagonal elements of the
weighs matrix are zero. The results hold when the SAR model is estimated with
superior order spatial lags and homoscedasticity error (Kelejian & Prucha, 1999).

(Arellano & Bond, 1991) constructed estimators for dynamic estimation
with equations from the lag moment in the dependent variable and differences
in error. However, when the autoregressive process is persistent the lags are
weak instruments. Equally, (Arellano & Bover, 1995) and (Blundell & Bond,
1998) propose an orthogonal moment condition between lag differences in the
dependent variable and error values that present a bias due to the size of the time
series. In order to control the bias in small samples for dynamic panels when
the autoregressive coefficient is close to one (p = 1), (Phillips & Han, 2008) and
(Han & Phillips, 2010) propose a specification with fixed effects and a trend in
the autoregressive coefficient. This paper uses GMM estimations for a data panel
with fixed effects, unknown heteroscedasticity, and spatial autoregressive (SAR)
errors. Also, (Han & Phillips, 2010), (Arellano & Bover, 1995), and (Blundell
& Bond, 1998) use specification to study the spatial effect on persistence in the
homicide rate for demographic changes given displacement flows and increases
in the young population (15-29 years) together with the education coverage and
conflict variables.
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2.3. Data used

Data were constructed on homicides, middle education, displacement,
young population and conflict actions for 1003 Colombian municipalities from
2000-2010. These municipalities are classified by the DANE, which provides
information on geographic areas and categorizes regions by size and distance
between each other. The homicide rate (homrate) is a measurement related
to criminal behavior and is recorded as the number of homicides reported in
comparison to the size of the population. The rate of displaced people (disrate)
reflects demographic pressure in the regions in which there is displacement,
which functions to reflect the presence of a population different from the
native population of regions to which there has been migration resulting from
the conflict. Also, official secondary education coverage (secedcov) manifests
the number of young people that the municipality has enrolled in its official
educative institutions. This is a very important aspect to take into consideration
when dealing with a population that has a tendency towards committing crime
and engaging in illegal activities. The young population (between the ages of
15 to 19, 20 to 24, and 25 to 29) is vulnerable to being affected by the situation
that the violence brings as well as the regional inequality. Also, the actions that
result from the conflict (constgue, constneop) represent the contended balance
of power between the state/guerrilla and state/neoparamilitaries

3. ESTIMATION
3.1. Distance Matrix

To estimate demographic changes in municipalities, a spatial matrix was
constructed by municipal proximity that relates the distance traveled from a
municipality to the main departmental capitals that are defined as centroids!
and also from near by municipalities. This defines relationships between the
distances travelled between neighboring municipalities and departmental capi-
tals in order to show a proximity criterion for social links contained in a square
matrix that is defined by the kilometer distance between municipalities. This
represents social networks in the decisions to change place, which function to
be able to determine the spatial weights matrix (Anselin, 1988).

The W* matrix the size of which is 1003 x 1003 represents the distance in
kilometers of the municipality in row (i) from the municipality in row (j). These
municipalities include 25 centroids (c), which represent Colombia’s departmental
capital cities and only when the column and row contain the same municipality
there is a distance value of zero. The weighting criterion, which spatially con-

I 5001: Medellin; 8001: Barranquilla; 11001: Bogot4; 13001: Cartagena; 15001: Tunja;
17001: Manizales; 18001:Florencia; 19001: Popayan; 20001: Valledupar; 23001: Monteria;
27001: Quibdd; 41001: Neiva; 44001: Riohacha; 47001:Santa marta; 50001: Villavicencio;
52001: Pasto; 54001: Cidcuta; 63001: Armenia; 66001: Pereira; 68001: Bucaramanga;
70001: Sincelejo; 73001: Ibagué; 76001: Cali; 81001: Arauca; 85001: Yopal
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nects municipalities by geographic distance according to the distance travelled
to near by areas and centroids is established based on the distance matrix.

Wipo ot Wiio03 0 Wia W1,1003
* . . . . .
W. = : - : =

ij
Wi0031 " W1003,1003 W10031  Wi003,2 0

The diagonal elements are zero because they do not represent distances. The
elements that show the distances (dl.j>0) between municipalities are assigned
value in the following way:

w; ; =Lif :dmin(c) < d;; < dmax(c)
W; =1 w;; =0,if :dmax(c)=d; <dmin(c)
wi; =0if si=judy=d;

Where, dmax(c), dmin(c), represent the maximum and minimum distance
between the municipality of origin i with any of the centroids. When considering
the intermediate distance between centroids dmax(c) < dij < dmin(c) it takes into
consideration the distance to capital cities and near by regions. This shows that the
municipalities’ social connectivity weighs up contiguity and shows relationships
with close neighbors. If the distance d; is greater than the maximum distance
between i and any of the centroids and less than the minimum distance to the
centroid, there will be no spatial connection criterion between the geographic
areas. This means that the spatial weights matrix reflects interaction patterns that
are defined by the W* values. As such, the matrix will be exogenous (Kelejian
& Piras, 2014) with respect to the dependent and explanatory variables.

3.2. Empirical model

In order to determine if there is spatial dependency and spatial persistence for
homicides that result from population shocks as a consequence of a large young
population and the receiving of people who have suffered forced displacement
in conjunction with economic conditions resulting from the secondary education
coverage and the municipal conflict situation. This is a study of the behavior of
the homicide rate (homrate) taking into consideration the population between
15 to 19 (age15t029), 20 to 24 (age20t024), 25 to 29 (age25t029), the receiv-
ing of displaced people (disrate), the coverage of official secondary education
(secedcov), actions resulting from the conflict and the exogenous W* matrix,
which connects the municipalities by neighborhood and contiguity. To do this,
an estimation of dynamic spatial panel data was used, suggested by (Han &
Phillips, 2010), which begins with:

Vi = XuB+6, i=1,2,...1003, 1=1,2,...10

(D . Co
€ =Uu+g, 6,=(61,,...,6Nt), u=(ut,...,yN) ~nd(0,aﬁ)
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Where, the dependent variable yit is the municipal homicide rate (homrate)
for a period of 10 years and has stable behavior. It can also be established if
the homicides have a random distribution or if there is a positive spatial auto-
correlation associated with the control variables x; for demographic pressure
(agel5t029, age20to24, age25t029, disrate), economic reasons (secedcov), and
actions resulting from the conflict at a time when they could spread to near by
municipalities (constgue, constneop). The error component ¢, = (¢1,,...,¢Nr)‘
has spatially autocorrelated residuals (SAR), which transmit global shocks to
the entire system (Anselin et al., 2008).

* w\—1 —
) 9= W, 9, +v, =(Iy - pW, ) v, = By'y,

Spatial dependence appears when the effect takes place in the dependent
variable or in the error. As such, the spillover effects are considered to be those
from which multi directional diffusion arises from the behavior of the variable
for regions that could be affected by a near by region or by a centroid. The spatial
weights matrix W* indicates the systems spatial connectivity with each element
w,, as well as the observational unit i, which is spatially connected with j.

Those elements that are different from zero reflect interregional spatial
interaction where |p| <1 indicates the spatial intensity autocorrelation with
the error, v, is the error vector (le) which is independent between cross sec-
tions that have constant Varlance o ul ~By =y — pW,). The error covariance
matrix is Q, = E[¢¢ | = o, I +0 (BN ) . where 1, is an all ones vector

(Tx1), the error term is e=(t; ® Iy )u+ (IT ® B;,l )U, the convergence matrix
(NTXNT)J = 17y is anall ones matrix Q= 02(J; ® 1)+ 07 [IT ® (ByBy )‘1]

when €=y-xB, Q= 023, Q=(JT®61N)+[IT®(B}VBN)_1], 6=02/02.

4. RESULTS

In order to know if the homicides present random behavior or a special as-
sociation the following tests were used: Moran’s I, Geary GC, and Moran MI
(error). In order to understand if error and the lags of the dependent variable
showed spatial autocorrelation the LM Error (Robust) and LM Lag (Robust)
tests were used. Under the spatial dependence hypothesis, the following function
of maximum likelihood was estimated (Anselin, 1988):

NT 2y 1 L,
(3) L=—71n(2ﬂav)—51n|z|—?f e

v

These tests establish if the values in the homicide rate are similar in adjacent
and neighboring regions under the spatial independence hypothesis and define
proximity criteria through the spatial weights matrix W*. For estimations, the
tests for spatial autocorrelation of the error Moran’s I and Geary GC present
significant values and positives between 0-1, which indicate direct autocorrela-
tion or similarity between the values obtained in closely located regions, thus
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the high/low values for the homicide rate spatially group together with others.
The results obtained show that with a low spatial agglomeration and when the
regions have similar behaviors (Getis-Ords) the coefficients are close to zero
and one (Moran’s I and Geary GC). This reflects the low spatial autocorrelation
and hold the spatial randomness hypothesis.

In the a-b/b-b case (Arellano & Bover, 1995), (Blundell & Bond, 1998), the
robust LM lag coefficient is less significant than the robust LM error, being ap-
propriate to use the estimation with a spatial lag and models with spatial error
that consider leaving out variables (Anselin & Florax, 1995), while maintaining
spatial dependence for error and the dependent variable. The results confirm that
there is spatial correlation in the error. The LM SAC test manifests that there is
general spatial autocorrelation for changes in the population resulting from flows
of displaced people, a reality that influences the spread of homicides in regions
affected by actions resulting from the conflict, density of young population, and
low secondary education coverage. The spatial dependence coefficient p in every
case is low. As such, a spatial contagion shock more quickly disappears in time
due to the low diffusion and concentration level of homicides.

All the variables associated with demographic pressure (disrate, age20to24) and
disputes between armed groups (bdestparneo) are significant, with the exception
of secondary education coverage. The lag and the coefficient p are significant
and confirm the hypothesis that there is persistence in the homicide rate as a
shock has effects over time. The low spatial dependence and the nonexistence of
spatial clustering shows that no proximity relationship can be seen in terms of
the pressures resulting from the size of the population caused by displacement
that has an influence on the spread of the homicide rate. Additionally, the model
presents the lowest values of maximum likelihood in absolute value AIC (error)
and HQ, which is an appropriate representation to show that the homicides are
not particularly persistent over time. Equally, spatial diffusion from one mu-
nicipality to another cannot be seen for the past decade, however there is a low
regional concentration of homicides which is due to the regions characteristics.

4.1. Prediction

With the proposed dynamic spatial panel in the model, the prediction for
the homicide rate is made for a one period of time following (Baltagi & Li,
1992) and (Baltagi & Li, 2006) with the purpose of explaining if the spatial
autocorrelation arises by pressures in the density of the population. The diverse
municipal conditions in terms of the local young and displaced population who
migrate to near by regions due to the presence of armed groups is taken into
consideration. As such, the prediction considers the spatial autocorrelation given
for near by regions and the individual regional heterogeneity that is created
by the associated dependency to location and distance. The previous, which
exists is in a geographical context, relates municipalities through the flows of
displaced people that are established in the spatial error and includes a spatial
autoregressive (SAR) component.

The analysis includes data on young people (between the ages of 15 to 19,
20 to 24, and 25 to 29) that comes from each region together with the rate of
displaced people (sd=5,41), as well as the official secondary education cover
[0,28 (sd=0,26)] and the disputed balance between armed groups and the state
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[0,19 (sd=0,34); 0,06 (sd=21)]. This helps to show how the population charac-
teristics, the education situation and the presence of armed groups can influence
homicides given regional conditions. The results show that when making the
prediction, the predicted (fratehom) variable follows the same pattern as the real
homrate variable, which shows the highest values for the municipalities? that
were characterized in 2010 for having the highest homicide rate and the lowest
values for the municipalities with the lowest homicide rate3, corresponding to
the last decile.

The estimated variable for the model (homrate) follows a similar distribution
to the initial variable (homrate), which presents the highest values in specific
regions. This explains that the distribution only accumulates in determined
percentiles and presents greater variety and standard deviation between regions,
this being a reason to consider that the spreading of the homicide rate has a
tendency to be concentrated in the same regions over a period of time. When the
estimated variable is compared with the real variable it is found that the values
do not present large differences, given that the model considers spatial autocor-
relation and individual heterogeneity between municipalities. The simple model
presents a good performance in the prediction of the variable over a period of
time and shows less difference between the real value and the estimated value.
Also, the spatial correlation functions to improve the prediction for the highest
values of the homicide rate.

5. CONCLUSIONS

The analysis on the prediction of the homicide rate using panel data with
spatial autocorrelation for forced displacement to near by regions with individual
heterogeneity shows a good performance in the distribution of data obtained
in accordance with the specification (Arellano & Bover, 1995), (Blundell &
Bond, 1998). These results can improve to the extent that the variable presents
less dispersion.

Spatial autocorrelation improves the prediction, although the individual het-
erogeneity increases the difference in the prediction that is controlled in the size
and robustness of the sample as well as with the structure of the spatial error, the
spatial autocorrelation improves the prediction. Taking this into consideration it
is possible to consider lags of the dependent variable and the effects of regional
proximity as a result of the matrix of displacement flows.

The results support the notion that spatial dynamics that have a demographic
impact on the homicide rate have spatial persistence due to geographic, economic
and municipal conflict conditions. This allows for the behaviors of the homicide

2 Matanza (Santander), Tibd (Norte de Santander), San Carlos (Antioquia), Contratacion

(Santander), San Rafael (Antioquia), Granada (Antioquia), Angelépolis (Antioquia),
Beltran (Cundinamarca), Morelia (Caquetd), Puerto Santander (Norte de Santander).
Zapayan (Magdalena), Floresta (Boyaca), La Pintada (Antioquia), Narifio (Narifio),
Arroyohondo (Bolivar), Tunungua (Boyaca), Hatillo de Loba (Bolivar), San Jacinto del
Cauca (Bolivar), Rio Quito (Choco), Rio Iro (Choco).
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rate to be compiled in regions that could be affected by the spatial diffusion of
the closest regions.

The analysis realized, suggests a relational matrix based on flows of mu-
nicipal displaced people who migrate from regions affected by the internal
conflict between armed groups to near by regions. This shows that there is
positive spatial autocorrelation between near by regions in terms of the values
presented in the homicide rates. In any case, when presenting relationships of
invariant proximity, the spatial significance of the variables can improve and
consequently change the structure of the matrix.

In general, it is found that the variables associated with the demographic
variation and disputes between armed groups are significant and they affect the
homicide rate by the variation in geographic distance. As such, the effect of the
past homicide rate has persistent and significant results. It has the greatest effect
when the size of the local young population is used as a variable, and it leads
to an important conclusion associated with population density, which can have
an influence on delinquent activities and homicides.
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APPENDIX
METHODS OF ESTIMATION AND DESCRIPTION OF VARIABLES

The dynamic panel suggested by (Han & Phillips, 2010)

Vie =0+ BXy + Wiy Wy = PU; ) + 64,0 € (-1 1]
(€)) Vi = (1= p)a; + B(Xy = PX; )+ PYi s +6 4525 = Vi = BXy
zy =(1=-p)a; + pz;; + PYist€,

Which uses transformation (Phillips & Han, 2008)
2Az; + Azyyy = PAZy +1;,5 My = 246, +(1+ P) Az, corr(p,Az; Mi)=0

allowing that corr(ai,xit) > 0, the transformation can be applied to the first
. . . . . . . T
expression ¥ =¥ =¥, - %) B+&, when §,=y,-T" ) ¥

Vi1 = Vir — T"IET Vis-i+ The conditions with Az, = Ay;, — Ax;, B would be:
P

T
EZAzi,_l [(ZAZ[, + Az ) - pAZit—l:i =0
=2
(5 T
EZ(’@; — Xy )[(531'; = PYi) = (¥ = Py ﬂ:l =0

t=1

The dynamic panel with fixed effects and a suggested incidental tendency
has the advantage of providing GMM estimators that control the problem under
weak moments conditions that usually alter the GMM estimators when the au-
toregressive parameter is close to one. This provides consistent estimations and
corrects the bias in small samples that are affected by heterogeneity and error
dependence in the cross sections (Arellano & Bover, 1995), (Blundell & Bond,
1998) use model equations and their differences as a system that introduces
more instruments and makes estimation more efficient by using the original
model equations in levels and comparing their differences.

In order to obtain an estimation with asymptotic properties (Blundell & Bond,
1998), consider an additional condition that is fulfilled when y, is stationary
in a way that it is necessary to add linear moment conditions for the difference
GMM. This allows for the use of lags in the first differences of the series as
instruments for the equation in levels (Arellano & Bover, 1995), when Z, is the
matrix of instrumental variables for equation in first differences. The system
accomplishes a combination of first order difference equations with lags as instru-
ments and an additional lag first order difference equation for the instruments.

E|77l- Ayi2| =0,i=1,...,N

E|eit Ay,-t_1|=0, i=1,....N, t=3,....,T
El)’it—s Aeit’ =0, EleitAyit—l‘ =0

E|Z; €| =0, ¢ = (A€ 3,..., 6 7,63, €1)

(6)
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TABLE 1
VARIABLES USED
Obs Mean Std. Dev. Min Max
Dependent Variables
homrate 10030  0.1116151  0.4935829 0 12.52388
loghomrate 10030  -2.555218 1.761398 -9.25913 2.527637
Demographic pressure variables
agel5al9 10030 3724.139 21653.02 0 645482
age20a24 10030 3357.791 21739.45 0 644573
age25a29 10030 3011.31 20514.85 651446
disrate 10030  1.646916 5416158 0 175.4794
Control Variables
secedcov 10030  0.2844004 0.261941 0 13.56233
Inagel5al9 10030 7.24659 1.125524 0 13.37775
Inage20a24 10030 7.042499 1.158157 0 13.37634
Inage25a29 10030 6.906768 1.157626 13.38695
constgue 10030  0.1929065 0.3404384 0 1
constneop 10030  0.0628756  0.2100761 0 1
Adjacency matrix
DFWxt: 1003x1003 row standarized
Source: Author’s calculations.
TABLE 2
OBSERVED HOMICIDE RATE
Percentiles Smallest
1% 0 0
5% 0 0
10% 0 0 Obs 10030
25% .0064391 0 Sum of Wgt. 10030
50% 10286271 Mean 1116151
Largest Std. Dev. 4935829
75% .0785105 12.07781
90% 1916372 12.29142 Variance 2436241
95% 3653113 12.52279 Skewness 15.12218
99% 1.453472 12.52388 Kurtosis 293.1218

Source: Author’s calculations.




Estudios de Economia, Vol. 45 - N° 1

66

"SUOTIB[NOTED S JOYINY :90IN0S

IVIAD %:m+m ne+’ Jov\% ne+’ ?[9)=ang1su0d JO1[JU0D e[[LLIoNS-9)eIS
IVIED (ne+"ne+"""1))(“'ne+""10)=dosuisuos 101Ju00 KreyrrureredodN-91e1S
OVIED soureyruesedooN 9y} JO J[NSAI B S FULLINIJ0 SJUIAD Mg suonoe AreyjruueredoaN [eIe[Iu)
OVIAD 18IS 9} JO J[NSAI B SB FULLINODO SJUIAD :'NE suonoe Je)S [eIR[IUN
IVIAD e[[LLIONS o) JO )[NSAI & S SULLINOD0 SIUAAD JUI[OIA :'ne suomoe B[[IIensg [eIoyeIun)
OVIAD soueyiureredoaN pue LIS AY) USOMIAQ SIUBIEGUIOd pardjsidar jo roqumu 7o syuejequiod ArejijrueredooN-9ielS
OVIAD e[[LLIANS oY) PUE 21B)S OY) UAIM]Q SIUEIEQUIOD PAIdISISal jo Jaquinu 7o SJUBIRQUIOD B[[LLIONT-31e)S
suonrpuoy) pIyuo)

ANVA (("'610151dod+ " 10101 dod)/( *paoasarer))=a00paoas 98810400 UOTIBONPA AIRPU0IIS [BIOLJO)
ANVd Ayrediorunw £q uoneoONPa AIRPUOIS UI SJUIPNIS JO JOQUNU [BIDLJO :PIIISI)eL uoneonpa AILpuods [BIONJO Ul SJUIPNIS
SuONIPUO)) JIWOUOIFY

ANVA juowade[dstp [ediounwt padIog :SIp 9rdoad pooerdsiq
ANvVd (001)("dod/*sp)=areasip adoad paserdsip jo arey
ANVA (s1834 67 pue ¢z usamiaq uonerndod)uy =¢zo1gzadeuy s1eak g 01 ¢z uonendod S0
ANVA (s1eak 47 pue ()7 ueamiaq uonendod)uT =4z01)ze3ey] s1eak ¢ 01 0z uonendod 301
ANVA (s1894 g1 pue G| usamiaq uoneindod)ut =g 101G 1o3eU] s1eak g1 01 g1 uonendod So
ANVA SIBOK T PuB 4 ueamiaq uonendod :6z0oiygode s1eak gz 031 ¢z uonendod
ANVA sIeak 47 pue (g ueamiaq uonendod :470)(zo3e sIeak 7 01 )¢ uonendoq
ANVA SIBAK ] pue G uaamleq uonendod :g101g 195k s1eak g1 03 ¢ uonendog
ANVA SIBAK 71 pue ()] ueamiaq uonendod :4 103 [o5e s1eak 1 03 0] uonendogq
uonemndog

ANVA uonerndod redrorunpy :dod uonendod
ANVA soprorwoy [ediomunyA :rwoy SOpIIWOH
ANVd (001)s("'qod/ "rwoy)=orerwoy 318y SPIOTWOH
JOIABYDY [BUTWILI)

ereq J[qeLIBA

SATIVIIVA 40 NOLLAINOSHd
¢ HTdVL



67

/ Luis Eduardo Sandoval

Socio-economics characteristics and spatial...

*SUOTR[NOTED S, JOYINY :90IN0S

88¢CI - 0 0 0 0 0 0 0 0 0 0 0 08SLT
99¢0'- 0 0 0 0 0 0 0 0 0 0 0 009LC
L810- 0 0 0 0 0 0 0 0 0 0 0 Gsocl
6L10- 0 0 0 0 0 0 0 0 0 0 0 00eel
L910- 0 0 0 0 0 0 0 0 0 0 0 [4%:14|
1710~ 0 0 0 0 0 0 0 0 0 0 0 a90¢l
Y010~ 0 0 0 0 0 0 0 0 0 0 0 08CS
G100~ 0 0 0 0 0 0 0 0 0 0 0 06¢€S
oo 0 0 0 0 0 0 0 0 0 0 0 9LTST
€200 0 0 0 0 0 0 0 0 0 0 0 096LY
o114} (EL 6014 801 L0 9014 S0 Y014 €01 <0y 1oy 0014 pt
$680° 8¢SO LOTO 6010° (444 geeo Pe0 86¢l” 6280 1720 €190’ ey 199949
yeeT 6eel” YLOT 8920 Syel ey 9080° 09LE" cLor 6901 [102% (U4 6LY81
eLYO 0 0 0 So0T1” 0 0 €L0T 6v01 968" 1801 Soct 980S¢T
Y0LO 0c1o Yo’ 1910 €620 98¢0° 60 eero 180 8890 1860° 89¢Y 9€0¢
Ly8¢ 0 €0c0 60S0° 010 Y020 9eLT” 0csT YeLL 6€86° esey 8ELY eres
€00T SLOO 0S10° 10€0’ 0810 Lyv0 ocer” a8l 9ICl” 886T 128¢ LI€S L99¢
6101 0 0 0 0 [4540x 0 0 00 69y £€6CS 90vs” 11289
601¢ Sero 2900 (4540 8LED YLOT 10T 19974 08¢ 1498% Y9L6 L00Y 6v9¢
L SI80° [4940% caor 8660 e8l” Sovl 8YLE 6cor co8L° 899¢" LSeL 018¥S
SLCT” 6L10° LLTO 0 0 0 [LTO LOSO 91T 0s6T c0LE (4! Yv89
o114y (JEL1 6014 801 L0 9014 SOy Y014 €01y <0y 1014 0014 p!

(ATIDAA LSVT ANV LS4 A1V ddIDINOH

¥ 4 19VL




68 Estudios de Economia, Vol. 45 - N° 1

TABLE 5
FINAL VALUES AND ESTIMATES (HOMICIDE RATE)

Variable Obs Mean Std. Dev. Min Max
homrate00 1003 0.0618366 0.0853694 0 1.232227
homrateO1 1003 0.0678654 0.0897056 0 0.9764085
homrate02 1003 0.0704847 0.0908478 0 0.9839168
homrate03 1003 0.0617387 0.0851698 0 1.222112
homrate04 1003 0.0501097 0.0651843 0 0.5474715
homrate05 1003 0.0408911 0.0472946 0 0.3796919
homrate06 1003 0.0396724 0.0461437 0 0.432654
homrate(7 1003 0.0393661 0.0449526 0 0.3738855
homrate08 1003 0.034477 0.0398259 0 0.4130403
homrate09 1003 0.0294085 0.0324712 0 0.2414001
homrate10 1003 0.0274378 0.043635 O 0.9385806
fhomratel0 1003 0.1071568 0.4786716 0 1.30628

Source: Author’s calculations.

TABLE 6
ESTIMATED HOMICIDE RATE

Percentiles Smallest
1% -.0313578 -.1813342
5% -.015348 -.1813342
10% -.0066094 -.1813342 Obs 10030
25% .0095843 -.1813342 Sum of Wgt. 10030
50% .0346152 Mean 1071568
Largest Std. Dev. 4784568
75% .080365 10.30628
90% 1651506 10.30629 Variance .2289209
95% 3478542 10.30630 Skewness 14.67453
99% 1.485262 10.30631 Kurtosis 267.7663

Source: Author’s calculations.
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TABLE 7
ESTIMATED RESULTS (HOMICIDES, (2000-2010)
homrate log(homrate) homrate log(homrate)
gla‘i‘i’;’lfg:em h-p h-p a-b/b-b a-b/b-b
(1] [2] (3] [4]
homrate L1. 0.68603%** 0.02486 0.78859%#:* 0.02935
(0.000) (0.330) (0.000) (0.202)
disrate 0.003817%%#* 0.01830%#* 0.003127%%#* 0.01344#%#*
(0.000) (0.000) (0.055) (0.002)
secedcov 0.00198 0.00382 -0.00449 -0.00470
(0.781) (0.957) (0.475) (0.945)
Inage15to19 0.00340 -0.85053%#* -0.05728 -0.07804
(0.952) (0.019) (0.318) (0.892)
Inage20to24 0.03250 -0.07043 0.098177##* -0.45497
(0.438) (0.821) (0.014) (0.278)
Inage25t029 -0.03596 0.24912 -0.01760 0.25891
(0.453) (0.357) (0.593) (0.532)
constneop 0.01402%#* 0.00831 0.01566 0.00100
(0.000) (0.880) (0.062) (0.986)
constgue 0.02918%##* 0.26352%#%* 0.03676%** 0.12493%%#*
(0.000) (0.001) (0.019) (0.026)
rho 0.0008** 0.0006%** 0.0004%#* 0.0005%**
(0.0000) (0.0003) (0.0002) (0.0122)
Sample Size 9027 9027 9027 9027
Cross Sections 1003 1003 1003 1003
Number
Weight Matrix 1003x1003 1003x1003 1003x1003 1003x1003
Raw Moments R2 0.9528 0.8296 0.9490 0.8293
Log Likelihood 7280.4375 -15095.3838 6934.5028 -15104.7996
AIC (error) -0.00014 30216.7676 19717.514 30229.5992
HQ 0.017 1.6703 0.0127 1.6713

Source: Author’s calculations.
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TABLE 8
SPATIAL RESULTS (HOMICIDES 2000-2010)

homrate log(homrate) homrate log(homrate)
Iv“a‘ifflfg:em hep hep a-bib-b a-bib-b
(1] (2] [3] [4]
Moran MI 0.0112%** -0.0004 0.00307%** 0.0002
(0.000) (0.5800) (0.000) (0.4685)
7/(25.553) 7(-0.553) Z(7.061) 7(0.725)
Geary GC 0.964 7+ 1.00377##x* (0.9733%#* 1.003 1%
(0.000) (0.000) (0.000) (0.000)
7/(-13.457) 7(6.239) 7(-9.499) 7(5.235)
Getis-Ords -11.0389##* 0.3530 -2.9671#%* -0.2094
(0.000) (0.5800) (0.000) (0.4685)
7/(-25.553) 7(0.553) Z(-7.061) 7(-0.725)
Moran MI (error) 0.5664 0.4810 0.5041 0.3771
(0.5711) (0.6305) (0.6142) (0.7061)
7(1283.939)  Z(1081.206)  Z(1144.300) 7/(847.746)
LM Error (Robust) 558.8617*%* 0.5716 43,4094 3.5266
(0.000) (0.4496) (0.000) (0.0604)
LM Lag (Robust) 0.0053 0.0089 4.9916%** 8.2782%%*
(0.9420) (0.9249) (0.0255) (0.0040)
LM SAC (LM (error), LM (lag)) ~ 558.8670%%* 0.5804 45.3586%#* 8.4793 %%
(0.000) (0.7481) (0.000) (0.0144)
Engle LM ARCH Test AR(1) T15.1848%**  865.6880%**  426.5279***%  880.7079%**
(0.0000) (0.0000) (0.0000) (0.0000)
Jarque Bera LM Test 0.000008***  1015.1306***  0.000001***  987.0291%**
(0.0000) (0.0000) (0.0000) (0.0000)
Skewness Z Test -16.3895%#* 12.59427%#% .42 9325%** 12.427 1%
(0.0000) (0.0000) (0.0000) (0.0000)
Kurtosis Z Test 61.9355%#* 17.3250%%* 62.6821%%* 17.1754%%*
(0.0000) (0.0000) (0.0000) (0.0000)

Source: Author’s calculations.
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FIGURE 1
DISTRIBUTION OF THE ESTIMATED HOMICIDE RATE (AABB)
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Source: Author’s calculations.

FIGURE 2
MORAN’S I SPATIAL CORRELOGRAM (HOMICIDE RATE)

Source: Author’s calculations.
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FIGURE 3
MORAN’S I SPATIAL CORRELOGRAM LOG(HOMICIDE RATE)

Source: Author’s calculations.
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FIGURE 4
QUARTILES HOMICIDE RATE
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FIGURE 5
HOTSPOTS TASA DE HOMICIDIOS
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