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Abstract

In recent years, the Mario Molina Center (MMC) has generated studies related to risk and vulnerability
of the human population, strategic infrastructure, production systems and natural capital facing certain
extreme hydromethorological events, where the ultimate goal was to spawn information that would allow
designing appropriate adaptation measures to climate change. In the study entitled: “Strategic Information
for Climate Change Adaptation” we identified the degree of risk, and in some cases the country’s munic-
ipalities risk due to the potential impact of storm flooding, landslides, drought and forest fires, among
others. Based on the results, reducing the scale of analysis and carrying out more detailed studies in three
municipalities or regions identified for priority attention, was considered necessary.

1 Introduction

In the last years, the Mario Molina Center (MMC)
has generated studies related to risk and vulnerability
of the human population, strategic infrastructure,
production systems and natural capital facing cer-
tain hydrometeorological events, where the ultimate
goal was to generate information that would allow
designing adaptation mechanisms.

Given the results of previous work of this study,
entitled Strategic Information for Climate Change
Adaptation, where a regionalization was made of the
national risk facing winds from hurricanes, storm
floods, landslides, droughts and forest fires, under-
taking a study in greater detail in areas identified as
priority was considered convenient.

2 Objective

Carry out the analysis of population risk and dan-
ger of road infrastructure and biodiversity in three
regions, due to the impact of extreme weather events,
to propose adaptation strategies that would reduce
their vulnerability.

3 Methodology

In order to select the sites for the study, aspects of
the population, economic or natural importance to
the region, and the degree of danger to any extreme
hydrometeorological events were taken into account.
Thus, the present study addressed the analysis of the
municipality of Acapulco, and the regions of Salina
Cruz, and Villa Alta, in the northern mountains in
the state of Oaxaca, due to its high exposure to risk
from storm floods, landslides, droughts and forest
fires: events considered among the most important
and meaningful in the national context.

For the three sites analyzed, a characterization of
the natural, social and economic environment was
made, as well as a documentary investigation of hy-
drometeorological events that caused any type of dis-
aster between 1970 and 2012, using ”Desinventar”
databases. In a second phase, we modeled risk facing
rain floods, landslides, droughts and wildfires, and we
included a recurring analysis of droughts and extreme
rainfall through return periods, in order to identify
the periods of time and the magnitude of their occur-
rence.

In parallel, we defined vulnerability characteristics
for the study subjects exposed to danger, where it
was necessary to define their degree of exposure and
sensitivity. The use of risk and vulnerability indica-
tors made possible calculating the risk of each studied
site. The multi-criteria analysis technique was used
in order to compare and integrate the layers of in-
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formation generated by applying standardization cri-
teria and pondering the variables used. We should
note that for each site the problems analyzed were
the most representative or important.

With the risk assessment we were able to identify
priority attention areas and propose the necessary
measures to reduce their vulnerability to the phenom-
ena related to global warming.

Finally, and according to the planned adaptation
methodology from the National Institute of Ecology
and Climate Change (Inecc, acronym in Spanish),
various proposals were made for each site analyzed.
Below we present a summary of the main results of
the three studies.

4 Results

4.1 Municipality of Acapulco de Juarez, Guerrero

The first site analyzed was the municipality of
Acapulco, which has registered severe damaged in
recent years mainly by floods and landslides.

More than 400 000 inhabitants (54% of the mu-
nicipal population) are at risk from floods, storms,
landslides, droughts and wildfires. The areas of Las
Playas, Amatillo, the northern part of the port of
Acapulco and south of the locality called ”Kilometer
30”, are some of the areas with most risk.

About 26% of road infrastructure (990 km)
was located in areas with high and very high risk
of flooding. Of these, most of them were dis-
tributed in streets and blocks in urban areas (594
km), 297 km on dirt roads and 90 km on paved roads.

Similarly, we identified that 445 km of municipal
roads (11%) are located in areas with high and very
high risk of landslides, located mainly in urban areas
in the form of streets and blocks (329 km), secondly
in 76 km on dirt roads and 36 km on paved roads.

For biodiversity risk analysis, we observed that 21%
of the municipal area has a high and very high level
of risk to forest fires for native flora and fauna.

4.2 Salina Cruz Region, Oaxaca

The second case study corresponded to the region
of Salina Cruz, in the State of Oaxaca, a place

where the refinery Ingeniero Antonio Jaime Dovali
is located, decisive in the economic and population
growth of the area.

Nearly 100,000 people in rural and urban areas
of the region are at high and very high risk from
flooding, landslides, droughts and wildfires. Some
of the main locations identified at risk in this
area are Salina Cruz, San Blas Atempa, Santo
Domingo Tehuantepec, Santa Maria Mixtequilla and
San Pedro Huilotepec and the oil port of Salina Cruz.

About 70% of road infrastructure (1148 km) is
located in areas with high and very high risk to
floods. From these, most of the roads are distributed
in streets and blocks (781 km), 230 km on dirt
roads and 103 km on paved roads. Similarly, we
identified that 213 km of municipal roads (11%)
are located in areas with high and very high risk
of landslides, mainly distributed in urban areas in
the form of streets and blocks (173 km), in second
place in 26 km of dirt roads and 11 km on paved roads.

For biodiversity risk analysis, we observed that 9%
of the municipal area has a high and very high risk
level for native flora and fauna due to forest fires.

4.3 Villa Alta Region, Northern Mountains of Oax-
aca

The third case study is the region of Villa Alta,
located in the Northern Mountains of Oaxaca, which
is characterized for having very valuable biodiversity
in the national context. It is an area where cave-ins
and landslides have accounted for more than half
of the events recorded in 1986-2012, and have
significantly affected a population characterized with
a high marginalization index.

Over 30,000 people are located in areas with high
and very high risk of landslides and forest fires, which
include the urban areas of Villa Alta, Villa Hidalgo,
San Mateo Cajonos, St. Bartolome Zoogocho Santa
Maria Temexcalapa and southern Talea de Castro.

About 49% of road infrastructure (840 km) is
located in areas with high and very high risk of
landslides, mainly distributed in urban areas in the
form of streets and blocks (706 km), in second place
76 km of unpaved roads, and thirdly 42 km of paved
roads.
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For biodiversity risk analysis, we observed that 12%
of the municipal area has high and very high risk level
for native flora and fauna due to forest fires.

5 Conclusions and recommendations

5.1 Municipality of Acapulco de Juarez, Guerrero

For this municipality we proposed 10 adaptation
measures and 9 complementary measures that seek to
collaborate with the solution of the problems caused
by the impact of floods, landslides, droughts and
forest fires, as well as strengthening the governance
of the municipality.

In this region of the state of Guerrero, the greatest
economic loss is caused by floods and landslides, so
the proposed measures in these areas are listed below.

Given the overflow susceptibility of the Sabana
River and Tres Palos Lagoon in areas of greatest
risk to the population, we proposed coordinated
management of the municipal government with the
National Water Commission (Conagua) to address
the problem of water security. In the same sense,
we recommended promoting efficient and sustainable
water usage, based on availability in urban areas and
productive activities, carrying out actions in this
regard among municipal water operators.

After analyzing the exposure of road infrastructure
within the municipality, we made special emphasis
on developing programs to minimize the risk of
flooding and landslides. We stressed the importance
of managing maintenance programs and efficient
drainage efforts, as well as the development mech-
anism for water containment and embankments,
showing specific maps for it. These programs should
be managed with the participation of state and
federal governments, with previous geotechnical
studies.

As a complementary measure, we recommend the
development of a road intercommunication program
for extreme weather events, to be managed by the
municipality and the State Government before the
Ministry of Communications and Transportation
(Sct).

Another proposed measure includes the results

obtained from the biodiversity exposure analysis in
Acapulco, which is why we recommend developing a
management plan for forest fires in areas with greater
risk shown in this study, with the participation of
the National Forestry Commission (Conafor) and
the municipal authorities. Also, a management and
conservation plan of the Veladero National Park
should be promoted with the state government.

In administrative matters, the civil protection
agency institution must be strengthened as part
of risk management in the municipality, ensuring
sufficient resources for the proper performance of
their activities.

5.2 Salina Cruz Region, Oaxaca

14 adaptation measures and 11 complementary
measures were proposed, the most important ones
are summarized below.

Having identified the overflow susceptibility of the
Tehuantepec River in urban areas at greatest risk
to floods, using a map, we proposed areas for the
construction of civil works for the protection and
containment through management of the various
affected municipalities before the National Water
Commission (Cna). We recommend that this be
done in the urban area of Santo Domingo Tehuan-
tepec and San Blas Atempa where the Tehuantepec
River runs through part of the residential area. In
this same sense, we recommend fostering efficient
and sustainable use of water based on availability in
urban areas and productive activities, managing ac-
tions in this regard among municipal water operators.

Furthermore, due to water use by the agricultural
sector, we recommend developing an efficiency and
support program for farmers by the Ministry of
Agriculture and the state government.

After analyzing the exposure of the region’s
road infrastructure, we made special emphasis on
developing programs to minimize flood risk and land-
slides. We broke down the importance of developing
maintenance programs and efficiency in drainage
works, as well as developing water containment and
embankments civil works with the participation of
state and federal governments.

As a complementary measure, we recommend the
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development of a road intercommunication program
in case of extreme weather events, which must
be managed by the affected municipalities in the
specialized agency of the state government and the
Ministry of Communications and Transportation
(Sct). These measures can be applied especially in
the urban area of Santo Domingo Tehuantepec and
San Blas Atempa and in the coastal area of Salina
Cruz.

Other proposed measures include the results
obtained from the region’s biodiversity exposure
analysis, so we recommended developing a manage-
ment plan for forest fires in the areas identified by
this study as most dangerous, with the participation
of the National Forest Commission (Conafor)
at the request of the municipal authorities. Also,
the establishment of conservation areas and bio-
logical corridors should be promoted making the
corresponding request to the National Commission
for Protected Natural Areas (Conanp) and the
National Commission for the Knowledge and Use of
Biodiversity (Conabio) by municipal authorities.

In administrative matters, Civil Protection organi-
zations institutionalism should be strengthen as part
of risk management so that the State Institute of Civil
Protection of Oaxaca establishes this area as priority,
given its economic and social relevance.

5.3 Villa Alta Region, Northern Mountains of, Oax-
aca

Derived from this analysis, 12 adaptation measures
and 8 complementary measures were proposed, which
are summarized below.

Having identified landslide susceptibility, we
proposed the construction of civil works for the
protection and containment of slopes identified by
this study with greater risk to the public, through the
management of various affected municipalities at the
request of the state government. In the same area,
we recommended analyzing feasibility of relocating
human settlements situated in areas with high and
very high risk. This should be of greater importance
in the municipalities of San Francisco Cajonos,
San Mateo Cajonos, San Cristobal Lachirioag, San
Pablo Yaganiza, San Pedro Cajonos, Santo Domingo
Roayaga, Santo Domingo Xagaćıa, Talea de Castro,
Tanetze de Zaragoza and Villa Hidalgo, because they
have the highest concentration of population with

high and very high risk of landslides.

After analyzing exposure of the region’s road in-
frastructure, we made special emphasis on developing
studies in able to identify key areas to strengthen
roads in the region. We seek to reduce vulnerability
of roads through geomorphological studies of the area
and its resistance to landslides, and, if necessary,
highway relocation feasibility studies. This should
have special attention in the San Juan Yaee and
Villa Alta area, as well as the northern region of the
Oaxaca to Tuxtepec highway.

Other proposed measures include the results
obtained from the region’s biodiversity exposure
analysis, therefore recommending developing a man-
agement plan for forest fires with the participation of
the National Forestry Commission (Conafor) at the
request of the municipal authorities. Additionally,
the establishment of conservation areas and biological
corridors should be promoted through the request
to the National Commission of Natural Protected
Areas (Conanp) and the National Commission for
the Knowledge and Use of Biodiversity (Conabio)
by the municipal authorities. Given the breadth of
the area with timber resources, we encourage the
implementation of forest conservation programs and
their sustainable use. This seeks, in turn, to reduce
the vulnerability of the population through economic
productive activities.

In administrative matters, the Civil Protection
organizations institutionalism should be strengthen
as part of risk management so that the State In-
stitute of Civil Protection of Oaxaca can establish
this area as a priority, given its economic and social
relevance. We recommend developing a program
for the population’s risk management that considers
early warning systems, local preventive and evac-
uation plans from extreme weather events within
programs established by the State Institute of Civil
Protection of Oaxaca. As support for these systems,
we emphasized establishing regional monitoring
systems through meteorological, hydrometric and
satellite information stations that would generate
information to prevent risk through local technical
studies.

As a measure to efficiently manage the use of water,
we suggested constituting a Playa Vicente River Basin
Committee, which includes the Cajonos River within
the Papaloapan River Basin Council.
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