19-21 de Octubre 2022 | Granada
INTERNATIONAL CONFERENCE
ON REGIONAL SCIENCE

Challenges, policies and governance of the territories in the post-covid era

Desafios, politicas y gobernanza de los territorios en la era post-covid

XLVII REUNION DE ESTUDIOS REGIONALES
XIV CONGRESO AACR

Title:
The impact of terrorism at the municipality level in Colombia: A difference-in-
differences approach

Authors and e-mails of them:
Marcos Sanso-Navarro (marcossn@unizar.es)
Maria Vera-Cabello (mvera@unizar.es)

Department:
Departamento de Andlisis Econémico
Centro Universitario de la Defensa

University:
Universidad de Zaragoza

Subject area: (please, indicate the subject area which corresponds to the paper)
7. Demographic change, population and migratory movements.

Abstract: (maximum 300 words)

This paper studies the persistence of the effects that terrorism exert on municipality size.
With this aim, we propose to implement new difference-in-differences techniques that
control for heterogeneous effects across units and time. Using data of Colombia
covering the period 1985-2020, we first show the importance of conditioning on
covariates in order to make the parallel trends assumption reliable. In line with previous
related studies, our results suggest that terrorist incidents have had transitory adverse
effects on municipality size. This findings is robust to the identification strategy
adopted.

Keywords: (maximum 6 words)
Municipality  size, terrorism, shock persistence, differences-in-differences,
heterogeneity.

JEL codes:
C21, J10, N46, R12.


mailto:marcossn@unizar.es
mailto:mvera@unizar.es

The impact of terrorism at the municipality level in

Colombia: A difference-in-differences approach*

Marcos Sanso-Navarro$¢ and Maria Vera-Cabello®

2Departamento de Anélisis Econémico & IEDIS, Universidad de Zaragoza, Spain
®Centro Universitario de la Defensa de Zaragoza, Spain

marcossn@unizar.es, mveraQunizar.es

May 26, 2022

Abstract

This paper studies the persistence of the effects that terrorism exert on municipality
size. With this aim, we propose to implement new difference-in-differences techniques
that control for heterogeneous effects across units and time. Using data of Colombia
covering the period 1985-2020, we first show the importance of conditioning on covari-
ates in order to make the parallel trends assumption reliable. In line with previous
related studies, our results suggest that terrorist incidents have had transitory ad-
verse effects on municipality size. This findings is robust to the identification strategy

adopted.

Keywords: Municipality size, terrorism, shock persistence, differences-in-differences,

heterogeneity.

JEL classification: C21, J10, N46, R12.

*This work has received financial support from Fundacion Ibercaja (Grant JIUZ-2020-SOC-11), Gob-
ierno de Aragon (S39-20R ADETRE Research Group), and Ministerio de Ciencia e Innovacion/Agencia
Estatal de Investigaciéon (Grant PID2020-112773GB-100).

§Corresponding author. Address: Facultad de Economia y Empresa. Gran Via 2. 50005 Zaragoza,
Spain. Tel.: (+34) 876 554 629.


marcossn@unizar.es
mvera@unizar.es

1 Introduction

The consequences of violence, in general, and terrorism, in particular, tend to prolong
over time. At the urban level, there is a related strand of the literature that analyzes the
persistence of the effects that violence exerts on city size. The interest on this topic is
mainly motivated by the fact that the degree of persistence of the shocks experienced by
cities permits to assess the relative importance of the two main theoretical explanations
for the spatial distribution of economic activity: locational fundamentals and increasing
returns (Braun et al. 2021). The main conclusion drawn by those studies about the con-
sequences of wars is that their strong and temporary demographic shocks have transitory
effects on the relative city size distribution, see Davis and Weinstein (2002) and Brakman,
Garretsen, and Schramm (2004) for the World War 11, and Sanso-Navarro, Sanz-Gracia,
and Vera-Cabello (2015) for the American Civil War. These papers adopted an empirical
framework based on an instrumental variable estimation. As an alternative, Sanso-Navarro,
Sanz-Gracia, and Vera-Cabello (2019) applied difference-in-differences (DiD) methods to
analyze the demographic impact of terrorism at the regional level in Spain. Proceeding
this way, and in line with the studies cited above, they find that terrorism had a negative
and transitory effect on population growth.

Colombia is the third largest economy of Latin America and is strongly linked to the
United States (US). Although Colombia has a long-lasting and solid democracy, it has suf-
fered a severe, complex, and multidimensional conflict during seven decades, see Ferndndez
and Pazzona (2019). This explains that this country displayed the highest level of terrorist
activity worldwide during 1970-2004 (Feldmann and Hinojosa 2009). Actually, the length
and scale of the Colombian conflict has made it a testing ground to study the economic
and social consequences of violence!. Lemus (2014) shows that it increased poverty in rural
areas. Moya and Carter (2019) conclude that violence significantly lessens beliefs about so-
cioeconomic mobility and increases the expected likelihood of extreme poverty. Castaneda
and Vargas (2012) and Moya (2018) analyze the effects of the Colombian conflict on the
perception of economic and financial risks. In this line, Kutan and Yaya (2016) study

the impact of large-scale terrorist attacks on the stock market and industrial production.

!'Sanso-Navarro, Sanz-Gracia, and Vera-Cabello (2021) study the determinants of terrorism at the sub-
national level in Colombia during 2001-2014.



Camacho and Rodriguez (2013) find a positive influence of the number of guerrilla and
paramilitary attacks on the probability of plant exit at the municipality level. Rozo (2018)
shows that firms more exposed to conflict display lower levels of output and input prices.

There has also been interest in studying the influence of the Colombian conflict on
labor market outcomes, especially through internal forced migration. Bozzoli, Briick, and
Wald (2013) conclude that there is a positive relationship between net displacement and
self-employment rates in the services sector. Similarly, Calderén-Mejia and Ibaniez (2016),
Morales (2018) and Giménez-Nadal, Molina, and Silva-Quintero (2019) show that forced
migration reduces wages. Depetris-Chauvin and Santos (2018) conclude that internally
displaced people not only affect real wages in the construction sector of recipient cities,
but also alter the housing market and increase homicide rates. Fernandez and Pazzona
(2019) analyze violence spillovers from Colombia to Ecuador, without finding any influence
of the arrival of asylum seekers and of the presence of armed groups in bordering provinces
on, respectively, violent crime and homicide rates. Martinez (2017) documents that the
intensity of FARC operations increased in municipalities at the border with Venezuela after
Hugo Chéavez was appointed as its president.

Besides these studies on the Colombian conflict, we try to contribute to the litera-
ture about the consequences of terrorism at the urban level; see Hazam and Felsenstein
(2007), Savitch (2007), Abadie and Dermisi (2008), Arbel et al. (2010), Besley and Mueller
(2012), which mainly focus on housing and labor markets, investment rates, and tourism.
In line with Sanso-Navarro, Sanz-Gracia, and Vera-Cabello (2019), we analyze the impact
of terrorist attacks on municipality size. These authors implemented the dynamic DiD
approach proposed by Wolfers (2006) which consists of a response function constructed
with dummy variables that permits to distinguish between permanent and transitory ef-
fects; see Amarasinghe et al. (2020) and Heblich, Redding, and Sturm (2020) for similar
applications. Nonetheless, there are some recent concerns about the interpretation of the
estimation results obtained from this empirical framework as reliable measures of dynamic
causal effects (Sun and Abraham 2021). This is especially the case when there are dif-
ferences in treatment timing and heterogeneous effects; see the reviews by Chaisemartin
and D’Haultfoeuille (2022) and Roth et al. (2022). For this reason, we propose to embrace

newly developed heterogeneity-robust DiD estimators to study the persistent character of



the demographic effects of terrorist attacks on Colombian municipalities. With this aim,
it is of special interest the DiD framework proposed by Callaway and Sant’Anna (2021) as

long as it adapts to multiple time periods and variation in treatment timing.

The rest of the paper is organized as follows. Section 2 provides a brief history of the
Colombian conflict, and describes the main mechanisms behind the demographic effects of
terrorism. Section 3 presents the data sources and the variables that have been analyzed
in our empirical analysis, and Section 4 explains the methods that have been implemented.
The results obtained in our empirical analysis are discussed in Section 5 and, finally, Section

6 concludes.

2 Background

2.1 The Colombian conflict

The origin of the Colombian conflict is considered to date back to a period of a strong
rivalry between the Liberal and the Conservative political parties known as La Violencia
(1948-1958). These two opposing organizations signed an agreement on 1957 (Pacto de
Sitges) to constitute a National Front and arbitrarily alternate the presidency of the na-
tion during almost two decades. Meanwhile, left-wing guerrillas emerged in rural areas,
being the two more important the National Liberation Army (ELN) and the Revolution-
ary Armed Forces of Colombia (FARC). Drug traffickers became involved in the conflict
between the state and the guerrillas during the 1980s. Although guerrillas had initially a
low impact, and restricted to their areas of influence, these groups intensified their violent
activity during the 1990s. This was as a consequence of the FARC coming into play in the
illicit drug trade, on the one hand, and of the emergence of right-wing paramilitary groups
defending rural landowners and dealers against the extortion of guerrillas, on the other.
For these reasons, it can be claimed that the Colombian conflict has been characterized by

the successive appearance of new contenders with changeable motivations and behavior.

Presidents Andrés Pastrana (1998-2002) and Bill Clinton signed the so-called Plan
Colombia (2000), which came with financial and military aid from the US. Also with the
support of this country, President Alvaro Uribe (2002-2010) set up Plan Patriota (2003) to

fight against ELN and FARC. Juan Manuel Santos (2010-2018) — awarded with the Nobel



Peace Prize in 2016 — signed an agreement with the FARC that, although it lessened the
intensity of violence, was not enough to led the conflict to an end. Under the presidency
of Ivan Duque (2018-nowadays), paramilitary groups and new criminal organizations have
taken control of the territory and drug trafficking after FARC disarmament. Negotiations
between the government and the ELN have failed, making dissidents of this organization
to fight again with those of the FARC at the beginning of 2022. Therefore, there is still a

way to go for a complete cessation of violence in Colombia.
2.2 Theoretical underpinnings

Terrorism has been one specific strategy within all the observed manifestations of vi-
olence in Colombia. In reality, non-state armed groups adopted terrorism as a pivotal
element of their ways of action (Feldmann and Hinojosa 2009). This type of violence di-
rectly affects individuals by reducing their physical and human capital. Terrorism also
has indirect consequences — in terms of uncertainty, stress, and risk — that are more dif-
ficult to quantify and evaluate (Frey, Luechinger, and Stutzer 2007). According to the
‘fear hypothesis’ (Becker and Rubinstein 2011), the intense and prolonged exposition to
fright changes the psychology of individuals as well as their choices. This hypothesis is
related to the ‘terror management theory’ (Greenberg, Pyszczynski, and Solomon 1986)
which assumes that the prioritary target of human beings is survival, and that death-
related anxiety increases with the publicity of terrorist attacks (Das et al. 2009). These
emotional consequences of terrorism influence the private and social life of individuals (Fis-
cher et al. 2007), as well as their consumption, savings, and investment decisions (Frey,
Luechinger, and Stutzer 2007). Terrorism also generates non-economic effects by influ-
encing political participation (Vasilopoulos 2018) or demographic change (Sanso-Navarro,

Sanz-Gracia, and Vera-Cabello 2019).

Urban population is determined by its natural increase (births minus deaths) and net
migration. Therefore, terrorism may affect city size through fertility, deaths, and/or migra-
tion. Even if both low birth rates and negative net migration decrease urban population,
the dynamic implications of these factors are different. While migration is a short-run phe-
nomenon that can be reversed in time, fertility affects population in the long-run. From a

theoretical point of view, and on the one hand, terrorism might exert a positive influence



on fertility as children can be considered as a long-run investment that insures against
future adverse income shocks. On the other hand, terror can negatively affect fertility
through the stress and uncertainty created. Empirical studies suggest that terror reduces
fertility (Berrebi and Ostwald 2015), and that generates migratory movements of people

trying to escape from it; see Lozano-Gracia et al. (2010) for the case of Colombia.

3 Data and variables

The main aim of the present paper is to study the persistence of the shocks derived
from terrorist attacks on Colombian municipalities. The information about their size has
been extracted from Departamento Administrativo Nacional de Estadistica (DANE), which
reports yearly population projections based on census data for 1,122 municipalities start-
ing in 1985. This determines the period covered in our final sample that ends in 2020.
The shapefile containing the geospatial information of Colombian municipalities has been
extracted from the GADM database (version 4.0; https://gadm.org/).

The information about terrorist incidents in Colombia comes from the Global Terrorism
Database (GTD), maintained by the National Consortium for the Study of Terrorism and
Responses to Terrorism (LaFree and Dugan 2007). This data set defines terrorism as “the
threatened or actual use of illegal force and violence by non-state actors to attain a political,
economic, religious, or social goal through fear, coercion, or intimidation”. For the period
1985-2020, the GTD reports 5,832 terrorist attacks, which caused the death of 10,017
persons. These data have been grouped at municipality level on a yearly basis using the
details about the date and the location of each incident. In this regard, Figure 1 displays
the spatial distribution of the municipalities that have suffered, at least, one terrorist attack
during our sample period. A visual inspection of this map allows us to conclude that there

is no geographical pattern in the distribution of terrorist incidents across space in Colombia

[Insert Figure 1 here]

4 Methodology

One of the most commonly applied methods to assess the effects of a policy or a shock

(‘treatment’) on a given outcome consists of comparing the evolution of the variable under


https://gadm.org/

scrutiny in the affected (‘treated’) group with that in the non-affected (‘control’) one. As a
general rule, and in a panel data framework, this idea is implemented using two-way fixed

effects (TWFE) regressions which, in a static context, can be formulated as:

Yit = oy +ap + BDjs + €3¢ (1)

where Yj; is the outcome in unit ¢ at time ¢, and «; and oy are, respectively, unit and time
fixed effects. Dj; is an indicator variable that takes a value of one if unit ¢ has been treated
in period t (zero, otherwise), and ¢;; is the error term.

Although these regressions have been considered to be equivalent to DiD estimations,
the coefficient for 8 does not necessarily have a causal interpretation, see Chaisemartin
and D’Haultfoeuille (2020), Borusyak, Jaravel, and Spiess (2021), and Goodman-Bacon
(2021). Similar arguments apply to the dynamic version of expression (1), also referred to

as ‘event-study’ regressions (Sun and Abraham 2021):

L
Vii=a;+az+BDy+ Y. BiDl+eqn (2)
I=—-K,l#+-1

with Dgt being an indicator that takes a value of one if the unit was exposed to the
policy/shock [ periods ago; zero, otherwise.

The main problem with TWFE regressions is that, when there are differences in the
date of the treatment, the ordinary least squares (OLS) estimator compares all ‘cohorts’
with each other, as long as there is variation in the treatment status. That is to say, OLS
does not care about the treatment and the control group, just about minimizing the mean
square error. However, carrying out causal inference implies exploiting the variation that
fulfills the assumptions.

With the aim of improving the estimation and inference procedures in these contexts,
Callaway and Sant’Anna (2021) develop semi-parametric DiD estimators in setups with
multiple time periods and variation in treatment timing. For a panel data context, let us
consider the random sample {(Yi1,Yi2,...,Yir, Di1, Dio, ..., Dir, X;) }iq, with X; being a
vector of regressors for unit ¢. Adopting a staggered treatment scheme, D;; = 1 implies that
Djzy1 =1 for t =1,2,... 7. Further, the treatment starting time is modelled using cohort

dummies G4 that take a value of one if unit 7 is first treated at time g, zero otherwise.



Assuming that there is no treatment anticipation, the generalized propensity score is
uniformly bounded away from one. The main parameter of interest is the average treatment

effect (ATE) for the group of units first treated at period g in calendar time t:

ATE(g,t) = E[Yi(g) - ¥i(0)[Gy = 1], for ¢ g (3)

Considering the units that have never been treated as the comparison group (C = 1),
the conditional parallel trends assumption establishes that, for each ¢ € {2,...,7}, and

g € G such that ¢t > g,

E[Y;(0) - Yi-1(0)|X, Gy = 1] = E[Y,(0) - Y1 (0)|X,C = 1] (4

almost surely.
If covariates do not play a major role for DiD identification, i.e., the identifying assump-

tions hold unconditionally, the ATEs can be recovered as:

ATE""(g,t) = E[Y1(0) = Y1-1(0)|Gy = 1] = E[Y(0) - ¥1-1(0)|C = 1] (5)

Therefore, their estimation is based on the analogy principle, and inference entails a
large number of mean comparisons.

When covariates are important for identification, Callaway and Sant’Anna (2021) pro-
pose three alternative estimation methods. Among them, and building on Heckman,
Ichimura, and Todd (1997), we are using the outcome regression estimands to recover

the ATEs:

ATE” (0. =B o0 =Yy - g () Q

with mg (X) = E[Y; - Y,-1|X,C = 1] being a population regression outcome for the never-
treated group.

Given that ATEs are obtained using data subsets, causal effects must be aggregated
in dynamic setups with multiple cohorts. To do so, weighted averages of the ATEs
Yg=2 2iea {g > tywg ATE(g,t) can be calculated, what requires to choose weights that

permit to interpret the aggregated effects. In our empirical application, we focus on the



average effect of being treated (attacked) for the group of units (municipalities) that have

been exposed to the treatment (terrorism) during e time periods:

O(e) = Z H{g+e>27}ATE(g,9+e)P(G=g|G+e>1,C #1) (7)
g=1

5 Results

Figure 2 displays the ATEs calculated from a dynamic event study framework. The
graphs in the upper panel correspond to the effects on municipality size, while those in
the lower panel show ATEs on population growth. The two plots on the left panel built
identification upon the unconditional parallel trends assumption, while those on the right
panel adopt a conditional specification using regional dummies and lagged local population
levels and growth rates as covariates. The comparison group comprises those municipalities

that did not suffer a terrorist incident during the whole sample period.
[Insert Figure 2 here]

Regarding the dynamic effects of terror on municipality size, the graphs in the upper
panel of Figure 2 show that the results from the conditional specification are more reliable
than those from the unconditional one. The reason is that the latter leads to significant
pre-treatment effects, on the one hand, and positive dynamic effects of terrorism on urban
population, on the other. As expected, the conditional framework suggests that terrorism
exerts a negative influence on municipality size that stabilizes after six years are elapsed.
The graphs in the lower panel suggest that, due to the variability of population growth, it
is much more difficult to capture significant dynamic ATEs for this demographic indica-
tor, regardless an unconditional or a conditional parallel trends assumption is adopted to

achieve identification.
[Insert Figure 3 here]

In the context of studying the economic consequences of mass shootings, but in a TWFE
estimation framework, Brodeur (2018) and Brodeur and Yousaf (2019) propose to use
the units that have experienced failed attacks as the comparison group. For the case of

Colombian municipalities, their geographical distribution is plotted in Figure 3. Again,



it can be observed that successful and failed attacks do not seem to follow any spatial
pattern. The dynamic ATEs from the conditional event studies and the specification of
two alternative comparison groups are displayed in Table 1. Corroborating the results
described before, and supporting the adoption of a conditional framework, ATEs before
the treatment are not significant. Independently of the comparison group, terror exerts a
transitory effect on municipality size in the medium term. Moreover, attacked units also

experience lower population growth rates in the short run.
[Insert Table 1 here]

As an alternative approach, as well as a complementary analysis, Figure 4 plots ATEs
grouped by year. The graphs in the upper panel show that terrorism had a more important
effect on municipality size in the early 1990s and, especially, in the 21st century. In line
with the estimation results included in Table 1, using failed attacks as the comparison
group is crucial to obtain significant ATEs on population growth. In this case, they seem

to be especially important in the late 1990s.

[Insert Figure 4 here]

6 Concluding remarks

This paper proposes to use recent developments in difference-in-difference causal infer-
ence methods to study the persistent character of the effects that terrorism exert at the
urban level. These techniques have been applied to data of Colombian municipalities cov-
ering the period from 1985 to 2000. Our results suggest that violence has had an adverse
and transitory effect on municipality size, that is statistically significant in the medium
term. Although it is important to adopt a conditional parallel assumption to achieve
identification, these findings are robust to the specification of the comparison group. Dis-
tinguishing between municipalities that suffered successful and failed attacks also leads us
to conclude that terror had negative effects on population growth. In line with the related
literature, they are especially relevant in the short term. These results provide support for
the locational fundamentals theory, according to which long term geographical conditions

determine the spatial distribution of population and economic activity.
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Figure 1: Colombian municipalities that suffered terrorist attacks, 1985-2020.
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Figure 3: Colombian municipalities: Successful and failed attacks, 1985-2020.
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Figure 4: Average treatment effects by year.



Table 1: Average treatment effects: Dynamic event study. Conditional analysis.

All municipalities

Attacked municipalities

Population Growth rate Population Growth rate
Before first attack
Average -0.001 0.000 -0.001 -0.000
(0.001) (0.000) (0.001) (0.000)
Periods after first attack
0 -0.001 -0.000 -0.000 -0.003
(0.001) (0.001) (0.001) (0.002)
1 -0.003 -0.001 -0.003 -0.005*
(0.003) (0.002) (0.003) (0.003)
2 -0.004 -0.001 -0.004 -0.003*
(0.004) (0.001) (0.004) (0.002)
3 -0.006 -0.001 -0.006 -0.005*
(0.005) (0.002) (0.005) (0.003)
4 -0.009 -0.002 -0.010 -0.006**
(0.006) (0.002) (0.006) (0.003)
5 -0.014** -0.005 -0.015* -0.008*
(0.007) (0.004) (0.008) (0.004)
6 -0.017%* -0.002 -0.018** 0.005
(0.008) (0.002) (0.009) (0.003)
7 -0.016** 0.001 -0.015 -0.000
(0.009) (0.002) (0.010) (0.002)
8 -0.017* 0.000 -0.015 -0.002
(0.010) (0.001) (0.012) (0.002)
9 -0.016 0.002 -0.016 -0.003
(0.011) (0.002) (0.012) (0.002)
10 -0.016 0.001 -0.018 -0.005
(0.011) (0.002) (0.013) (0.002)
Average -0.011% -0.001 -0.011 -0.004**
(0.007) (0.001) 0.007 (0.002)

Note: Never treated units (failed attacks) as the comparison group in the
sample including all (attacked) municipalities. These conditional analyses
implement the outcome regression DiD estimator based on OLS (Callaway
and Sant’Anna 2021; Heckman, Ichimura, and Todd 1997), using regional
dummies and local population levels and growth rates as covariates. Stan-
dard errors in parentheses. *p < 0.10, **< 0.05, and ***p < 0.01.
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