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Exrector de la Escuela Colombiana de Ingenieria

eduardo.silva@escuelaing.edu.co

Recientemente, el programa de Ingenierfa Civil de la
Escuela Colombiana de Ingenierfa recibi6 la comunica-
cion de la Red Iberoamericana para la Acreditacion de
la Calidad de la Educacion Superior (Riaces) por medio
de la cual se reconoce, ahora con lineamientos de carac-
ter internacional, que este programa posee la fortaleza
suficiente para garantizar un alto nivel de calidad y una
sostenibilidad que cubre toda esta década.

Para la Escuela, este reconocimiento tiene varios
significados. En primer lugar, representa el acceso de la
institucion a los espacios internacionales, en particular
al mundo iberoamericano al cual pertenece, de acuerdo
con la historia. En segunda instancia, se da un paso en
la direccion de hacerse presente en la aldea global ahora
que se celebra el centenario del nacimiento de Marshall
McLuhan, socidlogo canadiense que acufi6 este término
hace 50 aflos y de cuya vision del futuro hoy nadie duda.
No sobra recordar que en su tiempo no habfa internet ni
redes sociales, ni China era la fabrica del mundo.

Riaces representa la puesta en marcha de la internacio-

nalizacion de las agencias acreditadoras de los paises de
Suramérica, tipo CNA en Colombia, con el propésito no
solamente de que tales agencias sean equivalentes sino
también de abrir el espacio para la homologacion de los
titulos profesionales.

Con este protocolo de acreditacién internacional
se sefiala una preferencia por formar parte de la region
latinoamericana, de considerar esta region su espacio
propio, y no desdice en nada de que su vocacion siga
siendo Colombia y su compromiso con el desarrollo del
pais, centrado en la solucion de los problemas de margi-
namiento de mas del 50% de sus habitantes.

Felicitaciones a la Escuela Colombiana de Ingenierfa
por este logro, y mil gracias al programa, a los estudiantes,
a los egresados y a los profesores de Ingenierfa Civil por
haber ayudado a alcanzarlo, a lo largo de estos 39 afos
de existencia.
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Abstract

In this article was carried out a literature review on the Carbon Fiber
Reinforced Polymers (CEFRPs), which is used like reinforcement in
structures as well as cathodic protection of metallic elements in
reinforced concrete. Revision of several works is shown, all those
using different conductive resins, varying quantity, and longitude
carbon fibers, those added to modify the resins ionic/electrical
conductivity. The CFRPs, fabricated with resins selected and used as
cathodic protection, were placed on concrete elements and
connected electrically with reinforcement bars; the CFRPs can be

used as well as printed current anodes. An electric current is applied
between the CFRPs (anode) and the reinforcement bars (cathode) in
different magnitudes. The results obtained by several researchers
have demonstrated that composites of carbon fiber base, used as
reinforcement elements of concrete, can work also as a system of
cathodic protection (CP).

Keywords: Carbon Fiber Reinforced Polymer’s, cathodic protection,
reinforcement bars, corrosion.
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INTRODUCTION

The reinforced concrete with steel bars is one of the
most used construction materials around the world;
however it is susceptible to fail due to the corrosion
phenomenon. When reinforcements embedded in the
concrete are corroded, a passive layer of the steel surface
is damaged what leads to the formation of a coating
of corrosion products (Iron oxides or hydroxides)
around the perimeter of the bars. The volume occupied
by the expansible oxides is bigger than the one occupied
by the original steel what creates pressure against the
concrete that circles the steel. This propitiates cracks
and detachments in the concrete [1,2]. These
consequences are not only unsightly but they can
diminish the steel anchorage and potentially the
resistance of the structural element. Long experience
and extensive knowledge that we have nowadays about
the concrete have confirmed that it is a reliable and
durable material when it is exposed to normal or even
moderately aggressive atmospheres. One of the most
important properties in the concrete is its alkalinity
which provides a protective mechanism, a safe
environment, and is anticorrosive for the embedded
reinforcing steel. However, in spite of these inherent
advantages the reinforcement corrosion has become
the main cause of deterioration and sometimes of
premature flaws in structures of reinforced concrete
[1-8].

In this context, the reinforcement technology with
fibers has had an outstanding progress in recent years.
For example, the reinforcement plates stuck on the
surface of the elements made of concrete are now used
as an efficient and profitable method for structural
rehabilitation. More recently, the Fiber Reinforced
Polymers (RFP’), and particularly, the Carbon Fiber
Reinforced Polymers (CFRP’s) have been considered
and used as an alternative to steel, mainly due to their
nimbleness as well as their resistance to chemical attacks
and other favorable characteristics in engineering with
regard to steel. The sheets of CFRP are a combination
of fibers of carbon with a matrix of epoxy resin. Those
fibers have a very high resistance and rigidity, and behave
excellent when fatigue failure, sometimes even better
than the steel and its density is lower. The fibers are
placed in longitudinal direction as required, thus, sheets
have an unidirectional structure where the fibers provide
additional loading capacity, and the epoxy matrix joins

the fibers which allows loading transfer among the
fibers, protecting them from the environment.

The fibers’ strength is low in transverse direction
and in shear, but they have shown a high yield point in
tensile test. Mechanical characteristics in longitudinal
direction are determined by the fiber type and its
content in volume. The external reinforcement with
carbon fibers can be applied in many ways such as:
increasing loading capacity; rehabilitation of structural
elements damaged by earthquakes, impacts and aging;
correcting wrong designs or construction mistakes.

Cathodic Protection (CP) is a system that fights the
degradation process of the metallic devices that are
made for along-time-use in facilities and infrastructures,
and due to their operation conditions they require
absolute integrity [5,8-10]. In the last three decades,
CP has been used as a protection system in reinforced
concrete structures. It is given the name because the
protected metallic device is forced to behave as a
cathode, it means the area where the reduction reaction
is carried out. The corrosion or oxidation is explained
in practical terms as loss of electrons in the metal,
causing formation of metallic ions in the very metal
surface. Therefore, the main purpose of the CP is to
provide to the metal the electrons that has lost because
of the oxidation process. The supply of the electrons
can be carried out in 2 ways:

1. Sacrifice anodes: It consist on an electrical
connection between the reinforcement steel, that is
protected, with a metal that has more activity or is
more susceptible to be oxidized; this way, the
electrons that have been lost by the sacrifice anode
keep the reinforcement steel in good condition.

2. Printed current (through an electrons source): The
metallic reinforcement is forced to maintain an
electric potential (excess of electrons) to assure its
integrity. The printed current system gives to the
metal the necessary current for its protection so that
the reinforcement stays in passive or immune state.
This is made by means of an external power source
which supply an electrons flow to the metallic
structure. In such a way will be favored the reduction
reaction on the metallic surface, in which the iron
ion becomes iron metallic [11-16].

This kind of systems are the most commonly used
in concrete structures; the high electrical resistivity of
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these systems can be overcome by using electric
generators with adjustable power [17-23]. Because of
this, there are still numerous structures using this kind
of protection systems, even under adverse environ-
mental conditions; however, their use implies an
expensive initial installation to require current rectifier
and a continuous monitoring system [23].

So, the literature review talks about a “double
system”: A structural reinforcement system that uses a
composite material made up of carbon fibers (CFRP’)
as reinforcement agent can work also as printed current
anode through the adherence of CFRP to the structural
element by means of a conductive epoxy polymer
adherent [24-31]. The conductive polymer is
manufactured adding carbon fibers to a commercial
epoxy resin adherent; this is used to stick the carbon
sheets to the element of reinforced concrete. This
review presents the results that so far have been
obtained of the behavior of this kind of cathodic
protection system in its initial phase, using laboratory
specimens.

Conditioning to Accelerated Corrosion

Reinforcement corrosion occurs in conductive envi-
ronments when the surface layer of the reinforcement
is depassivated either by carbonation of the concrete’s
cover or by excessive chloride concentration in the pore
solution. In bridge structures the primary cause of
depassivation is the adsorption of chlorides used for
deicing (figure 1). Oxygen is essential to sustain the
corrosion process, which consists on the iron dissolu-

CEMNTRE LINE

tion into ferrous oxides (Fe, ions) and ferric oxides (Fe,
ions) (red rust). Therefore, the partially saturated
conditions in the chloride contaminated concrete
represent the ideal environment to promote the
chemical process of corrosion. Under such conditions,
corrosion of steel is an expansive process where the
reaction products usually occupy a bigger volume than
the original material did (Under limited oxygen supply,
the resulting corrosion products are not necessarily
expansive, but can be a soft, black, water-soluble
compound)[32-38]. If the corroding steel is embedded
in concrete, then the magnitude of tensile stresses,
generated by the displaced volume of red rust mate-
rial, is high enough to cause cracking and subsequent
delamination of the concrete's cover. In conditioning
the specimens, the objective was to generate similar
corrosion products, as would occur in nature at an
accelerated pace, so as to enable systematic study of
the corrosion process and product accumulation in a
realistic time frame. Accelerating the corrosion was
achieved electrochemically by applying a fixed potential
of 6V between the anode (reinforcement cage including
transverse steel) and the cathode (central bar) of each
specimen. At the initial stages of this phase, the
specimens were immersed in plastic containers filled
to three fourths of their height in 2% Cl, solution. After
5 days, the solution level was reduced to about 50 mm
depth, and the specimens were covered with plastic
sheets to maintain a high level of humidity. During the
exposure period, which lasted about 5 to 6 months, the
voltage, current, and diametric expansion readings (at
mid height and 675 mm above and below that section)
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Figure 1. A schematic for the location of a corrosion intest specimen [39].
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were taken periodically. Steel loss was calculated from
the recorded corrosion current, using Faraday’s equation
(equation 1)

I*t*Am

W == M

Where A = metal’s atomic mass (for iron 55.85 g); z
= valency [assuming that the rust product is mainly
Fe(OH),, z is taken as 2]; # = time since corrosion
initiation (s); and I = Faraday’s constant [94,486.7
coulombs (g/equivalent)]. [As a point of reference, note
that 1 amp hr consumes 1.04 g of iron] [39-42].

Monitoring of the corrosion activity

The corrosion activity, within the test specimens, was
monitored during this process using non-destructive
and destructive techniques. Non-destructive, included
measurement of the half-cell potential using internal
probes and external instrumentation. Destructive
techniques, included measuring the mass loss of the
main reinforcing bars due to corrosion.

Half-cell potential measurements

The corrosion potential of the corroding reinforcement
was measured relative to a standard silver/silver-
chloride (Ag/AgCl) half-cell. The ASTM C876-91 Stan-
dard guide 3, for interpretation of the half-cell potential
measurements, is given relative to a standard coppet/
coppet-sulphate (CSE) half-cell. Therefore, the values
given by this guide were converted to a standard Ag/
AgCl half-cell to enable the interpretation of the
measured half cell potentials using the probes
embedded in the test specimens. The probe was
attached close to one of the tension reinforcing bars
and a plastic spacer was inserted between the probe
and the bar to ensure electrical insulation between them.
Plastic ties were used to tie the probe to the bar for the
same reason. The probes had long lead wires that were
used as negative terminals during half-cell potential
measurements.

Half-cell potential measurements using Galvapulse
instrument (external)

Galvapulse is a rapid non-destructive polarization
instrument that can be easily used in the laboratory
and in the field to determine the half-cell potential and
the corrosion rate of reinforcement in concrete. Half-
cell measurements are obtained relative to a standard
silver/silver-chloride half-cell. The Galvapulse
instrument is manufactured by Germann Instruments,
Denmark. The instrumentation includes a handheld
electrode system, a handheld computer having a 2 MB
RAM (called PSION), a galvanostatic pulse generator
and a response analyzer mounted on the backside of
the PSION computer [1, 2, 22, 23, 43].

Measurements were taken following the procedure
recommended by the manufacturer (figure 2) [43].
Measurements were taken at four locations along the
test specimen: (a) at the centre of the specimen where
the concrete is salted (location 1); (b) just before
(location 2), and (c) just after the transition zone
between the salted and the unsalted concrete (location
3); and (d) at the edge of the specimen where the con-
crete is unsalted (location 4).

Mass loss measurements (destructive)

The mass loss of the reinforcing bars as a result of
corrosion was determined by removing coupons from
the reinforcing bars, and following the ASTM G1-90
Standard 4 to clean and prepare these coupons (figure
3). The weight of the steel reinforcing bars before
corrosion was determined, so that the weight of the

SALTED ZONE

LOGATION (1)
LOCATION (2)
LOCATION (3)

Figure 2. Galvapulse measurement locations along a test specimen

[42].
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Figure 3. A schematic for the typical locations of steel coupons for mass loss estimation [42].

extracted coupons after corrosion can be compared to
the original weight, and the mass loss due to corrosion
can be estimated. After loading the test specimens to
failure (refer to [10]), some randomly selected specimens
were crushed and steel coupons were taken from the
main reinforcing bars for the purpose of mass loss
estimation. Steel coupons were taken from the middle
salted zone, close to the transition zone, and the
unsalted zone. Preparation of the steel coupons
included cleaning the samples and then immersing them
in an acidic solution to remove the corrosion products,
without removing the base metal. The acidic solution
used was a 50% solution of hydrochloric acid (HCI) to
which hexamythylene tetramine was added with a
concentration of 3.5 g per liter. Steel coupons were
immetsed in this solution for about 10-15 minutes,
depending on how much they were corroded, and then
were taken out to measure their weights. This process
was repeated many times (usually five to seven times),
until the weight of the coupons stabilized to ensure
that all the corrosion products were removed. The fi-
nal weights of the coupons were compared to original
weights of the steel bars to determine the mass loss [1-

5, 44-49].

PROCEDURE RECOMMENDED FOR THIS WORK

The first stage of experimental procedure in most of
these works consists on developing a conductive epoxy
resin adhesive. To achieve that the polymer epoxy resin
adhesive becomes a conductive polymer, it must be

added carbon fibers as electric-ionic conductive mate-
rial (filler). The fibers added are generally obtained from
a structural reinforcement system made up of a carbon
fiber fabric.

The carbon fiber fabric must be cut until obtaining
individual carbon fibers with different longitudes. Then,
they must be blended at the moment of the epoxy
preparation; thus, an adhesive element is obtained. That
adhesive element allows at the same time the electrons
flow, due to the presence of the carbon fibers.

After that, the electrical resistivity of different epoxy
resin adhesives must be evaluated, before it starts the
production of test specimens of reinforced concrete.
The sort of cement used for the production of these

Fils

Figure 4. It polymeric resin used as protection against the
corrosion [50].
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specimens, and the water cement ratio can be chosen
by the researcher [50]. It is recommended to add NaCl
to activate the reinforcement bars corrosion [5, 6, 9,
50-51].

Once characterized the conductive polymers that
are used and the test specimens are manufactured, it
should proceed to stick the structural reinforcement
system using the selected conductive polymer adhesive
over one of the faces of each specimen. After it has
been stuck, it should proceed to the hardening stage
of the epoxy resin adhesive; this process obtains its
maximum hardness in a period no longer than five days.

When the epoxy resins reach their maximum
hardness, the specimens are placed in cameras of
controlled humidity. Into the cameras, it is reco-
mmended to place the necessary electric connections
to make the electrochemical test measurements required
without moving the specimen, this way the inside
atmosphere is the least possible disturbed [0, 7, 27, 28,
29, 52-54].

The measurements that should be made to deter-
mine the system effectiveness in general are: (1) half
cell potentials; (2) electric resistivity among the cathode
(rebar) and anode (CFRP); (3) electric resistance among
bars protected and not protected, (4) system depo-
larization, (5) electric current flow among anode and
cathode.

The reinforcements half cell potential measure-
ments are carried out to know the corrosion activity of
the bar. They should be obtained using a high internal
impedance voltmeter (10 to 200 MQ); as reference
electrode was used a Calomel electrode, copper /copper
sulfate or silver / silver chloride. Electric current
measurements should only be made in the connection
stage of the cathodic protection system([1, 4, 16, 17,
30, 55-50].

Those measurements can be made using a graphic
multimeter with null internal resistance. The system of
cathodic protection must be disconnected for some
seconds to measure the current's value that is flowing
in the cathodic protection system (Instant on-off). Also,
it should be carried out electric resistivity mensurations
in the system, using the electric resistance method
between two electrodes. When the half cell potential
measurements become stable (their variation approach
to zero) inside the controlled humidity cameras, it
should proceed to apply the protection electric current

among the CFRP (anode) and the selected reinfor-
cement bar (cathode).

According to several studies, electrochemical
monitoring of the test specimens of reinforced con-
crete and the cathodic protection system can be done
in different stages. These stages can be: (A) cured: the
specimens are humidified inside their molds by a period
of 4 weeks (day O to 28); (B) stabilization in laboratory:
they are placed in a laboratory atmosphere (%o of relative
humidity,’C) to dry off and later to stick the CFRP
(day31 to 220); (C) stabilization in controlled humidity
cameras: they are placed in the controlled humidity
cameras to simulate an atmosphere with characteristic
of a marine area (day 221to 295); (D) connection to
different magnitudes of protection currents (day 296
to 480) and (E) disconnect the test specimens from the
protection current (day 481 to 512, approximately).

For the depolarization tests, the reinforcement bars
protected were disconnected in several occasions in
order to measure the half cell potentials vs. the IRE
(Inner Reference Electrode).It is important to note that
the first value should be taken two seconds after
disconnecting; this value is called potential “Instant
Off”. After that, the potential should be measured at
the four and twenty-four hours from the time they were
disconnected. When concluding the twenty-four hours
period, it is recommended to reconnect the protection
system to continue the studies. These tests can be
carried out at the 311, 345 and 401 days since the test
specimens production, during the interconnection of
the system [6, 7, 9, 31, 32].

Adherence force measurements in the proposed
system can be done using a hydraulic machine. To be
able to do the adherence tests in general, is necessary
to build a mechanical device to hold the concrete test
specimens to the test machine. The purpose is to obtain
through the tension test the maximum loading value
of adherence for the system proposed before failure.

CONCLUSIONS

In general, the values that have been referred as
potentials can damage structurally the reinforcement
steel because they can generate hydrogen in steel/con-
crete interface, which would be harmful to structural
element resistance. For this reason, these potential
values should be avoided.

12
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The studies demonstrate that when the conductive
resin is detached from the structural element, the electric
resistivity between the reinforcement and the CFRP is
increased.

In the first place, using the results of adherence tests
carried out in this investigation, was verified the effect
of percentage of added fibers in the adherence of the
hybrid system proposed. Without variation of the values
of current applied (100 mA/m?) and the type of epoxy
resin adhesive, the adherence test values obtained did
not show significant differences when the percentage
of added fibers into the adhesive resin was modified,

It can be determined that if the resin is more flowed,
the adherence strength measured just before the
detachment between the protection system and
specimen (failure) is the maximum. Seemingly, this high
fluidity in the resin allows a better distribution on the
contact area, diminishing the air bubbles when the resin
is placed on the concrete; therefore, the contact area
between the system and the concrete is increased.

Without changing the percentage of added fibers
and the epoxy resin adhesive type, and starting from
these values, it is possible to observe a discreet rise in
the maximum adherence strength, when the current is
greater. This indicates that the mechanical properties
in the system Concrete/Resin/CFRP are not affected
by the application of the current protection current;
the system resistivity's changes could be effect of the
corrosion in the connections and not of the system's
detachment.

The carbon fiber composite as a mixed system, like
external structural reinforcement, can also work as a
system of cathodic protection (CP).

It is possible to infer from the adherence tests that
the quantity of fibers added to the conductive resin do
not affect significantly the adherence of the CFRP to
the concrete specimen. The maximum adherence
strength of the studied system was greater when the
conductive resin presented a greater fluidity. Likewise
a marginal increase was observed in the adherence
strength when the current applied to the system was
greater.
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Resumen

Esta es una perspectiva general de los aportes que hicieron Adam
Smith, Charles Babbage y Robert Owen al comportamiento
organizacional. Para comprender el legado de estos pensadores a la
administracion, se empieza por explicar en forma breve el
comportamiento organizacional, de manera que el lector pueda
entender mas adelante los vinculos entre los planteamientos de los
anteriores autores y ese campo de la administracién de las
organizaciones. Posteriormente se abordan las contribuciones de
Adam Smith sobre la division del trabajo y las motivaciones
humanas en la toma de decisiones en una organizacion, institucién o
sociedad. Acto seguido, se ofrece la contribucién de Charles
Babbage al disefio del trabajo y se finaliza con el legado de Robert
Owen sobre la productividad de una organizacién y su relacién con
las condiciones y el trato que se les dé a las personas que trabajan en
clla.

Palabras claves: comportamiento organizacional, administracion,
teotfa de la organizacién, organizaciones.

Abstract

The article provides an overview of the contributions made by
Adam Smith, Charles Babbage and Robert Owen to organizational
behavior. In order to understand the legacy left by these social
thinkers to management, the text gives a brief explanation for the
organizational behavior, so that the reader can relate the approaches
of these authors to organizations (as a field of management).
Subsequently, the article encompass the Adam Smith contributions
to the Division of Labor and the human motivation in the decision
making process, in an organization, institution or society.
Thereupon, we illustrate the contribution of Charles Babbage to the
designing of work, and finally, the legacy of Robert Owen on a
organization productivity and its connection with the conditions and
treatment given to workers.

Keywords: organizational behaviour, management, organization
theory, organizations.
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INTRODUCCION

Con el presente articulo de reflexion se pretende ilus-
trar desde una perspectiva general las ideas de Adam
Smith, Charles Babbage y Robert Owen sobre com-
portamiento organizacional. Para comprender los apor-
tes hechos por tales pensadores a este campo de la ad-
ministracion, resulta atil primero tener una aproxima-
cion conceptual de lo que es el comportamiento en las
organizaciones y su estructura, de manera que una vez
que se entienda de qué trata esta materia serd mas facil
establecer los vinculos entre los planteamientos de los
anteriores pensadores y esa estructura.

Se hizo una revision de la bibliografia especializada
para entender y exponer de manera breve el discurso
que esgrimieron los anteriores autores; de allf se extra-
jeron aquellos planteamientos que ejercieron una in-
fluencia sobre la teorfa del comportamiento organi-
zacional, con la esperanza de que el lector tenga una
perspectiva historica de la evolucion de esa disciplina
de la administracién de empresas. Si bien esta perspec-
tiva no es completa, porque se deja de lado el aporte de
otros pensadores, le permite al lector tener una prime-
ra aproximacion de las razones por las cuales hoy el
comportamiento organizacional es un cuerpo de co-
nocimientos maduro por haberse nutrido del pensa-
miento de Smith, Babbage y Owen, desarrollado hace
cerca de 200 anos.

QUE ES EL COMPORTAMIENTO ORGANIZACIONAL

Para entender las ideas de Smith, Owen y Babbage que
ejercieron una influencia significativa en el comporta-
miento organizacional, resulta util tener una aproxima-
cién conceptual de qué trata este campo de la adminis-
tracion de empresas, de modo que al comprender sus
elementos se pueda establecer el vinculo de los tra-
bajos de los anteriores personajes con estos compo-
nentes.

De acuerdo con Hellriegel et al. (1999, p. 20), el
comportamiento organizacional tiene como finalidad
conocer y aplicar el conocimiento de la conducta indi-
vidual y grupal de las personas dentro de las organiza-
ciones. Estos mismos autores plantean que existen cua-
tro componentes que ayudan a entender dicho com-
portamiento y a identificar formas por las cuales pue-
den mejorarse las capacidades de la gente para que lo-
gre mejores resultados: influencias ambientales, procesos in-

dividuales, procesos de grupo e interpersonales y procesos
organizacionales. A continuacion se da una breve expli-
cacion de lo que significa cada uno de estos aspectos.

En cuanto a las influencias ambientales, se sabe que las
organizaciones operan en unos contextos culturales,
economicos, politicos y ambientales especificos que las
impactan de diversas maneras (Benoit et al., 2009, p.
19), y a su vez las empresas impactan también estos
aspectos externos. Un ejemplo es el papel cada vez mas
importante que desempenan las denominadas partes
interesadas'. Como lo sefialan Darnall et 4l. (2009, pp.
174-175), en ciertas situaciones algunas partes intere-
sadas externas tienen la capacidad de regular a las com-
panias, obligaindolas a cumplir las normas ambientales;
de no hacerlo, las organizaciones se vuelven mas vul-
nerables en aspectos tales como su imagen corporativa
y la relacion con los clientes. A su vez, un ejemplo de
como las empresas pueden impactar su entorno son
los impactos sociales o ambientales ocasionados por la
elaboraciéon de sus productos o sus practicas de ges-
tion (Benoit et al., 2009, p. 44).

Los procesos individuales, entendidos como los com-
portamientos de las personas en las organizaciones
(Hellriegel et al., p. 28), también es importante com-
prenderlos por cuanto son los que pueden contribuir
al logro de los objetivos y la mision de las empresas.

Los procesos de grupo o interpersonales tienen que ver
con el conocimiento de los procesos que se producen
en el interior de las organizaciones cuando las perso-
nas interactian, y a partir de esa dinamica pueden sur-
gir actitudes, por ejemplo, que pueden contribuir a
mejorar el desempefio global de la empresa o, por el
contrario, a deterioratlo.

Los procesos organizacionales se refieren a la forma
como los administradores toman decisiones para dise-
flar estructuras que contribuyan al logro de los objeti-
vos de las empresas, como la asignacion de responsa-
bilidades y su relaciéon con la organizacion (también
denominada estructura organizacional), la asignacion
de recursos para el desarrollo de tareas, la forma de
manejar los conflictos con los empleados y la adminis-
tracion del cambio.

1. “Cualquier grupo o individuo que puede afectar o ser afec-
tado por el logro de los objetivos de una organizacién”
(Darnall et al., 2009, p. 174).
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Tomado y adaptado de Hellriegel et al. (1999).

Figura 1. Estructura del comportamiento organizacional.

En la figura anterior se ilustran los componentes de
la estructura del comportamiento organizacional, lo que
facilita entender como pensadores de la talla de Smith,
Owen y Babbage ayudaron de manera importante a
sentar las bases para un desarrollo mas maduro de esa
estructura.

ADAM SMITH Y SU CONTRIBUCION AL COMPORTAMIENTO
ORGANIZACIONAL

A Adam Smith (1723-1790), economista nacido en Es-
cocia, suele conocérsele por sus grandes aportes, que
sirvieron de base para la nueva ciencia sobre economia

politica (Tribe, 2001, p. 95).

Entre sus obras mas reconocidas estan Teoria de los
sentimientos morales (Lhe theory of moral sentiments) (Tajima,
2007, p. 578; Zak, 2011, p. 53), Ensayo sobre la rigueza de
las naciones’ (An inquiry into nature of the wealth of nations)
(Rashid, 1998) v Teoria de las instituciones y la accion colecti-
va (Theory of institutions and collective action). En el prime-
ro y el tercer libro, Smith plantea los principios que
guifan a las personas al dar respuestas emocionales a las
necesidades del otro (lo que algunos llamarfan empatia),
lo que serfa el fundamento del comportamiento moral

2. También conocida de manera abreviada como La riqueza de
las naciones.
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(Zak, 2011, p. 54), mientras que en el segundo libro
argumenta que el egoismo humano es suficiente para
que las naciones incrementen su riqueza, sin que se re-
quiera la intervencion del Estado (Zak, 2011, p. 54).
Esta aparente contradiccion del pensamiento de Smith
sobre la naturaleza humana ha sido “resuelta” por al-
gunos autores (Zak, 2011, p. 54) al haber evidencia de
que el interés propio y el deseo de ayudar al préjimo no
se excluyen mutuamente. Un ejemplo de esto son las
donaciones que ha hecho Bill Gates después de mu-
chos afos de haber contribuido al nacimiento y auge
de la empresa Microsoft.

Una vez expuesto el anterior contexto, se explicara
a continuacion cudl ha sido el aporte de Smith al com-
portamiento organizacional. L.a primera respuesta se
halla en el primer capitulo del libro La riqueza de las
naciones, que trata sobre la division del trabajo’. Vale la
pena sefialar que los planteamientos que hace Smith
en este capitulo se relacionan con el componente pro-
cesos organizacionales y mas especificamente con una de
las actividades alli indicadas, denominada disesio del tra-
bajo (figura 1); esto no significa que las otras activida-
des de este componente no deban tenerse en cuenta,
pues existe una relaciéon entre éstas; por ejemplo, el
disefio de los puestos de trabajo puede obedecer a un
cambio organizacional o a la toma de decisiones de
politica sobre la gestién del personal de la organiza-
cién.

El diserio del trabajo busca, entre otros objetivos, que
las tareas que alli se desarrollen se hagan de manera
efectiva y que se logren los resultados que espera la
administracion. Al respecto, Smith aporta algunos ele-
mentos interesantes al defender las ventajas economi-
cas y una mayor productividad que tendria para una
empresa /a division del trabajo o la especializacion de los
trabajadores. La fuerza de su argumento la ilustra con
un ejemplo sobre la elaboracion de alfileres (Rashid,
1998, p. 15; Nagishi, 2000, p. 6): si cada obrero hiciera
una tarea especializada para la fabricacion de cada alfi-
ler, esto llevarfa a una alta produccién diaria de alfile-
res; de lo contrario, si cada trabajador desease hacer
por si solo el alfiler, el conjunto de trabajadores produ-

3. Que por cierto, como lo anota Rashid (1998, p. 14), ha sido
la parte mas popular del libro y la mas impresa.

cirfan una cantidad infima de alfileres al dia. Hoy en
dia, en muchos procesos de produccion y sectores in-
dustriales (la especializacion de empresas dentro de la
misma industria) se sigue aplicando en lo fundamental
el concepto de Adam Smith (Negishi, 2000, pp. 5-11),
aun cuando para la produccién de un bien especifico
se han introducido otros factores para que las tareas
no se tornen aburridoras para el trabajador y, por el
contrario, puedan volverse mas interesantes, retadoras
y con sentido para éste.

La segunda respuesta se encuentra en su obra la
Teoria de los sentimientos humanos, donde Smith explora
las motivaciones del ser humano en cuanto a la natura-
leza analitica y 16gica del pensamiento econémico*
(Frantz, 2000, p. 2), para lo cual parece existir un acuerdo
de la confirmacién de que el egoismo del hombre esta
condicionado por la virtud de la prudencia y la utilidad
que se obtiene al servirles a otros (Tajima, 2007, p. 577;
Frantz, 2000, p. 3; Paganelli, 2011, p. 247). Aqui los
planteamientos de Adam Smith aportan intesantes ideas
al comportamiento organizacional en el componente
sobre procesos individuales (figura 1), y pemiten entender
las motivaciones humanas en la toma de decisiones en
una organizacion, institucion o sociedad.

CHARLES BABBAGE Y SU CONTRIBUCION AL
COMPORTAMIENTO ORGANIZACIONAL

Charles Babbage (1791-1871) naci6 en Gran Bretafia.
Durante su existencia tuvo una actividad intelectual pro-
lifica en varios campos del conocimiento, publicé seis
monograffas extensas y al menos 86 articulos (Lewis,
2007, p. 249). Sin embargo, a este matematico se le co-
noce generalmente porque fue una de las primeras per-
sonas en tratar de disefiar con mucho ingenio maqui-
nas capaces de hacer calculos. La primera la disenié en
el afio 1820 y la Ulamé mdquina diferencial, tenfa como
proposito generar automaticamente tablas con valores

4. Sibien este tema también lo trata Smith en su obra Ensayo
sobre la rigueza de las naciones (Tajima, 2007, p. 578), considero
que en la Teoria de los sentimientos morales dedica el suficiente
tiempo para una explicacién quizas mas profunda sobre la
naturaleza humana y su incidencia en las decisiones econo-
micas que toma el hombre.
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numéricos de funciones matematicas. Mas adelante, en
1833, emprendio la tarea de disefiar y construir otra
maquina igual o mas compleja que la anterior, denomi-
nada mdquina analitica, la cual nunca se construyo
(Belanger & Stein, 2005, pp. 77 y 85).

Expuesto lo anterior, se explicara cual ha sido la
influencia de los trabajos de Babbage en el comporta-
miento organizacional. La respuesta se encuentra en el
libro Sobre la economia de la maquinaria y las manufacturas
(On the economy of machinery and manufactures). En las pri-
meras paginas de este libro, digitalizado por Google
Books (Babbage, 1832), Babbage deja claro que su obra
tiene como fin plantear algunos principios mecanicos
que regulan la aplicacion de la maquinaria a las artes y
fabricantes, asi como las ventajas y desventajas del em-
pleo de herramientas y maquinaria y su influencia so-
bre el trabajo y la fuerza humana.

El capitulo que es relevante por el impacto que tuvo
en la construccion del cuerpo de conocimientos sobre
comportamiento organizacional es el numero 18, “So-
bre la division del trabajo”, por cuanto tiene que ver
con el componente procesos organizacionales, en particu-
lar con la actividad denominada disesio del trabajo (figura
1). Con la lectura de este capitulo, Babbage piensa que
el principio mas importante para la economia de una
organizacion es la especializacion del trabajo entre las
personas. Su argumento se basa en que cada individuo,
mientras trabaja, se da cuenta por si mismo de que puede
hacer tareas simples mejor y con un mayor rendimien-
to, cosa que no sucederfa si tuviera que hacer varias
tareas al mismo tiempo; esta ultima situacion deriva en
un mayor tiempo de aprendizaje, la pérdida de tiempo
al cambiar de una actividad a otra, despilfarro posible
de materiales, menor destreza, entre otros factores ne-
gativos.

Como bien lo resume Merryll (1986), Babbage mos-
tré la existencia de principios administrativos que pue-
den encontrarse con la experiencia y que posteriormente
se convirtieron en los “cimientos” para las construc-
ciones que luego habrfa de levantar Frederick W. Taylor,
quien a su vez transmitié ese legado que contribuy6 al

5. Segun el Diccionario de la lengna espasiola, (22 ed., 2001), manu-
factura es toda “obra hecha a mano con auxilio de maqui-

2

na-.

desarrollo de los conocimientos que hoy se tienen so-
bre comportamiento organizacional.

Sibien es cierto que la filosoffa de Babbage sobre la
divisioén del trabajo se sigue aplicando en la actualidad,
se reitera que las nuevas condiciones que imperan en
las economias globales han llevado a que esta division
del trabajo tenga variaciones que incorporan todavia
una mayor productividad y que en muchos casos le
permiten al trabajador realizar tareas poco monotonas;
es mas, le dan mayor autonomia y le reducen la fatiga y
el aburrimiento en el puesto de trabajo, siempre y cuan-
do se mantenga la decisiéon de emplear al ser humano
en tareas de produccion y no se piense en prescindir de
la mano de obra para remplazarla por sistemas auto-
matizados (como robots, por ejemplo).

ROBERT OWEN Y SU CONTRIBUCION AL
COMPORTAMIENTO ORGANIZACIONAL

Robert Owen (1771-1858) nacié en Gran Bretafia (Hill,
1949). Son bien conocidas obras suyas como La forma-
cion del cardcter humano (The first essay on the principle of the
Sformation of character) y Una nueva vision de la sociedad (A
new view of society); de esta Gltima se destaca Alocucion a
los directores de fdabricas (Address to the superintendents of
manufactories), que incorporaba planteamientos poco co-
munes —por no decir revolucionarios— para la época,
relacionados con el trato y la gestién de la mano de
obra (Merryll, 1986).

A continuacion se explica la influencia de las ideas
de Owen sobre el comportamiento organizacional. El
siguiente texto, tomado de una de sus obras antes men-
cionadas, puede ofrecer la clave del aporte que este pen-
sador hizo a la administracién de organizaciones:

“... Por estos detalles veréis que desde el comienzo
de mi administracién consideré al personal, a la técnica
y a cada parte del establecimiento, como un sistema
compuesto de muchas piezas; y combinarlas era mi
obligacion y mi interés, de suerte que cada trabajador,
asf como cada resorte, palanca y rueda, cooperasen efi-
cazmente a producir una mayor ganancia pecuniaria
para los propietarios” (Owen, 1825; incluido en Merryll,
1986, p. 25). En otros apartes de este mismo docu-
mento, Owen expone lo siguiente:

“... Entonces, sila debida atencién por el estado de
vuestras maquinas inanimadas puede producir esos re-
sultados beneficiosos, ¢qué no puede esperarse si se
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consagra igual atenciéon a vuestras maquinas vitales,
mucho mas maravillosamente construidas?” (Owen,
1825; incluido en Merryll, 1986, p. 26).

Una lectura de los anteriores textos muestra que,
para la época, Owen ya reconocia que la productividad
de una organizacion tiene una marcada influencia por
las condiciones y el trato que se les dé a las personas
que trabajan en ella (si bien a Owen puede rotularsele
como humanista, tenfa un sentido practico que lo ha-
cfa entender que era también crucial generar valor agre-
gado a los inversionistas o propietarios de las empre-
sas); esto indudablemente también sent6 las raices para
que después otros cientificos de la administracion, como
Abraham Maslow, Elton Mayo y Douglas McGregor,
pudieran construir sus teorfas alrededor de la impor-
tancia del ser humano en el desempefio de las organi-
zaciones y que, por extension, contribuyeron también
al cuerpo de conocimientos sobre comportamiento
organizacional, que tiene relacion directa con los com-
ponentes procesos individuales y procesos de grupo e
interpersonales (figura 1).

CONCLUSIONES

Las consideraciones expuestas anteriormente han bus-
cado mostrar que el cuerpo de conocimientos, discur-
sos e instrumentos que conforman lo que se denomi-
na el comportamiento organizacional ha incorporado
las ideas que propusieron y desarrollaron Adam Smith,
Robert Owen y Chatles Babbage, lo que evidencia que
el conocimiento alcanzado sobre esta materia no se ha
hecho de manera improvisada sino que, por el contra-

rio, refleja un nivel de madurez importante desde el
punto de vista cientifico.
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Resumen

En el presente articulo se pretende evidenciar la importancia de la
responsabilidad social empresarial (RSE) fortaleciendo su significado
con principios aplicables a cualquier pafs, para lo cual es necesario
aclarar ciertos conceptos que se han confundido con este término,
como filantropia, administracién e ingenierfa. Lo anterior con el fin
de responder a la siguiente pregunta: chasta donde puede llegar la
RSE? En el desarrollo se mostraran algunas definiciones de RSE, se
discutird su diferencia con la aplicacién de la ingenierfa y la
administracion, y se expondra por qué se confunde con filantropia y
mision empresarial. Finalmente, se presentaran datos actuales que
permiten ilustrar las fronteras de aplicacién del concepto y obtener
asf las conclusiones pertinentes.

Palabras claves: responsabilidad social empresarial, administracion,
ingenierfa, filantropfa, fronteras, misién empresarial.

Abstract

This article intends to show the importance of the Corporate Social
Responsibility (CSR), enforcing its meaning with applicable
principles to any country by clarifying concepts that have been
confused with it, such as Philanthropy, Administration and
Engineering. All this, in order to answer the question: ¢How far can
Corporate Social Responsibility go? Across the article, some
definitions of CSR will be shown, as well as the discussion of its
difference with the application in the Engineering-Administration
field, and the confusion between philanthropy and corporate
mission. Finally, current data that allows to illustrate the borders for
the application of the concept will be presented in order to obtain
the appropriate conclusions.

Keywords: Corporate Social Responsibility, Administration,
Engineering, Philanthropy, Borders, Corporate Mission.
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INTRODUCCION

La responsabilidad social empresarial (RSE) surge en
la actualidad como el reto de las compafifas del siglo
XXI para innovar y mejorar sus procesos a lo largo de
su ciclo de vida. Se habla de este nuevo caracter en el
interior de la organizacién como el principal requisito
para entrar en el mercado mundial contemporaneo y
para lograr el reconocimiento como un ente sostenible
en la ejecucion de sus actividades.

Como todo concepto que se introduce en el sector
empresarial, es importante saber limitar su accionar y
su alcance, ya que se corre el gran riesgo de no definir-
lo lo suficiente y, por tanto, no tener la percepcion de
su correcta aplicacion, o limitarlo excesivamente como
para no poder explicarlo en su totalidad. En este con-
texto, la RSE ha tenido una creciente aceptabilidad
mundial y una ampliaciéon en qué tan delimitado esta el
concepto. Sin embargo, ante los profesionales intere-
sados en desarrollarlo aparecen un sinnimero de va-
riantes y formas que necesariamente generan una in-
mensa inquietud: ¢chasta donde puede llegar la respon-
sabilidad social empresarial?

DESARROLLO

Cuando un estudiante de ingenierfa o de una carrera
administrativa se entera del concepto de RSE, se en-
cuentra ante una contradiccion entre lo que ha apren-
dido en las aulas y lo que se entiende por el término.
Esto se debe a que el concepto abarca gran parte de las
teorfas y las investigaciones realizadas por padres de la
ingenierfa y de la administracion, tomandolos como su-
yos ¢ incluso abarcandolos en su totalidad. Asi las co-
sas, la RSE y estas teorias no parecen converger hacia
un modelo de empresa altamente eficiente y tampoco
surgen como temas separados; por el contrario, parece
que la RSE estuviera absorbiéndolas, cambiando com-
pletamente lo que conocemos como productividad-efi-
ciencia por actividades necesarias para construir una
compafifa con alto enfoque hacia el sentido social.

La International Standard Organization (ISO) defi-
ni6 asf la responsabilidad social empresarial: “La res-
ponsabilidad de una organizacién ante los impactos que
sus decisiones y actividades' ocasionan en la sociedad

1. Las actividades incluyen productos, servicios y procesos.

y en el medio ambiente, a través de un comportamien-
to transparente y ético que:

¢ contribuya al desarrollo sostenible, incluyendo la sa-
lud y el bienestar de la sociedad;

¢ tome en consideracion las expectativas de sus pat-
tes interesadas;

¢ cumpla con la legislacion aplicable y sea coherente
con la normativa internacional de comportamien-
to; y

* esté integrada en toda la organizacion y se lleve a la
préctica en sus relaciones” (International Standard
Organization, 2008).

En esta definicion vemos que cumplir con las ex-
pectativas de todas las partes de influencia es coheren-
te con responsabilidad social. Sin embargo, siguiendo
las conclusiones de Argandofia (Argandona, 2007) se
supone que la RSE debe ser un complemento, un valor
agregado para las personas, algo que no esperan como
obligacion de la organizacion pero que ellas si pueden
exigir y controlar una vez que se ha implementado.
Consecutivamente, la ISO afirma que para tener RSE
se requiere cumplir con la legislacion del lugar donde
se aplica, es decir, que cualquier empresa que cumpla la
ley es socialmente responsable. Es obvio que este pun-
to esta restringiendo el alcance de la RSE; no se debe
permitir que a cualquier organizacion que sigue las nor-
mas exigidas por un Estado se la llame socialmente res-
ponsable, ya que cumplir con la ley es una accién obli-
gatoria y la RSE tiene un horizonte mucho mas am-
plio.

Otra definicion se puede encontrar en la Guia de
aprendizaje sobre implementacion de responsabilidad social en-
presarial en pequenas y medianas empresas, que ha sido una
iniciativa emprendida por el MIF Fomin, la Fundacion
Ecologia y Desarrollo y el Ministerio de Economia y
Hacienda de Espafia, en la que se afirma que depen-
diendo de la sociedad y el ambito cultural donde se
aplique el concepto, es diferente el enfoque que tiene
la RSE. Esto lleva a los autores a buscar una definicion
mas cercana al sector latinoamericano, en la cual se ase-
vera que la RSE se aplica en todos los ambitos de la

2. Las relaciones se refieren a las actividades de una organiza-
ci6én dentro de su esfera de influencia.
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organizacion, transformandose en un concepto lo su-
ficientemente amplio como para poder alimentar to-
das las areas de ésta (como es el concepto de calidad’),
sin llegar a lo que el area de la empresa tiene que ser
por defecto (Fomin, 2004). Es decir, son mejoras a los
procesos que le dan fuerza a la situaciéon competitiva
de la compania.

No obstante, cuando se considera responsabilidad
social empresarial a todo tipo de esfuerzo que la com-
pania hace por mejorar la condicion laboral, del medio
ambiente o de la sociedad, se estarfa expresando que
cualquier mejora nacida del alma de la ingenieria en el
puesto de trabajo, en la linea de produccion, en la red
de distribucion, en la cadena de suministro, en los sis-
temas de apoyo o en el modelo administrativo para in-
crementar la productividad de la empresa, constituirfa
RSE.

Esto llevaria a que la ingenierfa, vista desde la efi-
ciencia, quedara en un segundo plano para convertirse
en una herramienta que fomenta la responsabilidad
social empresarial, y a afirmar que todos los trabajos
que realizaron grandes padres de la administracion y
de la ingenierfa, como Frederick W. Taylor, Henri Fayol
o Elton Mayo, en torno a la empresa, a los socios, a los
directivos y a los trabajadores, eran en su tiempo res-
ponsabilidad social empresarial, pero sus aportes se
conocieron como tales sélo hasta ahora. Entonces, ¢es
la RSE un concepto que evoca la época de estos gran-
des administradores e ingenieros y que hasta ahora se ha
podido agrupar un solo nombre, o es una tendencia ac-
tual que pretende tomar estos avances de los inicios de
la administracion y la ingenierfa industrial para formar
sobre ellos un nuevo concepto que los complemente?

Pues bien, si el proposito consiste en delimitar la
RSE y evitar el mayor numero de contradicciones que
se presenten en su aplicacion, es imperativo decir que
los administradores e ingenieros que optimizan los pro-
cesos no hacen, en definitiva, RSE. Una empresa po-
drfa llamarse socialmente responsable tan so6lo si su ac-
cién mejora una condicion de los grupos de interés,
satisfaciendo una necesidad no exigida por ellos y que
a su vez incrementa la rentabilidad debido a un proce-
so no misional de la organizacion.

3. El concepto de calidad es aplicable a cualquier area de la
empresa y esta orientado a mejorar los procesos con miras
a una mayor satisfaccion para el cliente.

Existe ademas otra inmensa confusion internacio-
nal, ligada directamente a la relacion entre filantropia y
RSE, por lo que no es posible determinar si son lo
mismo, si se complementan o si son conceptos dife-
rentes. En el documento de Fomin para las pymes se
menciona la diferenciacion entre las dos asi: “(...) la
RSE, a diferencia de la filantropia, pretende, ademas
de contribuir al bienestar social, contribuir a la obten-
cién de ventajas competitivas a través de la adopcion
de practicas vinculadas a la estrategia de negocios, en
contraposicion a las practicas filantrépicas que se de-
sarrollan al margen del mismo” (Instituto Ethos, 2008).
Argandofia (2007) dirfa, citando a .M. Lozano, que “No
se limita a la caridad, la accién social o la filantropia,
que pueden formar parte de ella, pero que no se iden-
tifican con ella”. Pero, por otro lado, Lamb (2009), en
su libro de mercadeo, propone que “La responsabili-
dad social corporativa total tiene cuatro componentes:
econoémico, legal, ético y filantrépico”.

Al analizar lo anterior, la duda con respecto a la fi-
lantropia y la RSE corresponde visiblemente a un
problema de composicion. Las organizaciones no tie-
nen claro si estan practicando alguna de las dos senci-
llamente porque no se ha determinado si una forma
parte de la otra o si definitivamente se excluyen. En
este caso es conveniente examinar que la filantropia,
en la esencia de su concepto, se encuentra relacionada
con las acciones realizadas para el bienestar de los de-
mas, sin pretender algin tipo de interés implicito. Una
organizacion de caridad o una fundacién se considera
organizacion filantropica precisamente porque en su
mision se establece mejorar alguna condicion de su gru-
po de interés sin animo de lucro. Por tanto, la RSE no
es filantropia ya que, a pesar de tener procedimientos y
acciones similares, en sus objetivos si se encuentran
altamente contemplados la rentabilidad y el posiciona-
miento fuerte de la empresa en el mercado. Argandofa
(2007), al referirse a la RSE, menciona que “es, por
tanto, voluntaria, pero no discrecional, sino que tiene
la obligatoriedad de la ética”. Es decir, que al ser la
filantropfa una acciéon optativa que no tiene obligato-
riedad de la ética empresarial, no se constituye como
RSE.

Parece que la teorfa de la RSE, a pesar de las confu-
siones que surgen en todo el mundo debido a la ausen-
cia de una definicion globalizada, puede tener determi-
nadas caracteristicas, aplicables en cualquier territo-

REVISTA ESCUELA COLOMBIANA DE INGENIERIA N.° 83 / 2011 / 21-26

23



CORTES ORTIZ - CORTES MEJIA

rio. La diferencia con la ingenierfa y la administra-
cién, y con la filantropia, es un avance muy significa-
tivo para facilitar los esfuerzos que hacen las empre-
sas para interpretar e implementar adecuadamente
la RSE.

Sin embargo, no sélo en la teorfa se tiende a con-
fundir la RSE; en la practica, es también contradictorio
su ejercicio. A rafz de una serie de entrevistas gestiona-
da en Espafia (Puerta & Arizén, 2011) sobre la
aplicabilidad de la norma SA 8000 de responsabilidad
social corporativa y el funcionamiento del Pacto Mun-
dial en Espafia, se cuestionaba acerca de la utilidad de
estas herramientas en dicho pafs. Pues bien, la norma
SA 8000, basada en nueve principios para su aplica-
bilidad enfocados en el respeto de los derechos infan-
tiles y del trabajador, sélo tenfa 21 empresas certifica-
das con la norma en el 2008, en tanto que firmantes
del Pacto Mundial, basado en nueve puntos enfocados
en los derechos humanos, medio ambiente y corrup-
cion, tenfa 1198 firmantes hasta la primera mitad del
ano 2011.

Era conveniente, entonces, verificar las razones del
pronunciado desbalance entre las dos iniciativas. Pues
bien, la respuesta general de las personas entrevistadas
se orientaba a que actualmente la legislacion en Espana
ya regula de hecho todo lo referente a los derechos
humanos y del trabajador, por lo cual una norma de
este tipo serfa inocua. Ante esto, se plantean como pre-
guntas de vuelta: sgentonces por qué si se hacen firman-
tes del pacto global, sabiendo que el 60% de la iniciati-
va regula lo que supuestamente ya asegura la legisla-
ci6én en derechos humanos y del trabajador? ¢ Acaso las
empresas solo lo hacen por un reconocimiento que les
proporcione una ventaja competitiva, basandose en
unos procesos eficientes asegurado anteriormente por
la ingenierfa y la administracion?

De igual forma, es evidente que un pafs del primer
mundo como Espafia debe tener un estatus mucho
mas elevado en el cumplimiento de condiciones labo-
rales y en el control de los derechos humanos en su
territorio. Pero aun asi, gran parte de los productos
espafioles no son hechos en Espafa, dado que el
22,4% del PIB son importaciones (Fondo Monetario
Internacional, 2011), el 20% de las cuales provenian
de China en el 2007 (IberChina, 2007). ;Conocen las
empresas espafiolas como se producen en China sus
importaciones?

A raiz de la expansion de las ideas por el respeto de
los derechos humanos desde el siglo pasado, se han
denunciado abusos de utilizacién de mano obra infan-
til en pafses con un crecimiento econdémico importan-
te, actualmente denominados los Bric: Brasil, Rusia,
India y China, en los que la tasa para dicho fenémeno
es elevada y creciente en India y China* (Maplecroft,
2010). Este fenémeno es tan preocupante y grande que
se han generado grandes reportes e informes sobre él.
Por ejemplo, periddicamente China Labour Bulletin ac-
tualiza en su base de datos noticias e informacion acer-
ca de la evolucion de la mano de obra infantil, entre
ellos un reporte citado en Periodismo en la Red sobre China
en el que se explica que la mano de obra infantil tiende
a crecer porque los menores son mas dociles, no es
necesario pagatles seguridad social (es una actividad
ilegal), no demandan horas extras, siguen 6rdenes del
empleador mas facilmente, se adaptan en forma senci-
lla y tienen condiciones fisicas (tamafio de manos, fa-
cultad de visién, motricidad, agilidad, etc.) que los ha-
cen mas productivos en ciertos trabajos, asf exista dis-
ponibilidad de mano de obra extranjera adulta que pue-
da ser mas barata que la infantil. Igualmente, se afirma
que la mayor parte de la mano de obra infantil se utiliza
principalmente en produccion de electrodomésticos,
plasticos, ropa, zapatos y manufactura de juguetes, al
igual que en la industria alimentaria y de bebidas, don-
de las labores son altamente repetitivas y demoradas,
pero que no requieren un nivel cognitivo elevado
(Bulletin, 2007). Estos productos se exportan a todo el
mundo, y las empresas que contratan su fabricacion en
esta nacion, asf como aquellas que los distribuyen, ¢qué
acciones de RSE toman para evitar dicha explotacion?

Con esta informacion se hace evidente que la mano
de obra infantil esta relacionada con la ingenierfa, la
administracién y especialmente con la responsabilidad
que las empresas tienen con la sociedad. En este orden
de ideas, es pertinente preguntarse por qué hay mano
de obra infantil trabajando en grandes industrias del
mundo, cuando existen ingenieros, administradores y
empresas socialmente responsables produciendo en los

4. En la pagina web de Maplecroft se habla que, de acuerdo
con la International Labour Organization (ILO), hay 215
millones de nifios trabajando en todo el mundo, principal-
mente en Bangladesh, China, India, Nigeria y Pakistan.
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diferentes pafses. Es verdad que esta practica se lleva a
cabo en pafses con una legislacion y cultura diferentes,
y que por la misma situacién social se proporciona el
ambiente adecuado para que este tipo de abusos ocu-
rran. Pero es igualmente cierto que hoy en dia China
es el mayor comerciante de bienes del planeta al ex-
portar mas del 35% (US Bureau of Economic Analysis
and Economist Intelligence Unit, 2010) de su pro-
ducto interno bruto (PIB) a casi todos los lugares de
la Tierra.

El trabajo infantil no es un asunto relacionado sola-
mente con la politica y la regulacion de los gobiernos,
es un problema mundial (de paises industrializados que
demandan la produccién de naciones con este proble-
ma), el cual los grandes empresarios y mandatarios ig-
noran porque saben lo que representa la produccion
de China para el mundo y el poder que actualmente
ejerce coaccion sobre su statu quo. Las empresas conti-
nuan tercerizando algunos de sus procesos a pafses
donde es claro que se utiliza la mano de obra infantil,
desconociendo dicha condicion, que les representa mas
utilidades. Tales hechos muestran una gran incoheren-
cia entre la teorfa de la RSE y su practica, que al igual
que el trabajo infantil y la ausencia de RSE en paifses
como China, es responsabilidad de todas las empresas
que intervengan o se beneficien por sus productos.

Segtin el Departamento Administrativo Nacional de
Estadistica (Dane), en Colombia hay 1.050.457 nifios
entre 5 y 17 afios que trabajan principalmente en el
sector primario (Departamento Administrativo Nacio-
nal de Estadistica, octubre-diciembre de 2009), que son
sustentados por empresas de todo el pafs que deman-
dan sus productos, violando uno de los pilares de la
RSE que es la sinergia positiva con los proveedores,
donde tanto cliente como provisor se comprometen a
llevar procesos socialmente responsables a lo largo de
su cadena productiva, sobre todo cuando se opera en
un pafs donde la mano de obra infantil es altamente
participativa.

HEstos casos constituyen un ejemplo en el que se
aprecia que la RSE no solamente sufre una incoheren-
cia tedrica entre las personas que la estudian, sino que
también se genera una incoherencia mundial en la for-
ma de ejecutar los procesos productivos, relativizando
la RSE a las condiciones que el mundo impone. No
aclarar cudl es la esencia de la RSE conlleva la cons-
truccién de una definicion inadecuada, donde cada em-

presa la utiliza como mejor se adapta a su cadena de
valor en determinado territorio.

Las organizaciones deben exigir, a lo largo de su
cadena de valor, una aplicacion de la RSE. Una empre-
sa en Colombia podria ser socialmente responsable
cuando exista retroalimentaciéon en RSE con sus pro-
veedores, ya que se sabe que la mano de obra infantil
es una realidad en areas rurales donde se produce la
materia prima que requieren algunas organizaciones.

Estas incongruencias muestran claramente que aun-
que las fronteras de la RSE son demasiado grandes para
cada organizacion porque dependen de su actividad
econdémica, sus principios deben permanecer claros en
todo el mundo, pues su gran importancia como factor
diferenciador se convertira en algo socialmente apre-
ciable para sus grupos de interés. .a RSE es uno de los
mejores caminos que ha tomado la industria para ar-
monizar su proposito principal de generar utilidades
con el compromiso de ayudar a todos los involucrados
en su mision, y la significacion de este alcance merece
que el concepto se expanda y tome una fuerza capaz
de ser genérica en cualquier empresa del planeta.

CONCLUSIONES

La RSE no debe considerarse como filantropia, por-
que todas las acciones que lleva a cabo, aunque mejo-
ran alguna condicion para los grupos de interés, tienen
el claro objetivo de la rentabilidad.

Ademas, optimizar un proceso no misional, cuya
accion mejora una condicién de los grupos de interés,
satisfaciendo una necesidad no exigida por ellos y que
a su vez incrementa la rentabilidad, es una clara aplica-
cién de la RSE que no debe confundirse con teorfas de
ingenierfa o administracion.

Estara en las manos de las compafifas y teoricos que
creen en la responsabilidad social empresarial y que la
construyen, que se cree y se expanda una coherencia
tedrica y practica para su ejercicio en el mundo, sabien-
do que el concepto de RSE puede cambiar dependien-
do del pais, pero conservando los principios fundamen-
tales que la singularizan y caracterizan: el medio am-
biente, la relacién con los grupos de interés y las con-
diciones laborales. Estos principios, a su vez, constru-
yen el objetivo explicito de la RSE: incrementar la ren-
tabilidad de la organizacion.
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Resumen

La empresa Metro de Medellin, en conjunto con la Universidad Eafit
y el apoyo de Colciencias, ha venido desarrollando diversos
proyectos de investigacion en el area de mantenimiento industrial,
con la finalidad de mejorar la operacién y la mantenibilidad del
sistema de transporte metro. Durante el desarrollo de estos
proyectos se ha logrado generar un impacto positivo tanto en la
empresa como para la comunidad, puesto que se ha mejorado la
seguridad y el confort para los usuarios del metro, lo cual beneficia a
la compafia en cuanto a buenas practicas de mantenimiento dentro
de la organizacion.

En este articulo se plasman los impactos generados sobre la
economia, el ambiente y la sociedad, ejes centrales de la
sostenibilidad, a lo largo de la ejecucion de tales trabajos.

Palabras claves: sostenibilidad, investigacion, mantenimiento
industrial, transporte ferroviario.

Summary

The company “Metro de Medellin”, in conjunction with the Eafit
University and the support of the Colciencias organization, has been
developing several research projects in the Industrial Maintenance
area, in order to improve the operation and maintainability of the
massive transportation system known as Metro de Medellin.

During the development of these projects, the group has
accomplished a positive impact on both the company and the
community, since they have been benefited from the improved
Metro system, that now offers to the users more safety and comfort
thanks to the successful development of these projects; which
benefits the company on good maintenance practices within the
organization.

In this article we show the impacts that these projects have had on
the economy, environment and society, which are the three pillars of
sustainability.

Keywords: Sustainability, Maintenance, Environment, Society,
Economy.
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INTRODUCCION

El sector del transporte cumple un papel clave en la
consolidacién de los procesos de globalizacion y de
competitividad en Colombia. En este sentido, se esta
presenciando una transformacioén dentro de este sec-
tor, acentuada por el crecimiento de la poblacion urba-
na (Tobon & Galvis, 2009); es importante saber que el
transporte esta en el centro del desarrollo humano y la
actividad econémica, pero los patrones actuales, basa-
dos fundamentalmente en transporte automotor impul-
sado por combustibles fosiles, generan maltiples impac-
tos sociales, econémicos y ambientales negativos, y no
son sostenibles (figura 1).

[t)
6% 7% O Buses

| Vehiculo Privado
16% 42%, O Tren (Metro)
0O Taxi

m Otros

0
7% O Moto

18%

Fuente: Martinez Ruiz, 2009.

Figura 1. Particion modal motorizada en el valle de Aburra.

Se requiere entonces un cambio de paradigma, que
privilegie la accesibilidad antes que la movilidad, que se
enfoque en los modos de transporte mas eficientes, y
que promueva vehiculos, combustibles y operaciones
de transporte limpio y de bajo carbono.

El cambio de paradigma puede resumirse en tres
tipos de acciones: evitar viajes motorizados largos e
innecesarios, cambiar la tendencia de crecimiento de
los viajes en vehiculos individuales motorizados, y me-
jorar la tecnologfa y la gestion operativa de las activida-
des de transporte (Hidalgo, 2011).

Uno de los ejes estructurales de una politica de trans-
porte sostenible es el transporte publico. Este puede
estar compuesto por sistemas de transporte sobre rie-
les, sistemas de bus rapido, transporte publico tradi-
cional (colectivo) y sistemas de taxis, y en algunos ca-
sos bicitaxis. Una regla general de todos estos servicios
de transporte publico es que deben estar integrados, es

decir, que tengan un mismo medio de pago y un esque-
ma de tarifa homogéneo entre todos los modos (Rogat,
2009).

El sistema de transporte ferroviario, como el metro
de Medellin, sobtesale frente a los otros medios de trans-
porte publico terrestre porque usa combustible limpio
para realizar su operacion, la cual no genera emisiones
de diéxido de carbono, mientras que los buses y taxis
utilizan gasolina (combustible f6sil), que es muy conta-
minante e influye directamente en el calentamiento glo-
bal; también cabe destacar que la empresa Metro de
Medellin se preocupa por el bienestar de la comuni-
dad, por lo que creé un programa institucional conoci-
do como Cultura Metro, en desarrollo del cual se ha-
cen actividades para las personas que utilizan este ser-
vicio y cuyo objetivo principal es educar culturalmente
a la ciudadanfa.

El sistema de transporte publico de una ciudad es
un componente fundamental de una politica de trans-
porte sostenible, la cual debe orientarse al beneficio a
corto plazo para sus usuarios y a largo plazo para la
ciudad, teniendo en cuenta implicaciones en materia
de desarrollo sostenible y la relaciéon que éste tiene con
uno u otro proyecto de transporte. A continuacion se
muestra cuanta energfa es consumida por los usuarios,
de acuerdo con el medio de transporte empleado (figu-
ra 2).

¢Cuanto consume?
Megajulio por pasajero/kilémetro

0 1 2 3 4 5 6 7
Bicicleta

Tren de alta
velocidad

Peatén

Autobds

Automévil compacto
(sdlo el conductor)

Automdvil hibrido
(sdlo el conductor)

Avion
Crucero

Coche deportivo
(s6lo el conductor)

Fuente: PNUMA, 2009.

Figura 2. Consumo energético.

El desarrollo sostenible ha sido un concepto de
desarrollo desde hace varias décadas, cuyos componen-
tes principales son los econémicos, ambientales y so-
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ciales (Rogat, 2009); sus principales funciones son el
uso del suelo que incorpore las necesidades de movili-
dad, la restriccion de la utilizacion de vehiculos priva-
dos y la promocién de un sistema de transporte ptbli-
co. El impacto ambiental se mide de acuerdo con las
emisiones de CO, generadas por el medio de transpor-
te. A renglén seguido se muestra la clasificacion de di-
chas emisiones (figura 3).

Distribucion de las emisiones de gases de efecto invernadero por

medio de transporte
(equivalentes a gramos de CO, por pasajero/kilometro)
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Fuente: PNUMA, 2009.

Figura 3. Generacion de emisiones de CO, y de gases de
efecto invernadero, de acuerdo con el medio de transporte.

IL.a mejora en la operacién y el mantenimiento de
los sistemas de transporte publico impacta directamente
en la sostenibilidad del sistema de transporte, como
puede verse en los proyectos de investigacion aplicada
desarrollados por la Universidad Eafit para el Metro
de Medellin, con el apoyo de Colciencias. Estos tienen
como objetivo comun facilitar las labores diarias del
personal del Metro de Medellin, principalmente aque-
llos que buscan generar criterios para la toma de deci-
siones en la operacion y el mantenimiento del sistema
ferroviario. Lo anterior repercute en la sostenibilidad
de la empresa, generando impactos econémicos, am-
bientales y sociales.

Sistema portatil de diagnéstico (SPD)

Este sistema permite evaluar la condicién del vehiculo
y de la via, y orienta la planeacion de las acciones de
mantenimiento. El diagnéstico de dichos elementos ga-
rantiza altos niveles de seguridad y confort para los usua-
rios del medio de transporte.

Modelado dindmico y geométrico de la interfase via-vehiculo
(Modivim)

Este proyecto generd dos resultados principales: un
modelo dinamico virtual de los vehiculos de pasajeros
y una evaluacién del contacto entre la rueda y el riel. El
modelo dinamico permite evaluar nuevas condiciones
de operacion del sistema de transporte, como estudiar
el aumento de la velocidad de marcha o evaluar el
redisefio de componentes. La evaluacion de la interfase
rueda - riel busca planear acciones de mantenimiento
sobre estos elementos.

Sistema de pesaje

Es un sistema de conteo de usuarios que busca produ-
citr informacion clave, como numero de usuarios, den-
sidad de pasajeros y ocupacion de los trenes para la
planeacién del despacho de éstos hacia las estacio-
nes.

En la realizacion de cada uno de estos proyectos se
ha planteado como objetivo generar un impacto posi-
tivo en los usuarios que se benefician del servicio que
presta el Metro de Medellin. Por ello es importante hacer
un buen mantenimiento a los trenes que brindan el ser-

REVISTA ESCUELA COLOMBIANA DE INGENIERIA N.° 83 / 2011 / 27-32

29



BETANCOURT LATORRE - BETANCUR GIRALDO - CASTANEDA HEREDIA - PALACIO L.

vicio a la comunidad, ya que esto es parte esencial de
una buena aplicabilidad de la teorfa de la sostenibilidad,
pues de acuerdo con un buen desempefio de éste va a
causar un impacto positivo en las variables que se ge-
neran durante el proceso (ahorro de tiempo, reduc-
ciéon de emisiones, generacion de empleo indirecto,
ahorro econémico, disminucién de ruido, entre otros);
ademas, estd en la busqueda constante de garantizar-
les a los usuarios seguridad para mantener su integri-
dad fisica y confort, y por ende mejorar su calidad de
vida.

IMPACTO ECONOMICO

Las empresas deben reconocer que es del maximo in-
terés a largo plazo que la compania y la comunidad
mejoren los recursos y la calidad de vida de sus miem-
bros. Por tanto, la empresa debe fomentar relaciones
mutuamente benéficas entre la corporacion y la comu-
nidad en las cuales es sensible a la cultura, contexto y
necesidades de la comunidad (Epstein, 2009); entre estas
ultimas se encuentra el servicio de transporte, ya que
es una necesidad basica de las personas. Debido a esto,
la eficiencia de una ciudad se refleja en la facilidad de
movimiento a lo largo de sus calles. El tiempo de via-
je de un ciudadano se puede relacionar tanto con su
bienestar como con su rendimiento laboral (Rogat,
2009).

Luego de implementar los resultados de la investi-
gacion, se obtuvieron los siguientes beneficios para el
Metro de Medellin que impactan directamente en el
aspecto econémico de su sostenibilidad.

Dada una reduccion del desgaste de perfil de la rue-
da y el riel, se logré una disminucién de la frecuencia
de remplazo de los dispositivos de suspension, gene-
rando una mejora en los costos operativos, costos de
aseguramiento y costos de mantenimiento. Ademas,
se produjeron un incremento de la productividad y la
calidad, lo que se ve reflejado en la mayor disponibili-
dad de los vehiculos, y un aumento en la eficiencia de
la prestacion del servicio, la cual es percibida por la
ciudadanfia.

IMPACTO AMBIENTAL

Vale la pena aclarar que la proteccién del medio am-
biente hoy en dfa cumple un papel muy importante en
todo el planeta, y desde el principio las compafias de-
ben definir su compromiso con el ambiente natural,
donde deben buscar proteger y restaurar el ambiente.
Esta se tiene que comprometer con minimizar el uso
de energia y de los recursos naturales, como también
disminuir los desechos y las emisiones de gases conta-
minantes (Epstein, 2009).

En materia de consumo de energfa, el transporte
publico masivo es el mas eficiente, porque supera en
costos, consumo de espacio y de combustible al trans-
porte privado y al transporte publico individualizado
(Duque-Escobar).

Se puede apreciar que en materia de reduccion del
impacto ambiental se ha logrado disminuir el desgaste
de perfil de la rueda y el riel en un 13%, mermando asi
los efectos negativos (vibraciones, ruido, particulas
contenientes, otros) del sistema de transporte sobre los
usuatios y el entorno.

IMPACTO SOCIAL

Los aspectos sociales son uno de los componentes que
normalmente se relegan al ultimo lugar en una politica
de transporte, y los proyectos de transporte que inclu-
yen aspectos sociales lo hacen de manera muy reduci-
da. No obstante, la equidad, accesibilidad, salud y bien-
estar general de una poblacién también van a tener efec-
tos sobre la economia e incluso el medio ambiente de
una ciudad.

Los aspectos sociales incluyen la reducciéon de po-
breza (por medio de la mejorfa de acceso a trabajo,
educacion, salud, bienes y servicios), la reducciéon de
accidentalidad (mediante la disminucién de situaciones
de alto riesgo para peatones y otros usuarios de la via,
y en este caso la implementacién de un sistema de trans-
porte publico eficiente y seguro), la mejorfa de la salud
de la poblacién (tanto por su mayor actividad fisica
como por su menor exposicion a los problemas de con-
taminacion al reducir las emisiones del transporte) y la
mejorfa de la calidad de vida general en la ciudad (Rogat,
2009).

Debido a esto, el Metro de Medellin tiene como fi-
nalidad garantizar la seguridad y el confort a los usua-
rios de tal sistema de transporte, ya que estas dos ca-
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racterfsticas inciden directa y positivamente en mejo-
rar la calidad de vida de los usuarios. A continuacion se
muestran algunos de los indicadores presentados en el
proyecto corporativo de la organizacién para el afio
2010, los cuales pudieron resultar afectados de manera
directa o indirecta por la realizacion de estos proyectos

(tabla 1).

Tabla 1
Metro en cifras y externalidades

Metro en cifras
Valor
$29.000.000/hora

Indicador

Ahorré el sistema a los usuarios en

desplazamiento
Ingresos por negocios asociados $11.353.000
180.068 ton

18.788.000 gal

Contaminacion evitada
Tecnologias limpias, por ahorro de diésel

Metro en externalidades

Indicador Valor
Ahorros de tiempo $88.526.000
Generacién de empleos indirectos $7.413.000
Reduccion de emisiones de CO, $20.386.000 mil
Reduccién de uso de combustibles fosiles $96.722.000

$151.518.000
1427 directos

Ahorro econémico por uso del metro
Generacion de empleos

Fuente: Metro de Medellin, 2010.

DISCUSION

Estas acciones no sélo equilibran un sistema de trans-
porte financiera y econémicamente, sino que generan
unas condiciones mas adecuadas para la utilizacion de
transporte publico (Rogat, 2009), beneficiando asi a las
personas que directa o indirectamente estan ligadas a
la empresa, ya que al realizar estos proyectos de inves-
tigacioén se estan creando nuevas posibilidades tanto
para las entidades que trabajan por un mismo objetivo
como a los usuarios y comunidades que utilizan este
servicio.

A nivel institucional se esta creando una politica de
transferencia de conocimiento, debido a que intervie-
nen diversas partes que comparten los resultados que
se obtengan para beneficio comun; también se esta brin-
dando formacién para las personas que hacen estudios
superiores con el aval de estos proyectos.

Se mejoran las condiciones laborales para las perso-
nas ligadas directamente a la prestacion del servicio.

No sélo beneficia econémicamente al sistema de
transporte sino a los usuarios que dependen de él, al
disminuir los ruidos, vibraciones y movimientos brus-
cos se logra mejorar la seguridad y brindar mayor con-
fort a los pasajeros que diariamente se desplazan en el
tren.

Por otro lado, al disminuir los ruidos y las vibracio-
nes, se esta reduciendo la contaminacion ambiental,
brindando a las comunidades que viven cerca de las
vias del metro una mayor tranquilidad.

Como ya se ha indicado, la sostenibilidad del siste-
ma requiere compatibilizar el desarrollo econémico y
social con las exigencias medioambientales que el bien-
estar social reclama. Ello implica que a la hora de for-
mular una politica de transporte sea necesario dar un
tratamiento analogo a las preocupaciones medio-
ambientales a largo plazo —el cambio climatico, el uso
de la energfa, la degradacion del entorno y sus repercu-
siones para la salud humana—, que a las de tipo econo-
mico y social. La dificultad, en el caso concreto del trans-
porte, radica principalmente en el control y la reduc-
ci6én de los efectos externos, de modo que las necesi-
dades de desplazamiento de los ciudadanos no se vea
reducida (Izquierdo, 2003).

Es importante tener en cuenta que al realizar estos
proyectos siempre se ha buscado mejorar la seguridad
y brindar confort a los usuarios, por lo que ambas se
logran con un sistema de mantenimiento bien estruc-
turado, y éste se ha logrado desarrollar de manera sa-
tisfactoria; el Metro de Medellin tiene como objetivo
ser una empresa lider en el servicio de transporte pu-
blico de pasajeros y ser una organizacion de categoria
mundial (Metro de Medellin).
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Abstract

This study attempts to test the relationship between regions based
on natural resources and conflict levels in Colombia. Specifically, it
shows that regions with high coca crop production are related to
higher violence measures, i.e. there is a “coca curse”. Extra revenues
coming from illegal activities are perpetuating conflict and are not
channeled to other social priorities. Regions with elevated coca
cultivation have no better health and education indicators and do
not receive higher public investment. All in all, regions with a high
proportion of coca crops have to suffer of soaring violence.

Keywords: coca, conflict, economic development, violence.
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INTRODUCTION
Rich and poor

Several attempts have been made by economists during
the last 50 years in order to explain the cause(s) of
poverty' and describe neatly the differences between
the rich and the poor nations. Although there are plenty
of explanations®, varying by the degree and emphasis
between specific factors, a theory that relies on geo-
graphical factors has gained great importance. The main
idea is based on the thought that environmental
conditions, within a specific location, shape its econo-
mic development and performance. As mentioned
earlier, the degree of importance of these factors
shaping economic activity vaties among economists’,
however, there is general agreement that such factors,
in fact, do influence people’s behaviors, due to the in-
evitable interaction, and the shaping institutions (for-
mal and informal)*, which, consequently, direct the
economic performance and the sustainability.

Factor Endowments

One of the most popular academic concepts that has
emerged, having geography as its fundamental building
block or starting point, is Factor Endowments. Every

*  Tam grateful to Fabio Sanchez, who provided almost all the
data contained in this document.

1. It should be more appropriate to talk about the cause of
richness, and not of poverty, since, as Maddison (2001)
noted, eatlier history is characterized by the homogeneity
of low living standards in the world, i.e. most human
population faced survival levels before civilization (or mass
food production). Thus, development economics should
focus on explaining how richness appeared rather than
poverty.

2. Among the possible explanations, include: cultural
differences, geographic conditions and/or factor endow-
ments, institutions, enforcement of property rights and, even
in some cases, evolution of genes. However, all of the above
factors are highly correlated and the process to disentangle
them proves to be complex.

3. Probably, the most influential advocate of the geographical
theory is Jeffrey Sachs. He is currently the Director of the
Earth Institute and Professor at Columbia University.

4. Formal and informal institutions are mentioned since both
are important. Informal institutions and norms are
particularly important in developing countries. These
concepts follow North (1990) definitions.

nation possesses a set of factor endowments that have
enable it to develop economically in a specific way. Tro-
pical countries have a set of features not found on high
or low latitudes and vice versa; every type of economic
structure evolves differently. For instance, food
production, access to markets, diseases, soil quality,
general weather and natural resources, just to name
some aspects, differ significantly’. Each one of these
aspects set up the environment where people live, and
create the appropriate incentives. Easterly et al. (2002),
found that factor endowments, in every country, mold
the economic development via institutions and only
through this way. Others, like Engerman and Sokoloff
(1997 and 2000) argue that economic inequality is due
to these factors or rathet, to the differences of these
factors.

At the center of the factor endowment theory there
are the natural resources. Natural resources are of par-
ticular interest because of the features they entail:
namely, the high implicit and inherent economic value.
For instance, oil, minerals, gems or drugs can serve as
examples of such commodities. Nations with plenty
of these resources should be able, in principle, to exploit
them and take advantage of them (they have, at least, a
competitive advantage with other countries that do not
have them). Thus, empirically, countries with more na-
tural resources should be doing well.

The Curse

Unfortunately, research over the past 40 years has
growing and mixed evidence to deny the above
argument’. In fact, the “Natural Resource Curse” con-
cept emerged from the literature to describe how the
nations highly dependent on its natural resources have
suffered from poor economic growth and development.
Indeed, many of the developing countries have,
paradoxically, high levels of natural resources and have
grown slower than their resource poor counterparts.

5. For a great review of how these differences shaped up
economic development around the world, see Diamond
(1997).

6. Sachs and Warner (1995) found, based on standard cross-
growth regressions, that countries with high natural resource
ownership grow, on average, 1 percent per year, slower than
their counterparts.
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In theoretical economic literature’, the relation
between abundant natural resources and low economic
growth states: natural resources generate rents which
leads to voracious rent-seeking. This, in turn, leads
governments to use their natural resource revenue to
“release social pressure that might otherwise lead to

demands for greater accountability”®

. This may happen
since most revenues come from natural resource based
economy, thus reducing the tax based system on the
constituents, therefore people would be less likely to
demand accountability. This could potentially lead to
higher government corruption (Mauro 1995)” which
adversely affects long run growth.

A second relation between natural resources and
low economic growth correspond to higher volatility
exposure, especially on commodity prices. This effect
has a negative impact on growth, particularly if the
Dutch Disease'’ appears, which leads to a tradable sec-
tor contraction. In effect, a nation’s budget and balan-
ce of payments should not be highly dependent on
commodity prices to avoid vulnerability of foreign
market fluctuations, and thus impede unnecessary
pressure. A vast appreciation of local currency affects
both exports and domestic firms competing against
imports.

Lastly, a third repercussion among high natural
resource nations (“cursed”) is the relationship between
this feature and civil conflict. Collier and Hoffler (2002)
showed that the effect of natural resources on conflict
is strong and nonlinear, suggesting that natural resour-
ces affect institutional quality'’. However, other research

7. Tor further review see Sala-i-Martin et al. (2003).

8. Ross, M. “Does Oil Hinder Democracy?”, World Politics, No.
53, April 2001.

9. Inaddition, governments may spend huge amounts on so-
cial spending which in turn may dampen political pressure
for democratization. or simply use part of these resources
to prevent group formation that demands political power
and political rights. Authoritarian governments should be
more likely under such conditions.

10. Dutch Disease is the event on which the real exchange rate
is overly appreciated in response to positive price shocks.

11. Natural resource curse has other effects such as the “repre-
ssion effect” and “modernization effect”, which hampers
democratization processes by higher social spending and
blocking democratization demands and group formation.
For further information see Ross, M. “Does Oil Hinder
Democracy?”’, World Politics, No. 53, April 2001.

provides inconclusive evidence of this relationship such
as Elbandi and Sambanis (2002) and Hegre (2002), while
others search for different types of conflict, like ethnic
and non-ethnic civil wars (Reynal-Querol (2002)). As
stated earlier, the evidence is mixed and varies according
to the data set and variable definitions or indexes used.

However, many war-torn nations or regions em-
broiled in civil conflict depend to a large extent on na-
tural resources, especially those related to illegal
economic activities'”. The regional concentration of
these activities raises the question of whether economic
activity in conflict areas promotes or dampens conflict.

The Coca Example
Coca Crop

Traditionally, coca leaves have been used by indigenous
people in order to overcome high altitude effects, such
as dizziness, and relieve the sensations of hunger.
Sometimes, they were also used as an anesthetic. In its
original form, tribes used them as medicines and tea,
ot by simply chewing up the leaves". Coca has been
grown in numerous countries around the world,
however, by the mid 1900s, coca growing was virtually
abandoned in all areas except South America. There
are more than 250 varieties of the coca plant, but only
three are widely used in the illegal cocaine drug trade:
Huanuco coca, grown in Bolivia and Peru, Amazonian
coca, grown in the Amazon River basin and Colombian
coca, grown primarily in Colombia.

Each coca plant is adapted to different growing
conditions. For example, Colombian coca can be grown
in hot, dry places while other coca plants cannot. Coca
can be grown at many different elevations below 2000
meters, depending on the type of plant; however, no
coca plant will survive in places where the temperature
drops below freezing point.

Coca grows and is harvested year round, but the
greatest growth takes place during and just after the
rainy season'!, and is harvested 3-8 times per yeat,
depending on the kind of coca bush. Leaves are

12. Two examples are the drug trade in Latin America and the
diamond trade in Africa.

13. The correct terminology in Spanish is “mambear”.

14. Rainy seasons are roughly November through April in Bo-
livia and December through May in Peru. Colombia’s period
of least rainfall is January and February.
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harvested only when mature, and coca plants grown at
high altitudes are harvested less frequently than those
grown at low altitudes. The recollection process consists
on picking the mature leaves out of the coca bushes. It
can take up to almost 300 days to harvest one hectare
of coca bushes". Coca leaves must be dried or pro-
cessed within three days after picking or they will mold
and become unusable. Coca is usually picked in the late
afternoon and then allowed to “sleep” overnight before
it is spread out to dry the next day. Coca leaves are
usually spread out on tarps or netting and stirred while
drying. In Colombia, the leaves are converted directly
into “base”, the main ingredient from which cocaine is
made. Producing “paste” was originally the first step in
making cocaine. Now, farmers-or nearby processing
labs-process the leaves into something called “base”.
The base is screened and impurities removed and then
taken to a chemical plant owned by large drug traffickers
where chemicals are added in order to convert it into
cocaine. Overall, it is a 17-step process that covers
extraction, purification and conversion'®. Depending
on the country where grown, coca leaves from a 1
hectare field can be processed into 4.0 to 7.4 kilograms
of cocaine.

It’s worth mentioning that coca cultivation and, of
course, cocaine production is an illegal business in
Colombia, one that is persecuted by the Colombian
police and authorities.

The Coca Curse - a “lootable” commodity

Coca crop or leaves are a natural resource that can highly
influence country’s economic performance for two
main reasons: First, cocaine is a highly profitable
market, which puts enormous pressure on agricultural
sector. Farmers’” opportunity cost is increased in the
presence of coca leaf buyers (mainly drug dealers or
illegal armed groups). Thus, peasants might switch to
other kind of crop cultivation only if the latter can
provide the same expected income value, i.e. the

15. That’s the equivalent of 300 men working one day or 1 man
working for 300 days. In addition, most coca fields are less
than 1 hectare in size.

16. See Graph 1 on Appendix for further details of the cocaine
process.

expected revenue'” due to alternative cultivation is
higher than coca growing. Additionally, in developing
countries, households may be more concern not about
the level of income but about its variability'®. Coca crops
may reduce farmers’ income variability since the
demand for such product fluctuates less than other food
commodities. This is especially true since the price of
raw coca leaf makes up a small fraction of the price of
cocaine. Therefore, coca cultivation might be helpful
in providing rural population less income variability,
which might be reflected on better socio-economic
variables, like nutrition, health and education. Asset
accumulation should increase and so farmers could
soften better external (or exogenous) shocks, like acute
weather changes (for instance, drought or flooding).
Secondly, coca leaves are transformed into cocaine,
which constitutes an enormous illegal business. Illegal
activities may serve as a catalyst for social conflict and
foster unstable and insecure environments which,
consecutively, affects economic performance. Higher
income due to coca cultivation may be channeled to
the wrong organizations (illegal armed groups or a very
corrupt government), which may used these resources
to finance more social conflict. In this case, farmers
are not helped by higher forms of income and, quite
the contrary, might be hurt by unsafe conditions and
violence. Economies at war are very unstable and uncer-
tainty becomes the common denominator. Drug dealers
or illegal armed groups may persuade farmers by
violence harassment and pressure, creating the wrong
incentives to build a healthy economy, at least in the
rural sector'. In addition, illegal activities provoke the
development of black markets and contraband
resources that influences directly economic develop-
ment at a regional basis. On the other hand, there may
be useful repercussions on a regional basis if illegal
businesses have an incentive to protect these regions

17. The expected value takes into account the probability of
the occurrence to happen. Thus, in this case it makes
reference to the probability that the farmer indeed receives
revenue from crop cultivation.

18. Udry (1990) addresses this question of variability to
houschold in Nigeria with the study of weather shocks.

19. It is not clear that this type of behavior is good for the
illegal groups since, in a more collaborative approach, they
may optimize long term profits.
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in order to maximize their profit. This matter is going
to be addressed later on the paper.

LeBillion (2001) defines commodities such as
gemstones, drugs and timber as “lootable” commodi-
ties. He links them to common civil wars since they
can be a natural source of financing a specific group.
Although insufficient data predominates in testing this
hypothesis, most evidence suggests that gemstones have
no statistically significant relationship with civil wars,
but drugs such as opium and coca perpetuate conflict,
although they don’t initiate it’. In other words, Ross
(2003) finds that “narcotics had little to do with the
initiation of these conflicts (civil). In each of the
countries (Afghanistan, Burma, Colombia and Peru),
the rebel movements had no role in the drug trade when

2921

the war began”'. In essence, drugs allow the weaker

party to raise money and therefore continue fighting;

Economical/Social Outlooks

Coca cultivation should affect, as discussed eatlier,
ongoing economic development and the formal and
informal institutions formation. Most estimates suggest
that cocaine plays a large enough role in the Colombian
economy since changes in the demand for coca have a
petceptible national economic effect®. Coca crop, as a
natural resource, stimulates and forms economic
incentives that should be reflected on people’s actions.
However, there are four key cases of economic/social
possibilities that could be the result of the cultivation
of coca crops and its respective illegal management of
activities:

e Coca crops perpetuate social conflict and elevate
socio-economic indexes in regions. The logic behind
this option relies on the basis that an easy form of
raising money enables the illegal groups to maintain
an aggressive position that prolongs the conflict.

20. For mote information see Ross, M. “What do we know about
natural resources and civil wars?”; Journal of Peace Research,
2003.

21. Ross, M. “What do we know about natural resources and
civil wars?”, Journal of Peace Research, 2003.

22. Steiner (1998) estimates that Colombian income from illegal
drugs accounts 4-6 percent of GDP in the first half of the
90s.

This means that illegal armed groups and/or drug
dealers are not a money constraint (or may not be a
binding constraint). In addition, this alternative
suggests that the extra revenues are channeled and
spent on high priority goals, such as health and
education, i.e. it employs a social approach. This
may be the case of a highly organized community
system that appropriates most of the revenues of
the coca crop cultivation and decides to spend on
public or common goods (water systems, nutrition,
hospitals, etc.). Although the nature of business is
illegal, the way it is constructed and handled may
indeed pass some (big chunk) of the resources to
households directly or to the construction of
infrastructure (hospitals, schools, bridges, etc.). In
order for this to happen, business managers and
owners have an incentive to foster regions develop-
ment, which can be the case if these sets of actions
help them protect their business, maximize their
profits or protect them from possible enemies®. In
particular, the illegal armed groups may employ this
long-term strategy of paying the community, via
enhancement of socioeconomic factors (education,
security or alike) in order to be protected by them.
In this line of reasoning, a subperfect game
equilibrium may be, in which the illegal groups
extract financial benefits from the coca cultivation
and exports, developing the zone with the purpose
of going unnoticed and protected. On the other
hand, the community protects these groups since
some of the benefits are transferred to them,;
perhaps it is more than what the government has
done for them in the past.

Coca crops perpetuate social conflict yet reduce
socio-economic indexes. Illegal activities produce

23

. For instance, during the 1990s, the drug dealer and Medellin

Cartel leader, Pablo Escobat, spent a considerable amount
of money on social issues surrounding his neighborhood
and city, Medellin and Envigado. It actually got to a point
where near neighbors defended him, despite his illegal
activities. For instance, there was a popular story that
described how Pablo Escobar gave away free cabs to
unemployed people on his region. Two goals were achieved:
build protection around him (creating a communications
network to avoid police and enemies) and helping his
neighborhood by reducing unemployment.
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negative externalities such as violence, lack of safety
and overall uncertainty. The extra resources are spent
on criminal activity and extortion, and little is left
to social spending on a regional basis. It does not
initiate conflict, but prolongs ongoing conflict, as
Ross (2003) states. The extra revenue is appropriated
only by drug lords or illegal groups, and a very low
proportion is channeled to farmers, thus living
standards remain low or diminish in the presence
of the first. Therefore, socio-economic indictors for
the region remain low or are reduced due to crimi-
nal activity and high uncertainty™.

Coca crops do not affect conflict and perhaps might,
in fact, facilitate peaceful agreements and, in
addition, elevate basic socio-economic indexes on
regions. Although this and the next alternative are
unlikely to happen, there can be a case where extra
revenues may perhaps be spent on the peace buil-
ding process, thus contributing to solve social unrest.
During this process, the region and community enjoy
as a whole the benefits (as positive externalities and
spillovers) of these actions (contribution to peace
building process), elevating essential socio-economic
indicators. New revenues are channeled through a
social approach and correctly spent on high priority
factors, such as health and education.

Coca crops do not affect conflict and, additionally,
reduce basic socio-economic indexes on regions.
This alternative is perhaps more likely to happen
than the third one, although, the connection between
an illegal business and reducing or not having and
effect on social conflict is partially weak. There can
be the case where the extra money of the illegal
business does not contribute to the peace building
process but it doesn’t aggravate it either. Violence
indicators remain at current levels perhaps because
drug dealers prefer to pass under the radar, trying
not to be noticed. Additionally, effects of illegal
business lead to lower basic socio-economic indi-
cators, for instance, corruption may spark and extra
resources can be spent on ways that promote higher
inequality. Health and education in these regions
remain very low, or even lower, in the presence of

24.

Typically, there is no state presence and thus justice system
is weak, i.e. political institutions on the rural regions are
weak.

coca crops and the illegal activities but for reasons
other than higher violence conditions.

Political Implications - Dilemma

At the heart of this context, it appears a political di-
lemma. As discussed eatlier, coca curse may promote
different scenarios depending on economic/ political
conditions and actors. Government may face different
situations, which can be summatrized as the following™:

¢ Coca crops producing regions have higher income
and socio-economic indicators than their coun-
terparts. Illegal activity (drug dealers or illegal armed
groups)® operate but overall effect promotes econo-
mic growth on a regional basis.

* Coca growing regions have lower economic
development, reflected on their socio-economic
indicators, due to violence and political instability
caused by illegal activity (persuasion and extortion),
than their counterparts.

In the first case, the scenario is quite complex.
Government should attempt to combat illegal activity,
more so if such business is related to human rights
violations. However, regions without coca cultivation
and low socio-economic values should be awarded a
considerable proportion of social spending in order to
alleviate poverty (which is another kind of human rights
violation). Government is also committed to eradicate
poverty and increase population’s living standards,
particularly of the poor (which typically coincide with
the rural population in the developing nations). Thus,
a trade off occurs if budget is constraint, between
military spending and social spending. Is government
determined to allocate scarce resources into social
spending on regions that show low economic
development, or spend the extra resources on

25. There may be other possible situations but this paper is
focusing on those where coca crops and subsequence illegal
activity do perpetuate violence. Whether this augments or
reduces basic socio-economic measures is undecided and
explored in next stages of the paper.

26. In some cases, the illegal armed groups are the same drug
traffickers or dealers.
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?27. This is an

combating the illegal group forces
interesting dilemma since the trade off mentioned has
high ethical components; who should be awarded? Who
deserves the extra resource more?

In the second scenario, regions cultivating coca also
show lower socio-economic measures. Most likely, these
circumstances arose because of the higher violence and
instability, although it can be argued that causation can
go both ways, i.e. poverty and low living standards result
in higher illegal activity or the other way around, high
illegal behaviors lead to greater poverty and reduce
economic development. Either way, the scenario shows
how regions with coca cultivations are repressed
economically and socially. Still, Government faces trade
offs, since coca crops is an illegal activity, thus at the
margin; how extra resources should be allocated is
determined by a political call. Government may be
undecided between allocating resources to poor regions
with no illegal activity and regions with coca cultivation,
which ultimately rests as a political judgment call
(although pressured by various groups, including drug
dealers).

There are other seemingly good explanations of why
illegal armed groups became more powerful, in the
economic sense, besides the drug trafficking business.
Keaton (2005) elaborates a theory that suggests how
the decentralization process, that Colombia adopted in
the 1990s*, contributed to the financing schemes of
these illegal groups. As money transfers from central
government to regional branches became larger, the
illegal armed groups became linked with regional
political power and had a taste of these resources.
Additionally, government auditing, enforceability and
control were not sufficient and very weak, enabling
these groups to organize better and take advantage.

27.1 am focusing on the decision at the margin, i.e. using
Microeconomic rationality. This is the important question,
since the rationale at the margin will describe actor’s
economical behavior.

28. It first started on 1986, when law enabled mayors and
governors (Departments) to be elected on local elections.
Afterwards, there was the adoption of the new Constitution
(1991), under President Gaviria, which was a strong advocate
in favor of decentralized power.

Colombia under the microscope

In order to test the hypothesis described in the last
section, this paper uses a huge database from Colom-
bian regions. Colombia is an excellent place to investi-
gate these kinds of relationships because of its history
and the key role it played and is still playing to combat
cocaine business.

Colombia’s Setting

Despite ongoing civil conflict, Colombia is, parado-
xically, regarded as one of the oldest democracies in
the developing nations®. It is commonly viewed that
coca cultivation has financed illegal armed groups and
have maintain social conflict, although testing this
perception is one of the central points of this docu-
ment. Colombia is also perceived as a violent country,
and correctly so, with violence indicators reaching
unprecedented values during the 1990s, since the “vio-
lencia” period in the 1950s. All in all, there are 3 main
illegal armed groups that play a commanding role in
Colombian social conflict: Colombian Revolutionary
Armed Forces (FARC), the National Liberation Army
(ELN) and the Paramilitaries (AUC)™.

The fight against drugs has been going since the
1970s. The US has financed key eradication projects
in order to reduce the supply of coca crops at the
same time as Colombian government spends a consi-
derable proportion of the national budget in fighting
this war.” In addition, Colombia has been fighting coca
crop production, either by promoting substitution of
other crops to the farmers®, or by the highly contro-

29. Colombia has the lowest number and duration of dictator-
ships in Latin America. Also, it has the lowest number of
constitutions (2) since 1880. For further details see Depar-
tamento Nacional de Planeacion DNP, “2019, Visién Co-
lombia, IT Centenario, Propuesta para Discusion”, 2005.

30. AUC stands for “Autodefensas Unidas de Colombia, that
originally initiated as a self-defense group in regions where
there was lack of state presence.

31. Colombia faces two wars, one against drugs and other against
illegal armed groups. Both are strongly related but actors
have differed in the past.

32. Citrus, coffee, and fruit are frequently grown for
supplemental income in the coca areas. In some areas,
poultry (chickens, ducks and other birds that people can
eat), pig, fish, and dairy farms are being investigated as al-
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versial®?

eradication programs (mostly done by small
planes). Eradication programs in Colombia are currently
targeted against coca and opium poppy, but marijuana
has been eradicated in the past. Colombia employs an
ongoing aerial eradication program involving turbo-
thrush aircraft (T-65) and OV-10B Mohawks™. Ultra
Glyphosate (Roundup) is the herbicide currently being
used for eradication.

Colombia can be identified as a coca leaf net
producer since mid 1990s. Before then, Colombia was
considered to be an intermediary between the major
coca crop producers, Peru and Bolivia, and the demand,
mainly USA and European markets. This intermediary
role consisted on further chemical processing (final
stages) to elaborate cocaine, and served as the strategic
geographic location in order to connect high demanding
markets with the former product. Political leverage in
the mid-1990s and US pressure combined, enable the
rupture of the “air bridge” between the producer
nations to Colombia. However, this event had an effect
on Colombian farmers, since the incentives to cultivate
coca crops increased in Colombian rural areas. Thus,
coca leaf production increased as the supply shifted
from the South American neighbors to rural regional
Departments™.

Cross Country Comparison - a Municipal Approach

The database analyzed comprehends municipal detail
information about violence, level of coca cultivation
and basic socioeconomic indicators (health and
education). It also includes public investment
disaggregate by basic goods/services, namely health,
watet, education and unsatisfied basic needs. In total,
there are 1062 municipalities over 4 years (4248
observations).

alternative ways for coca farmers to make money. Poor
transportation to big cities, lack of refrigeration, and a lack
of factories to process non-coca products make it difficult,
however, for coca farmers to make money in other ways.
33. The debate arises because the environmentalists argue that
the insecticides used may be very harmful to the ecosystem.
34. For more information visit CIA website.
35. For further information see Angrist et al. (2005).

Period

The timeframe that the dataset provides goes from 1999
until 2002. Therefore, it is a data-panel database disag-
gregated by regions (municipalities) and time (4 years
[1999-2002]).

It is interesting to note this time interval, since it
devoted high efforts in building a peace process.
President Andres Pastrana was elected in 1998,
succeeding the very controversial term of Ernesto
Samper®. President Pastrana was noted as a kind,
peaceful person that was willing to take a chance with
the illegal armed group in order to negotiate and reach
a peace agreement. Under this approach and terms,
President Pastrana enabled the demilitarization of 2
zones with the purpose to guarantee a secure and fair
territory in which negotiation could take place. This
program initiated in 1998 and covered 2 territories,
which correspond to Meta and Caqueta Departments.
Eventually, this strategy proved to be unsuccessful,
ending in 2002. As a consequence, illegal armed groups
became stronger and more powerful.

Model - Variables - Results

Since the focus question regards the relationship
between coca crops and violence, and afterwards their
relation with socio-economic factors, the model
emphasizes these characteristics by municipality. The
model framework looks like this®":

Vio, = B, + B,Coca + B X + ¢ 6))

Where Vio corresponds to violence indicator for
municipality (i); Coca is the amount of hectares of coca
crop cultivation on municipality (i) and X is the con-
trol variable for i. For comparison reasons, we have
dropped Bogota, Medellin and Cali, the largest
Colombian cities, since we wanted to avoid confounding
effects of coca production with the secular decline in
violence, in big cities, in the late nineties.

36. It was controversial in the sense that his campaign manager
and himself were investigated because of an accusation
regarding the involvement of drug trafficking money
entering and financing his electoral campaign (“Proceso
8000” was called).

37. I have dropped the t subscript for practical reasons.
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The results can be viewed on Table 1. I have used
the rate of homicides per 100,000 habitats as the
violence indicator®®, the number hectares of coca
cultivation, and control variables (basic health,
education, services and population), by municipality™.
As the table shows, the coefficient of coca cultivation
is positive and significant at a 95% confidence level,
implying that the more coca is grown in a municipality,
the more the rate of homicides increases, if everything
else remains constant.

Until now, we can attribute violence to illegal armed
groups involved, in some way, in drug trafficking.
However, violence indicators may be due to delinquency
groups not related to cocaine business. To test for this
possibility, the following regression was conducted*’:

Vio, = B, + B, Farc,+ B,ELN, + B, AUC + €&  (2)

Where FARC, ELN and AUC indicate the presence
of these groups on municipality (i). As it can be seen
on Table 2, most violence measured by rate of
homicides is related to illegal armed groups that are
involved with drug trafficking, such as FARC, AUC and
in less degree, ELN. I have dropped cities with a
population higher than 30,000 since we want to focus
on the impact on rural sectors, not urban zones.

Thus, the results show that higher crop cultivation
is associated with higher violence, implying that this
natural resource is not facilitating a peace building
process. Even worse, coca crop cultivation is perpe-
tuating social conflict. This is an interesting confir-
mation of intuition, since government can design
policies on hard evidence that indeed coca crops are

38. There are other variables to measure violence, not just
homicides. Violence is not only composed of homicides,
there are also kidnappings, extortions and psychological
pressures as forms of violence. I concentrate on rate of
homicides because its simplicity and data availability.
Among the control variables there is NBI (Necesidades
Basicas Insatisfechas) which means Unsatisfied Basic Needs.
Health variables include Rate mortality before 1 year and
between 1 and 4 years old. In addition, I included the number
of affiliates to health subsidized regime. On education, the
control variable was the Gross Primary Coverage.

Noticed how I left delinquency effects outside the model,
since anything not attributable to the other 3 groups must

39.

40.

come from delinquency groups.

Table 1

. reg thom hectreasconcoca nbi afi_rsb_sal cob_br prim

if municipio != 5001 & municipio != 11001 & municipio != 76001
Source | S8 df Ms Number of obs =
————————————— Homm e - ———- F( 7, 3513
Model | 728370.043 7 104052.863 Prob > F
| 513 4768.401 R-squared
Sttt Adj R-squared
|

Root MSE

thom | Coe std. Err
,,,,,,,,,,,,, I, -
| .0054379 001278 4.26 0.000 . 0029323
|  -.5747488 . 0565805 -10.16 0.000 -.6856828
= 1] .0002221 . 0002639 0.84 0.400 -.0002954
cob_br prim | 12.66953 3.011223 4.21 0.000 6.765611
mort_lano | -.0711215 .0130212 -5.46 0.000 -.0966514
mort_ld4ano | -.0091931 .020334 -0.45 0.651 -.0490608
pob | -.0000577 . 0000422 -1.37 0.172 -.0001404
cons | 72.91042 4.567645 15.96 0.000 63.95492
Table 2
. reg thom ip_farc ip_eln ip_auc if pob<30000
Source Number of obs
———————— F{ 3, 3376}
Model Prob > F
Residual R-sguared
Adj R-squared
Root MSE
B>|t| [95% Conf.

0.000
0. 000
0.000

0.000

ip eln
ip auc

corr thom delin
{obs=4248)

| thom delin
_____________ S,

thom | 1.0000

delin | 0.0428 1.0000

affecting regional security. Eradication programs using
Ultra Glyphosate to spread on the fields or crop
substitution, may work on the basis of reducing coca
production and violence; however, the possible side
effects may be more troublesome than the remedy
itself*". For now, is ample and sufficient to say that coca
cultivating municipalities have to deal, on average, with
higher violence in the form of homicides, i.e. perpe-
tuating conflict.

The next stage is to determine if coca cultivation is
related to better or worse basic socio-economic indi-
cators. The model framework used is as follows:

41. The evaluation of these programs must be addressed on
other study. Here, I simply found a very strong relation
between coca crops and violence measures as rate of
homicides.
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.0079436
-.4638149
.0007395
18.573486
-.0455916
.0306746
.000025
81.86593

3380
44.63

0.000
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For health:

health, = B, + B,Coca, + B, X + ¢

©))

I have used several health indicators to test for

robustness, and found that none of them were
associated with coca cultivation (see Tables 3a, 3b and

3¢)*. Thus, extra resources due to illegal business

activity on regions where coca crops grow are not
channeled to raise health related factors. In fact, there

is no statistical relation.

Table 3a

. reg afi_rsb sal hectreasconcoca nbi cob_br prim pob if municipic != 5001 &

municipic != 11001 & municipio != 76001
Source | 88 df MS Number of obs = 4180
------------- e e F{ 4, 4155) = 6746,98
Model | 375e+11 4 1.159%4e+11 Prob > F = 0.0000
Residual | 7.1397e+l0 4155 17183477.4 R-sguared = 0.BBe&6
—_—— e Bdj R-squared = 0.8665
Total | 5.3514e+ll 4159 128671459 Root MSE = 4145.3

—.1459742
40.2151
408. 6834

.1481601

188. 8306

Interval]

.1528708
52.05131
1056.042

.151744
1144.582

afi_rsb_sal | t P>t
[ e e
hectreasc | . 0.05 0.9684
| 3.018618 15.28 0.000
cok_br_prim | 165.0974 4.44 0.000
pob | -000814 164.06 a )0
_cons | 243.7503 2.74
Table 3b

. reg
municipio >

mort lano hectreasconcoca
= 11001 & municipio

Model
Residual

Total

nbi cob br prim pob if municipio 1=
1= 76001

Number of obs
B4, 3551)
Prok > F
R-sguared
Adj R-squared
Root MSE

5001 &

0.0141
111.98

mort lano

[85% Conf.

Interval]

For education:

Education, = B, + B,Coca, + BX + €& (4)

I have used several education indicators to test for

robustness, and found very interesting results. Using

gross primary coverage, the coefficient is positive and
significant, although the magnitude of the coefficient

is very low. By contrast, when run the regression using
gross pre-primary and secondary coverage, the coeffi-
cients are negative and statistically significant. This
suggests that municipalities that grow coca crops are

more vulnerable to less education on secondary and
kindergarten levels. However, the magnitudes of
coefficients are very low (see Tables 4a, 4b and 4c). It
appears that coca leaf recollection impedes children

going to secondary level, but it is a small effect,
otherwise, it’s hard to describe the dynamics between

coca cultivation and educational indexes at a municipal

basis.

Table 4a
. reg cob_br_prim hectreasconcoca afi_rsb_s
= 50 > 01 & municipic != 11001 & municipio

Source | 38

__________ R

Model | 4.954 5 4
Residual | 543.20481 35186 -15449511
—_ [ —— R
Total | 548.159597 3520 .15572715

al

8

mort_lanc mort_ldano if municipio
76001

Number of obs = 3521
F{ 4, 35la) = g.02
Prob > F = 0.0000
R-sguared = (0.00%0
Adj R-squared =
Root MSE =

|
- T _____ ;I - . 7.03e-06
nbi | -.4105010 . - -7.0%-07  5.51e-07
cob_br prim | . P mort_lanoc | =-.0000605 L0000739
~ T oob 6.0 mort_ldano |  .000D1986 1.72 0004254
| 1 _cons | 140.89 1.3111%¢
Table 3c
. reg mort ldano hectreasconcoca nbi cob br prim pob if municipio != 5001 &
icipio != 110¢ cipio !'= 7600
Municipio != 11001 & municipio ! 16001 Table 4b
Scurce | 88 df MS Number of obs = 4084
+ F{ 4, 4053) = 1.72 o
Model | Prob > F _ . reg cob br pre hectreasconcoca afi_rsb sal mort lanc mort ldano if municipio
Residual | 4059 R-sguared = = 50 > 01 & municipio != 11001 & municipic != 76001
-_— 2dj R-squared —
Total | 58886534.3 4063 14493.3631 Root MSE = Source | 85 ar M3 Number of obs = 3441
------------- T e F{ 4, 3438) = 5.47
— - - Model | 1.42958866 4 Prob > F = 0.0002
mort _ldano | Caef. Std. Err t Ex|t| [95% Conf. Interwval] Residual | 224.388185 3436 .0B530797 R-sguared = 3
+ i ——— 2dj R-squared =
~a | -0001433 0.948 Total | 225.827774 3440 .065647609 Root MSE =
nbi | -.07343% .0 0.404
cob_br_prim | 6. 9 e
pob | -. - GEL - -
o t Ex|t| [95% Conf. Interval]
cons | 17.8

B 0178 -3.92 0
_rsb_ 5.07e-07 1.41 158 .
. .1 mort_lano | L 000055 1.13 0,257 -. 0000401
42. T have used the amount of people affiliated to the subsidized rort_ldanc | .0DDOBAS 1.15  0.236 .0000s84
_cons | .3134769 51.91 0.000

regime health, child mortality below 1 year and child mortality
below 4 years. Even omitting the NBI variable, there are no
significant relations between coca crop and health indicators.
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Table 4c
. reg cob br sec hectreasconcoca afi_rsb sal mort lanc mort ldano if municipio
= 50 » 01 & municipio != 11001 & municipio != 76001
Number of obs = 3521
F( 4, 35lg) = 51.32
Model | 14.0897702 4 Prob > F = 0.0
Residual | 241.34134 3516 R-squared = 0
———— Adj R-squared =
Total | 255. 4 Root MSE =

f) 000
0.173
0.965

4., 32e-06
L0000872
3.41e-06
5435448

L0001638
.0001546

mort_lano |

LQ000493
mc‘rt_l«iano | .aoo

0771

_cons | Q.000

The last question we face regards to the government
judgment on where to allocate resources, i.e. to re-
pressed municipalities with high coca production or to
other poor regions with no or less coca involvement.
In order to test for this, I have used the following model,

Public Investment

Publnv, = B, + B,Coca + B,X +&  (5)

Total public investment per municipality was
included as the dependant variable. The results (see
Table 5) show how there is no relation between coca
production and public investment. It appears that
government does not distinguish between coca
producers on a municipality basis, and investments
following other unrelated criteria. Itis also possible that
government knows that transfers devoted to security
issues are taking care of illegal armed groups in each
region, and so, does not incorporate this phenomenon
when deciding where to invest..

Table 5
. reg inv_pub_total hectreasconcoca nbi afi_rsb _sal cob_br prim mort lano

mort_ldano > pob if municipio != 5001 & municipio != 11001 & municipio != 76001
Source | 33 df M3 Number of obs =
------------- et F{ 7, 3216} =
Model | 7.3911e+l6 Prck > F =
Residual | 4.0523e+13 R-squared =
+ Adj R-squared =
Total | ©.4770e+l7 3223 2.00%e+l4d Root MSE =

[85% Conf. Interval]

afi_rsb_sal
ook _br prim
mort_lano
mort_ldanc
pok

_cons

0o
0.000
0,051
a.777
0.000
0.000

CONCLUSIONS

This study has focused on testing the relation between
natural resource, specifically the coca crop, and conflict.
Using Colombia as a setting and violence indicators, it
was found that coca crop cultivation perpetuates
conflict at a municipality basis. In effect, regions with
higher coca production have higher levels of violence,
principally due to illegal armed groups.

In addition, the relationship between coca
production and basic socio-economic factors was
investigated, trying to uncover a possible spillover effect
or positive externality due to extra revenue from the
illegal business. Unfortunately, municipalities that have
higher coca cultivations have no better health measures
than their counterparts as well as possible, although
small, negative effects in terms of secondary enroll-
ment. Thus, the extra revenues that come from drug
dealing are not helping these communities, as a matter
of fact, it has worsened them since violence indicators
have raised.

Finally, to test government criteria attempting to deal
with municipalities that have high coca production I
found that it doesn’t matter, i.e. it appears that
government doesn’t distinguish between coca crop
producers and non-coca crop producers when deciding
where to invest. The dynamics behind this process are
complex and should be examined in forthcoming work.
For now, we can say that there is no relation between
public investment among municipalities that produce
and not produce coca crops.
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