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Abstract

Volcanic risk depends not only on the prob-
ability of impact by one of the volcanic
hazards or by events derived from them.
Paradoxically, the risk can be increased if it is
evaluated, communicated and managed inap-
propriately, so the risk reduction strategy must
be constructed in full interaction between
at-risk populations, scientists and civil protec-
tion authorities. In this work, a review of the
strategies to manage the volcanic risk by Civil
Protection of the state of Colima is made; the
analysis is based on the concept of Integral
Risk Management proposed by Mexican leg-
islation. The evidence suggests that it should
perform a more social volcanic risk manage-
ment, this risk reduction must be multidisci-
plinary so that the decisions taken are more
effective and adequate, therefore the opinions
of social scientists will have to be considered
and included in the design and implementa-
tion throughout the risk management process.
Finally, it is suggested that a risk communi-
cation program be developed, including an
early warning system, updating hazard maps,
and operational and emergency plans, in
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which the roles and responsibilities of each
party interested in volcanic risk management
are considered, and recommends the social-
ization of such maps and plans, as well as free
access to them by society.
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1 Introduction

Risk is generated by the interaction between the
eruptive products of Volcan de Colima and nearby
human settlements; however, it is important to
remember that its origin is not limited to the
probability of physical damage. Volcanic risk can
imply other dimensions that are often ignored or
disparaged by those who study it, produced and
intensified both by those who manage it and those
people living nearby the volcano, which has also
been called by several local journalists The “Giant
of Fire (El Coloso de Fuego)”.

These dimensions are related to actions or
omissions attributable to different social actors
involved in the process of reducing the impact of
volcanic activity, and direct or indirect
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consequences of those actions. This chapter
considers that volcanic risk reduction goes
beyond studying and monitoring the physical
phenomena, meaning that geological and geo-
physical research does not provide a sufficient
basis for appropriate decision making regarding
risk management. The social, cultural, economic,
and political dimensions of the lives of the peo-
ple involved are crucial in enabling any institu-
tional risk management efforts to be effective.

These considerations will be fundamental to
the success of any institutional effort, since there
is considerable evidence of the necessity of a
multidisciplinary approach within physical sci-
ence, including sociological knowledge and
techniques to achieve a broader scope for
reducing volcanic risk. It is necessary that the
risk of volcanic eruptions be considered in a
broader context alongside other risks to social
and economic development, rather than as an
isolated phenomenon (Barclay et al. 2008).

Ironically, the actions implemented during
risk and disaster management can sometimes be
even more disastrous than the impact from the
natural phenomenon itself. In other words, the
social, economic, and political costs can be
higher for populations subjected to governmental
intervention than the direct physical impact
caused by the natural phenomena associated with
the disaster. This chapter critically analyses the
way in which volcanic risk management has been
implemented in Colima, during recent years. The
reduction of volcanic risk is a great challenge due
to the complexity of forecasting and evaluating
volcanic phenomena, as well as transmitting
these assessments in the form of scenarios to the
civil servants in charge of civil protection
(Marzocchi et al. 2012; Barclay et al. 2008).

It is necessary to establish the basic theoretical
elements needed to sustain risk-related research
at Colima. The chapter presents details of how
Civil Protection in the Mexican state of Colima
handles risk management. For this purpose, ref-
erence is made to the different stages of the
so-called Integrated Risk Management (Gestion
Integral de Riesgos, locally abbreviated as GIR)
which is defined in the 2012 law Ley General de
Proteccion Civil.
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It is important to point out that Integrated Risk
Management (GIR), within the framework of the
Mexican Civil Protection, is derived partially
from the model of Emergency Management
constituted in the United States. The difference is
that the Emergency Management model covers
the whole process, including activities defined as
disaster phases (including prevention and prepa-
ration), whereas in the case of Mexico, GIR is
restricted to a greater or lesser extent to inter-
ventions during the emergency or immediately
after the manifestation of the disaster (Macias
2016). That is, the approach by the Mexican
Government is reactive rather than preventive.

Macias (2016) concludes that this GIR
approach was established without the considera-
tion of an organizational change in the structure
of Civil Protection. Instead it demands certain
additional activities to those already defined. The
challenge now is how to integrate all the orga-
nizations that participate in the process of civil
protection (Macias 2016). Currently the structure
defined in the Mexican legislation results in an
inefficient treatment of risk.

Until now, research dedicated to volcanic
hazards in Mexico has not analysed the specific
role of Civil Protection in reducing risk or the
organizational plans available to the authorities.
Usually relationships between the scientists and
the civil protection authorities are assumed to be
optimal. Although in the last two decades in the
case of Colima, some efforts to analyse this
problem in a critical way have been made
(Macias 1999, 2001; Gavilanes 2004; Cuevas
2005; Macias and Aguirre 2006; Gavilanes et al.
2009). This chapter further extends this critique
by scrutinizing volcanic risk management during
the recent eruptive period.

2 Volcanic Activity

2.1 The Context of Volcanic Risk

One of the most important characteristics of
Volcan de Colima in terms of its hazard is its
cyclicity for different types of activity (Varley,
this volume). An approximate cycle of 100 years
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for Plinian or sub-Plinian eruptions has been
described (Luhr 2002; see Crummy et al., this
volume). It could be more frequent, however,
with Mendoza-Rosas and De la Cruz-Reyna
(2008) identifying eruptions with a Volcanic
Explosivity Index 4 (VEI) in 1585, 1606, 1622,
1818, 1890 and 1913. Volcanologists have
recently expressed an increasing concern con-
sidering that over 100 years have now passed
since the last major eruption, combined with the
increased intensity of activity witnessed since
1998 (Varley 2015; Varley, this volume).

The eruption of 1913 began on 17 January and
culminated on the 20th of that same month
through a series of eruptive phases that intensified
in a period of 24 h (Saucedo et al. 2010; Saucedo
et al., this volume). The first phase, started with
Vulcanian explosions that emplaced small pyro-
clastic flows. In phase 2, the explosions increased
in intensity and frequency, generating large vol-
ume pyroclastic flows. In Phase 3, a Plinian col-
umn of ~23 km in height was generated which
distributed ash to the NE. The Plinian column
collapsed generating pyroclastic flows radially
from the summit to a distance of 15 km (Saucedo
et al. 2010; Saucedo et al., this volume).

Saucedo et al. (2010) indicate that a Plinian
eruption is considered the most significant his-
torical eruption scenario that could affect the
population in the short and medium term, so it
has been taken as a reference for the discussion
of volcanic risks and risk scenarios, including the
development of hazard and risk maps.

An upcoming VEI 4 or greater event would not
have great significance, and would be observed
only as a natural phenomenon if there were no
population that could be directly or indirectly
affected. At present, within a radius of less than
15 km from the top of the volcano, approximately
15,000 people are exposed to volcanic activity
(Saucedo et al. 2005) and in a radius greater than
30 km more than 500,000 (INEGI 2010).

In the state of Colima, La Yerbabuena and La
Becerrera, in the municipality of Comala are the
communities closest to Volcan de Colima at 8
and 12 km, respectively. The two localities have
been catalogued as high risk areas by govern-
ment authorities and volcanologists (Martin del
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Pozzo et al. 1995; Sheridan and Macias 1995;
Navarro and Cortés 2003; Gavilanes 2004;
Macias et al. 2006).

These two communities have their origin in
the agrarian reform. In the case of La Yerba-
buena, the ejido (a system of communal land
tenure in México) that gave rise to the commu-
nity is officially termed as ejido of ex-hacienda of
“San Antonio”. It was founded in 1968 (Gon-
zalez 2000). As for La Becerrera, officially
known as “La Becerrera Ex-hacienda de San
Antonio”, it was constituted by a presidential
resolution in 1975 (File 23/61, File 1, File Gen-
eral Agrarian). Currently, 47 people live in La
Yerbabuena (resettled community, which will be
discussed in Sect. 3.3.1) and 283 people in La
Becerrera. It is important to consider that of these
two populations, the oldest one is La Yerbabuena
at 48 years, whilst La Becerrera has officially
existed for 41 years. This makes them very
recent, especially when compared with the
eruptive cycles of Volcan de Colima. This is
significant in terms of the relationship between
the population and the volcanic threat, as well as
its incidence in the perception of volcanic risk.

This interaction of volcanic phenomena with
vulnerable populations defines the local risk. It
can be said that the risk can be either generated,
eliminated, intensified or diminished as a result
of governmental actions related to volcanic risk
management.

3 Volcanic Risk Management
in Colima

In order to understand the way in which the state
of Colima’s Civil Protection authorities handle
volcanic risk, it is necessary to take into con-
sideration the concept of Integrated Risk Man-
agement (Gestion Integral de Riesgos GIR)
presented in the Ley General de Proteccion Civil.
GIR is defined therein as the set of actions
directed at identifying, analysing, evaluating,
controlling, and reducing risk, where the latter is
considered as being multi-faceted and in a state
of continual development. All three levels of
government (federal, state and municipal) are
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responsible for these actions in conjunction with
different sectors of civil society. They are classified
in different stages: identification of risk and/or its
process of formation, prevision, prevention, miti-
gation, preparedness, aid, recovery, and recon-
struction. The Ley General de Proteccion Civil also
includes references to those actions that the GIR
direct towards the creation and implementation of
public policies, strategies, and standardized proce-
dures aimed at achieving sustainable development
that considers the causes of disasters and their
relationship with social structure, and at the same
time strengthens the resilience of society.

In this context it becomes pertinent to ques-
tion how risk management in Colima is being
undertaken. In order to answer such a question,
only the stages of risk identification, prevention,
mitigation, preparedness, and aid will be con-
sidered. “Prevision” is defined separately in the
Ley General de Proteccion Civil, but will be
omitted because the distinction between this
concept and identification is unclear. Recon-
struction will also be left out because to date no
disaster caused by volcanic activity has taken
place in Colima.

Macias (2016) points out that risk identifica-
tion is not a phase or stage of the disaster process
as such, but a sub-stage, because this activity is
included within prevention. He considers that its
introduction as a phase within the GIR has been
driven more by an interest in increasing the
insurance market, that is, to move the emphasis
from “risk determination” to “risk transfer”
(Macias 2016).

However, in spite of this criticism, this study
includes both risk identification as a phase, and
GIR as a disaster management approach given
their presence in the legislation. One objective is
to analyse the preparation of the institutions
regarding volcanic risk management in Colima,
and their adoption of the strategies defined in
relevant documents.

It is important to point out that not all actions
taken by Colima’s Civil Protection authorities to
manage risk have been included in this chapter.
Some topics, such as risk communication, alert
systems, and evacuation drills, among others,
have been excluded. The following sections are
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structured according to the identification, pre-
vention, mitigation, preparedness, and aid phases
of the GIR, using information from the “Volcan
de Colima” Organization and Operation Manual
and the Manual of Operations and Procedures in
Case of Emergency, which are not accessible to
the interested public or researchers, with no
indication of author or publication date.

3.1 Identification of Risk

It is stated in the aforementioned Ley General de
Proteccion Civil that the identification of risk
consists of “recognizing and assessing probable
loss and damage of affected parties and defining
their geographical distribution, through risk and
vulnerability analysis”. In the case of Colima, so
far only information regarding the identification
of volcanic threats has been officially released,
but an evaluation of probable losses or damage
has yet to be published, although one scientific
effort that estimates the former is available: the
Atlas Estatal de Riesgos de Colima, specifically
in the section dedicated to volcanic hazards. Here
some of the potential costs of a volcano-related
disastrous event have been calculated (Varley
et al. 2017).

3.1.1 Zoning and Risk Maps
In the Manual de Organizacion y Operacion
“Volcan de Colima” (from now on the Manual
OOVCQ) a classification of human settlements at
risk is defined according to the degree of vol-
canic activity and the distance between these
populations and Volcan de Colima. Risk zones
were determined by concentric rings traced a
certain distance from the crater. In the Man-
ual OOVC, classification and zoning is very
simplistic, due to the fact that only geographical
locations of human settlements affected by vol-
canic risk are considered, without consideration
of populations’ forms of social organization,
productive activities, or cultural or political ele-
ments of their lives.

Among the populations classified as being at
risk of contact with pyroclastic material are listed
the villages of La Yerbabuena (8.2 km), La
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Maria (9.7 km), and La Becerrera (12 km) in the
municipality of Comala. At risk from ashfall are,
beside the aforementioned, Montitlan (12 km)
and Queseria (14.5 km) within the municipality
of Cuauhtémoc, and El Naranjal (12 km) within
the municipality of Villa de Alvarez. La Becer-
rera is also threatened by the formation of lahars.

The Manual OOVC also states that, in the
event of an eruption like the one that occurred in
1913, the following infrastructure could be
affected: the bridge over La Lumbre ravine; the
road that connects La Becerrera in Colima and
San José del Carmen in Jalisco; La Becerrera’s
Secondary School (which is beside La Lumbre
ravine); and the high-tension pylons of the
Comision Federal de Electricidad located in the
Montegrande ravine.

Risk zones are classified as high, average, and
low. Those settlements located a distance of up to
8 km in a straight line from the crater are con-
sidered to be at a high level of risk, like La
Yerbabuena. Included in the medium risk zone
are those settlements located a distance of
between 8 and 15 km, like La Becerrera and
Queseria, La Lima, El Naranjal, and Nuevo
Naranjal. The category of low risk includes
communities located further than 15 km from the
crater, like Suchitlan, Agosto, La Caja, El Chi-
vato, El Carrizal, Buena Vista, Chiapa, Ocotillo,
Cerro Colorado, Palmillas and Alzada. The
effects on these villages would depend specifi-
cally on the direction of the wind (see Fig. 1).

It is important to outline that the Manual de
Organizacion y Operacion “Volcan de Colima”
is not available to the general public, and it is
accessible for use only to Colima’s Civil Pro-
tection authorities. Also this manual does not
indicate the date when it was written and pub-
lished, nor who participated in its elaboration.

On the other hand, there is currently a publi-
cally available map that has served both as a
reference and scientific foundation for decision
making in terms of risk management. That map is
the geological map mistakenly labelled as “Mapa
de Peligros Volcan de Colima”, prepared by
Navarro Ochoa and Cortés Cortés, and published
in 2003 by the Universidad de Colima, in
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collaboration with the government of the State of
Colima. In this map the geological fieldwork
carried out by the authors during a three-year
period with 525 field observation points is
reflected. It includes zones where pyroclastic
flows, debris avalanches, lava flows, lahars, and
ballistic projectiles were mapped, as well as
ashfall. Human settlements, water bodies, and
roads are also indicated on the map (see Fig. 2).

The cartographical information contained in
this map denotes it a geological map. In order to
be considered a hazard map, it would have to
provide information regarding probability of
recurrence and impact of each episode of vol-
canic activity. To be considered a risk map it
would have to feature information on conditions
of vulnerability for human settlements with
regards to volcanic activity.

As previously mentioned, the map illustrated
as Fig. 2 has served as a scientific reference for
decision making regarding volcanic risk man-
agement. An example of the latter is the decree
that declares La Yerbabuena as a settlement at
high volcanic risk, made acknowledgeable to the
general public on 24 May 2003 by the state
government of Colima. The first article of this
decree states the following:

The settlement of La Yerbabuena...is declared as
being at high risk, for being within a range of 8
kilometres from the summit of the volcano, a
distance at which that settlement is vulnerable to at
least 3 types of volcanic hazards, which have been
present in previous eruptions in the area, as shown
in the hazard map of the Volcan de Fuego de
Colima.

Despite being published a year after relocation
of the settlement’s inhabitants, it has provided
legal support during a series of social-political
and legal conflicts, generated and aggravated by
the relocation project. This will be explained
later in the mitigation phase section.

Let’s keep in mind that human relocations
have to be considered as the very last choice
when it comes to mitigation and prevention of
risk, due to the considerable social, economic,
cultural, and political costs that those processes
entail. For further information on the
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Fig. 1 Zoning of “risk” by means of concentric rings.
This is the base map used by State Civil Protection to
determine the delimitation of evacuation and exclusion
zones in case of volcanic crisis and resultant scenarios.
Likewise, the routes of evacuation for ascent and descent
are shown, although in the volcanic crisis of July of 2015

consequences of the relocation project, please
review Cuevas and Seefoo (2005) and Macias
(2001).

It has to be mentioned that some research has
been dedicated towards producing volcanic haz-
ard maps, and such maps were published prior to
the one produced by Navarro and Cortés. Nev-
ertheless, none of those other publications have

these functioned as routes of evacuation in both direc-
tions, that is to say, each of them could be ascended or
descended. The map has not been published and is
without a date. Source Manual of organization and
operation ‘Volcan de Colima’

been regarded as official pieces of cartography
that can serve as a replacement for, or comple-
ment to the map produced by Navarro and Cortés
(i.e. Martin del Pozzo et al. 1996; Capra et al.
2015). On the other hand, it is well known that
risk and hazard maps have to be updated fre-
quently, or every time that there is an eruption
that modifies the relief around the volcano
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Fig. 2 Hazards map of
Volcan de Colima. It is a map
that summarizes the
geological work carried out
by researchers from the

University of Colima.
Although it has no data on
impact probability and
vulnerability factors, the map
has been used for government
decision-making. It possesses
several problems, some of
them technical, for example
there are areas where the
pyroclastic flows and lahares
overlap, which does not allow
clear distinction between
them. Another problem is that
the map is outdated, since its
publication in 2003, it has not
been updated, despite growth
both in the population and
agro-industrial activities in the
vicinity of Volcan de Colima.
Source Navarro and Cortés
(2003)

(Guevara et al. 2004). In the case of Volcan de
Colima, this happened in July 2015 (Capra et al.
2016; Reyes-Davila et al. 2016). Therefore, it is
vital that recent hazards zoning works (i.e. Capra
et al. 2015) be considered by the civil protection
authorities, in order to update volcanic hazards
maps. Meanwhile the official release of the Atlas
Estatal de Riesgos is still awaited. It includes a
series of maps on different volcanic hazards and
risks by taking into account the probability of
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impact derived from different eruption scenarios
as well as social, economic, and natural variables
and indicators related to the vulnerability of
several settlements within the state of Colima
(see Fig. 3). Without a doubt, such an Atlas is
going to be very helpful for the local authorities,
because it dynamically integrates updated and
relevant information on the conditions of risk of
Colima’s risk-affected population, all of which
will allow better decision making to be carried
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Fig. 3 Risk map associated with a VEI 4 eruption. This
map is the result of a combination of hazard data with
some elements of social vulnerability. This type of map

out towards mitigation of volcanic risk in the
short, mid, and long term.

Finally, it is worth pointing out that several
aspects of the atlas risk analysis still have to be
improved, because only a few vulnerability
components, indicators and variables were stud-
ied for a few settlements, due to insufficient data
and time to do fieldwork (Varley, personal
communication). These limitations of the atlas
risk analysis, constitute a barrier preventing an
appropriate critical understanding of the real
dimension of vulnerability (considering that

allows better decisions to be made in the development of a
volcanic risk management strategy. Source Varley et al.
(2017)

alternative approaches are possible, other than
numerical statistics and indicators). However, the
work done on the atlas can be considered a big
step forward for risk management. A start has
been made to the study of risk, with the publi-
cation of an official risk map that includes
important indicators of vulnerability, and not
only geological and natural hazard cartography.

3.1.2 Monitoring the Volcano
Volcano monitoring is generally done by means
of various disciplines, of which the most
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common are seismology, ground deformation
and gas geochemistry (Donovan et al. 2012).
Volcano monitoring in Colima is conducted
mainly by an entity commonly and incorrectly
known as “Observatorio Vulcanologico” (it
cannot be considered as an observatory because
the monitoring is not continuous, 24 h per day)
officially named Centro Universitario de Estu-
dios e Investigaciones de Vulcanologia, CUEIV
or University Centre for Study and Research in
Volcanology, and the Faculty of Science of the
University of Colima. Most seismic records from
the seismologic telemetric network of the state of
Colima, or RESCO, are received in the facilities
of the civil protection authorities. The seismic
data is obtained and processed, however, by the
staff of RESCO with the goal of maintaining a
monitoring capability (see Fig. 4).

Seismic monitoring of activity can therefore
be carried out from Civil Protection’s offices in

Colima, however, the training that operatives
have received is minimal so any interpretation
will highly limited, making critical decision
making difficult, if not impossible. This came to
light during the second evacuation caused by a
volcanic crisis in July 2015. The director of
CUEIV and RESCO was unavailable and since
that monitoring group has no continuous cover-
age or established communication protocol, the
General Director of the state unit of Civil Pro-
tection was requested to provide an interpretation
of the seismicity by the government communi-
cation centre (CECOM). The urgency of the
situation resulted in Civil Protection having to
make decisions regarding evacuation, without a
high level of certainty concerning the current
state of volcanic activity.

The aim of the CUEIV is to monitor Volcan
de Colima’s eruptive activity, to conduct sci-
entific research within the state’s volcanic

Fig. 4 State unit for Civil Protection’s communication
centre. Real time seismic volcanic data can be observed
on the lower and central screens. In theory, this centre
functions as a monitoring and communication station for
natural phenomena and the associated risk that occurs in

the state of Colima. However, like the CUEIV, there are
only staff during office hours. During times of crisis
additional volunteer staff are brought into handle tele-
phone and radio calls outside regular hours
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region, to coordinate the various groups of
researchers working on aspects of volcanology,
produce volcanic risk maps and strategize on
disaster prevention in cooperation with both
the state’s Civil Protection system and with
CENAPRED (Centro Nacional de Prevencion
de Disastres or National Centre for the
Prevention of Disasters). In addition, they
prepare documents with which to publicize
technological and scientific development in
Earth Sciences including in social media,
organize local conferences and debates, etc.
Monitoring is carried out with the participation
of volcanologists from the Faculty of Science
(see Varley, this volume for details on moni-
toring instrumentation).

Regarding the first goal, monitoring volcanic
eruptions, it is important to point out that,
despite actions taken and data produced since
1994, the centre has been faced with a series of
problems that go beyond its scientific respon-
sibility. Political changes have had an impact, as
well as the economic consequences of the con-
stant reduction or cancelation of financial
resources destined to develop and maintain
consistent and precise volcanic monitoring. The
scarcity of funds means fewer staff available to
achieve constant monitoring 24/7. Therefore,
staff work only during normal business hours,
although during critical times they have had to
organize 24-h vigilance and continued moni-
toring from the university’s facilities or from
their own homes. Concerning the goal of con-
solidating a homogeneous group, with a clear
objective of performing monitoring tasks, it has
become necessary to strengthen bonds within
CUEIV and being more open to welcoming
researchers hailing from outside. In the case of
the previous Scientific Assessment Committee
and the current so-called Subcommittee of
Geological Phenomena (see Sects. 3.2.1 and
3.2.2), less biased and more inclusive coordi-
nation is necessary on the side of Colima state’s
Civil Protection authorities to include, for
example, social and behavioural science disci-
plines. From the viewpoint of this research, to

H. I. R. Garcia

successfully reduce volcanic risk, more synergy
is required.

3.2 Prevention

Prevention is defined in the Ley General de
Proteccion Civil as the set of actions and mech-
anisms implemented prior to the onset of a haz-
ardous phenomenon, with the objective of
obtaining knowledge on the hazards or risk:
identifying them, subduing them, or eliminating
them; to prevent or mitigate their destructive
influence on people, economic goods, or infras-
tructure, and to be able to foresee and anticipate
the processes of social construction of risk. It is
important to outline that risk and disaster, being
social processes, imply a complexity that is
inherent to the classification of courses of action
within the process itself. Limits need to be
clearly defined so that the risk zoning, mapping,
and monitoring mentioned above also form a part
of prevention actions being undertaken in Colima
to achieve successful volcanic risk management.
One of the most important steps taken towards
volcanic risk management has been the joint
work of scientists and the official authorities.
Relationships between these two social actors,
for instance, resulted in the creation of agree-
ments with the University of Colima’s scientific
community to form a commission of expert
volcanologists, replacing the now defunct Sci-
entific Assessment Committee, with the Sub-
committee of Geological Phenomena.
3.2.1 The Scientific Assessment
Committee
The Scientific Committee for Risk Assessment
was formed in 1998, starting with the signing of
an agreement for cooperation between scientists
and Colima’s state civil protection system, in
order to consolidate seismological and volcanic
monitoring (Manual of Operational Proceedings
in Case of Emergency, section dedicated to
mitigation of volcanic risk). Scientific Assess-
ment Committee refers to a group of
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professionals committed to the study of any kind
of hazardous natural phenomena, and who pos-
sess the technical and scientific skills to be able
to understand the source, evolution, and potential
consequences of such phenomena (2nd Article,
agreement by which Scientific Assessment
Committees of the National System for Civil
Protection are defined as technical consulting
bodies in the matter of the prevention of disasters
originated by geological, meteorological, chem-
ical, sanitary, or social-organizational phenom-
ena; Diario Oficial de la Federacion the official
Government document, published on 6 June
1995).

In the case of the state of Colima, the tech-
nical scientific committee is defined by the Law
of Civil Protection, decree no. 376, as the
“technical consultant group for Civil Protection
for integrated risk management at state level”
(4th Article, Agreement by which the Scientific
Assessment Committees of the National System
for Civil Protection are established for the pre-
vention of disasters, DOF, 6 June 1995). This
committee consisted mainly of earth science
experts and for a limited period, a few social
scientists, the latter component setting it apart
from the Scientific Committee from CEN-
APRED, which was constituted after the volcanic
crisis caused by Popocatépetl in 1994 (Macias
1999).

The Committee’s functions were to establish
a typological classification of potential
crisis-causing phenomena for Volcan de
Colima; evaluation of the data obtained from the
volcano’s monitoring networks in order to carry
out a forecast of the most probable eruptive
scenarios, and their consequences for Civil
Protection; establish a methodology to maintain
observation and follow up on eventual volcanic
eruptive events; to assess the information
obtained in the case of the occurrence of these
kinds of events, and finally, formulate advice to
the authorities about how to intervene in order
to reduce risk linked to volcanic eruptions
(Manual of Operational Proceedings in Case of
Emergency (section dedicated to mitigation of
volcanic risk), State System for Civil Protection,
Colima).
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The Committee would convene at least once
monthly, or more frequently whenever existing
volcanic risk conditions warranted. Each session
of the Committee was organized in the following
manner: list of attendees, analysis on monitoring
parameters, consensus, recommendations, gen-
eral affairs, moderators’ signatures, meeting
minutes, and bulletin.

Starting in July 2011, a new body was created
to provide technical support to the State’s Civil
Protection System: the Scientific Assessment
Committee was terminated and replaced by a
new Technical Scientific Assessment Committee
on Natural and Man-made Hazardous Phenom-
ena. This new committee was formed by spe-
cialists in all five major categories of risk that
exist in the state of Colima: geological, sanitary,
chemical, social-organizational, and meteoro-
logical. In the case of geological phenomena, a
geologist was appointed, who in turn gathered
other specialists to form the subcommittee for
geological phenomena.

It is important to indicate that the Operational
Director of the State Unit of Civil Protection and
the spokesman for the subcommittee for geo-
logical phenomena stated that the emergence of
this new technical body was the result of a
change in the law on civil protection (personal
communication on 21 November 2014 and 4
August 2015, respectively). However, it has not
been possible to track that particular reform in
the context of the Ley General de Proteccion
Civil, the Ley Estatal de Proteccion Civil, the
Manual of Organizational Operations within the
Sistema Nacional de Proteccion Civil, or in the
Decree by which the Scientific Assessment
Committees of the Sistema Nacional de Protec-
cion Civil were created.

3.2.2 Subcommittee of Geological
Phenomena

It is worth outlining that the now-defunct Sci-
entific Assessment Committee for Volcan de
Colima was a large group of specialists in Earth
Sciences from both Colima and Jalisco, with
frequent participation from external researchers
and advisors at the national and international
level. The group who took up the task of
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evaluating the development of volcanic activity
sometimes numbered more than 20 people. It
was a group specifically formed to conduct
analysis on the volcano. In contrast, the current
Scientific Assessment Committee for Natural and
Man-made Hazardous Phenomena is made up of
a number of different scientists specializing in
each individual hazard area. The Subcommittee
for Geological Phenomena is formed by a group
of only six specialists in Earth Sciences and
volcanologists from the University of Colima,
and excludes specialists located in Jalisco,
though they have continued to participate in
sessions held with Civil Protection authorities at
the national level to evaluate activity during
times of crisis.

This new technical Subcommittee for Geo-
logical Phenomena, although different from its
predecessor in terms of structure and number of
members, is essentially in charge of the same
functions as was the former Scientific Assess-
ment Committee. The main difference in struc-
ture of the subcommittee is its tendency to being
more exclusive towards other researchers, whe-
ther from the University of Colima or external,
for example from the University of Guadalajara
(capital of Jalisco).

Until now, it is unknown whether there is
document where the functions and attributions of
the old Scientific Assessment Committee were
described in detail. Written protocols are
increasingly necessary in order to avoid poor
decisions that can result from a lack of experi-
ence, for example, decisions on social matters
being made by volcanologists in the midst of a
future volcanic crisis (they may find themselves
in a position where they are compromised to
make such decisions). This has been the case
when populations have to be evacuated, how-
ever, that is an action that the Civil Protection
authorities are responsible for taking.

In this regard, Donovan et al. (2012) point out
that the gap between risk assessment and risk
management is generally complex, especially
when the boundaries of the various actors are
unclear. This can be dangerous especially during
volcanic crisis situations, where scientists,
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officials and the public are not properly prepared
and decisions have to be made under high levels
of uncertainty in both volcanic risk assessment
and decision-making. Therefore, it is suggested
that social scientific analysis within the genera-
tion of scientific advice could facilitate its
development by framing it within the political
context in which it is carried out.

3.3 Mitigation

Mitigation refers to actions whose goal is to
diminish the impact or damage caused by the
presence or occurrence of hazards. In this sense,
many stages of the disaster process and hence
risk are directly related to effective mitigation.
3.3.1 Relocation of People as a Means
of Risk Mitigation
and Disaster Prevention
The relocation of human settlements involves
extremely complex processes that go far beyond
the mere displacement and reestablishment of
human populations and the solution of their
housing needs, which is why it must always be
planned and executed with the active participa-
tion of the affected population involved, and
according to their actual needs. Otherwise the
social, economic, cultural, political, and envi-
ronmental costs may be unnecessarily high
(Barabas and Bartolomé 1992; Cernea 1995,
1997; Macias 2001, 2009; Oliver-Smith 2001).
There are five main factors to be taken into
account to ensure the success of relocation pro-
jects. These include the participation of the
population that is to be relocated during the
entirety of the process (even for making the
decision of whether or not to relocate), their
involvement in designing new housing (Macias
2001), physical and geographical aspects of the
new settlement, and the possibilities of achieving
the anticipated levels of social and economic
development (Coburn et al. 2009; Macias 2009).
The case of relocation of the settlement of La
Yerbabuena was a crucial action for risk man-
agement in terms of social, political, and
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scientific issues. In 1999, the Scientific Assess-
ment Committee declared the need for La Yer-
babuena to relocate after a series of evacuations in
the prior months (Cuevas and Seefod 2005;
Macias 2001; decree by which the settlement of
La Yerbabuena is declared as a high-risk area).
The relocation of many of the people of La Yer-
babuena generated conflicts and aggravated
pre-existing ones. Some people chose to remain in
the established settlement rather than relocate, and
the resulting conflicts of interest produced dis-
ruption of the community’s inner organization.
The disruption was perceived by all the people
involved (i.e. both the relocated people and those
who chose to stay). For example, relationships
between the inhabitants who refused to be relo-
cated and the local government, especially the
Civil Protection authorities, became problematic
once cooperation on risk management between
the two parties broke down.

The 57 relocated families were forced to adapt
to a new environment, which was very different
from the traditional lifestyles that they had in La
Yerbabuena, and the 7 families that decided to
resist relocation were forced by circumstance to
commence new cultural and productive activi-
ties. They also had to implement a series of
resistance strategies to make a living and fend for
themselves in the context of new social dynam-
ics, and on the other hand, to resist what they
considered a flagrant violation of their human
and individual rights. They believed that the
claims by the authorities of the existence of
volcanic risk were merely an excuse for the
evacuation and relocation rather than a justifica-
tion for it. To learn more on the complexity of
this process, review the 2005 article (Cuevas and
Seefoo).

It is important to mention that some volca-
nologists of the former Scientific Assessment
Committee have insisted that they never partici-
pated in the formulation of the advice to relocate
the settlement, which is at odds with the official
version, indicated in the above-mentioned risk
zone decree. Such ambiguity concerning an
action of the magnitude of the relocation of a
human settlement highlights the need for ade-
quate and detailed ruling on the functions and
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responsibilities that scientific committees and
subcommittees have in terms of risk manage-
ment. As mentioned, they are mostly or entirely
formed by earth-scientists with little or a total
absence of both knowledge and skills in social
research and hence, a very poor understanding of
the causes and consequences of a variety of
social phenomena relevant in actions such as
evacuations and permanent relocations.

3.3.2 Volcanic Alert Systems

The objective of volcanic risk communication is
to educate and to promote behaviour aimed at
mitigating the risk. To do this it is necessary to
link risk management and risk communication
with a more inclusive approach, involving all
stakeholders with robust methods that allow
dialogue between the community, authorities and
scientists at various levels (Barclay et al. 2008).

In Mexico, an instrument of communication
and alertness, generically known as the Volcanic
Warning Semaphore for Popocatépetl, has been
developed. In the case of Colima, the Manual of
Operational Proceedings in case of Emergency,
in its section regarding volcanic risk mitigation,
states that the traffic light warning system of
Volcan de Colima is the mechanism of the state
organization of Civil Protection, that keeps the
people informed about the different levels of
threat posed by volcanic activity. It also estab-
lishes that the alert system serves as a means to
protect the families and the community as a
whole. Each of its colours serves as an indicator
of the particular level of danger present in a
certain moment, and it is a reminder of things to
be done as a consequence. The current Sub-
committee for Geological Phenomena and Civil
Protection authorities are the entities in charge of
determining what colour the traffic lights should
display within each community.

No physical device, such as a traffic light, has
been installed in front of each vulnerable com-
munity to display colour signals in the state of
Colima. Instead, the current alert or colour status
has appeared in some press reports. The traffic
light is an analogy that represents the level of
danger and explains the actions that should be
taken. In contrast to the situation at Colima, the
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volcanic traffic light of Jalisco does exist in each
community as an actual device, and displays
coloured signals to the local population (see
Fig. 5). However, it is known that scientists from
the University of Colima are currently collabo-
rating with the Civil Protection authorities, in the
design of a new volcanic alert system.

The aforementioned manual states that the
volcanic alert system is the last link in the
information chain (but not the communication
chain) between the authorities and the people. In
other words, out of an entire chain of processes,
the traffic light’s red light ends up being the
means by which information resulting from the
risk analysis, previously performed by the gov-
ernment and the scientific community, is given to
the public, as well as the actions that must be
taken as indicated in Fig. 6.

Figure 6 shows the simple and linear model of
decision-making and risk management with
which Civil Protection in the state of Jalisco acts.

GOBIERNO DEL ESTADO DE JALISCO

The population is considered as the last “link” in
the “chain” of command, whereby they are rep-
resented as a passive group that only receives
information, orders and is subject to government
intervention.

As for the colours shown by the traffic light,
the colour green indicates that normal, everyday
activities can continue. Nevertheless, they ask the
population to learn the different routes for
emergency evacuation, to be aware of where
meeting points determined by the authorities are
located, attend training courses offered by Civil
Protection units, partake in drills practiced in
their communities, and remember that housing
built on slopes and riverbanks is much more
prone to be damaged, due to the fact that they
represent the most common paths for volcanic
material. Lastly, people have been asked to be
aware of the benefits of building their houses
with strong and preferably steep sloping roofs, in
order to make them less vulnerable to ashfall

L
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Committee Secretariat of

Government

University of
Colima

Fig. 6 Information flow and decision making for the
volcanic alert system. In the scheme it can be seen that the
alert system is considered the only mechanism for
informing the population, that is to say, there is no
further interaction between scientists, government author-
ities and Civil Protection and the population. The problem
is that up to now in Colima, this alert system has not

(Manual of Operational Proceedings in case of
Emergency).

The yellow colour means that people should
be in a state of alert, pay close attention to what
authorities declare through the media, and to
actually follow the directions given. The
authorities also recommend that families be
prepared with individual cards indicating their
names and addresses; close and shut down
electricity, water and gas services in homes; to
store drinkable water, food and medicine, as well
as the most important documents such as prop-
erty titles, birth and marriage certificates, military
service carnets, etc.; to have a radio with charged
batteries, a lantern, and house keys; and to cover
water and food storage areas to prevent con-
tamination by ash. Additionally, if they own
cattle or other animals, they are asked to make an
enquiry to Civil Protection officials on how to
best protect them.

The red colour indicates alarm. When the
signal is red, people must follow directions pro-
vided by authorities as a mandatory procedure. If
they order an evacuation, people must gather
together with their family members, have
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existed physically as an information mechanism. It is only
referenced in the procedural manuals, which are not
accessible to the public. Source Reproduction of the
outline contained in the “Manual of Operational Proceed-
ings in the Case of Emergency”. Source Manual of
operational proceedings in the case of emergency

everyone properly identified, make sure that all
doors and windows are closed, and before leav-
ing, extend a white sheet or blanket in front of
their houses to signal that their home is evacu-
ated. They are then asked to immediately evac-
uate to meeting centres, taking with them only
the essential items as listed in the previous
paragraph. If possible, they are asked to evacuate
diligently and without waiting for orders to be
given; to reach the temporary shelter and take the
place indicated to them. If medical attention is
required, they must attend the closest healthcare
facility. Once in the temporary shelter, they are
asked to cooperate with whatever tasks they are
assigned, to keep open communication with the
authorities during their occupancy of the shelter
and to pay attention regarding any developments
related to the emergency until its end. If they are
unable to locate the meeting centre, or if a means
of transportation out of the danger zone is
unavailable, they are asked to walk away from
the volcano using the highest paths available to a
safer place.

The intention is that both the current volcanic
activity and the related risk assessments made by
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scientists are communicated through the analogy
with the traffic lights, the aim being that the
population take the appropriate protection mea-
sures. However, with a device such as the traffic
light, at best, it serves to inform people but it is
not a system that allows communication as such.
It has been documented that increased awareness
of hazards and knowledge related to the phe-
nomena within the population does not neces-
sarily lead to actions to reduce risks (Barclay
et al. 2008).

Therefore, the incorporation of social scien-
tists in the design and implementation of risk
communication programs is necessary, to ensure
that it is both appropriate and efficient. It is
important that any alert system considers the
communication and information needs of the
populations at risk. Effective communication of
volcanic risk needs to account for the socioeco-
nomic situation of the population (Barclay et al.
2008), but must also include the socioeconomic
and political conditions of the governmental
authorities responsible for risk management.

3.3.3 Evacuation Routes

Considering the evacuation routes, distances
between settlements and the most important road
junctions have been calculated. Distances from
La Yerbabuena on the evacuation route to La
Maria is 3 km; and to the crossroads with La
Becerrera it is 4 km; from there to El Cordoban
bridge it is 4 km, and so on.

Some sections of the main evacuation route get
blocked frequently, especially during the rainy
season, and two particularly critical locations for
hazards lie between El Cordoban bridge and La
Becerrera and the junction to Carrizalillos, due to
rockfalls and landslides in the area. This was clear
during the passing of hurricane Jova in 2011,
when La Becerrera and La Yerbabuena remained
isolated for almost a week due to the roads being
blocked. More recently, in 2015, after the impact
of hurricane Patricia, the evacuation route that
crosses El Zarco and El Cordobéan bridges sus-
tained damage and became unusable, as was the
case with the road from La Becerrera to San José
del Carmen, Jalisco, due to lahars and the rising of
the river level (see Fig. 7).
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Lastly, it is important to point out the fact that
there are alternative routes of evacuation out of
La Yerbabuena that have been defined by those
villagers resisting the relocations. Those routes
are different from the officially established ones
in that, according to those people, the official
routes pass closer to areas that could be affected
by volcanic hazards (see Fig. 8). It is clear that a
constant re-evaluation of the evacuation routes
and their condition is necessary. This should be
carried out jointly between scientists, civil pro-
tection and the population at risk. The improve-
ment of these emergency routes, as well as the
involvement of the population in their design and
maintenance, would be a good mechanism to
ensure their official recognition and appropriate
use.

3.4 Preparation and Aid

3.4.1 Preparation

Preparation is defined as all the actions and
measures implemented in advance to ensure a
more effective response to the impact of a hazard
in the short-, mid-, and long-term. As was
already mentioned, most actions undertaken by
the Civil Protection authorities can be classified
in more than one stage or phase within the dis-
aster process. In this sense, it can also be said that
all of the aforementioned actions such as estab-
lishing evacuation routes, volcano alert system
and relocation are part of the stage of
preparation.

A clear example is the creation of manuals
and emergency protocols described in previous
sections of this chapter. Their contents and
organizational charts are described below.

Manual of Procedures and Protocols in Case
of Volcanic Emergency

As it has been explained, in the particular case of
the state of Colima there is a series of official
measures intended to achieve efficient manage-
ment of volcanic risk. Large part of such mea-
sures are detailed in the Manual of Organization
and Operation ‘Volcan de Colima, as well as in
the Manual of Operational Proceedings in the
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Fig. 7 Evacuation route damaged by a lahar. The
community of La Becerrera, Colima, is surrounded by
La Lumbre, El Zarco and El Cordoban rivers, which
experience lahars during almost every intense rainfall
event, with some of them affecting the communication
routes. The image shows a road that serves as an

Case of Emergency, the latter including a section
that addresses mitigation of volcanic risk.

In the Manual of Organization and Operation
‘Colima Volcano, a twelve-page booklet, a
variety of topics are briefly addressed such as:
general aspects of the volcano (mainly its phys-
ical and geographical features), the populations
at risk, risk zoning and classification, parameters
for volcano monitoring, the evacuation route map
(for the settlements of Colima, Comala and
Cuauhtémoc), details of communication options
(radio and telephone lines), an information bul-
letin (resulting from sessions held by the now
defunct Scientific Assessment Committee), an
estimation on the number of inhabitants at risk
due to volcanic activity, the location of a service
centre for the people affected, and a definition of
the governmental dependencies that participate in
the Operational Plan for evacuation of high risk

evacuation route and the damage sustained due to a series
of lahars produced in El Zarco ravine during the impact of
Hurricane Patricia in October 2015. The lahars within La
Lumbre also damaged the road considerably, leaving La
Becerrera cut-off from both Colima and Jalisco

settlements. Included are the activities that each
of those entities is expected to perform.

The Manual of Operational Proceedings in
the Case of Emergency, which includes a section
dedicated to the mitigation of volcanic risk,
contains a subsection which includes a definition
of risk and ways to reduce it, through what is
conceptually referred to as active protection. It
also contains a subsection dedicated to explain-
ing how volcano monitoring in Colima is per-
formed. Other subsections feature digital maps
that present potential risk scenarios; one presents
the map of volcanic hazard by Navarro and
Cortés (2003). A description of the “volcano
observatory” (CUEIV) and the Scientific
Assessment Committee and its role within the
State System of Civil Protection are also descri-
bed. Lastly, a subsection summarises how ordi-
nary and extraordinary sessions of the committee
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Fig. 8 Evacuation routes in
the state of Colima. This
leaflet was prepared by the
University of Colima and
Civil Protection Colima, and
shows the evacuation routes
in case of a volcanic
emergency. Also the most
relevant communities and the
distances between them and
the crater of Volcan de
Colima are shown. Source 9874 Kkm))} PY
Colima State Civil Protection
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were held, the flow of information in the case of It is necessary to emphasize that these docu-
an emergency related to the volcano, the volcanic ments are not available for the general public,
alert system, and evacuation routes. they are kept in the offices of Civil Protection.
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These documents are not updated, and have not
yet been approved by Colima’s elected governor,
who according to the law, is the President of the
State System for Civil Protection. These docu-
ments were developed based on the general
outlines of the Volcanic Emergency Management
manual of the United Nations Disaster Relief
Office (UNDRO 1985), which gives us an idea of
the implications of these international schemes,
for example, schemes were created based on the
experience gained in developed countries and
therefore are not fully applicable in so-called
third world countries. In that sense, successful
transfer of technology proposed by the UNDRO
model requires special attention to community
livelihoods, especially economic, family, social
and cultural subsystems. Likewise, the UNDRO
model needs to evolve to make disaster mitiga-
tion the responsibility of the people of these
communities working hand-in-hand with local
emergency management agencies, informed
public officials and scientific groups (Macias and
Aguirre 2000).

It is important to note that neither of the two
manuals of operational procedures (OOVC
Manual or OPCE) establish the criteria or the
basis on which a decision is taken to move from
one alert phase to another, nor do they establish
the parameters and criteria for deciding on an
evacuation or relocation of a population at risk,
nor who determines such decisions. These crite-
ria should be developed and established with the
full participation of the at-risk population.

3.4.2 Aid

The stage of aid is defined as the response
directed to the people at risk, or affected by a
emergency or disaster, and provided by public or
private specialized working teams, or by units of
Civil Protection, as well as all actions intended to
defend any other risk-prone populations.

In Colima, in the case of volcanic risk, the aid
phase is implemented when the Subcommittee of
Geological Phenomena identifies a significant
increase in volcanic activity that, because of its
nature and dimensions, could affect certain
human settlements; after that, they discuss with
the State unit of Civil Protection the evaluation
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of the situation and any decision on which
actions shall be taken. In the case of evacuations
or any other specific orders, the Civil Protection
authorities at the state level report to upper
governmental entities via radio and telephone.
The municipal commissioner in charge of the
settlement to be evacuated is advised via radio,
so he and his support team can distribute the
information using loud speakers or by going
door-to-door. Transport is prepared to assist in
the evacuation. The inhabitants are placed toge-
ther in public parks and then transferred with use
of public transportation (see Fig. 9). A prelimi-
nary count of the evacuated population is done
during their transportation, and then again when
they arrive at the shelters.

It is important to note that the
decision-making process is inherently multidis-
ciplinary, for example a particular expertise is
required so that consideration can be given to the
way in which people are informed about volcanic
hazards. This is an aspect in which social sci-
entists and communication experts can play an
extremely important role (Marzocchi et al. 2012).

During the volcanic eruptions of July 2015,
evacuations were made once the pyroclastic
flows were generated from the eruption, and once
volcanic ash began to cover the populations of La
Yerbabuena and La Becerrera. The evacuation of
10 July 2015 was made based on the decision
taken only by the Operational Director of the
State Unit of Civil Protection. The next day, the
evacuation of 11 July was decided collectively
between the Subcommittee on Geological
Phenomena, Civil Protection officials and other
government authorities. It is important to note
that the two evacuations were reactive rather than
preventive.

The Secretaria de la Defensa National
(Ministry of Armed Forces, SEDENA) and local
councils take care of preparing, managing, and
operating the temporary shelters. Public security
personnel at both the state and local level support
the evacuation processes and guard the perime-
ters of the evacuated areas. The Secretaria de
Salud (Ministry of Health) is responsible for
performing check-ups of the evacuated people.
There is a long list of other governmental
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Fig. 9 People assembled in a public park in La Becer-
rera, before being evacuated in September 2016. The
photograph shows the moment in which the people of the
community were gathered in the main garden to receive

institutions that partake in this operational plan,
which includes the Direccion de Transportes
(Department of Transport), Comision Nacional
del Agua (National Water Commission), Desar-
rollo Integral Familiar (Department for Family
Development), the Fire department, the Mexican
Red Cross, Secretaria de Administracion del
Gobierno del Estado (Department of Adminis-
tration of the State Government), Procuraduria
General de Justicia (Justice Department), Telé-
fonos de Meéxico (State Telephone Company),
Secretaria de Comunicaciones y Transportes
(Secretary of Communications and Transport),
Desarrollo  Urbano (Department of Urban
Development), Rancho “El Jabali” (a private
entity), and groups of volunteers.

Although in Colima there is a list of partici-
pating institutions and government agencies in
the event of a volcanic emergency, there is no
established protocol to follow, i.e. the mecha-
nisms by which the operational plan is

indications from the Director General of Colima State
Civil Protection (person with orange vest), before being
evacuated in anticipation of the increase in volcanic
activity

implemented and the procedures by which each
government agency is notified.

4 Conclusion

The understanding of volcanic risk must go
beyond the probability of impact of volcanic
hazards, and actions to reduce volcanic risk
should not be based solely on the monitoring of
the volcanic phenomenon. Many social, eco-
nomic, political and cultural factors related to the
populations at risk, civil protection personnel,
scientists and other authorities should be con-
sidered in the design of strategies to manage and
reduce volcanic risk. Otherwise, one only
addresses part of the problem, rather than its
complex entirety: in its construction as a process.
To do this, the risk management strategy must be
more socially engaging, through the integration
of social scientists in its design and
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implementation, and with the total participation
of the population in the process. In that sense, the
relationship and interaction between scientists,
Civil Protection and population must be much
closer and more active. These aspects are
detailed below with respect to each phase of
Integral Risk Management.

For risk identification, maps of volcanic haz-
ards should be regularly updated due to the
constant changes in the environment, such as the
volcano drainage pattern, due to the continuous
eruptions and often intense rainy seasons, as well
as the increase of agro-industrial activities in the
volcanic zone and the increasing construction of
ranches and country houses. Also worthy of note
is the release of the State Risk Atlas, in the
section on volcanic risk, where vulnerability
maps were constructed by integrating some ele-
ments of social vulnerability with volcanic haz-
ards. It is therefore suggested that such
information be integrated into the design of the
risk management strategy. With respect to mon-
itoring, it is necessary to employ more personnel
to enable 24 h a day, 365 days a year monitor-
ing, or at the very least during moments of
increased activity. The incorporation of univer-
sity students as volunteers could be an alternative
to achieve continuous monitoring.

With regard to prevention, the functions of the
Subcommittee of Geological Phenomena should
be established in detail, and social scientists
should be involved in risk assessment and
decision-making. It is important that actions to
reduce risks should be carried out mainly in
moments of volcanic calm, so that when the
activity increases, populations, scientists and
authorities are prepared.

In the mitigation phase, it is necessary to
consider the political, scientific and social expe-
riences acquired during the process of relocation
of La Yerbabuena, since criticism has arisen due
to the different perspectives of Civil Protection
and social scientists, but relocation could be the
only option for certain communities. In addition,
new mechanisms for the reduction of volcanic
risk must be sought with the full participation of
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the target populations. With regard to the vol-
canic alert system, a broader and more permanent
volcanic risk communication program should be
developed to increase the efficiency of the system
currently under development. Alone it is not
enough to ensure an appropriate self-protection
reaction within the communities. The participa-
tion of social scientists will be of great impor-
tance to make any headway. Likewise, in this
communication program, social mechanisms
must be established so that communication is not
unilateral: from Civil Protection to the popula-
tion, but is multidirectional, in which the various
social actors can communicate and express their
needs and concerns, and that these are heard,
understood and answered. Finally, evacuation
routes should be re-evaluated and conditioned to
make them more effective and to reduce the risk
from other hazards during an eruption crisis.

For the preparation and assistance stages, the
existing operational and manual plans with def-
initions of procedures must first be re-evaluated
and updated. These documents are based on the
general schemes of the Volcanic Emergency
Manual prepared by the United Nations Disaster
Relief Office (UNDRO), and they require further
adaptation to the political, economic, scientific
and social context of Mexico and in particular
Colima. They should detail the roles and
responsibilities of each social actor involved in
risk management, and the capacities and resour-
ces available to deal with volcanic hazards. An
adequate decision-making mechanism corre-
sponding to the roles and responsibilities of each
participant should be detailed. This will avoid
conflicting situations, such as those experienced
in the relocation of La Yerbabuena, and will
allow actions to be more appropriate with respect
to the target population. Later, the documents
should be distributed to the population, with
continued availability to the public and the
research community.

These recommendations have the sole objec-
tive of creating a more social and therefore more
adequate and effective volcanic risk management
strategy.
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