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Preface

Many universities in Mexico and in Latin America perform high-quality research
on matters related to sustainable development. Yet, there are relatively few publi-
cations where a multidisciplinary overview of research efforts and projects across
the region is documented, and where researchers from across the spectrum of the
natural and social sciences have had the opportunity to document and promote
research methods, the results of empirical research or exchange ideas about ongoing
and future research initiatives focusing on sustainable development.

It is against this background that the book “Sustainable Development Research
and Practice in Mexico and Selected Latin American Countries” has been produced.
It is the outcome of a specialist event organised by the Universidad Autónoma de
San Luis Potosí, Mexico; Manchester Metropolitan University, UK; and HAW
Hamburg, Germany, under the auspices of the Inter-University Sustainable
Development Research Programme (IUSDRP) and a number of institutions of
higher education active in this field, from across the region.

The book has three aims:

(a) to provide researchers at universities in Mexico and Latin America performing
research on issues pertaining sustainable development with an opportunity to
document their work (i.e. curriculum innovation, empirical work, activities,
case studies, practical projects);

(b) to support the exchange of information, ideas and experiences acquired in the
execution of research projects, successful initiatives and good practice;

(c) to introduce methodological approaches and projects and provide a platform for
further cooperation.

This book entails contributions from researchers in the field of sustainable
development in the widest sense, from business and economics, to arts, adminis-
tration, environment, languages and media studies, with a focus on “Sustainable
Development Research”.

Thanks to its nature, this publication is expected to contribute to the further
development of this fast-growing field.
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We thank the authors for sharing their knowledge and know-how, and the many
reviewers who have assisted with the peer review of the papers. We hope this book
will further support the development of sustainability research in Latin America.

Manchester, UK Walter Leal Filho
San Luis Potosí, Mexico Ricardo Noyola-Cherpitel
San Luis Potosí, Mexico Pedro Medellín-Milán
Manchester, UK Valeria Ruiz Vargas
Winter 2018
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A Strategic Differentiation Proposal
for a Cruise Tourism Offer, Built
on the Cultural Identity of the Host
Community of Puerto Progreso, Yucatan

Argelia Salazar Estrada

Abstract The purpose of this paper is to present a strategic approach which builds
on the cultural identity of Puerto Progreso, Yucatan, in order to increase the des-
tination competitiveness and differentness, increase the market share of the
Caribbean cruise tourism, and increase the local profit. An applied research was
carried out using a qualitative approach, first to determine the competitiveness state
of Puerto Progreso and to define which cultural elements of its local culture could
be leveraged, second, to propose a differentiation strategy that could increase the
destination competitiveness. It was concluded that the cultural identity of a host
community is an essential element of an effective strategy to differentiate the
destination while integrating the local community in the attention of the cruise
tourism. The proposed strategy could be replicated by following certain guidelines.

Keywords Competitiveness � Cruise port management � Host community
Cultural identity � Strategic differentiation

1 Introduction

A cruise ship is defined as a vessel that offers transport from port of call to port of
call, which presents a unique closed social and service setting in which experience
is both created and judged (Brejla and Gilbert 2014). The ship is presented as a
resort destination itself and it is sold as the primary destination (Wood 2000).

The cruise market is continuously innovating with bigger and improved ships,
with a better recreational offer on board, with better naval architecture and engi-
neering, differentiating continuously their offer. It is a dynamic market led by three
commercial groups: Carnival Corporation & Plc, Royal Caribbean Ltd., and Star
cruises. Together, they control 88% of the worlds cruise berths (UNWTO 2008).

A. S. Estrada (&)
Anahuac Mexico University, Av. Universidad Anahuac #46,
Lomas Anahuac, Huixquilucan, Edo. de Mexico CP 52786, Mexico
e-mail: argeliasalazaredt@gmail.com
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This competitive position allows them to obtain advantageous benefits when
negotiating with destinations and countries, especially with the ones that are not
attractive enough for the cruise passengers.

The Caribbean region is the most important cruise area in the Americas, since it
is included in the 33.7% of itineraries (CLIA 2016), which results very relevant for
Mexico, because it has three touristic ports in the area: Cozumel, the most important
port in the Caribbean Sea (FCCA 2013), Majahual and Puerto Progreso. On the
other hand, the United States of America is the major emitting market of the world
(FCCA 2013), and it is the main market for Mexico too.

Puerto Progreso is within the so-called Mayan World; it is located in the northern
part of the Yucatan Peninsula. Its location is strategic for maritime commerce and
cruise tourism; it allows ships to gain access to the Caribbean Sea, the Gulf of
Mexico and the Atlantic Ocean. Also, it is near to the North and South continental
maritime routes crossing. Progreso is the nearest port to Florida, Galveston,
Houston, New Orleans, Biloxi, Mobile and Tampa (API Progreso and SCT s.f.).

It is worth mentioning the relevance of this area from an environmental point of
view too. Puerto Progreso and its surroundings are part of the Priority Terrestrial
and Maritime Regions for Biodiversity Conservation as well as Ramsar Wetlands
and Bird Conservation Areas (AICA in Spanish), and some of the nearby munic-
ipalities, e.g. Celestun, are included too in UNESCO Biosphere Reserves.

Puerto Progreso has received cruise ships since 1998. From a regional per-
spective, in 2008 it received the second largest amount of cruise passengers, and
between 2010 and 2011 it was home port for Pullmantur Cruise Line. In other
words, it was attractive to cruise ships and competitive relative to other ports in the
Caribbean region. Nevertheless, from 2008 to 2014 Puerto Progreso experienced a
33.75% decline in arrivals, compounded by a dramatic reduction of the number of
cruise lines visiting the port to just one: Carnival Cruise Line.

This situation could be explained by important international events that affected
the global tourism industry around those years, specifically: the oil price increase in
2008 to historical levels; the 2009 financial crisis in the USA; the 2011 economic
crisis in Europe, and locally, the wave of crime incidents in Mexico that aroused in
2008.

Additionally, Sectur and SCT (2008), and Cestur (2011) diagnosed that the
touristic offer of the Mexican ports is limited (meaning few options) and lacks a
significant differentness that could attract cruise passengers. Therefore, the Mexican
ports can be easily replaced in the cruise itineraries.

By the same token, at the beginning of this research, it was found that between
2003 and 2013 the shore excursions emphasized predominantly tours to archeo-
logical sites like Chichen Itza, at the expense of Puerto Progreso. A reduction or
elimination of the cultural and the identity elements, and the ecotourism and gas-
tronomical attractions in the shore excursions offer was found too, regardless
Progreso port proximity to natural reserves and the availability of ecotourism
cooperatives working in the area (García and Xool 2012; García et al. 2011).

With all the above mentioned, we can perceive that the Progreso port has a good
location, near one of the most important ports of the world, and within the cruise
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ship routes departing from and reentering to the ports of the Gulf of Mexico and
Florida, but its touristic offer is not differentiated, even when the area is rich in
natural and cultural resources. This is why we thought the cultural identity could be
used to differentiate the destination and to improve the utilization of touristic assets
available in the region, so the cruise destination could be more attractive to cruise
lines and there could be an improvement of the cruise tourism profitability. With
this in mind, and since the differentiation strategy is a competitive strategy, it was
also important to examine the competitive situation of the cruise destination.

In this context, the research question is:
How can the cultural identity of Puerto Progreso be leveraged to differentiate the

destination, improve its touristic competitiveness and produce economic benefits
for the local community?

2 Literature Review

In general, the research in cruise tourism management focuses on its economic con-
tribution (Brida and Zapata 2008; Business Research and Economic Advisors 2015;
Dawson et al. 2016; Lester and Weeden 2004; Thurau et al. 2013; Seidl et al. 2005;
Macpherson 2008) and the passenger vacation experience on board (Forgas-Coll et al.
2014; Mackay and Kerstetter 2005). Most of this research aims at understanding the
tourist’smotivations and drivers of satisfaction before and during the trip, like quality of
service, perceived value, passenger's personality, as well as the trust that passengers
have on a cruise brand. The research reviewed does not consider how the cultural
elements and the identity of host communities contribute to the passenger’s overall
satisfaction and his/her future recommendation of the visited destination.

The strategic differentiation and derived advantage of cruise vacations are addressed
by taking into account the cruise line brand identity (Lemmetyinen and Go 2010),
elements like the shipscape (ship landscape), the servicescape, and how the combina-
tion of these variables influence the experience of the passenger as he/she relates to them
(Kwortnik 2008). Likewise, the influence of the brand awareness as a motivator and
how it is related to the satisfaction is also studied (Lemmetyinen et al. 2016).

A research regarding the influence of the excursion package on destination
satisfaction and influence over the passengers’ post-purchase behavior, like inten-
tion to return and WoM—Word of Mouth (Parola et al. 2014), concluded that cruise
passengers sample destinations to visit them in future vacations, but Larsen and
Wolff (2016) showed evidence that this argument was incorrect.

Cruise tourism to conservation areas has been studied considering the potential
economic benefit of the cruise activity to fund environmental preservation programs,
sustainable development of tourism destinations (Chan-Cob and Santín 2003) and the
integration of ecotourism to the cruise touristic offer. Other study concluded that there
are economic benefits for the cruise lines and the visited destination, that is, higher
revenue for the host community and a rich/memorable passenger experience in an
exotic and well-preserved natural environment (Thurau et al. 2013).

A Strategic Differentiation Proposal for a Cruise Tourism … 3



Finally, the host community has been studied to determine its perceptions about
how and how much the communities have achieved a better standard of life derived
from cruise tourism, and the community’s attitude towards cruise passengers (Brida
et al. 2012, 2014; Chiappa et al. 2016), concluding that inhabitants of the desti-
nation perceived that the activity produced economic benefits which helped
improve the community overall conditions, and therefore it is welcomed as long
as it remains beneficial, but no further interest from the host community nor from
the visitor perspective has been explored.

This research studies the competitiveness of a cruise port, located in an envi-
ronmental relevant area, and proposes a strategic differentiation based on the cul-
tural identity of the host community, which also enables their integration to the
management of cruise tourism.

3 Cruise Tourism and Competitiveness

In Mexico, the cruise tourism is managed through the Public Policy for Cruise
Tourism (Sectur and SCT 2004). This policy mandates that the elaboration of
touristic products should promote the competitive development and improve-
ment of the destinations, strengthening the integration of natural and cultural
attractions, maximizing benefits, and promoting the development of host commu-
nities and the return of visitors.

Competitiveness, in this context, is defined as the ability of the destination to
attract tourists and cruise ships, and participate effectively in value chains within the
cruise industry inside a competitive environment, increasing participation in various
market segments and attracting productive and profitable investments (Sectur and
SCT 2008). The comparative and competitive advantages of a cruise destination are
determined by the following seven factors:

1. The situation concerning the location of the outbound market, the cruise routes,
and the provision of tourist attractions.

2. Availability of urban infrastructure and support services.
3. Availability of port infrastructure and services.
4. Port and touristic costs.
5. Size and dynamism of the market.
6. Management and organization of the activity.
7. Institutional and regulatory framework and policies aimed to develop the cruise

industry (Sectur and SCT 2008).

The differentiation variable is not mentioned, in spite of being one of the main
elements of the competitive strategy used by the cruise lines—in addition to other
variables like competitive costs and the cruise ship which is considered as a destination
in itself—and being part of the generic competitive strategies proposed by Porter
(2012).

4 A. S. Estrada



In this regard, it is observed that the identity of a touristic destination can be used
as a sustainable competitive advantage, given that destination resources are difficult
to imitate, since they are usually found either in their unique natural environment
(climate, wildlife or landscape) or in their cultural heritage: places that reflect their
host community roots in terms of historical wealth, religion or cultural expressions
such as arts, architecture and design (Aaker 2001, Johnson and Scholes 1999 in
Govers and Go 2004). Nature, culture, and landscape are the support of identity
traits that strengthen and singularize the touristic product in an increasingly com-
petitive environment. These are the elements with which tourism and territory
managers promote the development of a destination. It is, for this reason, that host
communities must be considered as an active and influential element, and not only
as an object of curiosity (Requejo 2007).

Destinations can build a competitive advantage through core competencies, like
exclusive capabilities in a host community, which may be deemed unique to attract
visitors (Govers and Go 2004). Incidentally, the collective identity has been used
too as a base line for promoting tourism, since it is composed of a network of
meanings that refer to the territory and its inhabitants, where the tourist destination
is located, through which the destination can be recognized, understood and
enjoyed by the travelers (Uña and Villarino 2011).

4 The Cultural Identity of the Host Community

The cultural identity of a host community can be defined as a collective identity,
which is based on the cultural values of a group; these can be customs, traditions,
knowledge, innovations, religion, language, shared history, social relationships,
beliefs, rites, ceremonies and moral values, in addition to obligations and rights.
Therefore, the cultural identities that are part of the collective identity arise from the
culture, and both conceptions change and evolve (Alejos 2006; Giménez 2007;
Memmi 1999; Molano 2006; United Nations Education Scientific and Cultural
Organization, Man and the Biosphere Programme s/f; Uña and Villarino 2011).

In this frame of reference, the identity elements of the host community that were
identified during the literature review are as follows: (a) animality—the belief that all
natural and supernatural beings are part of the same culture that underlies “natural”
differences, the human being is part of the forest, and the animals have culture and
language too, while natural, cultural and supernatural places are part of the same space
(Alejos 2006; Estrada 2009); (b) the places of identity (Franco 1999; Quiroz 2009)—
places that the community recognizes as representative of their identity; (c) the tra-
ditions (Hervik 2002; Toledo et al. 2007); (d) the religion (Alejos 2006; Estrada 2009);
(e) the local products (Toledo et al. 2007; Uña and Villarino 2011); (f) the Mayan
language (Hervik 2002; Flores 2003) and (g) the cosmogony (Franco 1999; Alejos
2006; Estrada 2009; Hervik 2002)—a beliefs system of the collective history of the
natives of a region, based on ancestral thinking, it defines the ways people give
meaning to reality and the notion of time and space.

A Strategic Differentiation Proposal for a Cruise Tourism … 5



5 Methodology

The purpose of this paper is to present a strategic approach which builds on the
cultural identity of Puerto Progreso, Yucatan, in order to increase the destination
competitiveness and differentness, increase the market share of the Caribbean cruise
tourism, and increase the local profit. An applied research was carried out using a
qualitative approach, first to determine the competitiveness state of Puerto Progreso
and to define which elements of its local culture could be leveraged to design an
effective differentiation strategy, second, to propose the differentiation strategy.

In order to examine the competitive situation of the cruise destination, fourteen
interviews were conducted among key stakeholders who were selected based on the
guidelines proposed by Sectur and SCT (2008), which indicates that the manage-
ment of touristic ports in Mexico is done through a Local Committee for Cruise
Management, which is integrated by a representative of the Ministry of Transport
and Communications, a representative of the port administration, representatives
from State and Local Government, representatives from touristic and local venues
and their associations, and the cruise lines representatives.

In Puerto Progreso, the Local Committee for Cruise Management is integrated
by the port administration (Administración Portuaria Integral de Progreso S.A. de
C.V.), representatives from the Cruise Tourism Coordination of the Tourism
Promotion Ministry of Yucatan, and representatives from the Town Council.

The interviewed key stakeholders included a representative of the General Ports
Coordination and Merchant Shipping of the National Ministry of Transport and
Communications, the President of the Tourism Business Council of Yucatan, a
representative of the Cruise Tourism Coordination of the Tourism Promotion
Ministry of Yucatan, the Tourism and Market Director in the Town Council, Puerto
Progreso Commercialization Manager, the Cruise Terminal Operation Manager,
one the General Manager of Turitransmerida (receptive and cruise tour operator),
and the Port Manager of Aviomar Adventours Cruise Excursions company.

A questionnaire was designed and applied in order to revise the responsibilities
of the Local Committee, and the destination level of competitiveness, using the
competitive factors proposed by Sectur and SCT (2008) previously mentioned. By
this means also, the touristic offer within the shore excursions available in Progreso
was profiled, so were the identity elements currently available in the touristic offers
within the area of influence of the cruise ships, the cruise demand, and the rela-
tionships within the cruise industry among key stakeholders in Progreso.

The approach used to determine the identity elements of the host community that
could be used as elements of differentness where to base the strategy was as
follows. First, the location of the touristic resources and tourist attractions available
within the cruise tourism influence area was done based on the literature review, the
cruise lines web pages, the destination web pages, the port reports, blogs, etc.

Likewise, it was deemed necessary to define the area of influence of Puerto
Progreso, it was concluded that the area encompassed 165 km around the port and
was delimited by the furthest travel distance from the cruise terminal to an attractive
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site to which cruise passengers are willing to travel, in this case, Chichen Itza, based
on the information on shore excursions offered from 2003 to 2013, and confirmed
later by the interviewed tour operators.

The tourism resources and tourist attractions were located on a map using the
Digital Map tool (InegiV6, see Fig. 1). In order to confirm the availability of the
resources and tourist attractions, and to characterize them, a modified and more
holistic version of the inventory of tourism resources and tourist attractions pro-
posed by Martínez (1999) was used to register the touristic equipment, services and
facilities availability in place within the location of every tourist attraction and
tourism resource.

Additionally, this instrument was used to record the presence of the identity and live
culture elements andmanifestations likehandicrafts, rituals, typical foodandbeverages,
dance and music, textiles, alternative medicine, and languages, in this case, Mayan
language. Twenty-one municipalities were visited and included in the analysis.

The inventory results were used to evaluate the quality, differentiation and the
presence of the identity and cultural elements of each tourist resource and tourist
attraction. This allowed rating them using a scale of one to five (5 = very good,
4 = good, 3 = average, 2 = bad, and 1 = lacking).

Also, the questionnaire used in the interviews contained a section where the
interviewee was asked to rate the importance of the touristic venues within the
region, and the potential of each venue to be integrated successfully to the cruise
touristic offer.

The outcomes of the inventory and survey were utilized to design a strategy to
reposition Puerto Progreso by building on the key findings of the research to make
recommendations to improve the competitiveness of the cruise port, and to con-
struct a proposal of differentiated touristic products.

Fig. 1 Tourism resources and tourist attractions location. Source Prepared by the author
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The touristic products were conceived to build and sustain a meaningful dif-
ferentiation of the destination via the methodology proposed by Chias (2005), and
leveraging the elements of destination identity and cultural manifestations (handi-
crafts, music, etc.), while ensuring that the host community had an active role in the
Committee and as shore excursion service providers too (eg. ecotourism coopera-
tives), and to improve the competitive position of the cruise port with a differen-
tiated offer of touristic products.

Regarding the limitations of this work, it should be mentioned that the study of
the demand for Puerto Progreso’s cruise tourism was only defined using govern-
ment documents and key stakeholder’s interviews, the motivations of these visitors
to come to Progreso were not revised in this research, the relationship between this
port and other ports in the region and the interactions among them wasn’t
revised neither.

Likewise, the field study was not as extensive as desired, since it was not
possible to interview representatives from the National Ministry of Tourism, from
Carnival Cruise line, its general agent, among other key actors.

6 Findings

6.1 Competitive Situation

Puerto Progreso is located at 6.5 km from the coast. The port administration
company, Administración Portuaria Integral de Progreso S.A. de C.V. (API
Progreso) is responsible for managing all aspects related to the port facilities; these
include a cruise terminal that can receive three cruise ships at the same time (the
dock is 330 m long and has nine meters of draft); a passenger terminal that has a
commercial area with two bars, a pool and a crew club; WIFI service for free; and
free transport service to land.

The tourist attractions of the studied cruise destination are listed in Table 1, yet it
was found that not all of them are attractive to the cruise visitor or can be visited by
them, e.g. the National Park Arrecife Alacranes.

Competitive issues regarding the location of the port and the cruise ship and
passengers’ terminal facilities design

• The location of the port is far from the coast, this prevents the port from offering
enough fresh water and electricity to cruise ships, and from having a quicker
transport system to land.

• The facilities design difficults the access of tour operators to the passenger
terminal, especially for those who do not have contracts or arrangements with
the cruise line.

• The passenger terminal has a reduced space and not enough staff, this is the
main obstacle to become a home port; in addition, it lacks signpost and maps to
help the visitor find its way around the port.

8 A. S. Estrada



Competitive issues regarding the cruise tourism management

• The Local Committee for Cruise Management does not have the local
community/tour operators input. That is, the committee is integrated only with
port managers and State and Local Government representatives. It presents no
integration between local entrepreneurs, tour operators, ecotourism coopera-
tives, State government, Local government, port administration, cruise line
representatives and cruise line association representatives, preventing it from
issuing recommendations to improve the cruise tourism management as well as
from having an integral and a long time frame destination management strategy.

• The focus of this committee is the promotion of the destination internationally
and in the process it does not take into account the local tour operators, leaving
them on their own to negotiate with cruise lines and creating an intense com-
petition among them.

• API Progreso, the company that manages the port, presides over the committee,
and uses the same strategy to manage the services of the port, which is based on
low prices and a diversified portfolio of services, as for the touristic management
it is done in the same way. The cruise lines expect and demand low prices on a
constant basis, but a differentiated portfolio of touristic products.

Table 1 Tourist attractions in Puerto Progreso

Classification Attractions

Natural sites • National Park Arrecife Alacranes
• State Reserve Cienegas y Manglares de la Costa Norte
de Yucatan

• Ecologic Reserve El Corchito
• Canoeing track
• Beach

Museums and historical cultural
manifestations

• Downtown area
• Progreso lighthouse
• International East Promenade (Puerto Progreso)
• Chocolate Pier/Fishermen Pier
• Casa del Pastel

Folklore • Carnaval del Mar (2nd week of February)
• San Telmo celebration (August 1st)
• Hanal Pixan (October 31st through November 2nd)

Programmed events • Rally Maya Mexico
• Solidaire du Chocolat (April, every two years departing
from Progreso port)

• Marine Day (May 1st)
• “Toh” Yucatan Bird Festival (November 23rd to 25th)
• Kite surf events and other aquatic sport events

Source Prepared by the author based on the results of interviews with key stakeholders

A Strategic Differentiation Proposal for a Cruise Tourism … 9



Awareness of local attractions appeal

• There is a lack of awareness among tour operators, port managers, taxi drivers,
tour guides and in general, host community about the level of appeal of local
cultural and natural resources of Puerto Progreso and its surroundings, and how
recognizing and leveraging this appeal can contribute to improve the host
community competitiveness and eventually the standard of life of its inhabitants.

• The touristic offer is perceived as differentiated, but this does not derive from the
Puerto Progreso tourist attractions, but from those located in the Yucatan
Peninsula, in general.

On the Economic side of the subject

• Puerto Progreso receives only two cruise ships on a weekly basis since 2013, a
dynamic that prevents the generation of economies of scale that might allow the
improvement of the tours offer. A larger demand of tours would allow to provide
proper maintenance to the available touristic transport and equipment (like
bicycles, surf tables, kayaks, among others) and to integrate some of the eco-
tourism cooperatives working in the area.

• Cruise tourism demand is perceived as a low-spending one, Brea (2015) reports
that the average spending of cruise tourists was $40.65 per person regardless of
the type of the tour on land taken. The average expenditure decreased from 2007
to 2014 by 23.43% and spending on handicrafts decreased by 47.84%.

• A lacking utilization of assets provided by the ecotourism cooperatives prevents
the touristic offer to be differentiated and the natural resources, which are
abundant in this port, to be fully exploited.

• The time spent by cruises on this port (6 h approximately) is not enough to visit
different and more representative touristic venues. It was observed that the time
spent at the port is twice as much on carnival season. Several key stakeholders,
e.g. the port administration, tour operators like Aviomar, have also observed that
cruise passengers associate Puerto Progreso’s Carnaval del Mar with the New
Orleans carnival and tourists seem to have a great experience. Larger cruise
ships arrive between February and March to take advantage of the mystical
phenomenon known as the “Descent of Kukulkan” in Chichen Itza’s castle,
which can be seen a few days before and after the equinox before dawn, and
this cruise ships remain too for a longer time at Puerto Progreso.

On service and infrastructure

• A lack of continuous training of the staff that works in tourist venues was found
during the interviews. Interviewees mentioned that the owners of the touristic
venues were not interested in improving their employees’ capabilities because the
additional training would encourage them to look for a better job. By the same
token, the study also revealed a lack of interest of key stakeholders like restaurant
entrepreneurs and masseuses on port, and the taxi drivers in general, in learning to
communicate in English—which, by the way, is recognized as a critical skill in
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the tourism industry all around the globe—, this was pointed out by the Cruise
Tourism Coordinator in the Tourism Promotion Ministry of Yucatan.

• Lastly, the touristic infrastructure lacks adequate maintenance as well as the
beach. The Cruise Tourism Coordinator in the Tourism Promotion Ministry of
Yucatan also stated that once the construction of the facilities was completed
and handed into the local government for its administration, the maintenance
seems to be the last priority of the authorities, since they perceived that the
touristic activity does not generate relevant economic benefit to the port.

7 Identity and Cultural Elements to Be Enhanced

The Yucatan Peninsula is part of the territories inhabited by the Mayan people; their
traditions, their holidays, their language, and the use and protection of natural
resources reflect the Mayan culture. Historically, this is the place where the crater of
the Chicxulub meteor is located. The belief is that this meteor caused the disap-
pearance of 75% of the planet species 66 million years ago.

Puerto Progreso and its surroundings were too very important in the 19th cen-
tury because of the henequen exploitation. Also, the Progreso municipality is part of
several land and sea priority regions where special efforts are made to preserve
specific natural species of those regions.

Table 2 presents Puerto Progreso tourism resources and tourist attractions with
distinctive identity elements. It is worth mentioning that in the available attractions
for cruise passengers, tourist does not find local handicrafts, and the handicrafts
being offered belong to the center of the country, e.g. Mariachi hats, Teotihuacan
handicrafts, tequila, among others. However, they do find the offer of sea species,
i.e. coral (Oculina diffusa and Mycetophyllia sp), starfishes and seashells (be-
longing to Xancus angulatus, Strombus costatus, Strombus gigas, Cassis mada-
cascariensis, Turbinella angulata y Melongena bispinosa species; the first three are
permanently forbidden to be fished and commercialized since 1994 in Mexico).
Table 3 shows the representative elements of cultural identity that were found
around the Puerto Progreso municipality.

8 Discussion

The proposed identity and cultural elements within the tourism resources and tourist
attractions that should be enhanced, in order to convey a differentiated offer to
cruise tourists, are shown in Table 4. The enhancement could be accomplished by
involving ecotourism cooperatives to secure the proper execution of the activities
that produce a memorable experience for the tourists. The analysis of the available
resources and tourist attractions led to define eleven touristic products. The analysis
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Table 2 Tourism resources and tourist attractions within the cruise tourism influence area with
more distinctive identity elements

Cultural identity
element

Attraction (Municipality) Touristic resource (Municipality)

Animality • Puerto Progreso, Yucatán • Dzilam de Bravo
• Noc-Ac Estate (Dzityá)
• Canoeing track (Puerto Progreso)
• Ecologic Reserve El Corchito
(Puerto Progreso)

Places of identity • Izamal
• Gran Museo del Mundo Maya
(Merida)

• Merida
• Puerto Progreso

• Cultural center (Puerto Progreso)
• Noc-Ac Estate (Dzitya)
• International East Promenade (Puerto
Progreso)

• Progreso market
• Carnaval del Mar (Puerto Progreso)
• Motul de Carrillo Puerto

Traditions • Izamal
• Gran Museo del Mundo Maya
(Merida)

• Merida
• Puerto Progreso

• Pumpkin with cane syrup (Puerto
Progreso)

• Sweet potato with coconut (Puerto
Progreso)

• Compote of cocoyol (Puerto
Progreso)

• Candy of ciricote (Puerto Progreso)
• Noc-Ac Estate (Dzityá)
• Sea bass in Maccum (Puerto
Progreso)

• Grouper in Tikin Xic (Puerto
Progreso)

• Pozole with coconut (Puerto
Progreso)

• Cultural center (Puerto Progreso)
• International East Promenade (Puerto
Progreso)

• Progreso market
• Carnaval del Mar (Puerto Progreso)
• Motul de Carrillo Puerto
• Museo de Arte Popular de Yucatán
(Mérida)

• Yucatecan Trova (Puerto Progreso)

Religiosity • Izamal
• Gran Museo del Mundo Maya
(Merida)

• Mérida
• Puerto Progreso

• Pozole with coconut (Puerto
Progreso)

• International East Promenade (Puerto
Progreso)

• Progreso market
• Carnaval del Mar (Puerto Progreso)
• Motul de Carrillo Puerto
• Museo de Arte Popular de Yucatán
(Mérida)

Local products • Izamal • Pumpkin with cane syrup (Puerto
Progreso)

(continued)
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also allowed defining the narratives that could enhance the cultural and identity
elements. It is worth clarifying that the analysis was based on Chias (2005)
methodology, putting special attention to the availability of identity elements within
the resources.

It is important that members of the host community be an active player in the
planning, management, and delivery of touristic services. This implies that they
should be involved in the development of plans, which today are led by the
committee in charge of managing the Cruises operations.

On the other hand, current executives in charge of this committee need to realize
that Puerto Progreso offer should be built on its distinctive identity elements; these
include the biodiversity of the region where the tourist attractions are located and
tourist services are provided, local handicrafts, local rituals, and festivals, among
others.

It is also important that a regulatory framework to regulate the deals between
cruise lines and local tours operators is created, established and enforced, aimed to
secure mutual benefits for the cruise and the local providers.

It is essential to create and promote better practices to manage cruise tourism in
order to compete on a fair basis at the cruise destination or to negotiate conjointly
with cruise lines and cruise associations. This could be accomplished by integrating

Table 2 (continued)

Cultural identity
element

Attraction (Municipality) Touristic resource (Municipality)

• Gran Museo del Mundo Maya
(Mérida)

• Mérida
• Puerto Progreso

• Sweet potato with coconut (Puerto
Progreso)

• Compote of cocoyol (Puerto
Progreso)

• Candy of ciricote (Puerto Progreso)
• Grouper in Tikin Xic (Puerto
Progreso)

• Sea bass in Maccum (Puerto
Progreso)

• International East Promenade (Puerto
Progreso)

• Progreso market
• Carnaval del Mar (Puerto Progreso)
• Museo de Arte Popular de Yucatán
(Mérida)

• Pozole with coconut (Puerto
Progreso)

• Yucatecan Trova (Puerto Progreso)

Cosmogony • Gran Museo del Mundo Maya
(Mérida)

• Puerto Progreso

• International East Promenade (Puerto
Progreso)

• Pozole with coconut (Puerto
Progreso)

Source Prepared by the author based on the results obtained from the inventory of tourism
resources and tourist attractions and interviews
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a joint front with other port authorities in the Caribbean region. This would lead to a
stronger negotiating position to stop cruise managers from taking advantage of its
bargaining power, derived from the number of tourists they carry, from their
associative capabilities, and the lack of this capacity within and among cruise
destinations.

The marketing strategy should consider the differences among the differ-
ent cruise lines; for example the destination could identify and target new markets
and companies that usually stay in port for at least one night, so while visiting
Puerto Progreso, the cruise passengers could take advantage of special land
excursions, as well as special events or activities that are tailor-made to meet their
expectations; for example, shore excursions could include a visit on the first day to
Chichen Itza and on the second day to Izamal, a very important touristic venue as
well, that displays an important amount of identity elements and cultural
manifestations.

Building tourist products that are rooted on local identity traits may render
higher benefits to the local community since these would represent a differentiated
offer and experience that hopefully would command a higher price. For example,
Puerto Progreso can develop a unique ecotourism strategy, leveraging local eco-
tourism cooperatives that offer environmental preservation experiences.

Table 3 Representative elements of cultural identity in Puerto Progreso

Fields Representative elements

Denominations and designations • Entrance to the Mayan World
• Port of Peace

Activities and y events that shaped Puerto
Progreso

• Aquatic sports (Sail, Windsurf)
• Solidaire du Chocolat (sailboat regatta)
• Henequen fiber exploitation and
exportation

Representative places • Downtown area
• Puerto Progreso lighthouse
• Pier
• International East Promenade and beach
• La Ría de Progreso tourist inn
• Ecologic Reserve El Corchito

Celebrations • Carnaval del Mar

Gastronomy and enology • Montejo beer
• Ceviche (octopus, fish, and shellfish)
• Grouper in Tikin Xic
• Octopus cooked in its ink
• Xtabentún

Handicrafts made of • Coconut
• Shell

Representative species • Flamingos

Source Prepared by the author based on the results of interviews with key stakeholders
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9 Conclusions

The main lessons of this paper are as follows:
The cultural identity of a host community is an essential element to secure an

effective differentiated touristic offer. This strategy should take into account the
following factors: the identity traits must be analyzed and must not to be stereo-
typed, homogenized or banalised; its use needs to be integrated into a promotional
plan and must involve public and private actors who participate in the activities, so
that the quality and integrity of those features is maintained.

Table 4 Touristic product grid

Source Prepared by the author based on research results
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The above factors would allow the development of goods and services that
guarantee the protection of the environment, support local projects, create mecha-
nisms to integrate new touristic products with a fair distribution of the economic
benefits.

In this scenario, the most important implication for public policy is the need for
leaders to have a long-term vision, which builds on a differentiated positioning,
cooperation, and public-private sectors investments to successfully develop the cruise
activity in Puerto Progreso, in particular, and in the Mexican cruise ports, in general.

Finally, it is essential to create and promote better practices to manage cruise
tourism in order to compete on a fair basis at the cruise destination or to negotiate
conjointly with cruise lines and cruise associations. It is proposed that a national
regulatory framework is created and implemented in order to regulate the deals
between cruise lines and local tours operators.

Future research on cruise destinations in Mexico may focus on diagnosing the
existence of mechanisms to enhance economic and social benefit for local com-
munities, and if necessary, the creation of mechanisms that allow to better manage
the segment, to create and integrate differentiated touristic services, and to maintain
destinations operating optimally.
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and urban problems, but also the most promising source of solutions. UrBis is a
technological platform that was developed to help people in México, particularly
youth, document, characterize and reflect about the social and urban problems they
face. The platform supports an integrative approach that combines mobile crowd-
sourcing, social technologies and community practices to effectively document,
characterize, reflect about socio-urban issues, and to develop possible solutions
through the combined effort of citizens. The purpose of this paper is to share our
action-research experience with UrBis in engaging youth populations in the field,
outlining our findings after analyzing collected data in an effort to determine how
our technological-based approach supports the study of urban environments in five
cities located across the country.

Keywords Information technologies � Mobile crowdsourcing
Sustainable community practices � Action-research � Socio-urban studies

1 Introduction

In its most recent report on the state of the world cities, the United Nations predicts
that by the year 2030, more people in every region of the world will live in urban
more than in rural areas (UN-HABITAT 2012). The report states that cities in
México are steadily expanding, sometimes outstripping the rise in population by
two-fold due to urban sprawl, and that 85% of the Mexican population will live in
towns and cities by 2050. The urbanization process in México is a phenomenon not
only characterized by the growth of urban populations, but also by complex
changes in aspects such as the demographic composition; the scale, density, and
functionality of urban settlements; the lack of employment; different modes of
governance, societal values, as well as the composition of ethnic, social and cultural
groups (UN-HABITAT 2012). For these reasons, Mexican youth, which accounts
for 26% of the total population (INEGI 2010), is not only the inheritor of significant
socio-urban challenges but also the most promising source of sustainable solutions.

The rising question is how can we incentivize young people in Mexico to
become more aware of their urban environment? How can we help them gain a
deeper understanding and insights about the social and urban problems they
encounter? How can we empower them create effective citizen-based solutions that
foster the collective participation of society?

UrBis is a technological platform which was developed to help people, partic-
ularly youth, document, characterize and reflect about the social and urban prob-
lems they face. The platform supports an integrative approach (called
SenseCityVity) that combines mobile crowdsourcing, social technologies and
sustainable community practices to effectively document, characterize, reflect about
socio-urban issues, and to develop potential solutions through the collective par-
ticipation of citizens (Castells and Himanen 2014; Ruiz-Correa et al. 2014, 2017).
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UrBis enables deployment of mobile crowdsourcing experiments in the form of
Urban Data Challenges (UDCs) co-designed by our action-research team and
community of young people, focused on:

• collecting and mapping georeferenced images, audio, video, text and surveys; as
well as analyzing, appropriating, and

• creatively using the collected data for community reflection and development of
potential solutions for sustainable development.

The purpose of this paper is to share our action-research experience with UrBis
in engaging youth populations in the field, summarizing our findings after analyzing
the data in an attempt to determine how our technological-based approach supports
the study of urban environments in five important Mexican cities: Cortazar, León,
Guanajuato, Mérida and Torreón.

2 An Integrative Approach

UrBis is a digital platform that integrates community practices, mobile crowd-
sourcing for data collection, and mixed methods for analysis (both quantitative and
qualitative) to advance the understanding of how we can help citizens in Mexico
better document, characterize, and reflect on urban concerns. At the same time, we
aim to generate previously unavailable data resources and create suitable conditions
for transforming the collected data into insights about social and urban issues, with
the aim that citizens can develop community-oriented solutions to problems that
matter to them. Beyond the creation of maps, our approach encourages the use of
the collected data for educational endeavors with emphasis in youth groups. Our
work helps demonstrate that integrating existing methods and best practices in
ubiquitous computing and human computer interaction with the understanding of a
specific social context can result in a participatory framework that exploits
phone-based sensing to let everyday citizens survey and articulate urban challenges.
Mobile technology enable participants share their experiences and reflections in a
variety of ways, thus facilitating the interaction with government institutions that
support their efforts. Our approach has six main characteristics, which enabled us
conduct urban studies in five cities possessing distinctive urban features:

• It can be easily implemented in the field due the technological flexibility pro-
vided by UrBis platform.

• Facilitates the collection of multimedia data that complements traditional data
sources such as social media streams.

• Fosters the participation and education of populations from different social
segments.

• It is applicable in a wide variety of urban environments.

UrBis: A Mobile Crowdsourcing Platform for Sustainable Social … 21



• It integrates sustainable community practices.
• Facilitates data dissemination and interaction leading to synergies between cit-

izens and government institutions.

3 Mobile Crowdsourcing

Crowdsourcing refers to a sourcing model in which contributions from Internet
users are gathered to accomplish a specific task. Mobile crowdsourcing involves
activities conducted through mobile devices such as smart phones, which allows for
real-time data gathering with greater reach and accessibility. This technique enables
participatory sensing of urban spaces by combining the collective participation of
citizens and sustainable community practices. In the context of our research
experience such practices include social service activities, and volunteer work
organized with the help of teachers, members of community groups, and NGOs,
among others. Mobile crowdsourcing techniques facilitate sustainable socio-urban
research for two reasons. First, as we show here, the same technological platform
can be used to engage in different action-research projects. Reusing previously
developed technology significantly lowers the implementation cost of a new pro-
ject. Second, target populations are directly engaged in the development and
implementation of the research experience. As a consequence, the outcome directly
relates to solutions of problems that matter to them, increasing the likelihood of
successful results. The integration volunteer’s action and local community practices
lead to a sustainable research process due to a steady interest of volunteers in
finding effective solutions.

4 Urban Laboratories: Cortazar, Guanajuato, León,
Mérida and Torreón

Guanajuato is a touristic city in central Mexico, and the capital of a state of the same
name. The city occupies a valley, forming a complex network of narrow roads,
pedestrian alleys, and stairways running uphill. Guanajuato is a historical city and a
UNESCO world heritage site, with a vibrant tourism industry that is centered on the
city’s historical downtown area and several large art festivals. The city of León is a
business and industrial hub in the state of Guanajuato that drives a large part of the
economical activity of the state. León has a strong leather industry, offering prod-
ucts both to the national and international markets. León also receives a large
number of visitors. Mérida, the capital of Yucatán state, is the largest historical city
in the Yucatán peninsula. Mérida is located in the southeast of the country, 22 miles
away from the Gulf of México. The city, funded in 1542 by the Spanish crown, is
today one of the most vibrant and traditional cities in south México.
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Torreón is located near the southwest border of the northern state of Coahuila,
within the so-called Laguna region. Torreón is one of Mexico’s most important
economic and industrial centers neighboring Matamoros, Gómez Palacio, and Lerdo
municipalities. Finally, Cortazar is a small city located in Guanajuato state.
Cortazar is an industrial hub located within the main industrial corridor of the state.
It also has agro-industrial infrastructure, which employs 15% of the economically
active population of the region.

UrBis platform enabled our action-research team conduct UDCs in these cities
(Table 1). Each challenge was lead by our team in collaboration with local actors
that supported our fieldwork. Two UDCs were organized in León city with the aid
of independent groups of volunteers. Actors participating in the challenges include
students, teachers and school authorities of universities and technical highs schools,
officials from government institutions, and local volunteers. The goals of each UDC
varied according to the needs and interests of the local communities (Table 2).

5 UrBis Architecture

The Urbis platform enables mobile crowdsourcing tasks through two main software
modules. The first module consists of an Android mobile application that allows
UDC users to capture georeferenced multimedia content (pictures, videos, audios,
text and surveys). Users’ collected data are automatically collated, synchronized
and uploaded into the platform (Fig. 1). The other module consists of a back-end

Table 1 UrBis platform was used to conduct 6 UDCs in 5 cities across México

City
(population)

UDC Social actors involved

Cortazar
(34,500)

SCV-Cortazar Instituto de la Juventud Guanajuatense, and Universidad
Politécnica de Guanajuato (UPG)

Guanajuato
(170,000)

SCV-Guanajuato Centro de Estudios Científicos y Tecnológicos
(CECYTE) Guanajuato, and local volunteers

León
(1,500,000)

SCV-León ITSI León, Universidad Iberoamericana León, and local
volunteers

León
(1,500,000)

SCV-Lobo Instituto de la Juventud Guanajuatense, Casa del
Adolescente de León, and Instituto Municipal de la
Juventud de León

Mérida
(777,616)

SCV-Mérida Universidad Autónoma de Yucatán, Campus de
Arquitectura, Hábitat, Arte y Diseño (CAHAD), and
Unidad Académica Bachillerato con Interacción
Comunitaria (UABIC)

Torreón
(634,629)

SCV-Torreón Escuela de Sistemas Unidad Torreón de la UA de
Coahuila

Each challenge was lead by our action-research team in collaboration with participant local
institutions and volunteers
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and front-end servers. The back-end server provides a set of PHP web services that
use JSON technologies for data sharing among software modules. The front-end is
a user-friendly UrBis website (HTML, CSS and JavaScript languages) that facili-
tates registration and administration of UDCs and users.

A designated user administrates each UDC. The administrator has privileges to
access the visualization tools and gives permissions for other registered users to
participate in the challenge as either data collectors or observers (Fig. 2). UrBis data
integrity is kept through a secure non-relational database that allows great flexibility
for storing and managing UDCs data. Our data collection process uses best prac-
tices to satisfy the requirements of anonymized data management, including those
related to personal data safety (Laurilla et al. 2013).

6 UrBis Deployment and Data Collection

Each UDC was conducted trough four main activities that enabled the integration of
volunteers work supported by mobile and social technologies: recruit a population
of volunteers, co-design a mobile crowdsourcing experiment (that is, an UDC),
implement the UDC, encourage participating volunteers to reflect about the positive

Table 2 The goals of each UDC vary according to the needs of the local communities

UDC (year; duration
in months)

Goals summary (no. volunteers; years of age)

SCV-Cortazar
(2016; 3)

Use participatory sensing to document and characterize the urban
environment of Cortazar City; (20; 18–22)

SCV-Guanajuato
(2015; 14)

Use participatory sensing to document and characterize the urban
environment of Guanajuato City. Make use of the collected data for
artistic creation. Develop recommendations that could be useful for
develop public policies to improve the city’s urban environment;
(200; 16–65)

SCV-León (2015; 6) Use participatory sensing to examine how youth perceive their urban
environment. Engage youth in a research experience as a means to
enrich their studies and professional practice. Incorporate data and
information collected in the field within classroom activities; (50;
18–22)

SCV-Lobo (2016; 4) Support institutional efforts to diagnose the state young people
in situation of social exclusion and risk of social violence in León
city; (20; 18–40)

SCV-Mérida (2015; 3) Develop a participatory sensing experiment lead by youth to
document the positive and negative aspects of the urban
environment in Mérida city (80; 14–25)

SCV-Torreón
(2016; 2)

Identify and document problems in pavement and sewers in of
Torreón city to provide timely information on the state of the city’s
transit routes (40; 18–22)
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Fig. 1 UrBis mobile application supports data collection for multiple UDCs. The application
allows users capture georeferenced multimedia content (pictures, videos, audios, text and surveys).
Data collected by the user are automatically collated, synchronized, and uploaded into a back-end
server. The figure shows screen shots of the application: (left) UrBis access screen, (center) list of
available UDCs of a user, and (right) geographic location of the user during data collection

Fig. 2 UrBis front-end is a user-friendly website that allows users to administrate UDCs and
visualize georeferenced data collected during fieldwork. The figure shows a León city area of León
where data from one of the UDCs were collected. Colored circles indicate evidence (i.e. data)
clusters. A friendly graphical interface allows users inspect the evidence within clusters (pictures,
videos, images, text, and surveys)
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and negative aspects of the data collected, and develop potential solutions based on
the information distilled from it.

Recruiting volunteers. Action-research teams in each of the five cities recruited
local volunteers from high schools, universities and government institutions
(Table 1). The number of volunteers and age of participating in each UDC varied
according to the specific goals of the challenge (Table 2). Populations of young
people participated in all our UDCs. In Guanajuato, a population of 16 seniors also
participated in the UDC. SCV-Lobo was lead by a group of young adults trained to
engage young people in situations of social exclusion and risk of social violence.
The recruitment process for took 3–4 weeks of intensive work by our research
action-team (Table 3). The process included workshops emphasizing the impor-
tance of the collective participation of citizens to address socio-urban issues and the
role that mobile technology can play to empower people to make improvements.
Volunteers were organized into groups consisting of 5–10 members each. To
incentivize student participation, registered volunteers were allowed to accumulate
the time spent in UDC activities toward their social service requirement. A total of
480 registered volunteers participated in the six UDCs.

Co-designing the experiment. For each UDC, our action-research team and the
participating volunteers designed the mobile crowdsourcing experiment.

Table 3 Recruitment workshops were conducted for each UDC

UDC Recruitment
period in
weeks

Recruitment
workshops

Participants Codesign
workshops

Social
media

SCV-Cortazar 2 1 Students, school
authorities,
government
officials

1 Facebook

SCV-Guanajuato 4 4 Students,
teachers, school
authorities,
parents, and
seniors

4 Facebook
and
Twitter

SCV-León 4 4 Students,
teachers, and
school
authorities

4 Facebook
and
WhatsApp

SCV-Lobo 2 1 Students,
government
officials

2 No

SCV-Mérida 4 2 Students and
teachers

2 No

SCV-Torreón 3 2 Students and
teachers

2 WhatsApp

Workshops were lead by our action-research team
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The co-design was conducted during workshops that led to discussions about
mobile and social media technologies for the common good, ethics, data privacy,
personal safety, urbanism, and basic techniques in photography. During the last
workshop, participating volunteer groups developed a chronogram of the activities
that would be conducted during the UDC. Groups were instructed to center their
attention on urban challenges affecting the city landscape focusing on both positive
and negative aspects. Therefore, each group defined one, two or three urban
problems they wanted to document and the specific approach to conduct their
investigation. Some of the urban concerns highlighted during the co-design
workshops ranged from garbage in the streets and alleys to crime and vandalism,
worn public infrastructure, graffiti, and the prevalence of alcoholism and drugs. In
the specific case of SCV-Lobo, participants conducted a survey designed to give a
basic characterization of youth facing social exclusion issues in impoverished
neighborhoods of León city. In SCV-Lobo, the UrBis platform was used to apply
the survey to groups of marginalized youth that agreed to contribute voluntarily.
Besides the surveys, pictures, videos and audio interviews were collected in the
field.

Implementing the UDC. Urban Data Challenges had duration between 2 and
12 months (Table 2). Challenges mainly consisted of safe data collection activities.
Fore example, in Guanajuato city, fieldwork was mainly conducted on weekends.
On these weekend gatherings, members of our action-research team led a review
session to reinforce the key ideas discussed during the workshops and to check each
group’s work plans for data collection. This check was necessary to ensure that
student groups didn’t visit unsafe parts of the city. After the review session was
finished, each group moved independently to document the various parts of the city
using mobile phones. Smartphones were given to each team; however, volunteers
also used their own phones for data collection after they downloaded the UrBis
application. During the UDC, students groups explored and documented various
routes within the city, which can be seen on an animated map at http://bit.ly/
1ZS6yij. Another example is SCV-Torreón, in which volunteers worked in areas of
the city that were safe to document. The city was previously subdivided into twenty
square regions that were explored during weekdays for documenting potholes and
clogged sewers in streets and sidewalks. Many of the documented potholes are
known to previously caused street accidents and damaged cars. In Mérida city the
data challenge took place in eight sectors of the city that surround the high school
campus that hosted the UDC (Fig. 3). Only volunteers that have specialized training
to interact with marginalized youth conducted SCV-Lobo. The interaction took
place following a protocol approved by government experts with more than
25 years of experience helping young people in situations of social exclusion and
risk of social violence. The routes explored by volunteers can be seen an animated
map at http://bit.ly/2lEJ2tK. Four of the UDCs integrated the use of social media to
maintain communication with participant groups while collecting additional images
through a dedicated channel (Fig. 4).
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Fig. 3 This figure shows a collage of pictures taken during the SCV-Mérida UDC

Fig. 4 UDCs integrated the use of social media to maintain communication with participant
groups. SCV-León Facebook page is shown in the figure
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7 Data Analysis

Data collected during each UDC was analyzed with quantitative and qualitative
methods.

A statistical characterization of the collected data was conducted through the
calculation of descriptive statistics, the computation of several types of choropleth
maps (v.gr. heat maps, cluster maps, and torque maps) (Slocum et al. 2014) and
hypothesis testing of georeferenced data (Haining 2003). Recorded interviews were
analyzed by means of the qualitative methods described in (Creswell 2014).

Our action-research team shared the information distilled from collected data
with participating volunteers as a means to incentivize reflection and discussions
about positive aspects of the urban landscapes explored and possible solution to the
socio-urban problems detected. UDCs leaders elaborated a report describing their
work and potential solutions to these problems.

Although the general methodology used by all UDCs is the same, their goals are
different and therefore, the nature of the information distilled from data for each
UDC is quite different. For example, SCV-León UDC emphasized the importance
of documenting urban perception and awareness of participant volunteers thorough
qualitative techniques. On the other hand, UDCs in Torreón and Mérida focused in
documenting the urban environment through quantitative measures. SCV-León,
SCV-Cortazar and SCV-Guanajuato used both quantitative and qualitative methods
to distill information from collected data.

8 Constraints and Limitations

Our research on socio-urban environments was constrained to specific areas of
mid-sized and small cities in México that that were safe for data collection activities
to take place during the UDCs. Cities in México suffer from a wave of violence that
limits the use of our approach to study urban environments affected by violence/
criminal activities. Except for SCV-Guanajuato, the number of participating vol-
unteers in each UDC was limited to less than 100 people. This limitation was
adopted as a means to facilitate the organization of volunteers within the institutions
that supported the implementation of the UDCs.

9 Results

The collected data of each UDC is rich in content. It is enabling a number of
qualitative and quantitative studies, also briefly discussed here.
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9.1 Collected Data

Pictures were used as the principal means for documenting issues. A total of 12,426
geolocalized images were collected during the six data challenges (Table 4). The
least number of pictures were collected in Mérida (347), and the largest number in
Guanajuato (7000). A total of 215 videos of urban scenes were collected in
SCV-Cortazar, SCV-Guanajuato, and SCV-Torreón (Table 4). Fifty-eight geolo-
calized audio-recorded interviews were collected in the filed (SCV-Cortazar,
SCV-Guanajuato, and SCV-Lobo). Geolocalized surveys were conducted in
SCV-Cortazar (129) and SCV-Lobo (44).

9.2 Mapping Evidence

From a quantitative viewpoint, one of the first tasks was to create heat maps for
each UDC to identify areas where participants collected data. We created these
maps by applying density estimation techniques to GPS locations embedded in the
geolocalized data. Four heat maps are shown in Fig. 5 corresponding
SCV-Guanajuato, SCV-León, SCV-Cortazar, and SCV-Lobo UDCs. Colored
regions in red indicate higher data density compared to those colored in blue. The
heat map corresponding to SCV-Guanajuato (top-left) shows regions in red with
higher incidence of urban issues. Heat maps and sample pictures from the other
UDCs are not shown due to lack of space. UDCs data sets are heterogeneous and
rich in content, which depicts features of each city related to the context of the goals
of each UDC. For instance, SCV-Lobo UDC contains data related to the urban
context of impoverished areas in León city, which includes images/videos depicting
graffiti, murals (religious images) and urban sites. These data contrast with those of
SCV-Torreón UDC, which is very homogeneous, and mainly portray deteriorated
street infrastructure.

Table 4 Data collected during the UDCs conducted in 5 cities

UDC Pictures Videos Audios Surveys

SCV Cortazar 894 86 9 129

SCV-Guanajuato 7000 85 20 –

SCV-León 1357 – – –

SCV-Lobo 1816 40 29 44

SCV-Mérida 347 – – –

SCV-Torreón 1012 4 – –
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9.3 Videos of Urban Scenes

UDC participants in Guanajuato, León and Cortazar, recorded 211 videos to capture
urban issues (such as a large wall with painted graffiti on a bridge or tunnel) or to
show relevant events (such as a bumpy ride in a city bus or a pedestrian crossing a
dangerous street). Collected videos last between close 6–10 s on average. About
one third of these videos include comments from the person recording it, which
makes these videos valuable to understand how volunteers feel about their city.
This kind of fieldwork, which requires direct interaction with people on the street,
offered a unique opportunity for participants to experience of the dynamics of the
urban landscape. It also let them reconnect to the tangible reality of their city
through the lens of their mobile device.

9.4 Emerging Themes

Themes captured by participants were manually coded from audio interviews,
videos of urban scenes and surveys captured in SCV-Guanajuato, SCV-Lobo, and
SCV-Cortazar UDCs.

Fig. 5 Evidence heat maps computed for: (top-left) SCV-Guanajuato, (top-right) SCV-León,
(bottom-left) SCV-Torreón, and (bottom-right) SCV-Lobo UDCs. Colored regions in red indicate
higher data density compared to those colored in blue. The heat map corresponding to
SCV-Guanajuato shows data corresponding to urban issues such as garbage, deteriorated
infrastructure, inaccessibility issues, etc. Therefore, regions colored in red indicate of higher
incidence of urban problems. Most of the SCV-León data were collected in the main street leading
to the historic center
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SCV-Guanajuato UDC. Three categories were used to code emerging themes:
(a) city image—showing littered garbage, graffiti, street dogs, and so on; (b) in-
frastructure—showing infrastructural problems, ranging from insufficient street
lights and garbage containers to inadequate street access; and (c) quality of life—
showing everything from vandalism, alcoholism, and drugs to insufficient public
transportation.

In Fig. 6, we plot the number of participants who described a specific problem
according to these three categories. This plot suggests which problems are per-
ceived as more prevalent. Interviewed citizens agree that garbage, crime, and
insecurity are the most pressing urban problems. Other problems that were also
mentioned include: overpopulation, pots in streets, the lack of adequate sidewalks,
the large number of people that work in the city but lives outside thus creating
serious traffic problems. Perceptions also change according to the age. The senior
population strongly agreed that many of the city’s problems are caused by the lack
of civic education and the lack of job for youth. Families are having a difficult time
to create the appropriate environment to raise children in a suitable environment
where human values, culture, and civism are the most important topics to teach to
the new generations. The lack of work for young people is also a serious problem in
the city. This problem has lead youth to engage into criminal activities and
addictions. One of the interviewed participants mentioned that “[…] the lack of
education is the source of crime, if parents do not teach their children to be
respectful, to be honest, how do we expect not to have problems with violence
when these children grow up?”

Fig. 6 Urban problems detected in Guanajuato City, which are further divided in three categories:
the city image (purple), infrastructure issues (orange), and quality of city life (green)
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These reflections agree with the fact that Guanajuato state has one of the largest
population of youth that do not work or study: 540,000 youngsters (15–17)
according to the data reported by the Instituto Nacional de Geografía y Estadística
(INEGI 2010). On the other hand, youth are more concerned about problems
affecting their immediate interaction with their urban environment (garbage,
insufficient and inadequate transportation, insecurity, etc.) The views expressed by
interviewed youth and seniors provide key insights on the origin of the observed
urban problems, as well as the key issues that should be addressed. Education,
strengthening of the family structure and creative ways of creating jobs for youth
are some of the topics that should be considered to improve the socio-urban
environments.

SCV-Lobo UDC. Three main themes emerged from the interviews: (a) the
quality of life in the city, (b) worn on non-existing urban infrastructure, (c) social
exclusion (lack of jobs), and (d) safety issues. People are very concerned about the
lack of jobs for youth and the lack of care from their parents. These are two of the
main causes for young people enter a gang or create new one. In general, a gang
controls an urban space such a street or a block, which becomes a safe space for
their members. Oftentimes, territory control is one of the main causes of violence
among gangs. Social exclusion issues such as the lack of urban services and
infrastructure exacerbate the conditions leading to a large number of gangs in León
City. Although the exact number of street gangs in the city is not known, gov-
ernment officials from the Instituto Municipal de la Juventud León estimate that this
number could reach over fifteen hundred with an average number of 20 members
per band (personal communication by Martha Hernández). The pilot survey con-
ducted during the UDC was aimed at characterizing street gangs in critical
neighborhoods of León City such as Las Joyas, San Juan Bosco, and 10 de Mayo
(Fig. 5). Table 5 summarizes the results of the survey applied to 44 gangs. In
general, the surveyed gangs are composed mostly of males with more than double
the proportion of women. The bands have an average of 25 members with a
maximum average age of 20 years and a minimum average of 15. Children under
16 created some recently formed gangs.

Table 5 Results of a survey applied to 44 León city street gangs

Mean Median Standard
deviation

Min Max

Number of males per band 21.18 20 9.67 10 50

Average number 8.05 7 6.48 0 30

Number of females per band 30.63 25 18.24 11 120

Number of band members 20.37 8 50.89 0.25 30

Age of the band 16.65 15 8.48 1 38

Average age of the youngest band
members

20.27 20 10.66 2 40

Average age of the oldest band members 21.18 20 9.67 10 50
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SCV-Cortazar. This challenge focused on documenting the perception a group
of young people with regard to educational opportunities within the Cortazar City.
The challenge considered the application of a brief survey and documentation of the
urban environment where the surveys were applied (http://bit.ly/2m8xbF8). Young
people 15–18 years of age participated in the survey, which consists of three key
questions: (a) What is your main goal in life? (b) What are the main obstacles that
force young people give up their studies? (c) What do young people need to go
back to school? With regard to the first question 61.1% of the interviewed subjects
aim at finishing university studies and become professionals, 19.8% are more
interested in finding a good job, and the remaining 19.1% are focused on subjects
like sports, music, and marriage. With regard to the second question, 50.3% believe
that the main reason why students give up their studies is the lack of economic
resources, 23.7% believe that young people lose the interest in continuing their
studies due to a variety or reasons (such as social exclusion), and the remaining
30% believes that the main reason is related to family issues, the lack of abilities,
antisocial behaviors, or premature pregnancy. With regard to the third question,
most interviewed subject agree that there is urgent need to achieve an economic
turn that results from actions conducted at institutional level, which leads to more
resources, support and incentives for youth to continue their academic endeavors.

10 Urban Data Challenge Outputs

Beyond the collection and analysis of a novel and rich set of socio-urban data,
UDCs resulted in an educational experience for participating volunteers and
members of our action-research team. These experiences lead to a reflection and the
articulation of potential solutions to the social and urban issues observed. With the
aid of local actors, our action-research team wrote a formal report describing the
details of each UDC. For SCV-Guanajuato, SCV-Cortazar, and SCV-Lobo UDCs,
the reports were presented to local authorities and government officials as a means
to promote synergies between citizen and government to find practical solutions to
issues that matter to citizen through development of suitable public policies.

One of the findings of our work is that that there are social and urban problems
that can only be addressed by government-lead solutions. However, we also found
that there are many social and urban issues that can be directly addressed by citizens
themselves. One example is the issue of garbage in Guanajuato City, which can be
effectively addressed if citizens make a better use of the city’s garbage facilities.
The collective action of citizens can catalyze the government actions to solve
pressing issues.

For SCV-Mérida, SCV-León and SCV-Torreón UDCs, the reports were pre-
sented to local school authorities to get further support for expanding the studies to
larger areas of the city. For instance, SCV-Merida report is an 83-page document
that employs urban ecology techniques to characterize eight sectors of a large
Mérida City neighborhood. The document includes a diagnostic study based on
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social, environmental, and infrastructural variables measured through various
techniques, including mobile crowdsourcing. This document serves as a guide to
conduct urban studies with the collective participation of citizens over larger areas
of Mérida city. It can also be used as a model to conduct studies in other Mexican
cities.

Finally we emphasize that the use of social media played a fundamental role in
the creation of a communication channel with communities that continuously fol-
low the information generated during the UDCs. Two notable examples are the
SCV-León and SCV-Guanajuato Facebook pages, which are followed by a large
audience since their creation in early 2015 (http://bit.ly/2lKqgBl and http://bit.ly/
2lECpr3).

11 Conclusion

In this paper we have described an action-research experience in engaging youth
populations in the field with the help of a mobile crowdsourcing methodology
aimed at supporting socio-urban studies in the Mexican cities of Cortazar, León,
Guanajuato, Mérida and Torreón. Our methodology combines mobile computing
tools, social technologies and community practices to effectively document, char-
acterize, reflect about socio-urban issues, and to develop possible solutions through
the combined effort of citizens. Our mobile crowdsourcing platform (UrBis) enables
deployment of field experiments in the form of Urban Data Challenges co-designed
by our action-research team and community of young people. Our experiments
focused on: (a) collecting and mapping georeferenced images, audio, video, text
and surveys; and (b) creatively using the collected data for community reflection
and development of potential solutions for sustainable development.

The results of the UDCs experiences described here suggest that the use UrBis
platform can empower citizens and foster synergies with government organizations
to document, characterize, reflect and propose solutions to socio urban issues. We
have shown that UrBis facilitates the collection of rich multimedia data, fosters the
participation and education of populations from different social segments, is
applicable in a wide variety of urban environments, integrates sustainable com-
munity practices (such as the social service school requirements), and facilitates
dissemination of data and information for a more effective interaction between
citizens and government institutions. Preliminary results of ongoing UDCs con-
ducted in Querétaro, San Luis Potosí, Guanajuato, and two cities in Colombia (data
not shown due to lack of space) provide further support to our claims. The results of
these new UDCs will be reported in a future paper.

Collection of multimedia content in Mexican cities had proven necessary in our
action-research work. Platforms such as Foursquare, Google Street Map and
Google Street View provide images of cities in México. However, there are many
urban sites that are digitally invisible in these platforms. In a preliminary study, we
demonstrated that in some areas of Guanajuato, as much as half of the data from

UrBis: A Mobile Crowdsourcing Platform for Sustainable Social … 35

http://bit.ly/2lKqgBl
http://bit.ly/2lECpr3
http://bit.ly/2lECpr3


GSV have limitations (Ruiz-Correa et al. 2014). For this reason, the tools provided
by UrBis facilitate mobile crowdsourcing studies where documentation of the urban
sites and the perception of citizens about their socio-urban environment are of prime
importance.

There are various related works, including civic reporting systems, youth and
community engagement programs, open mapping initiatives, and social media. Due
to lack of space, these topics are not discussed here. The interested reader can
consult the following references (Santani et al. 2015; Ruiz-Correa et al. 2017).
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The Living Interculturality of Chiapas
to Recreate the Modern University
Towards Sustainability Horizons

Felipe Reyes-Escutia

Abstract Naturalizing modernity has enslaved our thinking, our imagination, our
actions and our proposals, subjecting them to their univocal rationality. Regions
like Chiapas are essential to imagine and build sustainable realities and horizons for
Humanity due to the biocultural diversity of its peoples and its powerful expres-
sions of life, dignity, hope and intercultural dialogue. This paper does not present a
research report but the epistemic construction achieved by the team of the
Environmental Education and Sustainability Laboratory of the University of
Sciences and Arts of Chiapas during the journey with native and mestizo peoples
oriented towards community sustainability between 1996 and 2017. Throughout
this time, different modern theoretical and methodological positions were assumed
and confronted with local realities, discovering their insufficiency to understand the
space-time-symbolic complexity of human communities and their global-local
biocultural processes, and to propose strategies of sustainability. We have observed
that the disciplinary and rationalist epistemic framework does not correspond to the
complex, intercultural, diverse, spiritual, loving and deeply alive universes of the
Chiapas peoples. In their cosmogonies, gnoseologies, territories and social models
we recognize fundamental references for the construction of a sustainable
Humanity: respectful identities with life, solidarity, intercultural dialogue, under-
standing and loving understanding with the Earth and with the peoples, life. With
this learning, we propose strategic lines towards the recovery of the University as a
fundamental institution for the civilizational construction, in the key of
sustainability.
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1 Introduction

Modern Western civilization is unsustainable. It needs new forms of knowledge and
understanding of the world, of living in it and of coexistence between cultures. The
University, for its vocation to knowledge, its critical thinking and its responsibility
in the training of professionals, thus acquires a fundamental meaning and an
indispensable role in the imagination and configuration of horizons for Humanity.
The University is currently faced with the challenge of undertaking, as it did in its
origins, a profound civilizing process.

In Western civilization, Reason and Man remain centers of an apprehensible,
dominable and knowable universe. In this regard, Steger (1974) states: “Excessive
departmentalization has contributed to the compartmentalisation of scientific
practice based on unidisciplinarity, and can also produce, from the sociological
point of view, the perverse effect of transforming knowledge into goods sold and
bought according to the needs of the market”.

The university has to transcend modern scientific paradigms as an institutional
reference. It must build spaces for the encounter of diverse forms of knowledge,
understanding and construction of Worlds and Humanity. In order to aspire to
imagine and construct new and different realities, others are fundamental to the
University, but not this one. The University should deeply review its identity and
project as a social and academic institution. The university education has to recover
cultural diversity, respect for the land, a clear planetary awareness and an ethical
framework founded on life (Reyes-Escutia 2008). Thus, the dialogue and living
diversity emerges to embrace, imagine and create identities and utopias. The
modern University finds fertile ground, a source of life-giving water in the painful
and hopeful interculturality that throbs in the towns of Chiapas.

Faced with the hegemony of univocal thinking, the peoples of Chiapas offer
epistemic diversity and dialogic universes, from the adversity and pain of modern
marginality. Faced with the objectification of the world, the mestizo and native
peoples identify themselves, organize, dialogue and build knowledge from the
sacredness of life to which they belong. They build sustainability every day, in
adversity. To understand, to enter and to dialogue with these universes is essential
for the University.

2 The University in Chiapas: Decolonizing Our Thinking
to Understand Intercultural Realities

For over 20 years we have been able to observe how the approach based on
economic development has generated economic dependence and deteriorated the
autonomy of peasant peoples; We have seen how official social programs have
provoked cultural dependence, abandonment of peasant identities, denial of one’s
own biocultural heritage, and have encouraged the migration of young people to the
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city or “to the North”; We ourselves have been part of academic projects that
fragment the problems, affirm the ignorance and guilt of the peasants and offer
technological solutions. And, in all cases, environmental degradation and the
poverty of people living with forests, rivers or seas were not halted.

In this paper we present the concepts that we have built and integrated from the
learning that these peasants have given us, generous, to whom we form the
University, to recreate it, to recreate us.

Identity andworlds. Understanding the universes thatflowwith vitality in the thought,
body and spirit of the peoples of Chiapas is not an adventure that can be undertaken
from the exclusionary poverty of modern reason or from the aseptic exercise of dis-
cipline. It is necessary to liberate and broaden our intelligence to understand the
complex unity we are, the poetic consciousness of belonging and to assume that we are
not disconnected fragments of intellect, sensation, emotion and spirit.

To impose a single and exclusive notion, a single paradigm of the world and
society denies and/or submits and/or marginalizes the authenticity, validity and
civilizing value in the planetarity of each complex and vital territory-nation-
history-culture system. In the configuration of each biocultural universe national
and community identities are vivified and validated.

Identity is the point of departure and destination; it helps us walk in the current
planetary crisis. We must not reduce it to individuality or cultural totalitarianism or
to civilizing colonial imposition. On the contrary, we must understand and assume
it as the beginning of dialogue, to be and to form community. As Villoro (1998)
states, identity is an intersubjective representation that is shared by the majority of
all the members of a people—or community—which constitutes a collective Self.

In the face of the modernist denial of recognizing the different as normal, the
consciousness of strengthening the cultural-historical identities of each community
emerges as a fundamental condition for imagining, exercising, communicating, loving,
enriching and defending what one is; to dialogue lovingly and to build poeticized
communities with/in the others. To Be Us, in short (Reyes-Escutia 2017, in press).

On the other hand, in the hegemonic process of colonialist cultures that under-
stand equality as homogenization, the diversity of biocultural universes in the world
is being weakened by the deterioration of local cultural and historical identities, by
the weakening of their capacity and vigor for dialogue and for the global con-
struction of Humanity. Weak identities can be subdued easily, and colonized.

In this process, what identities does the University—as an academic and social
institution with civilizing responsibility—seek in education, science and culture?

To recognize the intangible landscapes that bring us closer to an answer, we refer
to a concrete experience:

In 1999, in the design of the sixth curricular project for the training of biologists in Chiapas,
the integration of an environmental education seminar was proposed. The proposal was
rejected, on the grounds that it did not represent a scientific field, despite the fact that a
significant number of biologists perform educational work in communities and in protected
natural areas of the State. The following ensuing case illustrates the consequences of this
decision:
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A group of biologists was hired by the Ministry of Environment and Natural Resources to
conduct environmental education workshops in rural populations established in several
Biosphere Reserves. Without the necessary training due to the refusal of the seminar
described above, the biologists prepared a plastic recycling workshop. They started the
workshop in the morning by asking the children to bring empty plastic bottles. Noticing the
confusion of the children, the biologists clarified: an empty soda bottle. Then, with this
clarification, the children ran home from their school without walls. When they arrived they
said to their mothers: “the teacher says to give me money to buy a soda.” Without being
totally convinced the mothers gave the necessary money to buy the soda.

We must stop here to understand what happened beyond the immediately
sensory-observable:

1. Biologists proposed plastic recycling because it was the only activity they could
recognize with meaning and environmental value.

2. The community had no problem with plastic waste.
3. The workshop was not designed to correspond with the realities and problems of

the community nor with its environmental expression.
4. Mothers gave money to their children to buy soft drinks because they were

forced to comply with school activities in order to receive the economic support
from the federal government.

5. Money is scarce in the community.
6. To quench their thirst—and also their hunger!—people in the community

ingests a drink of pre-Hispanic origin, based on corn and cocoa, called pozol,
obtained from their knowledge and practices on their territory.

7. Pozol is a cultural, technological and nutritional heritage of the community.
8. By inducing, from ignorance of community life, the substitution of pozol.

consumption in favor of the purchase of bottled soft drinks affects the cultural,
technological and nutritional heritage of the community and, at the same time,
promotes the cultural, economic, and technological and communitarian depen-
dence model associated with modernity. In addition, the decision favors the
development of disfavorable dental and gastrointestinal conditions in a com-
munity lacking medical and dental services.

The modern coloniality exposed in the expressions of identity presented by the
biologists, thus, affected the cultural processes of a community whose identities are
being submitted to the univocal, vertical and hegemonic structures and practices
imposed from the school and the modernizing national institutions.

On the other hand, communities with strong cultural identities, deep roots in
their history and in their territory, and with visions and paths with their own utopias
and light, are genuinely authentic and whole. They express consciously what they
are and want. For example, we can retrieve the dialogues developed at the First
Encounter of the Zapatistas and the Con-SCIENCES for Humanity, held in San
Cristobal de las Casas, Chiapas, Mexico; from December 26, 2016 to January 4,
2017. These are the words of Sub-Commander insurgent Galeano on the first day of
the Meeting (SubGaleano-EZLN 2017):
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And for you to know us as zapatistas, we will begin by telling you what we do not want and
what we do want.

We do not conceive of knowledge as a symbol of social status or measure of intelligence.

…

We do not want to go to university, we want the university to rise in our communities, to
teach and learn together with our people.

…

We want schools to be set up for the training of scientists, not workshops disguised as
schools, which teach only trades at the service of capitalism…

We want scientific studies, not just technical ones.

…

We do not want to enter scientific and technological competitions, those that so enthuse the
universities …; we want to learn and do science and technology to win the only worthwhile
competition: life against death.

We do not want to go to big cities and get lost there. And it is not for lack of knowledge, or
for the lack of intelligence, or a lack of money.

It’s because we do not want to stop being what we are. And we are originative peoples,
originative people say. And what makes us what we are, it is our land, our people, our
history, our culture and, as Zapatistas, our struggle.

In short, we want to understand the world, to know it. Because only if we know it, can we
make a new one, a bigger one, a better one.

We can then understand that within the efforts of recovery and strengthening of
the historical-cultural identities of human communities the following possibilities
emerge:

1. Give substance to the intercultural encounter.
2. Awaken the collective desire to build better worlds, our own worlds.
3. Imagine and build loving, poetic, supportive, and sustainable Humanity.
4. Imagine and build civilization in dialogue diversity.
5. Recognize ourselves as different beings but in dialoguing communities.
6. Understand our belonging to life.
7. Recover and strengthen our cultural heritage in diversity.
8. Support responsible forms of life and coexistence with Mother Earth.
9. Build viable, just, and dignified societies, and

10. Recover our complex Humanity that integrates spirit, intellect and body.

The construction of identities from and in dialogue—with the land, with life, in
time, between people, towns and nations—forms community, it gives rise to and
sustains concrete, unique, differentiated, and complex biocultural processes; it
builds nation, heritage, imaginary and Utopia. Communities sprouted and cultivated
in the creative dialogue between territory, history and culture are the basis of human
diversity and the sustenance of the vast and fundamental cultural heritage, essential
now to imagine a Humanity that we begin to recognize and that we have to be to
achieve our Good-living.
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In this way, modern institutions, and especially the University, must understand
that each human community is unique and constructed with or from its territory,
history and culture. The systems of unitary and totalizing knowledge, rationalities
and epistemologies—universalizing—do not correspond to this condition of iden-
tity and diversity. In the face of the planetary crisis, urgent is the emergence of
gnoseologies, systems and knowledge practices that are based on this principle of
dialogue, understanding and constructing of society and Humanity to build and
weave emerging identities, realities and horizons. To recover hope has to be the
reason and purpose of an unpostponable University to be built.

A university project that assumes identity in the diversity Humanity can only be
configured and understood from articulated referents of complexity, transdisci-
plinarity, interculturality, dialogue, solidarity, spirituality, critical subjectivity,
historicity, uncertainty, belonging, and community. This aspiration is impossible
for the cosmogonic, philosophical, and epistemic approaches of an objectivist,
dualistic, reductionist or fragmentary character. Recreating the modern institution
that is the University is an indispensable and urgent task. The forging of Solidarity
Humanity, must be its beginning, a path and destiny that gives us birth and gives
utopia bringing us closer to the possibility of an intercultural civilization.

Belonging to Life to be Humanity. Every cultural project shapes, vivifies, prob-
lematizes and recreates identities that are manifested in the human expressions
guiding the social processes of each people. However, in the philosophical referent
of being and being in modernity, the notion of belonging to sacred universes or
entities in their relation to the Earth is not recognized, identified or assumed. Earth
is an object, a thing. Our superior civilization cannot belong to it and this is not
congruent with its dualistic and colonial nature. So, in the modern project, one
wonders, to what does Humanity belong? To what does thought belong? To what
does the university belong?

It is possible to draw a landscape that helps recognize the need for such ques-
tions. Under the modern food model and according to the Food and Agriculture
Organization of the United Nations (FAO 2015), there are now 795 million hungry
people in the world; according to the report “Global Food: waste not, want not”
(IME 2013), 30–50% of the food produced in the world is now wasted: an ethical
contradiction, to be sure. Moreover, three quarters of the 795 million people who
suffer from hunger live in rural communities, that is, where food is produced. In the
same sense, Ortiz and Cummins (2011) point out that in 1% of the global richest
population one finds concentrated the same economic wealth as 56% of the poorest
population. Then, from this absurdity, we must inquire: What civilization is this that
only generates inequality and hunger? What is the notion of Humanity, world and
territory that assumes and builds this reality? What has been the role of knowledge,
culture, science and technology—paradigms of the modern project—in the con-
figuration of this crisis? And, then, how does the modern university participate in
this critical process?

Education, especially in universities, guides the processes of continuity and
social change. In this practice they assume and apply notions of well-being and
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progress aimed at privileging individuality over communality, capitalist materiality
at the expense of a spirituality that favors belonging to life, competition and con-
frontation over dialogue and cooperation, violence over peace and reason over love.
The result of this current project of civilization is the crisis of Humanity, expressed
in severe planetary environmental deterioration, in human poverty and inequity.

Neoliberal modernity does not assume as a general principle or practice its
belonging to Life. Life and its expressions are merchandise, resource and object in
its economic-social rationality; these have become natural capital, objects of study,
and natural resources in the hegemonic academic rationality. The modern university
assumes these notions to define and build Humanity, world, society, culture, and
territory. Man is a subject, as are Life and object. No possibility of belonging exists
here.

The throbbing experience of the communities and nations that give life to their
principles of being and being from a deep sense of belonging to life cultivate a
spirituality that expresses itself in a loving and poetic life with the Earth and gives
body to a vigorous project of civilization. The principle of belonging gives sense
and horizon to the dialogue between identity and utopia that leads to sustainability
—beyond its technical definition—in Latin American academic thinking, a notion
close to the Good Living of originative nations and peoples that interweave with the
Earth. There are margins and horizons of hope in many ways.

The possibility of a university that leads us to Good-living dwells in the notion
of belonging that originative peoples assume within the systems that integrate
society, world and knowledge. In this sense, Padilla (2014) helps us to recognize a
new life in diversity by describing the poetic and simple life of the originative
women and peasants of Chiapas, who recognize Earth as the mother of life, of food,
of their identities and vital links:

The grandmothers of Coquiteel and Corostic say: “Before, rituals were performed …
people prayed for rain, but they also asked the animals that lived in the milpa, like ants and
moles, not to eat the milpa; that’s why they brought an offering in their caves, … they told
the animals that they could share the food with them.

This simple cultural practice is a deep and complex living expression of a
cosmogony that is based on belonging to the Earth and Life, which translates into
Good Living: a vast and diverse agricultural system that dialogues with ecological
processes (the Maya milpa). It is to harvest food free of agrochemicals, because to
the Maya the animals with which they coexist in their crops are not a plague. This
means that their soils remain fertile and are not contaminated; its production is
organic because no chemical fertilization is needed. In turn, this mode of
thought-living represents lower health risks for people as it provides a varied and
healthy diet meaning less economic dependence because no fertilizers or pesticides
are required. Agricultural practices are oriented to food sovereignty. In this way,
they strengthen their community identities and their links with the territories and
their biocultural landscapes. Poetic, civilizing, vigorous and dialogic exercise as
well as belonging, identity, imagination, and utopia are achieved.
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But not only in the originative peoples other living worlds exist. There are also
mestizo peoples who build worlds, belonging to the Earth, as related in the fol-
lowing work experience:

A group of university students came to a community in the Sierra de Chiapas to conduct an
environmental education workshop because they knew that deforestation is a serious
problem in this region. They guided the workshop to explain the importance and ecological
function of trees. When the students concluded their explanation about photosynthesis, a
peasant stood up and said, “I understood, then the trees and we are ourselves!” The
students, trapped in their fragmentary and objective rationality, did not understand why the
peasant affirmed such a thing. Puzzled, they asked him to explain.

-Yes, you say that the tree releases the oxygen we breathe in the air and we give it that thing
you said (carbon dioxide). Well, there it is! When I go to rest under the shade of the tree and
I breathe its oxygen is in me and my coal is in it. At that moment, the tree and I are
ourselves (testimony of the author).

Thus, Belonging, as a philosophical principle of Humanity, brings to the
philosophical notion of Being the transcendent possibility of building Humanity,
society, civilization and woven worlds into a Self that recognizes us and under-
stands us in/with the world. This is a fundamental condition to imagine paths for
Humanity that is based on dignity, solidarity and the biocultural viability for any
civilization project.

The university must understand the cosmogonic universes of non-modern peo-
ples, those which understand that Humanity belongs to the hypercomplexed cosmic
process by which our planet exists and to the biospheric processes that make life
flourish on Earth. We are an expression of the universe and of life. This under-
standing is naturalized in the cosmogonies and cultural processes of the originative
peoples of Chiapas and Central America, as can be seen in the collection of books
collected and known as Chilam balam on Mayan civilization.

In these cosmogonies, Humanity gives life to civilization processes with notions
of world, society, territory and life that determine identities, imaginaries and utopias
in concrete territories. Each nation builds a social project: food systems, forms of
social organization, models of knowledge and technology, systems of beliefs and
values, models of coexistence between peoples, are set up with land and life.
Understanding this diversity of civilizing expressions in different territories repre-
sents for the University the challenge and opportunity to be the institution that
Humanity needs to transcend this planetary crisis.

The university, in its origins, arises to guide a civilizing process during the
Middle Ages as a result of a long process of social and cultural reorganization
(Tünnermann 2003). The University, today, must recover its historical responsi-
bility born thousand years ago: to build Humanity and civilization.

And thus we come to knowledge: referent centering on being and doing uni-
versity. We need to understand what knowledge belongs to. We can find an answer
in reminding those 795 million hungry people in the world who are inscribed in a
world food system defined more by market and capital criteria than by Humanity.
We can also recover the concept of knowledge blindness proposed by Morin and
Kern (1993), who states:
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True rationality, open by nature, dialogues with a reality that resists it. It operates an
incessant going and coming between the logical instance and the empirical instance; It is
the fruit of the argumented debate of ideas and not the ownership of a system of ideas.
A rationalism that ignores beings, subjectivity, affectivity, life, is irrational. Rationality
must recognize the side of affection, of love, of repentance. True rationality knows the
limits of logic, of determinism, of mechanism… True rationality is recognized by the ability
to recognize its shortcomings.

… Now, we must know that in every society, including the archaic, there is rationality both
in the making of tools, strategy for hunting, knowledge of plants, animals, terrain as there is
in myth, magic, religion. In our Western societies, there is also the presence of myths,
magic, religion, including the myth of a providential reason and also including a religion of
progress. We begin to be truly rational when we recognize the rationalization included in
our rationality and when we recognize our own myths among which lie the myth of our
all-powerful reason and that of guaranteed progress.

There is a notion of knowledge to be built, one that belongs to—and makes
emerge—an intercultural Humanity, a notion that interweaves the rationalities,
humanities, worlds, identities and utopias of the peoples of the world to generate
understandings that recognize us humans from Belonging to life and to the cosmos;
a complex notion that recovers poetically the complex multi and interdimension-
ality that gives body and life to our human being; a notion that does not fragment
our intellectual-emotional-spiritual-material-communal integrality. This is a notion
of knowledge to understand, and to understand us, to sustain a loving being, and a
belonging to Life.

3 Utopia: Towards Sustainability Since
the Transformation of the University

Possible worlds, society drawn in the collective imagination, feelings-thoughts that
emerge in different latitudes, nourish the hope of a utopian landscape for our
civilization. Actions, speeches and poetic words meet and dialogue to transform and
transform themselves. Thus, we find the Latin American and poetic word of
Eduardo Galeano (1998), which allows us to depict this “other” world: dignified,
spiritual, communitarian and loving:

“What if we rave for a while?

Let’s stop looking so hard at the infamy

to guess another possible world:…”

The right to delirium (1998)

Building Humanity requires a fine, articulating, careful, subtle, delicate thread
that integrates into the same tissue the awareness and praxis of our identity and
belonging. In this weaving, performed with the dreams and hopes from the com-
munity and the territory to forge a utopia from critical and complex thinking, we
cannot fail to see the complexity of a modernized Humanity that has been
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impoverished and subdued in the naturalization of the objectification of the world,
which has embroidered positivist scientific knowledge, still hegemonic, in the
canvases of reason. However, in order to build a dignified life, a free, solidary and
happy Belonging Humanity, it is not permissible to remain enslaved by this poor
notion of reason, knowledge and life; it is not possible to hide the beauty that
emerges from the color, the musicality and the serenity that is only accessible from
the spirituality, the emotionality and communality that, interconnected with the
intelligence, make us human. There the utopia: to be Humanity loving belonging to
life.

The nature of Utopia is to be light that illuminates, hope that sustains, dreams
that lead. Utopia mobilizes, encourages the Being to belong to a community, a
family, a nation; to life. The spirituality that gives life to the belonging of a people
is intangible, unavoidable for objective scientific knowledge; however, it is
essential to understand the complex unity that we are belonging to and, with that
understanding, transform (us), and recreate ourselves.

And as a sign that these other worlds exist, are real, live intensely and can feed
our imagination and our thoughts, is Chiapas. This South, this tropic that we are,
that still dreams and lives with the pain of daily exclusion and incomprehension,
offers the color of the historical fabrics of the liveliness and complex interculturality
of peoples—cultures—who assume and know that they belong, live and deeply
dialogue with the worlds and with the beings that inhabit them, with whom they
share time and space. The vigorous worldviews and utopias of the original and
mestizo peoples of Chiapas express a deep and structured enchantment with life.
They allow us to recognize other universes to create and recreate new civilization;
open doors to the intellectual, spiritual, cultural and social integration of our
humanity to spin poetic future with roots in life, and polychrome landscapes in
diversity and hope.

To achieve the University we need, it is essential to undertake a creative, col-
lective, dialogic exercise to build this place that currently does not exist: that place
called utopia, where one dreams, thinks, aspires, desires, and evokes. Utopia for the
university is interculturality, to exist and progress in a loving dialogue between
cultures, histories, societies and territories as an inalienable principle, in each
expression of what we now call substantive functions. Drawing these landscapes of
utopia and tracing paths for human walking is today a task to give body to the
University, even in the sea of difficulties, contradictions, blindness, dogmas, inertia,
poverty and resistance that coexist in this institution. The task of constructing
Utopia must be the nature and daily process of the university’s living body, in order
to guide and sustain hope in the contradictory, convulsive, conflictive and
exhausting realities.

The modern university’s living body, modernized, without roots, without terri-
tory and aimless cannot continue walking. It has to transform and underpin the
belonging that enlivens and gives hope, in the collective dreams of each people of
the world to be with an identity in the diversity and, then, to build a reality and
utopia for the global human planetary process, that is current in every territory.
Current in the culture, prevailing in the encounter between the nations, this identity
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is clarifier for the hope imbued in the process of constructing university and daily
Utopia.

Hobsbawn (1998) invites us: “Let us dream of the future. There are many
reasons for that. Historians, like other human beings, are entitled to have their idea
of a future desirable for Humanity, to fight for Humanity and to be encouraged if
they discover that History seems to go where they want, as occurs sometimes. In
any case, it is not a good sign of the way of the world if men lose confidence in the
future…”

And then, yes, another world is possible. To nourish hope and give certainty to
the way, we must know that these “different” worlds already exist, alive, fighting,
being and belonging poetically. Modern civilization ignores them, does not rec-
ognize that in the dialogue with them lies their only possibility of a dignified future.

4 Learning by Way of Conclusions

We consider that the use of knowledge does not take life as a center and as reason.
In order to build sustainable Humanity and civilization, the necessary biocultural
diversity exists, and dialogue between cultures, gnoseologies and utopias is possible
and expressed every day. Undertaking this construction is imperative and the
transformation of the University is the key.

Chiapas makes it possible to recognize for the University a body of pathways for
understanding-intervention to build “other/our” paths, to understand the true being
of our peoples, from our realities, worlds and humanities that are painfully natu-
ralized as modern. Reyes-Escutia and Quintero-Reyes (2017, in press) recognize the
following strategic lines in their work The New School in Chiapas. These are:

1. The possibility of building a civilizational proposal that will recover us in
life from the University, in the South and the Tropics that is Chiapas, must
denaturalize the modern as a reality, a rationality, and a gnoseological
structure and utopia. This requires dialogue between the unitary and partial
modernity with the diversity and belonging to life that vivify other communities.
It also requires a reformulation of the systems of knowledge, beliefs, knowledge
and values of modern institutions, especially educational and scientific institu-
tions, which have the fundamental responsibility of forming a gnoseology and a
process of decolonization from the dialogical and intercultural. Necessary
between the peoples of the world and their systems of knowledge and life, it is
essential to build Humanity with local force and a planetary viability. The
formation of subjects that build knowledge of their and other`s global-local
value is a first, important, step.

2. Local cultural identities must be recognized, strengthened and dialogued.
For the intercultural construction of knowledge and sustainable societies it is
fundamental to strengthen local identities and cultures. In the cultural diversity
of the world lies the possibility of transcending the civilization crisis. It is
imperative for the University to sustain and seek Good-living in interculturality.
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3. Diversity, processes and biocultural heritage must be appropriated pro-
foundly. This task requires the transformation of institutions, their processes,
structures and academic and normative frameworks in an effort to inscribe them
profoundly in the dialogue of solidarity, in the construction of societies, in the
recovery, respect and promotion of diversity and in the processes by which
societies can Be with their territory.

4. The recovery of our multidimensional Humanity as a principle and purpose
of the University must be understood and internalized. To understand our
complex realities, it is necessary to imagine-build healthy and dialogic com-
munities with the Earth, among peoples and between reason and spirit. We must
build the reality we need, where poverty, marginalization and hunger do not take
place, do not make sense, are not normalized, accepted and institutionalized,
even if only in assistance-giving institutions.

5. A hologramatic and recursive reading of history is necessary and essential.
Recovering Morin’s Hologramatic Principle (Morin 2003), a substantial con-
sciousness of a broad temporality that recovers and re-graphs the past as living
history to understand current realities and to imagine and build futures must be
achieved; only then can history and a present be seen as the sustenance of social
change and continuity, which depending on the matter of the subject can be
present dialogically diversely.

6. The need to educate in and for interculturality, and the recovery of notions
of process, belonging, conflict, dialogue and commonality to achieve the
urgency of being Humanity in a profound and poetic oneself. These elements
as well as the transposition of, in our construction of utopia, material and
economic developments towards the happiness in the Good-living are necessary
to provide and exist with the adequate referents for the understanding of com-
plex realities, and for the intercultural social construction. Starting from com-
munitarian identities and utopias and, always, in the glocal dialogical solidary, it
is important to make knowledge, word and life.

In the painful but hopeful dialogue between an expired modernity and a
Humanity to be built, the University-from the living and dialogical universes in
Chiapas-can, thus, be imagined, constructed, be and belong. Alive nations and
territories that live deeply in diversity and interculturality learning to be Humanity
—like those expressed in Chiapas—represent the only possibility to imagine,
redefine and recreate that University, to make it another and true expression of a
loving constitutive life. Being a university that talks and understands belonging to
the palpitate of life, is to be hope in the belonging to Utopia, to be intercultural in
order to belong to and interact with poetic Humanity. That, certainly, is the
University we need and toward which we work currently in Chiapas, Mexico.

In this way of dialogue and collective learning, we can affirm from Chiapas that:
To assume, among communities, nations and civilizations, in our social, spiritual,
economic, political and knowledge systems as Intercultural Humanity pertaining to
Life constitutes the germinal architecture for an Epistemology of sustainability.

50 F. Reyes-Escutia



References

Galeano E (1998) Patas arriba. La escuela del mundo al revés. Siglo XXI, México
Hobsbawm E (1998) Sobre la historia. Colección crítica. Editorial Grijalbo-Mondadori, Barcelona
IME (2013) Global food waste not, want not. The Institution of Mechanical Engineers, London
Morin E, Kern AB (1993) Tierra Patria. Kairós, Barcelona
Morin E (2003) Introducción al pensamiento complejo. Gedisa, Barcelona
FAO (2015) El estado de la inseguridad alimentaria en el mundo. Food and Agriculture

Organization of the United Nations, Roma
Ortiz I, Cummins M (2011) Global inequality: beyond the bottom billion. A rapid review of

income distribution in 141 countries. UBIEF, New York
Padilla A (2014) Nosotras, Chiapas, El amor a la madre tierra en sus rituales. In: La Jornada del

Campo núm. 78. Retrieved from: http://www.jornada.unam.mx/2014/03/15/cam-amor.html.
(15 March 2014)

Reyes-Escutia F (2008) Universidad pública y sustentabilidad. Chiapas: Aportes para la
resignificación social y académica de la universidad. En: Reyes-Escutia F, Bravo MT
(eds) Educación Ambiental para la sustentabilidad en México. Aproximaciones conceptuales,
metodológicas y prácticas.UNICACH-UNAM-ANEA, México

Reyes-Escutia F (2017, in press) Construir un Nosotros con la Tierra. Aportes latinoamericanos
para la descolonización del pensamiento ambiental. UNICACH-Editorial Ítaca, México

Reyes-Escutia F, Quintero-Reyes Y (2017, in press) El Espíritu de la sustentabilidad y el deseo de
trascender la razón, desde el corazón de los profesores en la Nueva Escuela Chiapaneca. En: La
Nueva Escuela Chiapaneca. Universos, Humanidades, Diàlogos y Utopías. Secretaría de
Educación del Estado de Chiapas, México

Steger HA (1974) Las Universidades en el desarrollo social de la América Latina. Fondo de
Cultura Económica, México

SubGaleano-EZLN (2017) Subcomandante Galeano’s letter to scientists. Retrieved from:
http://enlacezapatista.ezln.org.mx/2016/12/26/algunas-primeras-preguntas-a-las-ciencias-y-sus-
conciencias/ . (6 March 2017)

Tünnermann BC (2003) La Universidad Latinoamericana ante los retos del siglo XXI. Unión de
Universidades de América Latina, México

Villoro L (1998) Estado plural, pluralidad de culturas. UNAM/Paidós, México

The Living Interculturality of Chiapas to Recreate the Modern … 51

http://www.jornada.unam.mx/2014/03/15/cam-amor.html
http://enlacezapatista.ezln.org.mx/2016/12/26/algunas-primeras-preguntas-a-las-ciencias-y-sus-conciencias/
http://enlacezapatista.ezln.org.mx/2016/12/26/algunas-primeras-preguntas-a-las-ciencias-y-sus-conciencias/


Sustainable Development for Farmers
Transforming Agroindustrial Wastes
into Profitable Green Products

Noé Aguilar-Rivera and Teresita de Jesús Debernardi-Vázquez

Abstract The world population is facing significant changes in the supply of food,
feed, fuel and fiber from agroindustrial byproducts. However, poverty, climatic and
environmental effects, loss of productivity of major agroindustrial activities,
low-use of byproducts, land-use change, biodiversity loss and high water con-
sumption are among some of the factors that contribute to reducing the profitability
of traditional agribusinesses. The development of sustainable low-cost technolo-
gies, which are simple for rural farmers to apply for byproduct valorization is,
therefore, a key option to transform traditional agribusiness in sustainable value
chain. This paper proposes, to develop in farms, three productive activities, to
achieve the socioeconomic and environmental sustainability with byproducts, as
raw material, from the sugarcane, coffee, banana, corn and citrus fruit agroindus-
tries in Mexico, integrating innovative techniques reported in the literature, tradi-
tional knowledge, experience of farmers and analytical methods: (a) biodrying for
removal of water in byproducts, causing a decrease in volume and an increase in
calorific value, (b) production of compost, vermicompost and bocashi and (c) cul-
tivation and harvest of edible mushrooms. These activities have had a positive
impact on the sustainability and profitability of farmers in Mexico by reducing the
amount of mineral fertilizers used in fields, obtaining rural fuel and generating
income; additionally, food is generated for humans and livestock from the pro-
duction of edible mushrooms.
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1 Introduction

Agroindustrial byproducts and wastes present complex widespread problems with
considerable socioeconomic and environmental consequences in developed coun-
tries. However, there is great interest in the use of agroindustrial byproducts
because they contain large amounts of sugars and lignocellulosic biomass that make
them potentially excellent raw materials for sustainable biotechnological and con-
ventional technological transformation processes, resulting in the production of new
added-value products with specific properties (Cañete-Rodríguez et al. 2016; Kusch
et al. 2015; Galanakis 2012).

Byproducts may constitute as much as 70% of crops after harvest or agroin-
dustrial processing and considerable attention has been placed on converting them
into sustainable products. Treatment of solid waste generated from agricultural and
agroindustrial production activity is another serious problem in developing coun-
tries such as Mexico, where the main agroindustrial crops (Table 1) are produced
under the rainfed system and low irrigation, are highly vulnerable to climatic
change and other environmental and anthropic effects and with high generation of
by-products due to the lack of agro-industrial technology (Figs. 1 and 2)

Therefore, technologies of recycling, reuse and sustainable use of by-products,
could reduce contamination and spaces required for disposal. Therefore, it is nec-
essary to evaluate major challenges and technologies to determine the most realistic

Table 1 Main agro industrial crops of Mexico (SIAP 2016)

Crop Producing
municipalities (#)

Harvested acreage
(ha)

Production (t) Yield (t/
ha)

Corn 2343 7,099,723.8 24,694,046.25 3.48

Pastures 864 2,560,399.04 50,923,935.93 19.89

Sorghum 637 1,658,673.66 5,195,388.74 3.13

Bean 1810 1,555,131.7 969,146.28 0.62

Wheat 549 819,928.09 3,710,706.27 4.53

Sugar cane 267 758,607.94 55,396,061.34 73.02

Coffee 489 664,885.1 1,026,251.98 1.54

Forage
maize

492 539,116.78 13,660,717.7 25.34

Alfalfa 821 384,375.63 32,575,005.78 84.75

Orange 457 318,379.6 4,515,520.33 14.18

Mango 392 182,680.07 1,775,506.77 9.72

Avocado 543 166,944.96 1,644,225.86 9.85

Lemon 545 160,083.58 2,326,068.34 14.53

Chile 741 148,688.77 2,782,340.75 18.71

Cotton 45 133,232.3 593,439.49 4.45

Nut 247 79,080.23 122,714.05 1.55

Banana 218 77,548.95 2,262,028.25 29.17
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options for the use of byproducts and construction of a sustainable future based on
the environmental rationality. Certain agroindustrial byproducts may be used
directly as animal feed or manure while byproducts from the sugar, rice, corn and
soy agroindustries, among others, can in general be transformed into the 4Fs
(Food–Fiber–Fuel–Feed) or raw material for sustainable process design, green
engineering and biorefineries considering competitiveness according to Hanes and
Bakshi (2015), as well as both, the physical amount of byproduct produced and the
environmental impacts. Therefore, new technologies, traditional knowledge,
experience, analytical methods from physical and chemical sciences and frame-
works, to quantify the environmentally sustainable and socioeconomically feasible
potential of agroindustrial residues to generate novel and greener products, bring
opportunities for the design of processing value chains, as the main target of
sustainability in farms. Mirabella et al. (2014); Koutinas et al. (2014); Pfau et al.
(2014) and Vandermeersch et al. (2014) carried out an extensive review of the
possible uses of byproducts and wastes under the bioeconomy concept in order to
transform them into resources for production of new products and energy, applying
industrial ecology and eco-innovative approaches.

Therefore, the aim of this research was to integrally evaluate the use of
byproducts to help achieve sustainability strategies in farm and agroindustrial
activities by determining their potential as lignocellulosic substrates, with the use of

Fig. 1 Most important crops in Mexico (SIAP 2016)
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analytical methods, low-cost processing technologies, traditional knowledge and
experience of farmers, to obtain greener products: solid biofuel, compost and edible
mushrooms (Pleurotus ostreatus).

2 Biofuel from Biodrying of Byproducts

There are several treatments for final waste disposal, but some of them require
processes that entail high implementation costs. More recently, incineration has
attracted global attention as an effective way of reducing the amount and toxicity of
organic wastes, in addition to recovering energy from them despite their high
moisture content (Ma et al. 2016).

Biodrying is a self-heating process in which the drying is carried out by the bio-
logical heat that is produced during the in situ decomposition of the organic matter,
which offers an alternative for waste handling in terms of feasibility and costs (Tom
et al. 2016). The objective of biodrying is to use the heat generated by the metabolic
functions of the microorganisms present in the wastes, maintaining their calorific
value which allows storing them as solid fuel (Sugni et al. 2005; Dominczyk and
Ledakowicz 2014), where the main advantage is the reduction of mass and
atmospheric emissions of CH4, CO2, SO2 and NOx (Suksankraisorn et al. 2010).

Fig. 2 Irrigated crops in Mexico (SIAP 2016)
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Biodrying is performed aerobically, in which the convective evaporation process is
used to reduce the water content in the substrate, with minimal aerobic degradation
(Velis et al. 2009).

In the particular case of residues from the citrus agroindustry, the large volume
of crop residues and byproducts generated during juice extraction, particularly in
the case of Valencia orange (Citrus sinensis), and rising waste disposal costs have
led to increased interest in using these materials (Siles et al. 2016) (Figs. 3 and 4)

The main byproducts used are fresh citrus pulp, citrus silage, dry pulp, molasses,
citrus peel liquor, citrus activated sludge and, to a lesser extent, waste or surplus
harvest fruit (Okino Delgado and Fleuri 2016; Mamma and Christakopoulos 2014;
Fava et al. 2013). Figure 5 presents the fresh composition of different citrus fruits
obtained by analytical techniques.

In the figure above it can be seen that, except for the Mexican lemon, the highest
proportion in weight for citrus fruits corresponds to the husk and bagasse, followed
by the juice that is the product of interest. This type of byproduct contains a high
moisture content, which hinders its final disposal as it tends to generate leachates
and bad odors. Figures 6 and 7 show the moisture percentage in the husk and
bagasse and the pulp of the evaluated citrus fruits.

In biodrying, the variables that affect the process include the initial moisture of
the substrate and the airflow. The latter can be manipulated to control the

Fig. 3 Citrus in Mexico (SIAP 2016)
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Fig. 4 Citrus and wastes
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temperature in the substrate matrix, as it affects the air dew point and biodegra-
dation kinetics (Velis et al. 2009). In other words, the effect of air flow and turning
frequency in sludge biodrying, by increasing the air flow, is to obtain higher water
removal efficiency, while Cai et al. (2013) found that forced aeration controls the
temperature of the pile and improves evaporation; thus, the loss of water is the key
factor in sludge biodrying.

Moisture is a critical parameter in biodrying, since it influences the complex
biochemical reactions associated with the growth of microorganisms and the
biodegradation of organic matter that occurs in the process (Winkler et al. 2013).
Thus, the excess prevents the transfer of oxygen and the microbial activity is
reduced, which impedes the development of the process; in the contrary case, if the
moisture is very low, the microbial activity becomes too slow and thus affects
the drying process. According to Yang et al. (2014), the optimum moisture level for
the biodrying process to be performed efficiently is in the range of 50–70%.
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He et al. (2013) found that temperature is one of the key variables in biodrying,
as a temperature increase in the matrix increases air temperature, which improves its
ability to remove water from the substrate.

In the sustainable process at the farm level, a static biodrying pile with a rect-
angular pyramidal structure was used; in it, 9 points were established for the per-
manent monitoring of the inside temperature. As a mechanism to maintain the
aeration process in the substrate matrix, a forced aeration system was used, pro-
viding a volume of 25 L/min. The aeration process was performed every 2 h with a
volume of 125 L/min from 8:00 a.m. to 4:00 p.m. during the time of the experiment
(Fig. 8a, b).

For temperature monitoring, an RTD data acquisition system connected to a
Snap Pac System Opto 22, which operated 24 h a day, was used. To prevent the
substrate from getting wet as a consequence of weather changes, the experiment
was carried out in a greenhouse-type drying tunnel. The materials used for
preparing the pile are listed in Table 2.
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Grass and mulch were used as structuring materials in order to favor the for-
mation of a porous matrix inside the pile that allowed air flow.

In semistatic biodrying piles, four phases can be observed in the evolution of the
temperature: initiation phase, thermophilic phase, second heating phase and decay
phase (Cai et al. 2013). This is due to the fact that when turning the materials that
make up the pile, its interior is homogenized and the gradients in the concentration
of oxygen, available water and nutrients for the microbial activity in it, which are
affected by leaving the pile static, are changed; although there are changes in the
behavior of the temperature, it remains more homogeneous throughout the process.
The behavior of the temperature in the center of the biodrying pile is shown in
Figs. 9, 10 and 11; the data used for making the graph correspond to the temper-
atures recorded at 10:00 am. A uniform distribution is observed in the central layer
of the pile, with temperatures ranging from 23 °C, which was the ambient tem-
perature on the day the pile was formed, to 67 °C, which was the maximum value
reached in this layer.

According to Colomer-Mendoza et al. (2013) and Cai et al. (2013), there is a
reduction in the volume of the pile as a result of the loss of water in the substrate
matrix. This phenomenon is due to the evaporation of water by a convective
mechanism, i.e., the air entering the matrix in a forced manner carries a certain
amount of water that favors the hydration or dehydration of the matrix; moreover,
the higher the temperature of the incoming air, the greater its capacity to remove
water from the substrate However, if this phenomenon occurs the drying of the
materials occurs in a convective way and not due to the effect of the heating caused
by the metabolism of the thermophilic microorganisms which are a mixture of
yeasts, bacteria and fungi.

While in the middle section of the pile the higher temperature lasted longer, on
the sides it decreased as the process progressed. This phenomenon can be attributed

Table 2 Materials for
biodrying

Waste Amount (kg) Percentage (%)

Orange peel 200 56.0

Mulch (pruning waste) 88.9 24.9

Grass 68.3 19.1

Total 357.2 100

1.80 m

2.70

(a) (b)

m

0.9 m
1.6 m

0.90 m

Fig. 8 Geometry of the biodrying pile and sampling points
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to the fact that, because the pile was not turned, the higher moisture content was
concentrated in the center; the material that was located on the surface caused an
insulating effect that helped to maintain moisture and allow the process to last up to
67 days, while the normal process with periodic turnings lasts for 20–30 days
(Fabián et al. 2012).

It was observed that the maximum temperature was between 60 and 67 °C,
decreasing until reaching the ambient temperature, once the microorganisms present
no longer have available water to continue the substrate degradation process
(Fig. 12).

According to the evolution of the substrate moisture and the temperature
behavior in the pile, it can be observed that the moisture is directly linked to the
activity of the microorganisms, since as the temperature decreases it tends to sta-
bilize. It is desirable that the biodrying process be carried out in short periods of
time in order that the substrate is degraded as little as possible and maintains its
calorific value to be incinerated or stored as biofuel for energy cogeneration.
Although this stabilized waste can be deposited directly in waste confinement areas
for final disposal without the problem of leachate generation (Fabián et al. 2012),
another advantage of the process is that there is a reduction in its volume and mass
of up to 74%, which facilitates its transport and storage and reduces final treatment
costs. Table 3 presents the results of the laboratory analysis according to Mexican
standard NOM-021-SEMARNAT (2000) for chemical composition.

The final product presented a humidity of 12.31%, pH 4.92, organic matter
94.24%, which is important for its use as a rural fuel because it guarantees that the
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ash content at the end of the incineration will be low, with respect to the nitrogen
content of 1.13% and carbon of 54.664% with a C/N ratio of 48.38 which is
desirable for biodried fuels from biomass which are destined for incineration,
favoring a low NOx formation Dominczyk and Ledakowicz (2014).

Table 3 Chemical
composition of biodried
biofuel from citrus

Variable Unit Value

Humidity (%) 12.31

pH 4.92

Soil electrical conductivity dsm−1 1.45

Ash (%) 5.76

Organic matter (%) 94.24

Total carbon C (%) 54.64

Total nitrogen N (%) 1.13

C/N 48.38

Ca (%) 1.544

Mg (%) 0.186

Na (%) 0.059

K2O (%) 0.934

P2O5 (%) 0.273

Fe (%) 0.0448

Cu (%) 0.0007

Zn (%) 0.0034

Mn (%) 0.0193
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Fig. 12 Decrease in substrate
moisture (%) (moisture
balance method)
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3 Edible Mushroom Production from Byproducts

Processing of agroindustrial plantations generates wastes in the field as leaves,
stalks, straws or bagasses which necessitate the search, as substrates, for new
alternatives for effective production as the cultivation of edible mushroom. In fact,
cultivation of Pleurotus mushrooms is considered to be a simple, low cost and
environmentally friendly technology for the utilization of rural and agroindustrial
residues in developing countries (Mohamed et al. 2016; Kazemi Jeznabadi et al.
2016; Yang et al. 2016; Corrêa et al. 2016).

Several substrates were evaluated for edible mushroom (Pleurotus ostreatus)
cultivation, namely byproducts derived from sugarcane, coffee, banana and corn
plantations or processing plants (some of the main agroindustries in Mexico)
(Fig. 13).

Fig. 13 Lignocelullosic by products from agroindustries
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Pleurotus ostreatus, also known as oyster mushroom or white rot fungi, is one of
the most common mushroom production systems worldwide. Mushroom cultiva-
tion provides direct bioconversion of solid wastes into edible biomass
(Philippoussis 2009). The Pleurotus species requires a short growth time, compared
to other mushrooms. Its fruiting body is not often attacked by pests and diseases
and it can be grown in a simple and cheap way, with high yield, wider substrate
utilization, sporelessness, wide temperature and chemical tolerance, as well as
environmental bioremediation (Bellettini et al. 2016). For this process, substrate
preparation is the most critical step (Vieira and de Andrade 2016).

The byproducts, intended for use as substrates after being collected, were
completely dried under the sun, chopped, washed, soaked in cold water for at least
24 h to obtain a water content of 65–75%, sterilized with conventional heat treat-
ment by immersion in hot water at 85 °C and deposited in a plastic container before
being inoculated by hand with spawn. The average temperature was 24–30 °C and
relative humidity was 50–65%. In order to determine suitable substrates and suit-
able ratios for the cultivation of oyster mushroom, the colonization and fructifi-
cation times, yield, biological efficiency and productivity according to the literature
were studied (Gaitán-Hernández and Salmones 2008; Mata et al. 2013; Héctor et al.
2013; Sözbir et al. 2015; Sardar et al. 2016).

Biological efficiency (BE) is determined as the ratio between the fresh edible
mushroom or Pleurotus fruiting body weight produced and the dry weight of the
substrate, while the rate of production (P) is calculated by the biological efficiency
by the total number of days of evaluation, being considered from the first day of
incubation of the spawn in the substrate until the last day of harvest. The yield (R) is
determined as the weight of the produced edible mushroom from the wet weight of
the substrate used, expressed as a percentage (Table 4).

BE %ð Þ ¼ Fresh edible mushroom gð Þ
dry weight of the substrate � 100

Productivity ¼ BE %ð Þ
Days of evaluation � 100

Yield %ð Þ ¼ Fresh edible mushroom gð Þ
Wet weight of the substrate � 100

The first harvest occurred after 21 days of incubation for corn leaves, and maize
tops and the last after 49 days for banana leaves. Mushroom weight, cap diameter
and stipe length development in oyster mushroom were significantly affected by
substrate types. Productivity varied from 0.41 for leaves and coffee stem plant to
3.64% for maize leaves. Similarly, the highest yield value, 20%, was obtained with
banana leaves and the lowest, 10%, with bagasse from mills. The water used in the
washing and pasteurizing stages can be used in crop irrigation.

Several substrates had a comparatively higher mycelial growth rate, a shorter
total colonization period, a larger cap diameter (4.5–15 cm) and a shorter stipe
length (3.5–7 cm), mostly in leaf substrates. The rest had a smaller mushroom cap
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diameter and a relatively long stipe length, which are undesirable marketing
characteristics but suitable for self-consumption or processing as protein flour, or
dried mushrooms, etc.

Besides, by making various substrate mixtures, BE varied significantly from
19% for leaves and coffee stem plant to 125% for corn stalks and banana leaves
(Fig. 14).

At least 75% of the evaluated substrates (BE greater than 50%) are viable for the
production of the mushroom Pleurotus on farms, especially in view of its low
contamination in trials and its abundance, availability and diversity throughout the
agricultural year as byproducts. Therefore, the analyzed byproducts are considered
competitive substrates for the sustainable production of edible mushroom (Fig. 15).

Mushrooms obtained from substrates can be dried using direct solar radiation to
avoid rapid deterioration before marketing. This processing technology also allows
producers to increase the value added to mushrooms (as a high protein product),

Table 4 Productivity and physical characteristics of edible mushroom

Substrate Days of
treatment
(incubation to
harvest)

Productivity
(%)

Yield
(%)

Average
cap
diameter
(cm)

Average
stipe
length
(cm)

Bagasse from
mills

22 1.36 5.5 6 3.8

Bagasse
trapiche/bagasse
mills (50/50)

22 1.82 5.88 5.8 3.7

Bagasse pith 23 1.74 8.89 5.3 4.9

Banana leaves 49 2.55 20 15 5.7

Banana stem 40 0.7 5.92 9 5.3

Banana trash 25 2.6 12.04 9.5 7

Coffee husk 22 1.14 6.98 8 4.3

Corn cob 28 2.2 15.42 10.9 4.5

Corn stalk 40 3.13 13.89 9 4

Corn leaves 21 2.78 8.75 6.5 4

Leaves and
coffee stem
plant

47 0.41 10.14 4.5 4.5

Maize flower 27 1.85 8.77 5 4.2

Maize tops 21 2.78 7 6 3.7

Maize leaves 22 3.64 10 4.5 3.7

Sugar industry
mixture

23 2.52 8.53 6 3.5

Sugarcane
flowers

22 2.5 9.91 7 3.8

Sugarcane tops 22 2.5 10.09 6.3 5

Sugarcane trash 22 2.27 7.69 6.3 3.7
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standardize quality, highlight certain food properties, and develop marketing
strategies at local or national level. The spent substrates can be used as survival
livestock feed or mixed with a daily ration as a source of fiber or composting. The
containers can be recirculated in the next production cycle.

4 Production of Compost, Vermicompost and Bokashi

The production of manures, as an organic matter source from plantation or
agroindustry byproducts, can be an alternative source of income and an option to
recover soils with depleted nutrients and physical properties due to intensive use for
growing plantation crops (Saldaña et al. 2014).

Composting, vermicomposting and bokashi all involve the biochemical process
of aerobic decomposition of organic solid waste. They represent a low cost and
environmentally-friendly waste management option involving several solid and
liquid byproducts, manure from various farms and livestock, fibers, microorganisms
and yeasts or earthworms that transform on-farm organic waste materials into a
stable humic material, as a soil conditioner generating a useful product for farmers
(Misra et al. 2016). In developing countries, conventional composting can be
divided into three differentiated stages based on the temperature of the material in
the process, mostly filter mud from sugar industry or sewage treatment sludge:
initial mesophyll stage with a duration of 2–3 days, where the temperature follows
an ascending behavior that starts with the ambient temperature and rises up to
40 °C; thermophilic stage, which has a variable duration, where the temperature
increases up to 75 °C and the final mesophyll or maturation stage in which the
temperature falls from 40 °C to ambient temperature. At this stage the biological
stability of the material is reached (Morales et al. 2016; Van Fan et al. 2016 and
Prado et al. 2013).

Sahu and Brahmaprakash (2016) discussed trends in the formulation of new
organic fertilizers for agriculture. In addition, Ramos Agüero and Alfonso (2014)
summarize some features related to the employment of organic manures, placing
special emphasis on the development and production of fermented bokashi-type
manures and their use in agriculture; moreover, composting methods, scales, and
constraints have been recently reviewed by Misra et al. (2016); Qdais and
Al-Widyan (2016); Pandey et al. (2016) and Lim et al. (2016).

The production of organic fertilizers from byproducts of the sugarcane, coffee,
citrus and edible mushroom agroindustries can provide an alternative source of
income and sustainable fertilizers for crops. Organic manures in the form of
compost, vermicompost (with earthworm) and bokashi were produced according to
Saranraj and Stella (2014) and Saldaña et al. (2014), and evaluated for their
nutritional value according to Mexican standard NOM-021-SEMARNAT (2000)
for compost analysis.

Organic manures obtained from byproducts of the local agroindustries were
analyzed for their nutritional content in ten trials. The most important difference
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among products (Table) is the low N in filter mud (T1) and waste from the culti-
vation of oyster mushrooms and filter mud, bagasse and coffee (T5 and T9
respectively), which resulted in these having the lowest C/N ratios. The most
attractive products for soil application are T2, T3, T6 and T7, which are high in
calcium, contain a considerable amount of potassium (especially T6 and T7) and
have a balanced pH. The low pH of T2, T9 and T10 is reflected in their low cation
and phosphorous contents. In general, the addition of vermicompost by itself or in
combination with other organic products (except the waste from the oyster mush-
rooms) increased the nutritional value of filter mud (Table 5 and Fig. 16).

T1 filter mud; T2 filter mud compost; T3 filter mud vermicompost; T4 filter mud
vermicompost and sugarcane trash; T5 filter mud vermicompost and waste from
cultivation of oyster mushrooms; T6 filter mud vermicompost and livestock man-
ure; T7 bokashi filter mud, bagasse, Ca(OH)2, yeast and molasses; T8, compost
orange waste, filter mud and bagasse; T9 filter mud, bagasse and husk and coffee
spent ground; T10 coffee pulp vermicompost.

Although there are differences due to the type of soil, management practices,
chemical composition of byproducts and production techniques, the organic fer-
tilizers obtained from agroindustrial byproducts can generate additional income in
the crop areas; moreover, the manure encourages soil structure, fertility and nutrient
availability to plants, and reduces the pH, promoting good crop development and
productivity in farms in the short and medium term depending on the type of crop
(Diacono and Montemurro 2015).

According to the productive options evaluated, Alwi et al. (2014) concluded that
the ‘engineers of the future’ will have the responsibility of addressing the entire
spectrum of sustainability constraints and push factors, including the economic,
environmental, social and multi-generational dimensions generating bioproducts
within the 4Fs and multidisciplinary approaches (Fig. 17)

5 Conclusions

Byproducts are produced in sugarcane, banana, corn, coffee and citrus plantations,
among others, and in several agroindustries in large amounts and without any
specific treatment and use. Therefore, to develop alternatives for the conversion of
these wastes into value-added products through sustainable technologies in farms is
a priority objective in developing countries such as Mexico, where the sustainability
and the environmental, social and economic rationality is a slow process. In this
work three high-value products were obtained with traditional knowledge of
farmers, sustainable technologies and analytical methods: solid biofuel from citrus
residues; organic fertilizers with various chemical properties for agriculture, com-
bining various agroindustrial and livestock products; and edible mushroom from
individual byproducts and mixtures thereof. These bioproducts can be obtained
directly by farmers and contribute to their energy, food and economic sustainability
and help them recover soils eroded by monocultures. Moreover, specialized
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Fig. 16 Organic manure from Mexican byproducts

Fig. 17 Integration agroindustrial of byproducts
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machinery is not required for processing and this process will potentially help to
reduce the emission of greenhouse gases into the atmosphere. However, future
works should be addressed to the implementation of sustainable development in
agroindustries, which is a continuous process of cultural awareness and paradigm
change by stakeholders (farmers, agricultural extensionists, environmentalists,
policy makers, industry owners), to achieve success.
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Strategies for Guiding Community
Organizations in Sustainable
Development: The Case of Monteria’s
Urban Areas

Jorge Rafael Villadiego Lorduy, Dennis Paul Huffman Schwocho,
Yhonattan Mendez Nobles and Stalyn Yasid Guerrero Gómez

Abstract The purpose of this paper is to analyze the strategies used by community
organizations dedicated to the sustainable development of urban areas in Monteria
City. Three specific objectives were proposed in order to guide the designing of
organization manuals capable of improving the functions and results obtained by
these social institutions. The first was aimed at the diagnosis of current community
organizations themselves and the perceptions that social and institutional actors had
of these. The second was to determine the basic elements for designing organiza-
tional manuals of this type and the third was the elaboration of the manual itself.
The diagnostic phase suggested that, on the one hand, the educational backgrounds
of community leaders was very poor. Only 56% had primary studies. On the other
hand, community organizations, in general, lacked focus and knowledge of local
environmental management procedures. Perceptions among public and private
areas of these institutions were not very favorable as well. For the most part,
Community Action Boards (CABs) were considered to be only a part of the
political machinery in the region. In addition, a major weakness of these was the
lack of commitment and assumed responsibility by their members, towards sus-
tainable development. Furthermore, among the main aspects of the manual, six
basic elements were identified: two complementary ones (a Plan-Do-Check-Act
Cycle, and systemic, holistic, sustainable development approaches), and four cen-
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tral lines of thought (territorial profiles, existing community groups, the training of
the members of these social organizations and their interaction in solving envi-
ronmental problems). After analyzing those elements, we proceeded to elaborate an
organizational manual which contemplated the different relationships required
between each of these elements in order to develop successful strategies for com-
munity actions in sustainable development. It was concluded that non-formal
environmental education projects should be the basis for successful interactions
between community organizations, government agencies and non- governmental
social institutions for effective sustainable development of urban areas.

Keywords Community Action Boards (CABs) � Community organizations
Profiles � Perceptions � Organizational manuals

1 Introduction

A community organization can be defined as a way to structure community actions
for dealing with problems that concern them. Ross (1978, p. 65) defined community
organization as how a community identifies its needs and objectives by hierarchy,
seeking resources for treatment, and acting upon them. For the Permanent
Formation Institute (INSFOP, for its acronym in Spanish) and the Special Program
for National Nutritional Food Security (PESANN /FAO 2008, p. 10) a “community
organization is when a group of people unite to study problems affecting their
community and seek ways of solution”. They also pointed out that an organized
group seeking the solution to its problems must consider two underlying aspects:
the pursuit of their objectives and the promotion of their interests.

As Mercer and Ruiz (2004, p. 293) stated: “A fundamental basis for integration,
cohesion and joint action is the existence of common objectives, aspirations,
problems and needs”. There are two types of community organizations: Social and
productive. Social organizations are organized to solve problems in a community,
and productive organizations are created to obtain economic resources for
manufacturing.

On the other hand, the relevance of communities to organize themselves lays on
the fact that through the organization, values and abilities of their members, solu-
tions can be given to problems and needs occurring in their territories. Some
advantages for organizing a community are: (1) Use and effort of collective
resources, (2) leadership development, (3) generation of opportunities for project
management, etc. (INSFOP and PESANN /FAO 2008, p. 11). As important as it is
to organize socially, community participation is also a key element in articulating
group actions for the efficient work of a community structure and therefore it must
always be considered during the process of the organization and afterwards.

78 J. R. Villadiego Lorduy et al.



Legally speaking, communal action in Colombia, or its first attempts, go back to
the Law 19 of 1958. But a great leap occurred with the political constitution of
1991, because it allowed for citizen participation in public decisions by providing
communities with mechanisms for participation at the individual and community
levels. Currently, the Law 743 of 2002 and the Decree 2350 of 2003 regulate
matters regarding the constitution of communal groups. For Duque and Gaitan
(Duke and Gaitán 2001, p. 45) the social, economic, political and cultural context of
the country has reflected a very strong tendency to recognize the community as an
element of local, regional and national development in the last 15 years. Monteria is
not unaware of this matter. In the urban areas, there are both social and productive
organizations. Nevertheless, the interest of this study was focused on understanding
how social organizations named Communal Action Boards (CABs) were organized
into Community Association Boards (ASOCOMUNALES for its acronym in
Spanish).

The City has 159 Community Action Boards (CABs) and two Community
Association Boards, but they lack serious planning for sustainable development in
their territories and even guidance that could allow them to organize their selves
considering the characteristics of their communities where they were settled. For
this reason, it was considered necessary to formulate a community organizational
manual supported by four elements and phases: Environmental profiles, organiza-
tional structures, training and interaction in problem solving.

Adjacent to the manual, there were two complementary elements, one related to
the approaches to be considered when organizing communities, and another one
associated with continuous improvement. The work was carried out starting with
the establishment of profiles of current social organizations (CABs) and the per-
ceptions that social and institutional actors had concerning community organiza-
tions. In the analysis of profiles and perceptions, basic foundations were identified
and a manual for the communal organizations pertaining to the urban areas of the
City was elaborated.

2 Methodology

In order to carry out this research, two types of methods were defined: The first one
of an explanatory type for the purpose of analyzing how processes of community
organizations in the City had been developed, considering social, political and
economic events that determined the configuration of community structures in the
municipal seat, and the profiles of current communal organizations, as well as the
perceptions that social and institutional actors, immersed in processes of communal
organizations, had of these. The purpose of this method was to get a general idea of
the successes and failures of community organizations for sustainable development
in Colombia in order to determine a basis for designing an organizational manual
that could improve the efficiency and effectiveness of these organizations.
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The second was a descriptive statistical method using percentage estimates and
absolute values based on the data obtained from the application of a questionnaire
(previously validated by experts). The instrument was designed to obtain infor-
mation concerning the profiles of community organizations by defining the orga-
nization’s approach, type of structure, time needed to carry out community
activities, roles of the organization within the community and other similar vari-
ables. Linked to this, was the application of the questionnaire with a semi-structured
interview carried out with actors from both public and private sectors. The purpose
of this method was to understand the correlation between the perceptions of those
actors involved in organizations and institutions dedicated to promoting and
improving community actions of conservation and preservation of the environment
in Colombia and their ability to organize these actions.

From the public sector, two officials were interviewed from the Mayor’s office
and the Cordoba Government each. From the social point of view, two community
leaders were consulted (they became references due to their work within commu-
nities) along with two representatives of non-governmental organizations (NGOs)
that have been involved in this type of community activities from the past. Just like
the questionnaire, the interview format was also validated by experts.

A sample size of 18 Community Action Boards was set up for a population of
159 organizations. For the profile of the organization a member of the board,
preferring the president of the institution, was interviewed. The sample design
implemented was of a simple random type. The software for the descriptive sta-
tistical analysis was an R version 3.0.2. Statistical data obtained from the appli-
cation of these instruments which were consolidated into a matrix, implemented by
Excel 2007.

To formulate this community organization manual, several studies of social
organizations were considered: Strengthening Manual for Social Organizations
(Ministerio de Desarrollo Social 2015), Community Organization (INSFOP—
PESANN /FAO 2008), Agenda 21 and Processes of Social Participation
(Marchonni 2002), community development (Chacon 2010) and others, aimed at
responding to a social-environmental context and the promotion of sustainable
development within the study.

3 Location of the Study Area

Monteria is located at 8°46′10 “north latitude, 75°53′00” west longitude with
respect to the Greenwich meridian, at a height of 20 m above sea level. It borders
on the north with the Canalete, Los Cordobas, Puerto Escondido, San Pelayo and
Cerete municipalities, on the south with the Tierralta and Valencia municipalities,
on the east with Planeta Rica and San Carlos, and on the west with the Department
of Antioquia (see Fig. 1).
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4 Limitations of this Study

Although the methodology of this study permitted us to better understand the
workings and results obtained in the present day community organizations in
Colombia for sustainable development due to the perceptions and professional
profiles of those actors in position to exercise authority in decision making con-
cerning actions and distribution of resources dedicated to conserving and preserving
the environment, the major limitation of this research was its qualitative nature that
depended upon the social image of the processes and products of sustainable
development. We were unable to determine causal relationships between
non-formal environmental education projects and the interactions between the main
three actors of sustainable development in Colombia: community organizations,
governmental agencies and non-governmental groups (NGOs). This would have to
be left for future research projects in this field of scientific study.

5 Results and Analysis

5.1 Profiles and Perceptions

Monteria is a middle sized city with a projected population, in June 30, 2015, of
441,301 inhabitants (National Department of Statistics DANE 2015). The urban
area is divided into 5 (five) zones: Center, South, North, East and West and has 9
communes spread throughout (Villadiego et al. 2014). From the community
organizations’ viewpoint, the city has two large communal associations that the
Communal Action Boards (CABs) bring together. The first one, ASOCOMUNAL,
has the largest number of associates (189) since it gathers both urban and rural
CABs. The second one known as ASOCOMUSEIS has within its aggregates 14
entities, approximately, which belong only to the urban area In total, at the city seat,
there are 159 Community Action Boards legally constituted and registered in the
Departmental Secretary of the Interior and Citizen Participation (see Table 1).

Geographically, most of the Communal Action Boards (CABs) in the urban area
of Cordoba’s capital are concentrated in very popular sectors. It is estimated that
95% of these organizations are distributed in neighborhoods such as Canta Claro,

Fig. 1 Monteria
geographical location. Source
Google Earth (2015)
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Villa Jimenez, Paz del Norte, Mocari, Camilo Torres, Santander, Santa Fe, La
Granja, Edmundo López, Los Robles del Norte, El Paraíso, Galilea, El Dorado,
Pastrana Borrer y La Vid, among other neighborhoods with similar social-economic
characteristics.

The education backgrounds of the leaders of this type of corporations was
marked by inequality. Only 38% (7 individuals) had a university education, in
contrast with 56% (10 people) with only a basic education that went from primary
to secondary school, only 6% had technical studies (see Fig. 2). The poor academic
formation of the leaders who oversaw the CABs could influence their ability to
understand their surroundings, especially in the non-development of competences.
On the one hand, critical thinking such as those proposed by Facione (2007) and, on
the other hand, an argumentative and propositional type in search for solutions to
local environmental problems were considered to be lacking. It was highlighted that
although more than 50% did not have higher education, there were some people
who, over time, had gained experience and knowledge in the fine print on matters of
communal organizations.

CABs were usually unaware of the importance of applying an environmental
approach to their organizations. So much was the failure on that matter that 72% of

Table 1 Census of
community organizations

Census of community organizations

Community associations Total CABs involved

ASOCOMUNAL 189

ASOCOMUSEIS 14

Community Action Board (CABs) Total CABs involved

CABs urban area 159

CABs rural area 103

Source Departmental secretary of interior and citizen
participation, November (2015)

Fig. 2 Educational backgrounds. Source The authors
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the presidents surveyed assured that they did not carry out a diagnostic or envi-
ronmental profile of their communities. Thus, the question was: How could these
social organizations propose solutions to their needs, environmental problems and
conflicts in their sector if they did not have knowledge of the current state in which
they were? Doubts arose on the quality of the “diagnoses” that the remaining 22%
had made. In such communities, several social-environmental problems were vis-
ible, which, considering a well-developed environmental profile, many solutions
could have already been proposed by them. There were also few environmental
projects that the CABs developed or had developed since their legal constitution,
barely 39% had advanced on any, and very sporadically on some environmental
projects, among them, the cleaning of canals, tree planting, and educational cam-
paigns could be highlighted.

A community that ignores the mechanisms of citizen participation, (tools with
which it asserts its rights) is a defenseless organization, easy to subdue and
manipulate. 67% of respondents were not aware nor had made use of these basic
legal instruments in community management and, above all, in community envi-
ronmental management where it was necessary to ensure a healthy environment.
94% of those interviewed said that the government had not provided support or
training in community development. CABs did not feel strongly concerning this
issue. Essentially, the organizational structure within was vertical (78% had this
structure), giving the greater responsibility to the president of the organization and
lessening the importance that other members could have had (see Table 2).

Table 2 Organizational profile matrix

Organization profile

Questions Answers

What is your organization approach? Environmental (0%)

Social (94%)

Political (6%)

Indigenous (0%)

Afro (0%)

Did you develop a prior diagnosis of the socioeconomic and
environmental conditions of the communities belonging to the
organization?

Yes
(28%)

No (72%)

How do you define the structure of your organization? Vertical
(78%)

Horizontal
(22%)

Do the organization members have knowledge of mechanisms of
citizen participation?

Yes
(33%)

No (67%)

Does the organization receive training from the government on
community development issues?

Yes
(6%)

No (94%)

Does the organization develop or has developed environmental
management or education projects in the communities they belong
to?

Yes (39) No (61%)

Source The authors
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When asked: What was the procedure they developed to organize at the com-
munity level? The response was unified, the first step was to hold meetings to
socialize the idea of constituting the CABs, then the nomination of candidates for
the positions and committees, then the drafting of statutes and finally, their sub-
sequent registration before the Chamber of Commerce and the Secretary of the
Interior and Citizen Participation. It may also be pointed out that CABs originated
more from unprompted reasons than from actual planning processes that lead to
efficient and resilient social structures. At the same time, they were not given the
true importance of building an environmental fabric in their territories. The main
reasons for organizing at the community level were focused on gaining benefits for
the communities and having representation in the local government and state
institutions.

The role of CABs in the communities and, for the opinions given by their legal
representatives, was concerning organization, management of projects, and giving
guidance to populations facing a problem. Likewise, as a main strategy or mech-
anism for solutions, they emphasized meetings. However, there were other mech-
anisms or strategies that could have been considered and far more efficient ones
than simple meetings, such as developing methodologies that could have included:
analyzing, evaluating and reducing the problem, finding the root of the problem,
evaluating methods and actions for solutions, developing plans of action, docu-
menting and monitoring. Individuals or groups that did not develop skills in
analysis and problem solving ended up experiencing, as Guerra (sf) pointed out, the
phenomenon of tunnel vision, that is, focusing on the problem rather than on the
solution.

Among weaknesses presented by the CABs, as organizations, was the lack of
commitment and responsibility of their affiliates. The leaders who were interviewed
said that few members worked for the good of their communities. Board presidents
thought that shallow politics were the main setback concerning these institutions, in
which CABS should be allied to a political party in order to manage actions of
service in their neighborhoods. Without this aspect, support would not have been
enough for the development of projects. Furthermore, the private sector didn’t
efficiently provide full support either. Therefore, much of the work and effort ended
up being inconclusive.

Some members of community association highlighted the strength and persis-
tence of some leaders to continue developing community activities despite low
wages, or sufficient help, on the one hand, from the benefited communities, and, on
the other, from the politicians in turn. The spirit of improvement that the members
of the CABs had been viewed by their visible heads as an opportunity to strengthen
these social organizations in a structural way, as well as the interest in serving the
communities, to improve the conditions of life and their surroundings.

Regarding the perceptions that social and institutional actors belonging to public
and private sectors had on 9 communal organizations questions, some interesting
elements were found. Respondents were asked whether in their organization,
strategies for planning, implementing policy, functions, activities and measures of
community environmental management were applied, or if they encouraged joint
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work with local associations to solve local environmental problems. Based on their
answers, opinions did not change much in terms of the fact that little had been done
in the public and private sectors to implement or promote policies or actions of
environmental management. Only the City of Monteria had derived “sustainable
projects” in high-impact populations under the 2032 plan (“Sustainable City”).

Both public (officials from the City and the Government) and private (com-
munity leaders and NGOs) actors considered that social organizations (CABs—
ASOCOMUNALES) could be a means for the solution of local environmental
problems, since these entities could generate actions of environmental management
for solving problems in their communities. However, when asked about their
perception of community organizations that promoted local environmental man-
agement, opinions were divided and centered on two considerations: (1) Not
favorable because, at least in the urban area of Monteria, there were very few CABs
that promoted environmental management and that they were not generating
solutions to environmental problems, besides being poorly visible; (2) favorable
because they believed that the promotion of local environmental management was
already positive in itself. Nonetheless, most of the interviewees pointed out that
social organizations that promoted environmental management could have had a
greater positive and functional impact than those that did not work from this
framework, because they became the main element that generated possible solu-
tions to problems in their territories.

In the same vein, when asked if they had knowledge of successful experiences
that had been carried out by community organizations promoting local environ-
mental management, very few were pointed out except for the Communal Action
Boards of the Pradera, Santander and Buenavista neighborhoods which had cam-
paigned for tree planting, environmental education and the application of citizen
participation mechanisms to solve environmental issues. It was striking that when
asked about which elements to consider for the formulation of a community
organizational manual, the interviewees agreed that training was fundamental for
community organizations, indicating topics ranging from citizen participation
mechanisms, organizational structures, to the protection of the environment among
others.

There was a full consensus when asked whether they believed that Communal
Boards emphasized key issues such as community development, empowerment and
ownership. The answer was a resounding yes and they associated this stagnation
with politicking which permeated all community organizations. Also, they agreed
on the idea that CABs were mainly part of the political machinery of the City. Some
of the factors that pointed towards this phenomenon were:

1. Low economic and educational levels of members of the CABs and the com-
munities to which they belonged.

2. Corrupt community leaders seeking self-interests.
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In short, the perception that people had from the public and private sectors,
whether these were developed from the framework of environmental management
or not, was unfavorable. They were not perceived as serious social structures able to
manage local sustainable development, but as associations servile to the political
interests of local leaders, totally losing the purpose for which they were created, that
is, to seek solutions to the problems of their communities. Likewise, there was
almost no environmental approaches to the actions of these organizations. They
lacked knowledge of the environment and on how to carry out or request actions
from institutions aimed at protecting the environment where they lived.

5.2 Community Organization Manual

A manual is a guidebook containing the steps to carry out an action properly. In the
case of the proposed manual (see Fig. 3), the aim was to establish a way in which a
community-based organization in the urban area of Monteria should have been
efficiently structured. For this purpose, four key elements and articulators associated
with an equal number of phases, and two complementary elements of the manual,
were defined. The first complementary element refers to the PDCA cycle (Plan, Do,
Check and Act) framed in the continuous improvement of both the manual itself
and of the community organization. For Rincon (1998, p. 51) PDCA was a man-
agement concept that streamlined the relationship between man and processes, and
sought to control them by setting standards.

Fig. 3 Proposed community organization manual. Source The authors
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The PDCA concept leads to continuous improvement of the processes of any
organization (Moreira 2006). On the other hand, one of the main problems of social
organizations in the urban area was, that they did not generate processes of con-
tinuous improvement neither inside nor outside of the organization, becoming
structures that were neither functional nor resilient to the social-environmental
changes that occur today, without omitting the absence of guidelines based on the
realities and particularities of the communities that could have contributed to their
efficient organization.

The second complementary element mentioned the approaches that must be
considered when structuring a social organization based on the application of the
manual in question. For Villadiego et al. (2013, p. 94), the community approach
seeks to involve people in the analysis of the environmental problems of their
territories. Likewise, from the systemic approach and according to Covas (2004,
p. 3) all environmental problems necessarily have a systemic constitution, con-
sidering it as an organized whole, composed of parts that interact with each other.
The sustainable development approach allowed us to understand the interrelation
among the components of the environment: Social, economic and natural, as well as
the establishment of the potential of the region.

The fundamental elements to consider in the document were, in first instance, the
establishment of an environmental profile of the territory where communities
wanted to organize themselves. The above was related to the development of the
diagnostic phase to have a real-time radiograph of the current state of the territory:
Name, neighborhood, commune, etc. The environmental profile analyzed variables
related to the social-economic aspects of the populations interested in community
structuring and included the identification and analysis of existing environmental
problems. For Prado (2000) a profile provides an organization (government,
municipality, institutions and/or organized civil society) with the necessary
guidelines for the treatment of the environment, as well as the objectives and
policies to develop joint actions between each one of the actors in that organization.

Sequentially, from the profile and its diagnostic phase, the structure of the
community organization was developed. This included the definition of the policy
and approaches on which the organization would work, its vision, mission and
objectives that were key components in every organizational structure, especially in
the communal type. Enz et al. (2012) recommended that when formulating a
mission, to consider answers to questions such as: Who are we? What do we do?
How are we going to do it? And what actors should we relate with?

Equally important was the definition of the hierarchical structure of the orga-
nization (i.e. communication, definition of responsibilities and authority within the
organization). There were two types of hierarchical structures: Horizontal and
vertical. The Communal Action Boards (CABs) in Monteria had a structure of the
vertical type. There is a visible head and, on this rested the greater responsibility
and the decision making. This type of hierarchy removed leadership and respon-
sibilities from other figures that could have integrated communal boards. The aim
would have been a redistribution of responsibilities among all members of the
institution. Likewise, the definition of lines of action for the communal organization
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allowed to clearly establish areas of work to be executed, specifying them and
allowing the creation of collaborative networks that facilitated, through specialized
structures, the development of these.

Finally, once each of the above mentioned points were defined, the next step was
to continue with the legal constitution of the organization before the Chamber of
Commerce and its respective registration in the Departmental Secretary of the
Interior and Citizen Participation. Generally, and as previously mentioned, com-
munity organizations in the City arose more often from passionate issues than from
planning processes with a strong component of local and sustainable environmental
management. In short, CABs were born on paper and died on paper after minutes of
being registered. They began with the last step proposed here to achieve an efficient
organizational structure, the elaboration of statutes (very probably copied from
other CABs). Then they were registered before the Chamber of Commerce.

Training processes in an organizational structure allowed CABs to be more
competitive and updated on the realities surrounding them. Therefore, the third
element of the manual formulated was training. It was necessary and vital that
communal organizations should periodically train their members in basic and vital
issues such as: (1) Citizen participation mechanisms, (2) project formulation and
management, (3) policy, territorial governance and local environmental manage-
ment, (4) development, organization, empowerment and community ownership,
(5) information and communication technologies, and (6) conflict resolution. The
training phase was structured considering both the environmental profile and the
organizational structure, so that once finished, it could reach the fourth and last
element phase of the manual to be considered, solving the problems and needs of
communities. This included three aspects: (1) Solutions to the problems identified
in the environmental profile, (2) evaluation and feasibility of the proposed alter-
natives, and (3) implementation of solutions to the social problems of communities.
Finally, and as Marchonni (2007) pointed out, the community process was one of
organization, development or both. It would only advance if there were political
willingness (including administrators and population) and technical-scientific sup-
port (human and economic resources). The future was becoming more complex,
where more knowledge and applied science was needed to provide better living
conditions for the communities. Although this manual emerged from a
theoretical-conceptual construct supported by contextual diagnosis, the evaluation
pointed out the needs of the urban area of the City to be efficiently organized at the
community level. However, implementation or validation of the manual by means
of pilot test was subject to what Marchonni had proposed above: Political will and
technical and scientific capacity.

6 Conclusions

CABs are fundamental social structures in achieving sustainable development for a
city or town and, from this study, the following conclusions were obtained:
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1. The individuals who made up Community Action Boards were people charac-
terized by low income and poor levels of education, few opportunities for
employment and personal development. Mostly they were from a low
social-economic stratum.

2. It was a priority to work in an articulated way between Community Action
Boards in search of solutions to local problems of the City, both at the urban and
rural levels, framed in the concept that environmental problems and environ-
ment per se had no political-administrative boundaries. Likewise, the exchange
of experiences was an enriching factor for improving the way of operating and,
in turn, feedback for themselves as key structures of the territory for achieving
environmental sustainability.

3. One of the main weaknesses presented by the Community Action Boards of
Monteria’s urban areas (without omitting rural organizations) was that these
were formed more as passionate and spontaneous actions to organize groups
responding to political aims, rather than as structures designed on a diagnosis,
characterizing the community itself and the individuals therein, and above all, to
the environmental problems and needs to which solutions must be given. The
purpose of CABs was to contribute to sustainable development and efficient
environmental management of the territory, but the leaders of the organizations
were not clear on what entailed achieving sustainable development and terri-
torial environmental management.

4. The organizational structure of the Communal Action Boards was vertical, that
is, greater responsibility was centered on a visible head, thus lessening the
importance of other individuals who were part of the organization and the role
they could have developed inside and outside the same organization. The
training processes in this type of organizations were very poor, especially in
relation to the formulation of projects and the capacity to manage them.

5. Elements such as territory profiles, structuring of organizations based on envi-
ronmental profiles, the training of community organization members (especially
in fundamental issues such as sustainable development, citizen participation
mechanisms, formulation and management of projects, communication and
information technologies, construction of environmental networks, organiza-
tional structure) and the solution of problems and needs were highly relevant
factors when designing an efficient community organizational manual.

These conclusions gave us reason to believe that educational environmental
training had to be the basis for promoting and guiding the actions of community
organizations for sustainable development in which effective interactions between
community organizations, government agencies and local non-governmental groups
depended upon organizational strategies designed and carried out with manuals to
guide the actions of all three social-economic sectors of specific communities.
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Pedagogic Proposal Focused
on Sustainable Development:
Fracking, a Matter of Active Debate
at Present in the Argentine Patagonia

Alida M. Abad, Cecilia E. S. Alvaro and Norma Sbarbati Nudelman

Abstract This research focuses on the development of a pedagogic unit on
hydrocarbons for the last year of high school students that links the contents of
science with social, technological and environmental aspects using a global
approach (STES). This proposal emphasizes an holistic view of school contents,
selecting a controversial topic such as oil extraction by hydraulic fracture known as
“fracking” that arouses a deep debate due to its social implications. This exploratory
research uses a qualitative methodology focused on a case study. Empirical evi-
dence is gathered using classroom observations, student surveys and teachers´
interviews. Due to the size of the sample limited to a small group of students, this
study does not admit generalizations, it only shows a tendency. This paper is a
contribution to future research on STES approach in High School.

Keywords Pedagogic strategy � Fracking � Sustainable development
Environment
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1 Introduction

Growing concerns about a threatened environment, conflicts, inequities, poverty,
ideological extremes, and consumerism are all indicative of a pressing need to
reflect on the global status quo and to find constructive and long-term, sustainable
strategies for planet and people. The need to give the younger generation “a better
deal” for helping to shape a sustainable world is being embraced by several
international associations, NGOs, and multiple sectors of the whole society
(Lueddeke et al. 2017). Environment and society are synergistic in any environ-
mental modeling; the reaction of society should be included, and the uncertainties
are more of socio-economic nature than biophysics (Lubchenco 1998).

There is a widespread recognition that this century citizen should have a basic
understanding of the fundamental concepts and procedures of science and tech-
nology because of their ever increasing relevance in his/her common life (Lok
2010). Nevertheless, teachers usually complain on the lack of interest in science of
their students. To reverse students’ lack of interest in science, several innovative
pedagogies are being implemented. Among them the Science, Technology,
Environment and Society (STES) and the Inquiry-Based Science Education (IBSE)
approaches, are among the most successful methodologies for the teaching of
STEM (Science, technology, engineering, mathematics) disciplines (Nudelman
2014).

The STES approach that links science to technology, society and environment
has been applied by several research projects since the 1990s and continues to be of
interest in science teaching today (Aikenhead 1992; Ramsey 1993;
Jiménez-Aleixandre and Gallástegui 2011; Zoller 2013). In the IBSE approach the
students are proposed a scientific problem or phenomena and working in a
4-members team they should look for experimental evidences of the STEM fun-
daments that could explain the observation (Harlen 2010; Nudelman 2016). In both
pedagogical approaches the authors agree on the importance of structuring science
contents with current problems that may be significant for the students. As a very
important example, it is worthwhile mentioning that the need for including the
society’s impact is an essential requirement in any research on the economy of
Global Climate Change when considering the efforts for reducing emissions
(Sandmo 2015; Chisari and Miller 2016a, b).

Argentine Norpatagonia has one of the main reservoirs of unconventional
hydrocarbons that must be extracted by hydraulic fracture. Fracking is a technique
that allows the extraction of gas and oil from the subsoil by deep drilling and
injection of high pressure water with the addition of numerous chemicals. This
technique is severely questioned due to environmental implications, although it is
one of the main sources of income for the region. It is also subject of controversial
debates in different areas of society so students are familiar with the problem due to
the repercussion in the mass media and social networks. Therefore, addressing this
situation from a didactic proposal is interesting and highly convenient to develop
critical judgment and environmental awareness.
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For achieving the mitigations expected by 2030 (COP21 2015) education is
considered a key issue since the young students are being mentioned as the real
“agents of change” (Battro et al. 2017).

The aim of this paper is to discuss STES approach in Chemistry classes,
selecting a hot topic such as “fracking” to foster skills such as critical analysis and
argumentation and make the students aware of their own responsibility as active
citizens.

2 Content and Work Development

The public image of Chemistry is fairly lowing down in the popularity stakes,
especially because of the contention of the potential harm, to human health and the
environment, caused by the application of chemistry. Environmental issues are the
subject of countless books, articles, speeches and even sermons, and appear to
constitute by far the biggest social challenge chemistry has ever had to face (Russell
2000). This bad image could be justified in some cases due to some mistakes,
undesirable side-effects and accidents that have occurred. To face the challenge and
overcome the unwelcome opposition, a more environmentally friendly new
chemistry has being developed in the academy and in some industrial sectors since
almost two decades ago (Anastas and Kirchhoff 2002). This kind of Chemistry is
well accepted by the students and lead to a better understanding between envi-
ronmentalists and chemists, for the benefits of the whole society (Nudelman 2004).

When Chemistry is taught by the traditional way, students get bored by the
accumulation of laws, formulae, nomenclature, and so on, that (they presume) has
nothing to do with their real life.

Particularly, in The Organic Chemistry Curriculum of almost any High School
program, Hydrocarbons is one of the main units, usually teachers place emphasis on
disciplinary contents, (structures, nomenclature, sources, etc.) leaving aside other
aspects that allow a more global approach. The present proposal focuses not only in
scientific aspects like properties and structures of hydrocarbons but also intends to
take into account the differences between fracking and other methods for oil
extraction, with regard to the environmental impacts.

The country’s main geological formation called Vaca Muerta is located in
Northern Patagonia, Argentine. It is a shale oil reserve of global importance and its
extraction requires fracking. The technique for extracting petroleum and natural gas
from non-conventional reservoirs exploits the hydrocarbons accumulated in the
pores and fissures of certain sedimentary rocks. These rocks are of fine or very fine
grain, generally of lime type, which permeability prevents the migration of
hydrocarbons to large reservoirs. It is necessary to drill wells that occupy wide
areas; millions of gallons of water must be injected with chemical and toxic sub-
stances in order to extract them. The discovery of the shale oil reservoir raises big
controversy in different fractions of society. The exploitation of this resource,
should bring, a great economic growth to the region but it also has important
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environmental implications that should be jointly considered (Brock and Taylor
2004). This technique is also the subject of active debate between those who are
aware of the need to apply this methodology and their opponents, very often not
well informed about the technological aspects. This research seeks to provide
evidence about how the design and placement of a different teaching proposal with
an IBSE and STES approach, can improve science teaching. The work proposal
prioritizes the use of tools, such as searching and contrasting technical information,
search for evidence, critical analysis, argumentation, etc. to discuss viability and
consequences of using a highly questioned hydrocarbon extraction technology.
Evaluation of the proposal is made by surveys, interviews and class observation.
The field work of this research is carried out within the framework of a thesis for
Chemistry teachers’ training.

3 Teaching Sustainable Development in High School:
Argumentation in Science Classes Using a STES
Approach

The High School students are aware of these facts that surely will affect their lives
in the near future. Very often several newspapers, mass media and social networks
refer to the subject exposing very different points of view, usually depending on
their own interests. It is expected that an informed citizen should have its own
critical opinion on the application of technologies that could affect human life and/
or the environment (Binmore 2011). The High School teachers, especially in the
science classes, should help students to critically analyze the large body of infor-
mation, understand the fundamentals of science and technology involved in the
suggested oil extraction methodologies to build their own rational point of view.
First of all, it is necessary to know about the different types of hydrocarbons, their
structures and properties and how they are incidental in the diverse extraction
methods in order to have enough background to discuss the topic seriously.

The STES approach that links Science, Technology and Society with environ-
ment seems suitable for this purpose, since it gives the chance to apply science
contents to everyday problems and make decisions as citizens committed to their
social environment. Duran (2013) emphasizes that it is fundamental to understand
the centrality of sustainability ethics as a set of values that promote the under-
standing of the complex interactions between society and environment, taking into
account the interrelationship of ecological, cultural, technological, economic and
social aspects. We agree with the statement by Ramsey (1993) “From the perspective
of social responsibility, scientific training should give rise to students who can and
do participate in the resolution of social issues related to science. This means that
students are willing and able to act effectively as citizens using the values and skills
that come from both science and democracy”. In STES science teaching, science
content is certainly taught but from a social perspective that allows them to have an
up to date view of science possibilities and limitations. To ensure sustainability of
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natural resources must be a priority in science teaching. From the perspective of
sustainability, any relevant, generated or acquired knowledge that is put into action
in the STES context should be guided by the idea of social responsibility (Zoller
2012). That is why choosing a relevant issue to discuss in class helps students
develop different skills like argumentation in order to analyze data, draw conclusions
and communicate effectively. When the students use IBSE methodology they look
for experimental evidence, contrast different explanations of a phenomenon, theory,
or model by evaluating evidence and drawing conclusions, they are using argu-
mentation (Nudelman 2016). Definition for this practice is quite clear. We conceive
argumentation as a mean to evaluate knowledge statements, hypotheses conclusions
or theories based on available evidence. What we understand today as an effective
science learning goes beyond understanding and using scientific concepts and
models. It also includes participating in scientific practices. These practices corre-
spond to the way scientific community works, creating new knowledge
(Jiménez-Aleixandre and Gallástegui 2011).

Both, from the curricular documents that come from the Argentine Ministry of
Education, called Priority Learning Issues, (NAP in Spanish) and from didactic
research, argumentation is valued as a relevant competence in Science teaching.
Pedrinaci (2012) says it contributes to develop responsible citizenship, able of
participating in social decisions using critical thinking. The use of fracking, sus-
pected of producing high pollution in watercourses, is a good point to start a debate.
It is necessary to consider the non-renewable character of oil, to compare pollution
generated by the different methods of oil extraction, sustainability in resource
management, and be aware of economic-social impact. Jiménez-Aleixandre and
Gallástegui (2011) associate argumentation to many purposes of science teaching,
that help students develop the following skills:

• improve learning processes.
• responsible citizenship, able to participate in social decisions by exercising

critical thinking.
• participate in scientific practices that expand scientific competences and allow

an understanding of the complex nature of science.

Undoubtedly, the promotion of IBSE and STES-focused education for sustain-
ability in science education, at all levels, raises the issue of education versus
indoctrination. In this context, science teachers’ job is not to tell the students what
to think, but rather to develop their own thinking (Qablan et al. 2011).

4 Research Methodology

This is an exploratory study based on a qualitative methodology.
The researcher takes the role of participant observer in the present case study, to

obtain information about the students’ perception about the motivation, significance
and importance of STES approach in chemistry classes. The emphasis of this
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didactic proposal is placed on communicative skills such as argumentation and
critical judgment development. Cognitive processes developed are collected
through analysis of student outputs. This didactic strategy will allow students:

• Relate disciplinary contents about hydrocarbons with technological, social and
environmental aspects.

• Develop informative, communicative and argumentative skills.
• Critical thinking for the detection and analysis of manifest trends in different

sources of information.
• Creativity to design their productions in different communication formats that

make the community aware of relevant environmental issues.

This strategy is tested with thirty two senior students of a private high school.
After learning usual science contents like properties, structure of hydrocarbons

and fractional petroleum distillation, students are asked to search scientific literature
and identify recent articles that address the problem of fracking to exploit shale oil
resource. After discussing in class several articles and different visions of the
problem the students are organized into groups with different number of students
each, in order to be part of a role playing process where they have to develop
arguments in favor and against fracking and communicate their conclusions to
peers. For a convenient support they have to seek information from different
sources like non-governmental organizations, environmental forums in Internet, oil
companies, government offices, and analyze the information with critical thinking.

Group 1 (10 students) have the task to prove that fracking is a convenient
solution for the region and bring up reliable information from different sources.
They have few minutes to present their idea using Power point or Prezi in sub-
groups of two students.

Group 2 (10 students) have to support the opposite idea in the same way as
group one.

Group 3 (5 students) have to record all relevant information in the debate for a
report.

Group 4 (2 students) present each speaker, moderate and keep discussion under
control, same chance to speak with equal exposure time. Read the final conclusions.

Group 5 (5 students) have to play the role as reporters, take pictures and record
some main ideas and then write an article for the school on-line newspaper.

Students from another course of the same school, with their science teacher, are
invited to play the role of audience and choose which they think, is the most
convincing posture.

Once everyone had the chance to speak, and defend their judgment, the audience
composed of peers express their verdict based on what they heard and considered
more credible. They write down their position and hand the paper to the moderators
who take their time to order the answers and then read the conclusions aloud,
ending the session.
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After the unit is finished all students answer surveys that have to do with
learning and motivation. An interview is made to the science teachers who par-
ticipated as audience.

5 Results and Conclusions

92% of the students answered that they liked the way the unit was taught.
3% didn’t like it.
5% didn’t answer.
Of those who answered yes,
20% said they liked because they learned new things about oil extraction.
25% because the new skills are very important for their future.
30% care for social responsibility.
15% considered an important issue because they live in a state whose main wealth
is oil and need to make use of the resource in a sustainable way.
5% liked role playing and argumentation as a technique that allows learning and
making decisions.
5% did not answer.

Students were positive about their learning process and were aware of advan-
tages of argumentation. They feel worried about their future and also responsible
for making decisions that will preserve environment and its natural resources. They
also know that oil means money and the state depends largely on this resource.

Class observation reveals that students took role playing with great concern and
studied more than in a traditional class to be able to communicate conclusions. The
reports and the newspaper article were considered by the teacher as very
satisfactory.

Interview made to the High school science teacher who participated in the
audience revealed that she was surprised by the quality of the arguments made up
by students and by the realism shown during the role playing.

We can finally say that developing science classes that ensure the use of sci-
entific competencies such as argumentation in a curriculum with a STES approach,
allows us teach science in a more profitable way and promote sustainability.

Sustainability science is a rapidly evolving area that challenges professionals and
academics from all scientific disciplines to apply their expertise to promote sus-
tainability (Clark and Dickson 2003).

Lozano and Watson (2013) prevent that participation of chemists in the col-
laborative field of Sustainability science is critical for developing and implementing
sustainable stratagems for dealing with complex global dilemma.

We believe that is true not only for Chemists but also for Science teachers who
are educating the new generations to make decisions that compromise the future of
society (Nudelman 2017). It is urgent to update the science curricula to emphasize
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sustainability and involve students as the real “agents of change” for achieving the
United Nations Sustainable Development Goals, UN SDGs, proposed for 2030
(Nudelman 2016).

This proposal aims to be a contribution to deepen the disciplinary contents and
rescue competences such as writing and speaking in science. It also highlights the
importance of disseminating regional environmental issues in the community using
different communication formats.

Analysis of surveys show a substantial increase in student motivation by this
type of proposal, focused on real issues that involve technological as well as social
and environmental knowledge. The scientific procedures applied in the classroom,
such as multiple variables analysis, well-founded conclusions and argumentation
were mentioned by the teachers as very important. They also considered that the
performance of the students was much better than in the traditional science classes.

Like all case studies, this research only shows what happened with this particular
group of students and marks a trend that may be insured by future and larger
studies.
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A Low-Cost and Low-Tech Modular Solar
Still as a Reliable and Sustainable Water
Source

Gregor Zieke

Abstract The principle of solar water purification or solar distillation is one of the
few feasible possibilities of drinking water treatment for many regions of the world,
which suffer from groundwater contamination by fluorides and/or heavy metals.
The implementation of an innovative low-cost, low-tech design of a modular solar
distillation system is presented. It covers all aspects of sustainability, in the social,
natural and economical dimensions: apart from facilitating dissemination by eco-
nomic small scale production, which uses broadly available materials, the modu-
larity of the described system permits its easy adaptation to the required drinking
water output. It is completely user-serviceable and does not require additional
energy sources. A distillate yield of up to 3.9 L per day and square meter is
achieved. All analyzed contaminants of the raw water were effectively removed in
the distillation process. Furthermore, a partial remineralization of the distillate is
achieved by the use of a concrete trough in the module, thus making it suitable for
human consumption.

Keywords Solar still � Low cost drinking water treatment � Low technology
Fluorosis

1 Introduction

Adequately purified drinking water is a scarce resource—not only in Mexico, but
also in many other countries of the world. Due to various infrastructural and
technical factors, the tap water in Mexico in general cannot be considered as safe
for human ingestion without special treatment. Furthermore, recent studies confirm
the existence of arsenic and fluoride above the levels established in the National
Mexican Norm for Potable Water (Castellanos Coutiño 2000) in at least 36
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Mexican aquifers, most of them located in the central and northern parts of the
country (Reyes-Gómez et al. 2013). It is estimated that in Mexico about 6 million
people are affected by a combination of both contaminants in the drinking water
supply (Alarcón-Herrera et al. 2013), which therefore requires specialized treat-
ment, such as Reverse Osmosis. Although the availability of drinking water treated
by the latter is high in urban areas (bottled water), in rural areas the people rely
mainly on untreated well-water for ingestion, thus suffering from health problems
such as diarrhea in mild cases or fluorosis in severe ones. Up to date, there exists no
affordable and independent solution to reliably purify the aforementioned water
resources in small-scale installations, for example in households. One feasible
approach is the distillation of the affected water, which is capable of completely
removing nearly all known contaminants (Derickson et al. 1992). Commercially
available electrical distillers impose a relatively high initial investment cost (starting
at about 300 USD per unit at the time of redaction of this article) and have the
disadvantage of continuously arising electricity costs. Using solar energy for this
purpose is an ideal option for sunny regions in the world—especially for Mexico
which has a high solar potential throughout nearly all of its territory. As for the
construction of the solar water distiller, there exist various concepts; the simplest
being the solar still. It requires only solar radiation for the process, therefore being
an energy autonomous technology, which integrates perfectly the three aspects of
sustainability: It can be constructed from simple, economic and durable materials,
thus requiring only an initial inversion, which redeems in a short time span. For the
same reason, it can easily be constructed and disseminated. Due to its simple
working principle, operation and maintenance can be done by the user and no
special spare parts are required. At last, it helps to conserve the natural water
resources by tolerating a wide range of raw water without the need for
pre-treatments, which promotes the use of surface- and gray-waters. This paper
features the development and the proof of concept of a semi-automated modular
solar distillation system, which integrates the aforementioned aspects into small
solar still units, which are produced by a concrete casting process. The modularity
facilitates the scaling of the system in order to cater for the users’ drinking water
needs in rural, as well as in urban areas.

2 State of the Art

Up to date, the only seemingly working and reproducible solar still is the com-
mercially available Rainmaker™, which costs 489 USD and incorporates high-tech
materials (SolAqua LLC 2017). The solar stills described by Foster and Eby-Martin
(2001) and Ojinaga Santana and Foster (2001), which were implemented in com-
munities in Northern Mexico, also include materials which are not easily accessible
on the Mexican market. The latter characterizes the dilemma of small-scale solar
stills in general: while functional solar stills can only be established in communities
via financing schemes, which create technologic and economic dependencies from
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the manufacturer, in case of self-construction, the proposed materials are either not
durable or contaminate the distillate, as described by Kinzer and Crane (2006). The
present investigation is based on the necessity for a solar distillation system, which
combines the aspects of economic construction and simple maintenance,
semi-automated operation, as well as satisfactory yield and acceptable water quality
(remineralization) with the application of durable and common materials which do
not affect the user’s health.

3 Methodology

The design of the solar still module integrates various already proven enhancements
of the basic working principle, which are described in the following sections.
A mold for concrete casting is created in order to produce six prototype modules,
which are arranged in a system setup afterwards. The prototypes vary in the amount
of incorporated insulation material (recycled polystyrene food trays) and the way of
raw water preheating (with or without solar collector); the influence of these factors
on the distillate yield is analyzed. In addition, the energy efficiencies are deter-
mined, in order to facilitate the comparison with existing technologies. Water
quality measurements are conducted in order to corroborate the working principle
and to determine the level of distillate remineralization. A short list of used
materials and their cost completes the analysis. Whereas the physical implemen-
tation of the solar still system is described in the paper, no long-term studies or
practical user experiences have been made with the technology yet.

4 Working Principle

As physical working principle, the single basin, single-slope solar still is used,
which is viable for locations with a latitude equal or greater than 20°, according to
Kalidasa Murugavel et al. (2008). It permits the use of a wide variety of raw water
and has the simplest design of all solar distillers—without the need for additional
energy (pumps) or other devices (filters). Also, in comparison to a single basin,
double-slope solar still, this design achieves higher energy efficiencies—up to 10%
above the latter (Al-Hayeka and Badran 2004). This is an important point, as solar
stills in general suffer from low energy efficiencies between 25 and 45%
(McCracken and Gordes 1985; Noble 2014) and therefore a low distillate output of
approximately two to five liters per day per square meter of irradiated surface. The
achievable maximum energy efficiency for the technology of single-basin,
single-slope solar stills is estimated to be 60%, based on data by Quaschning
(2005). In order to reach this efficiency, the basic design was improved with the
interventions described in the following paragraphs. Figure 1 shows a cross section
of a solar still module.
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5 Raw Water Dosage

Badran (2007) recommends maintaining the water level in a solar still as low as
possible in order to enhance its yield. With a low raw water mass in the evaporation
basin, the operating temperature of the evaporation process is elevated to the range
between 50 and 80 °C and the distillate output rises significantly. The lowest raw
water depth documented in literature is 2 cm (Badran and Al-Tahaineh 2005;
Kalidasa Murugavel et al. 2008), which also led to the best performance results in
comparison to stills with a higher water depth. In the modular solar still, the water
level is decreased to approximately 5 mm as operating height. This is accomplished
by using a precise floating valve in an external leveling tank which supplies the raw
water to the modules via the physical principle of communicating vessels (see
System Design). The latter also avoids desiccation of the evaporation basin which
causes the incrustation of salts and minerals.

6 Evaporation Basin

The use of a removable standard ceramic tile as evaporation surface has the fol-
lowing advantages over the black painted metallic evaporation basins commonly
used in solar stills:

• No problems of thermal expansion or warping in the absence of raw water, as
observed by Zieke (2011).

• High resistance to corrosive substances.
• Easily cleanable due to enameled surface.
• Black pigments burnt into tile surface; no spalling of black paint or chemical

degradation of the latter, as observed in a painted aluminum basin by Zieke
(2011).

Fig. 1 Cross section of the modular solar still
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• Similar specific heat capacity as aluminum [tile: approx. 1 kJ/(kg*K), alu-
minum: 0.91 kJ/(kg*K)], thus similar thermal behavior.

Whereas common solar stills only have one raw water layer which gets heated
and evaporated, the modular solar still has two—one layer above the black tile
which is heated up rapidly by the incoming solar radiation, and another layer below
the latter which heats up more slowly and serves as a thermal reservoir for nocturnal
distillation.

7 Passive Energy Augmentation Techniques

Another way of raising the efficiency of the distillation process is the installation of
a mirror at the rear wall of the distillation chamber, in order to reflect non-inciding
solar radiation back to the evaporation basin. Abdallah et al. (2008), as well as
Al-Hayeka and Badran (2004) describe a yield gain for this measure in the mag-
nitude of 20–30%. For this purpose, the modular solar still has a small sheet of
mirror glass installed (see Fig. 1). Further extension of this principle is imple-
mented in the experimental system setup in form of an adjustable reflector made
from galvanized sheet metal, which also serves as a protective cover for the
modules in case of severe thunderstorms (see Fig. 7). By seasonally adjusting its
inclination, a distillate gain from at least 23% is expected (Tanaka 2009). At the
same time, the secondary reflector compensates for the smaller inclination of the
condensation cover—the general recommendation is to adjust its inclination to
the latitude of the place of project implementation for annual yield optimization
(Singh and Tiwari 2004), i.e. approximately 22° for the city of San Luis Potosí. On
the other hand, McCracken and Gordes (1985) emphasize that the distance between
evaporation basin and condensation cover should be minimal in order to maximize
the distillate yield. Therefore, the inclination of the cover glass was adjusted to 10°,
in order to minimize the air volume inside the still. The smaller air volume lowers
the losses of water vapor re-condensation, which occurs when the water vapor cools
down in the air volume of the still before reaching the condensation cover.

8 Cover Glass and Distillate Deviation

Ghoneyem and Ileri (1997) determined that the distillate production rate of a solar
still is inversely proportional to the thickness of the applied cover glass, which has
to facilitate the dissipation of heat from the condensation process. Therefore, the
applied glass sheet has a thickness of 3 mm as a compromise between distillate
yield and mechanical stability. In order to deviate the condensed water into the
collection trough, as well as to avoid contamination of the latter from raw water
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rising at the interior walls (due to capillary effects of the concrete), a 1 cm—wide
glass strip is adhered to the inside of the cover glass (see Fig. 2).

Although the strip is attached using standard silicone caulk, it is assured that the
latter does not squeeze out in the subsequent clamping and drying process, in order to
avoid its contact with the distilled water later on. The reason for this is that some
commercially available silicones contain petroleum distillates which impose a hazard
to human health when ingested. Commonly used materials for distillate deviation are
either food grade silicone or rubber gaskets, but these materials are either expensive
and/or difficult to obtain in rural areas and developing countries. In so far, the present
approach is innovative, as it avoids the contact of the distilled water with potentially
hazardous materials. For the same reason, the rubber gasket sealing the cover glass is
placed on its outer surface (visible in Fig. 1). Apart from protecting the still from
contamination and avoiding vapor leakage from the inside, the rubber gasket also
inhibits the lateral rainwater runoff into the distillation chamber. Another advantage
of the proposed design is the secure separation of rainwater from distillate by
extending the cover glass towards a dedicated rainwater collection trough.

9 Construction Materials

Whereas the body of most of the solar stills used in small-scale installations is made
from either sheet metal or wood, the present design uses a common composition of
concrete with the relation of 1:1.4:1.6 (cement: gravel: sand). This has the

Fig. 2 Cover glass with glass strips on the inside for distillate deviation
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advantage of exclusive use of economic and widely available materials which are
estimated to last at least 20 years in continuous use and do not expose weathering
problems, such as warping or rusting. At the same time, the use of special surface
treatments is not necessary, which lowers the construction costs and avoids the
incorporation of additional chemicals. Experiences using concrete for solar still
construction exist up to date mainly for large-scale installations of deep basin stills.
Therefore, the use of concrete for a shallow-basin, small-scale installation can be
seen as a novelty. A layer of thermal insulation can easily be integrated into the
concrete body during the casting process. For the described prototype, recycled
polystyrene food trays are integrated into the bottom and side walls of the module
(see Fig. 5). This provides a very economical way of insulation and makes use of an
abundant waste material at the same time. The distillate collection trough can either
be made of concrete or any other composition of petrous materials, in order to fulfill
certain requirements of distillate remineralization.

As an economic material for the raw water inlet, as well as for the distillate and
rainwater outlets, CPVC piping is used. By using screwable connectors, a piping
network to interconnect the inlets and outlets of various solar stills can easily be
established (see Fig. 3).

10 Distillate Remineralization

Since previous water quality measurements of a solar still determined an average
pH value of 4.6 ± 0.05 (Zieke 2011), the distillate collection trough of the pro-
totypes will be made from the same concrete mixture as the body, as a first

Fig. 3 Dimensions and connections of the solar still module
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approach towards pH-adjustment and remineralization with calcium and magne-
sium carbonate. Due to the slow dynamics of solar distillation, the future integration
of either a calcite or dolomite bed as described by Luptáková and Derco (2015) and
Biyoune et al. (2017) into the distillate trough seems feasible.

11 Fabrication Procedure

In order to facilitate the production and reproduction of the modular solar still, the
manufacturing process is based on the use of two completely dismountable molds:
one mold for the body of the modular solar still and another mold for the distillate
trough. By casting the trough in a separate mold, it can easily be reproduced, for
example as a spare part. As construction material, standard steel panels and profiles
were used with the purpose of providing an economic and at the same time durable
material which permits a high precision and facilitates frequent castings without
having to replace parts of the mold.

Figure 4 shows the components of the mold for the body of the modular solar
still. The segmentation of the mold permits easy transportation to different places of
project implementation. All parts of the mold are joined by screws and wing nuts in
order to facilitate the assembly and disassembly without the need for special tools.
Before the casting of the concrete takes place, the mold is treated with food-grade
vegetable oil as a concrete release agent. After the casting process, the mirror is
attached to the rear wall of the evaporation chamber. At this point, the rest of the
components (distillate trough, black tile, cover glass, rubber gasket and metal
frame) are added. Figure 5 illustrates the incorporation of polystyrene food trays in
the casting process and shows one completed prototype module, which weighs
approximately 50 kg.

12 System Design

It is estimated that one solar still module is capable of producing approximately
0.3–0.7 L of distilled water per day under Mexican climate conditions, considering
an active area of approximately 0.11 m2 [based on 3–6 L/m2d, after Zieke (2011)]
—the latter resulting from the dimensions of the tile (33 � 33 cm). This quantity is
not sufficient for human consumption and has to be augmented by connecting
various modules in parallel as illustrated in Fig. 6. In this manner, the distillate
yield can easily be adjusted to the drinking water needs of the place of
implementation.

The raw water is fed to the leveling tank either by gravity from another manually
filled reservoir or directly from a pressurized water line (not drawn in the diagram).
A floating valve maintains the water level at a constant height inside the tank. By
means of communicating vessels, the raw water level in the tank and in the solar
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still modules is guaranteed to be equal. As long as the latter are perfectly leveled,
one leveling tank can be used to supply a large number of them with raw water
(installation of the modules in strings—similar to PV modules). The drain at the
lowest point of the installation facilitates the routine cleaning of the modules and
the raw water lines. It is mandatory to provide an emergency overflow in the raw
water supply line(s) to avoid flooding of the distillate trough in case of malfunction
of the floating valve in the leveling tank and to facilitate maintenance. The modules’
distillate and rainwater outlets can practically be combined in two separate lines
which feed the corresponding catchment tanks. Badran and Al-Tahaineh (2005)
state that by using a simple solar collector to preheat the raw water, the distillate
yield can be augmented by approximately 36%. Therefore, it is recommended to
integrate a small-sized solar collector into the installation, where the raw water
quality is adequate in terms of turbidity and dissolved solids (to avoid clogging).

Fig. 4 Components of the mold for the modular solar still—outer frame (left) and inner structures
(right)

Fig. 5 Polystyrene insulation in base and walls while casting and assembled solar still module
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Although being an optional component, the integration of a secondary reflector into
the system is advantageous in terms of yield maximization (redirection of sunlight)
and protecting the units at the same time (as mentioned in Passive Energy
Augmentation Techniques).

13 Operation and Maintenance

It is estimated that the proposed system can run on a semi-automated base, thus
requiring manual intervention only in case of maintenance. Factors for the degree of
possible automation of the system are the size of the installation, the kind of water
supply (manual feeding or connection to a public water line) and the type of storage
for the distilled water (manually drained collection vessel or fixed storage tank
connected to the water outlets). During operation, the only tasks which have to be
fulfilled manually are the adjustment of the inclination of the secondary reflector (if
applied) and the cleaning of the evaporation basins of the installed modules—
approximately once a month. The latter can also be done by flushing the entire
system. Hanson et al. (2004) report satisfactory results for this technique which
avoids the removal of the cover glass for cleaning the evaporation basin. The outer
surface of the modules’ cover glasses only has to be cleaned occasionally,
depending on the climatological conditions (dust, sand). Apart from the afore-
mentioned interventions, it might be necessary to manually lower the secondary
reflector to horizontal position in case of extreme climatological conditions, in order
to avoid damage of the modules’ cover glasses and to lower the wind resistance of
the entire assembly.

Fig. 6 Connection diagram for various modular solar stills
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14 Experimental Setup

In order to optimize the proposed modular solar still towards distillate yield, an
experimental system setup as shown in Fig. 7 is made.

Six prototype modules are mounted on a metal rack; the raw water dosage is
done by a leveling tank which has a blackened metal surface, in order to facilitate
raw water preheating throughout the day. Situated directly at its right side is the raw
water overflow. The following three constructional variations are examined:

1. Body made entirely of concrete.
2. Body with polystyrene insulation below the evaporation basin.
3. Body with polystyrene insulation below the evaporation basin, as well as in the

rear and lateral walls.

In the first configuration, the three modules from the left side work solely with
the secondary reflector as passive energy augmentation technique; in the second
configuration, the raw water is preheated by a solar collector, as illustrated in Fig. 8.
The raw water is fed to the collector at its lowest point and is heated on its way to
the outlets by flowing through blackened 13 mm copper pipes, which are fixed to a
blackened metal sheet as absorber (approx. 0.7 m2 of active area). An important
detail is the integrated heat reservoir in form of cobblestones below the absorber,
which facilitates nocturnal distillation by accumulating heat during the day.

Due to the dry climate during the measurement period, the rainwater output of
the modules was not quantified.

All of the modules are supplied with tap water from the network of the
Autonomous University of San Luis Potosí. During the measurement period of two
weeks, the physical parameters listed in Table 1 were determined in intervals of
10 min.

In order to compare the performance of the modules with other systems, the
energy efficiency is determined by the following equation [adapted from
McCracken and Gordes (1985)]:

Fig. 7 Configuration of the experimental setup
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gDS ¼
DHevap � mD;i

Qsol;i

Where gDS is the energy efficiency of the solar still, DHevap the enthalpy of
vaporization at a specific temperature [taken from Keenan and Hegemann (1978)],
mD;i the mass of produced distillate in a time interval and Qsol;i being the amount of
incident solar radiation on the area of the solar still in a time interval. Apart from the
physical parameters, the quality of raw and purified water is also determined.

15 Results and Discussion

From the installment of the experimental setup until the conclusion of the mea-
surement series (a total of two months), no signs of material deterioration or water/
vapor leakage have been observed in the prototypes. All of the employed modules
worked without errors; their main physical characteristics are resumed in Table 2.

Fig. 8 Design of a simple solar collector for raw water preheating

Table 1 Determined
physical parameters

Physical parameter Unit

Raw water temperature in leveling tank [°C]

Raw water temperature at module inlet [°C]

Raw water temperature on tile surface [°C]

Temperature on inside of cover glass [°C]

Surface temperature of solar collector [°C]

Temperature in cobblestone bed [°C]

Ambient temperature [°C]

Solar radiation [W/m2]

Distilled water output [mL]
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It can be seen that the applied polystyrene insulation proved to be effective, as
maximum evaporation temperature and distillate yield rise proportionally with the
amount of incorporated material. Also, the application of raw water preheating
contributed to higher distillate yields, although in a lesser degree than expected—
the daily yield difference between variation 3 and 6 is only 74 milliliters in average.
Variation 5 exhibits the major distillate production of all modules which is reflected
in the most elevated raw water temperature on the tile surface. Due to an inho-
mogeneous distribution of the copper pipes of the solar collector, the raw water
output temperatures for the modules 4 to 6 differed, with module 5 constantly
having the highest values. This observation emphasizes the importance of preheated
raw water (preferably at a minimum level of 70 °C) for a high distillate yield.
Concordantly, the energy efficiency is slightly higher for module 5 in comparison
with the other variations. Although the obtained values are in the typical range for
commercial solar stills—between 30 and 45% as described by McCracken and
Gordes (1985)—the goal of raising the energy efficiency of the distillation process
still has to be attained. The latter can easily be accomplished by the incorporation of
more insulation material into the body of the modules and by lowering the raw
water volume inside the still. Especially the water volume below the tile can be
reduced, as only approximately 18% of the measured total daily distillate produc-
tion originate from nocturnal distillation. Projecting the modular distillate yield to
liters per square meter and day, the output lies between 2.7 and 3.9 L. Considering
the exclusive use of standard, non-metallic construction materials, the results mark
a solid base and are easily improvable by the implementation of the aforementioned
measures.

16 Water Quality and Remineralization

Table 3 shows the results of the water quality analysis. In all determined param-
eters, a considerable reduction or complete elimination of the contaminants
was achieved. This is especially important in the case of fluorides and lead,

Table 2 Physical parameters of solar still modules (PS = polystyrene, SC = solar collector)

Constructional variation Average daily distillate
production per module
[mL]

Maximum water
temperature on tile
[°C]

Average energy
efficiency [%]

1—Concrete body 299.0 61.5 27.1

2—PS in base 343.0 62.5 31.0

3—PS in base and walls 369.0 64.0 33.3

4—SC, concrete body 369.0 66.5 33.5

5—SC, PS in base 424.0 69.0 38.5

6—SC, PS in base and walls 373.0 64.0 34.1
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which exceeded the official limits in the raw water. Also, all mesophilic aerobic
microorganisms were eliminated.

The minimal quantity of fluorides in the distillate is to be explained by the use of
tap water for the preparation of the concrete mixture. The implementation of a
distillate trough made of concrete proved to be a success in terms of remineral-
ization: the parameters of calcium and magnesium hardness could be detected,
together with low sulfate values, which indicate a positive influence of the concrete
on the distilled water. For future implementations, the application of either lime-
stone and/or dolomite material into the trough is seen as feasible and highly rec-
ommended. Due to the slow dynamics of the distillation process, a thorough
remineralization can be expected.

17 Material Costs

Table 4 gives an overview of the material costs per solar still unit. Additional costs,
such as work force or additional components for the construction of a system, are
not considered. The calculated material cost is highly competitive in comparison to

Table 3 Chemical parameters of raw water and distillate (N.D. = not detected, N.E. = not
established)

Parameter Raw
water

Distilled
water

Official Mexican
limits

pH 7.7 7.6 6.5–8.5

Color [Co/Pt units] 0.0 0.0 0.0–20.0

Odor Odorless Odorless Odorless

Free residual chlorine [mg/L] 0.0 0.0 0.2–1.5

Total Hardness [mg CaCO3/L] 60.0 16.0 500.0

Calcium hardness [mg CaCO3/L] 53.0 12.5 N.E.

Magnesium hardness [mg CaCO3/L] 7.0 3.5 N.E.

Chlorides [mg/L] 26.0 3.0 250.0

Fluorides [mg/L] 4.2 0.3 1.5

Nitrites [mg/L] 0.9 0.0 1.0

Nitrates [mg/L] 9.8 N.D. 10.0

Sulfates [mg/L] 56.0 3.0 400.0

Cadmium [µg/L] 0.1 N.D. 5.0

Lead [µg/L] 22.4 N.D. 10.0

Arsenic [µg/L] 14.0 N.D. 50.0

Total Dissolved Solids (TDS) [mg/L] 246.0 38.5 1000.0

Mesophilic aerobic microorganisms [CFU/
100 mL]

28800.0 N.D. N.E.

Total coliform bacteria [MPN/100 mL] N.D. N.D. N.D.

Fecal coliform bacteria [MPN/100 mL] N.D. N.D. N.D.
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commercial solutions (as presented in State of the art), apart from facilitating
self-construction.

The materials of the mold cost about 850.00 MXN (approximately 43.00 USD).
Although the given costs have to be multiplied by the number of desired units and
the cost for the additional infrastructure has to be added (which depends on the size
and the conditions of installation), it is important to stress that these costs only arise
once. The system itself does not have any continuous operating or maintenance
costs. Therefore, the price per unit of water produced during the expected lifetime
of the modules (approximately 20 years) decreases rapidly and gets near zero after
the first two years of operation.

18 Conclusions

The presented concept of a low-cost and low-tech modular solar still was imple-
mented successfully and the applied materials proved to be resistant during the
experimental period. The use of concrete in combination with a casting mold for
fabrication provides an easy and standardized way of mass production and dis-
semination of the technology.

In terms of distillate yield per square meter and day, the achieved quantity of
2.7–3.9 L is average for the technology. The achieved product water quality is very
satisfactory; all of the analyzed contaminants are removed successfully and their
values are either below the limit of detection or much below the values established in
the Official Mexican Norm for DrinkingWater. Furthermore, a basic remineralization
with calcium andmagnesium carbonate is achieved by using concrete for the distillate
recollection trough. Therefore, the produced water is suitable for direct ingestion.

Table 4 Material costs per
solar still module

Position Quantity Cost
(MXN)

Cost
(USD)

Cement 13 kg 40.00 2.00

Gravel 18 kg 2.00 0.10

Sand 21 kg 5.00 0.25

Screws, nuts, wing
nuts

3 each 10.00 0.50

Silicone caulk 28 mL 6.00 0.30

CPVC pipe ½′′ 30 cm 4.00 0.20

CPVC connector 3 pieces 60.00 3.00

Rubber gasket 132 cm 19.00 0.95

Cover glass 1 55.00 2.75

Mirror glass 1 30.00 1.50

Black tile 1 18.00 0.90

Metal frame 132 cm 50.00 2.50

Total 299.00 14.95
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The material costs of approximately 300 MXN/15 USD per solar still module are
competitive in comparison to commercial systems and can be lowered further by
the production in small batch series. Especially in rural areas, where the access to
adequately purified drinking water is difficult, the technology has the potential for
being a reliable small scale solution for the provision of a sustainable water source.

Long-term experimentation, as well as field studies are planned to assure the
correct functioning of the modules and the distillation system. In order to enhance
the distillate yield, more insulation material will be incorporated into the modules.
Also, pigments will be applied in the concrete mixture to selectively heat or cool
certain areas of the still.
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Vulnerability and Coping Capacity
of the Population of Low Balsas
to Extreme Environmental Hazards
to a Sustainable Development: A Case
Study of the Population of Cuitaz,
Zirandaro, Guerrero

Liliana Aguilar-Armendáriz, Angel García-Pineda
and Saray Bucio-Mendoza

Abstract On September 2013, hurricanes Ingrid and Manuel passed through the
region of low Balsas causing great havoc. The region was also hit by the
Chikungunya fever in 2015 and is considered a zone ruled by organized crime.
Despite these prevailing circumstances, the present research was carried out.
Following Beerman et al. (The role of institutions in the transformation of coping
capacity to sustainable adaptive capacity, 2, 86–100, 2013), the present research
was conducted trying to elucidate the coping strategies upon which the community
had relied during the recovery from the 2013 flood and whether or not they had
acquired adaptive capacities with special regard to the institutional role in it (Lebel
et al. in Measuring vulnerability to natural hazards, United Nations University,
Hong Kong, pp 359–379, 2006). The research highlighted social features and
coping strategies of the Cuitaz, a community in Zirandaro, Guerrero which showed
their strong dependence on external help to recover because of its marginalization.
Results showed the lack of intervention of formal institutions to mitigate, prepare or
prevent future similar scenarios. It was also found that during the reconstruction, the
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government could have left the population in dire need out of the programs contrary
to international provisions which Mexico has signed.

Keywords Vulnerability � Low balsas � Social structure � Formal institutions

1 Introduction

The vulnerability of a society to extreme environmental hazards is understood as
the susceptibility to damage in the face of the emergence of events, such as floods,
droughts or epidemics among others. Studies done by Cutter (2003), Cutter and
Finch (2008), UNISDR (2004) have noted while working closely with populations,
that some factors inherent to them exacerbate the damages caused by extreme
events. Some of them have been related to the fact that the more vulnerable the
population is, the more socio-economically unprotected. In this regard, the capac-
ities of urban and rural societies to environmental hazards have also been
approached (Beerman et al. 2012; Scheuer et al. 2011; Lebel et al. 2006; Billing and
Madengruner 2006; Hutton and Hacque 2003) in order to complement the vul-
nerability assessment and/or to delineate better strategic planning.

Following Beerman et al. (2013), the present research tried to elucidate the
coping strategies upon which the community had relied during the recovery from
the 2013 flood and whether or not they had acquired adaptive capacities for future
similar scenarios.

Understanding the coping strategies that a community can deploy in the event of
a disaster can provide interesting insight into the role of social organization as well
as the role of formal institutions during recovery. In this study the perspective of
Lebel et al. (2006), regarding the institutional influence on vulnerability was fol-
lowed. According to which, institutions can modify vulnerability and risks through
several pathways such as: mitigation, preparedness, emergency and rehabilitation.

The Yokohama Strategy (UNISDR 1994), the Hyogo Framework for Action
2005–2015 (UNISDR 2005) and the Sendai Framework for Risk Reduction 2015–
2030 (UNISDR 2015) have tried to delineate guidelines that pursue the decrease in
vulnerability and better risk management around the world. By differentiating the
needs between rural and urban areas they have emphasized the key role of formal
institutions in such task. The Sendai Framework for Risk Reduction 2015–2030
establishes four priorities all pertinent actors should consider in order to diminish
the vulnerability of the population: (1) The understanding of disaster risk in order to
prevent, mitigate and respond in case of a disaster, (2) Strengthening the gover-
nance of disaster risk in order to promote collaboration among institutions to
enforce mechanisms that reduce disaster risk, (3) Investing on disaster risk reduc-
tion that also promotes job creation, innovation and growth, (4) Enhancing pre-
paredness in case of a disaster to be able to provide an effective response and a
better recovery.
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2 Understanding Vulnerability from Coping Capacities

According to Beerman et al. (2012), there was a bridge that needed to be crossed in
order to understand how institutions accounted for the transformation of coping
capacities into adaptive capacities which involved the preparation for future pos-
sible scenarios starting from a familiar one.

Coping capacities are defined as the manner in which people use available
resources to face the adverse consequences of environmental disasters. Such
resources must be seen from a wide perspective since local knowledge, social
capital and immigrants are also part of them and are sometimes a very important
one.

The research was conducted in two phases. The first one comprised a census,
conducted throughout the entire community. The questionnaire consisted of 46
questions that were focused on six areas: Education, Income, Flood of 2013, Flood
of 1967, Chikungunya Fever of 2015 and Organized Crime. Even though, the main
theoretical questions posed in the present research weren’t answered by the census,
it served to outline main aspects of the community as a whole, and as a first
approach to their reality.

The second phase was carried out with the intention of elucidating the coping
capacities found in the social structure and whether they had been modified by past
events through a contemporary case study (CSR). It was necessary to study the
population in depth and to observe the different manifestations of vulnerability in
such a small community from an anthropological perspective. This was possible
due to the close ties that exist between the second author on the locality.1

The CRS is linear but iterative, the process comprises six stages that are to plan,
design, prepare, collect, analyze and share, with permanent feedback between all
stages.

Planning is the first stage and focuses on identifying the situation that is relevant
to the application of this method. It implies a previous deep reflection on the
characteristics of the phenomenon as well as an extensive investigation on the
available information. The census allowed the initial diagnosis.

In the second stage corresponding to the design, the research questions, the
theoretical propositions, the units of analysis, the logical linking of the data to the
propositions and the criteria for the interpretation of the data were refined and
delimited. At this stage, the theoretical development was also reviewed in order to
properly locate the framework in which the study is located. Although it is a small
population, in this part, it was decided to approach the phenomenon as a multiple
case study, due to the different reactions to the phenomenon that were being found.
The similar assimilation of risk after the recovery from people with different
socio-economical background was defined as a theoretical proposition in this
investigation.

1Angel Garcia Pineda grew up there. His family relations made the interviews with the population
possible since organized crime usually does not allow strangers in it’s territory.
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There were defined other theoretical proposals on the relationship between the
disaster of 2013 and the subsequent phenomenon of Chikungunya fever in 2015
from the perception of those affected; as well as the determining role of family
solidarity in the reaction to the phenomenon and in the ability to overcome the
processes.

Another theoretical proposition contrasted in the study was that prevention and
early warning information to extreme event would lessen the damage. For the
verification of these propositions, it was considered to make the approximation
through several cases, in order to facilitate the comparison on the differences in how
vulnerability manifests itself in the population.

The analysis was designed at different levels: (a) housing regarded as whether
one or more families live in it; (b) the groups of households-families included in
each case; (c) the entire Cuitaz community. These levels of analysis are due to the
need to verify the theoretical propositions and make a comparison. The quality
criteria regarding the validity of constructs, external validity and reliability of the
research proposed by Yin (2014) were strictly taken care of.

On the third stage, preparation, the protocol of the case study was reviewed and
it was given a final form with the final selection of the cases to be observed. Special
reflection was made on the possible risks of the investigation and agreed on the
preventive and training measures required to carry out the field work successfully.
In the fourth stage, corresponding to the collection of evidence, the method admits
multiple sources. However, by the nature of the study the main source in these cases
was the face-to-face interview, which was contrasted with the available docu-
mentary information corresponding to the different units of analysis, databases to
characterize the territory, and the researchers’ own experience through participant
observation.

In the census phase, the instrument applied contained 46 questions, including
socio-economical background, land tenure and production, access to services,
migration, as well as housing characteristics, the experience of the 1967 flood (for
those who lived it) and 2013, Chikungunya fever and organized crime. In the
second phase, the in-depth testimony of the heads of families selected for inclusion
in the three cases was collected.

The analysis is the fifth stage, the research was qualitative of inductive type. It
was revised and integrated the information carrying out an interpretation according
to the technique of explanation building (Yin 2014). The sixth stage is the sharing,
in which the report of the case study is made, which for this occasion was done
following the linear-analytic structures (Yin 2014).

The main theoretical proposition was that there were different risk assimilation
patterns during the recovery of people with a similar socio-economic background
revealed by the coping and adaptive capacities of individuals. The role of public
institutions on prevention, mitigation and rehabilitation is a key component in
diminishing the vulnerability of the population and could be reinforced by applying
the coping capacities of the clanship.

It included deep interviews to seven members of the clanship in order to harness
their personal experiences during the disaster, as well as their motivations during
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the recovery. Cases were selected based on the decisions they made during the
recuperation process, the first case corresponded to the families that relocated their
homes. The second and third one were composed of families that did not change
their residence, although some received help from government to rebuild their
homes while others did not.

It was decided that CSR was the best strategy to address this research because of
the nature of the questions, and the small number of identified populations that
comprised one or a few families in each observable situation. Due to its qualitative
nature, the present study allowed, on the one hand, a contrasting theory with respect
to environmental factors influencing vulnerability, and on the other hand, the
generation of new knowledge to the community learning about disasters and how to
react to them.

The study uses the tools of qualitative research, combining different sources of
information with personal experience as its key component as well as knowledge of
the territory and its dynamics by some of the authors. The trust derived from its
relationship with the community allowed the authors and those who collaborated in
the information gathering process, to have little resistance from inhabitants to
answering the questions and at the same time, guaranteed a high level of certainty
regarding the information obtained face to face.

It is important to mention that although the authors are emotionally linked to the
case study, the research was carried out with strict scientific rigor and without
manipulation of the data, since the results were presented faithfully as they were
expressed by the settlers. On the contrary, these characteristics facilitated the
selection of participants and their taking part in each of the three cases presented.

Likewise, this confidence derived from closeness allowed the interviewees to feel
comfortable telling their experiences and expressing their thoughts in response to
questions, which was of great value and relevance to the investigation. This is
particularly relevant in the region of Tierra Caliente, Michoacan and Guerrero, since
it has been extremely difficult to carry out the fieldwork during the last decade. It is
also relevant in the social sciences that involve high interaction with the local
population (that distrusts outsiders) and are under the control of organized crime.

The described characteristics of the community being studied definitely make it a
singular phenomenon. In addition, the data are more observable in the investigation
than the actual number of respondents, so it is more of an in-depth study than a
statistical one (Eisenhardt 1989). The main unit of analysis was the vulnerability to
the flood of 2013, how it was lived, what the impacts on the population were and
how the inhabitants assimilated the risk in order to recover. The 1967 flood, the
Chikungunya Fever and organized crime were defined as complementary units of
analysis that were also expressed in different layers of vulnerability that the pop-
ulation had faced.

The analysis made through CRS expresses the reality lived in a specific com-
munity and the results can not be extrapolated to other contexts which represents
the main limitation of the research. However, it can serve to provide a deep insight
reflections on the experience of those affected and the limitations that are found in
the cases reviewed to achieve real sustainable development.
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In order to understand the position of the formal institutions in the disaster, the
Secretary of Civil Defense of the State of Guerrero was asked to provide infor-
mation obtained in the field work such as the number of people displaced, the
number of refugees, the amount of money invested on the recovery and the risk
reduction strategies implemented ever since.

3 Characterization of El Cuitaz, Zirándaro, Guerrero

The National Council for the Evaluation of Social Development Policy (Coneval
2012) published that in 2010, 86.4% of the population of the municipality of
Zirandaro lived in poverty, and 57.4% of it was considered to be living in extreme
poverty.

El Cuitaz community is located in the municipality of Zirandaro, Guerrero and it
is confined on the limit with the state of Michoacan in the Tierra Caliente2 region. It
is found by the Balsas River in a zone that is also known as Low Balsas. According
to the National Institute for Geography and Statistics (Inegi 2010), there were 141
inhabitants in 2010. However, the census accounted only for 139 inhabitants in 44
households that only had pipe borne water and light as public services.

According to the Index of Marginalization by Locality that was published by the
National Council of Population (Conapo 2012), Zirandaro was classified as a highly
marginalized locality in 2010.3

The clan has a kindergarten, an elementary school and a junior high school that
are also attended by children of other nearby communities. There is a vocational
school in a neighboring locality on the state of Michoacan, where the young can
continue their studies.

Fourteen inhabitants do not know how to read and write, 32 have completed
their basic education and only 19 have completed vocational studies.

The community is part of the Ejido San Jeronimo del Cuitaz and therefore, some
inhabitants have their own parcels of land. In total, 17 households of the Cuitaz
have 140 ha of the Ejido San Jeronimo, with an average of 8.3 ha each. However,
inequity is also visible in the distribution of the parcels, the person that has a bigger
parcel holds 30 ha, while the person with the smallest parcel owns only 3 ha.
Graphic 1 shows the manner in which the total number of hectares is divided among
the holders. The crops traditionally grown are corn, sorghum and sesame. However,
only 35% of communal land holders continue to grow their parcels annually with an
approximate income of $217.00 (US dollars) per hectare. This is because the
activity is dependent on rain. In a region of scarcity of rainfall, the low yields have

2The Tierra Caliente Region is named after its climate of high temperatures that range between 28
and 40 °C during the year. It can reach 50 °C in May.
3The latest index of marginalization by locality published by CONAPO is 2010. The index shows
the lack of opportunities that a population has and considers three aspects: dwelling, health and
income.
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pushed the rest of the communal land holders (75%) to give their lands out on rent
to a melon company at approximately $150.00 (US dollars) per hectare annually.
The company also provides jobs for the people during periods of cultivation and
harvest.

Table 1 shows the main livelihood strategy adapted by individuals. It also shows
the total number of individuals that depend on that activity, including housewives,
children and elders that do not work.

Due to the low income received generally, kids start working from the early age
of 12 and many of them grow up with the only option of migrating to the Unites
States to live the American dream. It was found that 63% of families received
income from their relatives in the US and 36% depended on it as their main
revenue.

The census showed that eleven families have cattle, but in reduced land parcels
they cannot have many, and with the constant increase in the prices of food for the
livestock, their profitability level is also low. Only two families depended on cattle
rearing as their main source of income, and they are also the ones that have a higher
income in the community.

Table 1 Main livelihood strategy

Strategy Activities Average
income per
month

Number of
households

Number of
individuals

Agriculture Rainfall-dependent
agriculture

218 USD per
hectare

22 80

Remittances Remittances from
family living in the US

170 USD per
month

16 42

Livestock Cattle rearing 500 USD per
month
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Graphic 1 Distribution of the common land parcels by households
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Twenty five families (56.8% of the population) received subsidies from the
government in a bid to improve the income of the families in rural areas, as well as
to stimulate children’s education.

4 Coping Capacities After Hurricanes Ingrid and Manuel

Ingrid was a category 1 Hurricane that formed on the Gulf of Mexico and Manuel
was a Tropical Storm that formed on the Pacific Ocean, they found each other on
Mexican territory on September 2013, causing strong storms in the region. Both
events occur naturally from May to November each year. However, their simul-
taneous appearance changed the perspective of some parts of the country. Guerrero,
which is a state that is overwhelmed by inequity according to Coneval (2014) was
one of the most affected.

According to the population interviewed using CRS, after three days of con-
tinuous storms the Balsas River started overflowing the riverbed. As a result, twenty
four households were flooded (54%), and ten of them collapsed (23%). Seventy six
inhabitants were displaced loosing most of their belongings in the process.
Fortunately, no one died.

Nevertheless, the disaster had a huge impact on the population, some members
had not fully recovered from the losses after three years and five months. The
interviewees recalled that the light had been out for days therefore no media had
been available to receive warning notices. The first generation of young educated
adults living in Morelia, Michoacan, started organizing themselves through social
media in order to help their community in the shortest possible time. Immigrants
living in the United States followed their actions.

Table 2 shows the three coping strategies recalled in the CSR that were found.
The first one accounted for the initial actions taken by the community. The second
one was related to the formal institutional response to the recovery and the third one
to the aid provided by the migrants living in Mexico and the United States.

Solidarity and cooperation were important assets when Ingrid and Manuel stroke
the community. Affective bonds were also an important asset since migrants meant
an essential source of income that meant provisions and in specific contexts the
rebuilding of their homes and the recovery of their lost assets.

Migrants living in Mexico started collecting funds to deliver supplies to the
suffering clan. They also visited the community to distribute the provisions and
started organizing the community to look for aid and assistance from local insti-
tutions. Lime was immediately obtained in the municipal head, and the cleansing
started in order to prevent diseases. Later on, the government also provided
machinery to remove debris. They provided moral support to the community and
helped them to overcome the psychological shock of the losses faster.

A few months after the disaster, only two households had relocated while most of
the inhabitants went back to their previous homes (Graphic 2).When asked if they had
received assistance during the disaster, almost 98% of the community claimed that
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they had received assistance from neighboring communities and relatives in other
places.Only after being asked about it, did they recall the assistance of the government
in cleaning the unpaved streets, removing debris and distributing provisions.

During the process of recovery, 98% of the population received help from
relatives living in other regions of Mexico, whereas 81% of the population reported
to have received help from their relatives in the United States and 6 households
were rebuilt by the government.

Thirty three households recalled suffering from intestinal and eye diseases right
after the event. None of them received medical assistance. Self-medication appeared
to be a frequent practice and it was constant during the recovery phase due to the
long travel distance needed to be covered before reaching a doctor as well as the
bad conditions of the road at that time.4

4.1 Chikungunya Fever

It was interesting to note that for some people, the Chikungunya fever that struck in
2015 was directly related to the flood that occurred in 2013. 137 people in the
community suffered from this disease in 2015, representing 98% of the total
population.

None of the people surveyed had knowledge regarding the prevention nor the
treatment of the chikungunya fever. Despite the fact that they all had access to
public health services, the closest care clinic was 40 min away, which meant that
their access involved travelling a considerable distance.

4.2 Flood in 1967

Fourteen households had at least one member of the community that lived through
the flood back in 1967. According to their narrations, at that time, all households

Table 2 Coping strategies in CSR

Strategy Activity Number of times pointed
out (max 7)

Self-organization ∙ Gathering individuals belongings and
taking them to shelters.

∙ Organization of shelters for the displaced
∙ Cleaning up the community

6

Institutional
response

∙ Distribution of provisions
∙ Rebuilding of houses

7

Aid from
migrants

∙ Distribution of provisions
∙ Help for self-organization
∙ Moral support

7

4The closest doctor is located in Aratichanguio, a locality 40 min away from el Cuitaz.
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were built with adobe, hence they all collapsed. Those who remembered the episode
more clearly, recalled that the population did not receive any help during the
disaster period nor during the recovery.

Nonetheless, people returned to live in their previous location due to the prox-
imity to the river. Back then, the community lacked access to pipe borne water, thus,
inhabitants had to carry water to their homes in order to satisfy their needs. The
closeness to the river was fundamental to their daily activities (Graphic 3).

4.3 Organized Crime

Police forces had no presence in the locality. The Comisario was in charge of
keeping the order in the community. He is democratically elected every year in
meetings with representatives of the municipality that imprint certainty and legality.
However, he is left without means to enforce the law. Homicides can be arranged as
vengeance without further consequences which probably makes El Cuitaz some-
what peaceful.

As a result of the low income labor in the region, organized crime activities have
emerged. Young boys are easily drawn to a new way of making a living in such a
precarious environment by: becoming assassins and saddled with the responsibility
of protecting the chief of the ruling drug cartel in the region or watching over the
drug crops for $60 US dollars per week. Future consequences, like being killed

44

24

10 2

TOTAL FLOODED COLAPSED RELOCATED

Graphic 2 Household after ingrid and manuel
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during a confrontation with other cartels or being arrested, are not put into con-
sideration. After all, having access to fire guns may also increase their popularity
and respect.

All of the people surveyed acknowledged the existence of an armed group in the
community. Five of them reported to have had at least one conflict with them, but
none of them explained why the conflict arose. None of the respondents admitted to
having a member of their family in such groups therefore this activity could not be
taken into account as a main livelihood for any household.

Two members of the community agreed to the presence of such groups within
the community because they took into account the fact that they defended them
from other armed groups in the region. On the contrary, the rest of the people
surveyed answered that the presence of such group encouraged disputes with other
groups. Furthermore, some pointed out that they sold drugs in the locality.

5 Multi-case Study: Vulnerability in El Cuitaz

Numerous studies have revealed that when a disaster occurs the vulnerable popu-
lation in socioeconomic terms is also more affected. In this respect, Wisner (1998)
stated that individuals that face an extreme event also cope with different constraints
such as no access to financial credit, scarcity of income or assets, lack of access to
information, among others.

In El Cuitaz, it was found that not all people were influenced in the same way by
the flood that occurred in 2013. Therefore, special attention was paid to the

139 137

TOTAL PEOPLE WITH CHIKUNGUNYA FEVER

Graphic 3 Chikungunya fever
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differences within the community, in order to understand the diverse ways in which
a population can become more or less vulnerable or resilient to extreme events.

Following the MCSR, the study was divided into three groups according to their
reaction after the event: (a) Those who moved to the upper territory, (b) Those who
went back to live in their previous location and the government rebuilt their houses
(c) Those who went back to live in their previous location but their houses were not
rebuilt by the government.

(a) Those who moved to the upper territory

As stated earlier, only two households were relocated after the event. These families
were initially selected and surprisingly showed important nuances in their main
characteristics.

The first case is the family that holds the biggest parcel of land, about 30 ha.
They also have the biggest cattle ranch and a small grocery store. The family
income reaches 500 dollars per month for only two elderly members. Even though
they did not complete basic education, they can both write and read. The offspring
of the marriage are adults with higher education that live mainly in Morelia,
Michoacan and actively participated in the organization of the recovery aid.

They were able to seek refuge in their own store that is located in a higher
territory. Shortly after the disaster and with the help of their sons, the couple started
building a new home for the family next to the little shop. Two years after the event,
the government built another house for them on the other side of the store.

The other case refers to a two-member family whose main income depends on
their sons living in the United States and it is about $100 US dollars per month.
They are both elderly and none of them can neither read nor write. Their previous
home was among the first to be flooded and they lost most of their possessions due
to the lack of warning information. Their home which was made of adobe col-
lapsed. They took refuge with relatives living in higher territories. They had a small
plot next to the highway which they fenced when they were young. There, they
were able to build a house of sheets and cardboard where they lived for about one
year and a half while the government built them a home.

In both cases, the relocation was due to several reasons, including the recog-
nition of the possibility of occurrence, the thought that as they grew older they
would have a diminished coping capacity, and the fact that they owned a lot in the
upper territory. Gastrointestinal and eye diseases were present in both families as
well.

In 2015, both families coped with the Chikungunya fever and opted for
self-medication as a way of improving their condition. By the year 2016, the
husband of the individual in the second case died, and it was believed to still be a
consequence of such disease.

In both cases, they recognized the null prevention information they received
from the institutions after the flood in 2013 nor during the epidemic they struggled
with in 2015, plus the lack of infrastructure and the high cost of the medicine that
hindered the access to health services.
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(b) Those who went back to their previous location and the government rebuilt
their homes

Only one household in this case was interested in participating in the study. The
family is composed of an elderly person and her adult daughter. Even though they
have 8 ha of land and a small cattle, their main income comes from some relatives
in the United States, which is about 200 US dollars per month. One member of this
family who has higher education and lives in Morelia, assisted in organizing the aid
for the recovery.

When the disaster occurred, they did not envisage that the river would overflow
its bed. When they realized that the flood was imminent, it was too late and they lost
many of their belongings. Their relatives in the community helped them evacuate
and they sought refuge with family members that were not affected by the flood in
the same locality.

The previously mentioned house was built with adobe and tile roof, hence it
collapsed. When they were able to return to their previous plot, they built a tem-
porary home with sheets and cardboard, until the government rebuilt their homes.
They also suffered gastrointestinal and respiratory illnesses after the flood.

When asked why they went back after the disaster, they mentioned that there
weren’t other lots available for sale in the community. They also stated that since
their parcel of land had also been flooded, they couldn’t consider building their
homes there either.

They believed that the new house provided by the government did not really
compensate for their losses because they deemed the material that was used as
inappropriate. Furthermore, the roof made with metal sheet was unsuitable for such
hot weather, so they couldn’t stand the heat in the house during the day.

As a result of the Chikungunya fever, they both became infected and sought help
in the public clinic. However, they didn’t obtain prevention information during the
flood of 2013 and the epidemic of 2015.

(c) Those who returned to their homes but did not obtain government’s aid to
rebuild their homes

The four interviews in this case were divided into two segments. The first one
comprised of those who returned to their homes that had not collapsed and those
who returned to a collapsed home and received not receive help for its
reconstruction.

During the storms preceding the disaster, the interviewees dwelled on the fact
that there was no warning information, thereby, provoking the dismissal of the
event. It resulted in the loss of many of their material possessions. Two of the three
families whose homes didn’t collapse have an income of at least 300 US dollars per
month. One of them has a family member who has undergone higher education and
now teaches at the local elementary school. They were able to replace their lost
goods within a few months. The third family interviewed is made up of two elders
whose main income is dependent on their offspring in the United States. They took
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refuge at a relative’s home and got help from the community to get their things out
of their house, luckily for them, they did not lose much of their belongings.

These three families did not consider moving to upper territories because their
homes represented a valuable asset. One of them mentioned that if her house had
collapsed, her husband would have become ill because it meant everything to them.
Their houses represented a major part of the stability achieved after many years of
hard work and since they were built with brick and cement, they did not collapse.

They were also confident that the event would not re-occur soon. Some of them
were present in the flood of 1967, but still believed that the events were isolated and
would not happen soon.

For those who went back to their previous location which was a collapsed home
and were unable to obtain help from the government for rebuilding, the story is
different. Regarding this particular family, marginalization played a key role during
the recovery. Due to the inability to prove that a little room was their dwelling, two
young parents and their kids were left out of the government’s reconstruction
program.

Tied to the lowest income in the region’s labor market, the possibility to rebuild
a home for themselves had been futile by the time the research was conducted. They
had been living in improvised homes made with metal sheets and cardboard since
then. In this case, the government’s aid was unable to bridge the gap of inequity, by
widening it instead.

6 Conclusions

The inhabitants of El Cuitaz never expected a flood of the magnitude experienced in
2013. The incredulity combined with the total lack of warning information exac-
erbated the disaster by the loss of goods that the situation provoked.

Coping capacities are circumscribed to preexisting conditions related to income,
health and education. Such preexisting conditions were the determinant factors in
the decision to relocate or return to the old locations.

The research showed that special attention must be paid to the low income that
has prevailed in the locality and that underlies vulnerability patterns, limiting the
coping capacity and the post-disaster recovery.

On one hand, it was observed that those who had relatives in other cities were
able to recover sooner than those who did not. Therefore, El Cuitaz is a community
that depended on external aid as one of their main coping strategies.

Limited opportunities and low income have generated a breeding ground for
organized crime that torments and narcotizes the population. The long distance
needed to be covered in order to access medical services and the high costs of the
medication, limited the coping capacity of the population to epidemics and
post-disaster illnesses. Such situation have also pushed the inhabitants to indulge in
self-medication as a common practice which can bring about serious health
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problems in the future. However, for many of them, it is the only possible way to
relieve their diseases, thus, reinforcing vulnerability patterns.

In a community with a high degree of marginalization, inequities are also visible.
The common land was distributed many years ago and no other alternatives to
development have been stimulated in the region. This issue has enhanced the
migration to the United States. Remittances, have therefore become a crucial
income for many members of the community, especially among the elderly.

It can also be inferred that those who sent their offspring to bigger cities to
pursue higher education saw the dividends of the invested effort in them since they
were the first to offer help to the community in need. The aid consisted not only of
provisions, but also of moral support and self-organization. Those descendants that
have remained in the locality were unable to help their relatives overcome the
situation.

Understanding risk was a main driver to relocate, however, the decision was
taken based on collapsed homes. Those homes that didn’t collapse were seen as
solid structures that represented a lifetime effort that cannot be easily duplicated in a
different location given their low income.

In a highly marginalized community such as El Cuitaz, it is imperative to propel
development strategies that help people obtain better paid jobs and easier access to
medical services. These would also help diminish disaster risk and limit the
influence of organized crime in the clan.

The ones that had to go back to a collapsed home without any reconstruction aid
are the ones in dire need. They were left out of the recovery plans and had no
relatives in other cities, meaning that their recovery is not foreseeable in the near
future.

The research showed that formal institutions in Mexico haven’t been following
the Sendai Framework for Disaster Risk Reduction 2015–2030 (UNISDR 2015)
since the community didn’t receive any warning information before the event or
during the recovery to improve the response and preparedness for similar future
scenarios. The reconstruction programs have worked for part of the community, but
the aid has arrived too slowly and part of the population has been left out, thus,
increasing their vulnerability. The decisions of whether to relocate their dwellings
or not during the recovery were made by the actors, without taking into account
institutional information on the risks they were facing.

A population without opportunities is partially blinded on its risk assimilation
and therefore, condemned to reproduce vulnerability patterns. Public institutions
have an important role to play in this respect. The Civil Defense Secretary in the
state of Guerrero took two months to respond and provided scarce statistics, which
encompassed the studied municipality and did not match the ones that were
obtained in the field work. It may be possible that such information wasn’t even
generated or at least was not easily made available, thereby, contradicting inter-
national guidelines established by the United Nations.
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The role of formal institutions is crucial for risk management and in this case, it
was found that institutions owned by the government have not provided warning
and recovery information that would help people prevent future disasters and
manage risk in their daily decisions.
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Transference of Ecotechnology
in Disadvantaged Regions of Mexico,
Towards Sustainable Development

Lorena del Carmen Alvarez-Castañon, Daniel Tagle-Zamora
and Maricruz Romero-Ugalde

Abstract The provision of ecological technology has been one of the strategies
undertaken by the Government of Guanajuato, Mexico. Their ecotechnology pro-
grams include ecological artefacts that contribute to home improvement. The goals
of program have been achieved (number of ecotechnology units installed); how-
ever, the impact has not been as high as expected due to high social rejection by the
beneficiaries. Our hypothesis is that ecotechnology adoption failures are associated
with the absence of a process that follows environmental education sustained in a
process of transference of ecotechnology (TET) that would facilitate social adop-
tion. The aim of this paper is to analyse the process of TET in two municipalities—
Penjamo has a high rejection of ecotechnology and Tierra Blanca has a low
rejection—and to determinate the factors that influence its social adoption. The
results show that there are exogenous and endogenous factors that influence the
social adoption of ecotechnologies. Hence, TET involves a social process of
multilevel negotiation because its implementation depends on technical issues and
on intervention strategies—these should consider social, cultural and political
aspects. The challenge is to harmonize the vernacular knowledge of the region with
the technical knowledge to improve socio-technical capabilities that promote
development.
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1 Introduction

Over the last few years, the ways technology can, or should, contribute to social
inclusion processes and the sustainable development, have been debated (Fressoli
et al. 2013). Numerous studies argue that technology transfer (TT) is feasible in
different regions where socio-environmental problems emerge (Burgos and Bocco
2016). The challenge is the social adoption of technology, above all in emerging
areas, such as Mexico as regional imbalances are frequent in the coexistence of
regions with strong social and economic lags, with innovative and dynamic regions
(Burgos and Bocco 2016).

The government of the state of Guanajuato in Mexico has implemented the
program “Impulse of social development” to improve the welfare of the vulnerable
population (SEDESHU 2015). This program is pertinent to the reality of
Guanajuato because 9.8% of its population report deficiencies in the quality and
spaces of their homes and 14.9% lack of access to basic services in housing
(CONEVAL 2010). The fourth aim of this program is to integrate ecotechnology in
housing spaces that are not capable of satisfying a basic well-being line (SEDESHU
2015); these green technologies purport to mitigate environmental issues and
provide basic services (UNDSD 2000). In the program, the installed ecotechnolo-
gies are: solar heaters, photovoltaic panels, rainwater harvesting, ecological stoves,
concrete-iron cisterns, bio-digesters and dry baths (SEDESHU 2015).

The goal of the program has been accomplished, if you only measure the number
of ecotechnology units installed. However, some indications show that there is
resistance from the population in the use of these ecotechnologies, apparently, these
could be generating local socio-environmental problems, even greater than the
problems before installation. It is assumed that the failure is that the program is
limited to the installation of the ecotechnology, without the execution of a tech-
nology transfer (TT) process that guarantees the social adoption of these devices.
TT is part of a plan of adoption, assimilation, and technological learning (Hamidi
and Benabdeljalil 2013; Jasso 1999). The TET is a matrix process based on the
environmental education of the actors involved—users, local leaders, installers,
among others—to achieve the effective assimilation of the technology, to build
capabilities and new local knowledge; this is integrated into a series of transitional
stages that favour the efficient use of the ecotechnology (Fressoli et al. 2013).

TET in dissimilar regions implies a participatory model in which the local actors
deal with their own interests (Herrera 2006) and the requirements of the program
that promotes ecotechnologies. TT is articulated through direct communication in a
multidirectional learning process (Hamidi and Benabdeljalil 2013; Heijs et al.
2007). Therefore, the TET process must be designed in line with the heterogeneity
of regional conditions where ecotechnology will be installed to reduce social,
economic, and technological gaps. The TET will achieve the expected results only
if the actors are fully involved in the process (Herrera 2006), and it is designed as a
process that motivates the construction of technological capabilities per the char-
acteristics and the profile of the region where it is implemented.
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In these regions, it is necessary to reassess the role of all the social actors
involved with a participatory approach of the TET process (Herrera 2006). Here, we
must go beyond the classic approach of the TT that is limited to installing the
ecotechnology and to train for its use (Fressoli et al. 2013). In this paper, we
propose that TET process recognize the importance of cultural aspects to increase
the odds of success (Lee et al. 2013). The purpose of this study is focused on the
social adoption process of ecotechnology in disadvantaged regions of Mexico. We
studied the municipalities of Penjamo and Tierra Blanca, Guanajuato; Penjamo
reports a high rate of rejection and Tierra Blanca a low rate of rejection of the
environmental technologies implemented because there is evidence of negative
externalities that have been caused by the social rejection of the beneficiaries.
According to the previous statement, we formulated the research question: which
factors motivate the social adoption of ecotechnologies that help these municipal-
ities have a sustainable development?

The paper is structured in five sections; in the first, we outline the reference
framework of the research; in the second, we show the background of municipal-
ities that we have studied and in the third, the methodological strategy is shown. In
the fourth section, we present and discuss the results, and we close with the con-
clusions in the fifth section. Based on the results, we propose that TET should move
towards a participatory and holistic process, that disposes spaces where knowledge
is shared beyond the investment of government’s programs in the ecotechnologies;
in addition, the programs should be redesigned to encourage collective learning
processes and sociotechnical partnerships between the different actors involved in
the implementation and operation of ecotechnology.

2 Reference Framework

Technology transfer (TT) implies a transaction between the one who has the
technology and the one who will use it (Fressoli et al. 2013), it is a planned
displacement of the previously mentioned technology (Herrera 2006), in this case, it
will be between the suppliers of the ecotechnology and the Secretary of Social and
Human Development of Guanajuato (SEDESHU for Spanish initials) with the
people benefited by the program. The classic view of TT considers that the key to
success in technological adoption is the transmission of technical knowledge from
one individual or organization to another for its application through a certain means
of communication (Rogers et al. 2001); i.e., TT is a tacit and explicit knowledge
transmission process between different actors involved in the process (Dominguez
and Brown 2004).

According to Bozeman (2000), the TT process should consider five strategic
dimensions: the actor who transfers, the transfer method, the transferred object, the
transfer receiver, and the context or environment in which it takes place. In addition
to this, according to Villavicencio (1994), the TT triggers technological learning to
take place in four phases: when the technology is acquired, because the supplier
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transmits the necessary information for its use; when the technology is put into
operation, because the user must be capable to make the technology work; when the
technology needs maintenance or it must be repaired; when the user needs to
modify, or improve the technology.

Pirela et al. (1991) explain that technological learning switches according to the
characteristics of the technological culture of the actors and of the region where this
transfer occurs. The authors sustain that TT generates four technological capabili-
ties: the ability to complete their own knowledge as new technologies are incor-
porated; the capability of technological interdependence to systematize their
knowledge and to accumulate a technological memory so the individual does not
depend on the knowledge of the person who installs the technology; the prospective
capability in which they can avoid negative externalities of technology in the short,
medium, and long-term; the capability to adapt the technology change with the
characteristics and profile of the region where the transfer takes place.

In this study, TET occurs in vulnerable households. Therefore, we identify the
TT strategies per the characteristics of the studied regions. The “learning by doing”
strategy is based on solving problems on the fly; it is assumed that the gradual use
of technology leads to learning and efficient use of technology (Arrow 1974). The
“learning by using” strategy defends that TT progressively accumulates skills and
generates knowledge through the experience of using technology, over time it
achieves its efficient use (Rosenberg 1979); this strategy is a hybrid, based on the
interaction between “learning by doing” and “learning by using” (Lundvall 1988),
where TT is generated by a collective process of technological learning
(Villavicencio 1994).

The “learning to learn” strategy seeks to build specialized skills, since those
involved in the TT process appropriate new knowledge and combine it with their
own knowledge, it is possible to make efficient use of technology (Stiglitz 1987);
this mix motivates the technology to solve social and environmental issues (Fressoli
et al. 2013; Ilgin and Gupta 2009; Truffer and Coenen 2012). Hence, the relevance
to integrate vernacular or local knowledge into the TET process as the technological
culture is fundamental to achieve a successful process of TT based on the envi-
ronmental education of the members of the community whose capabilities respond
to different social needs.

A region with passive technological culture shows low levels of learning and
poor technological memory; the technological culture is reactive when learning and
technological memory is held by only a few settlers of the community. Therefore,
the TT is vulnerable, fragile, and segmented. In the active technological culture, the
community learn to coexist with the technology and TT is achieved with a back-
wards and forwards integration with the installers of the ecotechnology and within
the community when the tacit knowledge is transmitted to the following generations
(Lundvall 1988; Pirela et al. 1991; Stiglitz 1987).

Different studies in Mexico report that the institutionalization of “technological
packages” in projects vertically designed by the government generate new local
problems and the programs do not achieve the underlying objectives (Herrera
2006). Thereby, increasing the participatory processes of the TET is very important
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to accelerate the construction of technological capabilities, to make technology
work, and to promote its use (Massa and Andersen 2000).

Based on the literature review, Fig. 1 shows the theoretical model that explains
TET in dissimilar regions such as Guanajuato. In this case, participative interaction
is the basis of the TET process to motivate technological learning, which is nec-
essary for the social adoption of these devices. The model may involve the bene-
ficiaries in the installation of the ecotechnology, the installers in the monitoring of
the use of technology, and higher education institutions in the design of environ-
mental education programs, among others.

3 Background of Penjamo and Tierra Blanca,
Guanajuato, Mexico

Despite the strong economic growth in the state of Guanajuato in Mexico (SDES
2016), it continues to have heavy debts in terms of social marginalization
(CONAPO 2000, 2010). Specifically, Penjamo reports a human development index
of 0.652 and Tierra Blanca of 0.633; however, when it is disaggregated, the index
reveals greater vulnerability in the indicators of income and health for both
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Fig. 1 TET model for dissimilar regions. Source Elaborated by the authors based on reference
framework (Bozeman 2000; Dominguez and Brown 2004; Fressoli et al. 2013; Herrera 2006;
Heijs et al. 2007; Lee et al. 2013; Lundvall 1988; Massa and Andersen 2000; Pirela et al. 1991;
Rogers et al. 2001; Stiglitz 1987; Villavicencio 1994; among others)

Transference of Ecotechnology in Disadvantaged Regions … 143



municipalities (UNDP 2014). In terms of the quality of housing there are important
lags, neither of the two municipalities fully guarantee basic services of potable
water, sewerage, and electricity to its populations. In addition, the problem of the
lack of sanitary facilities and refrigerators in homes are strong (INEGI 2010), and it
is aggravated the sanitation problems imposed by these absences (Table 1).

The municipality of Penjamo is integrated by 782 localities; its main economic
activity is in the primary sector; 67.5% of the population is in poverty and 19.7%
reaches levels of extreme poverty (INEGI 2010); the most worrying indicators of
social deprivation are to health services, access to food, and basic housing services
(CONEVAL 2010). Tierra Blanca is concentrated in 99 locations; its main eco-
nomic activity is temporary agriculture; 70.7% of its population is in poverty and
28.1% in extreme poverty (INEGI 2010); the most worrying indicators of social
deprivation are to basic housing services and income levels—the population with
incomes below the welfare line is 38.2%—(CONEVAL 2010).

4 Methodology

The research described herein is explanatory and transversal. We used a qualitative
methodological strategy through the ethnographic method to approach the object of
study. We are interested in bringing out into open social trends, focusing on
meaning and trying to understand social behaviour around ecotechnology. This
research is a part of the project “Transformación sociocultural, uso y aplicación de
ecotecnias para el mejoramiento de la vivienda de las familias vulnerables de los
municipios de Penjamo, Comonfort, Apaseo el alto, Tierra Blanca y San Felipe del
estado de Guanajuato” that it was funded by SEDESHU. As part of the

Table 1 Social characterization of Penjamo and Tierra Blanca

Penjamo Tierra Blanca

Human development index (income) 0.6168 0.5914

Human development index (health) 0.5351 0.5339

Human development index (education) 0.8381 0.8026

Total of private dwellings 35,786 3,861

Private dwelling houses that have water from the public
network

31,970 89% 3,214 83%

Private dwelling houses with drainage 29,494 82% 1,096 28%

Private dwelling houses with toilet or sanitary facilities 29,937 83% 2,350 60%

Private dwelling houses with electric power 34,881 97% 3,424 88%

Private dwelling houses with refrigerators 29,249 81% 1,789 46%

Private dwelling houses with washing machines 21,297 59% 692 17%

Source Prepared by the authors based on INEGI (2010) and UNDP (2014)
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methodological process, quantitative data was collected on the ecotechnologies
installed in each municipality, which enriches the thick description of the interac-
tions between the different actors (Clifford 2003) involved in the TET.

The purpose of this research is to study the TET in two municipalities—Penjamo
has a high rejection of ecotechnology and Tierra Blanca has a low rejection—and
to find the factors that facilitate social adoption of the technology in disadvantage
areas of Guanajuato, Mexico. Insomuch as, this focusing is to analyse the condi-
tions to help the TET and the social adoption of ecotechnologies for to achieve
sustainable development of this regions, so the qualitative approach through the
thick description allowed us to consider the subjective configurations of the social
(Clifford 2003) was supported by the four tools of data collection, which facilitated
and enriched the interpretation of the studied phenomenon.

During the project, these four implements were: semi-structured interview;
non-structured interview; ethnographic letter; focus group in each municipality. The
Table 2 shows the mechanisms of data collection and the interviewed; in paren-
thesis is indicated the number of people interviewed in each tool. For example, the
focus groups were conducted and semi-structured interviews were applied to those
responsible for the social development management of the municipalities; some
beneficiaries and suppliers were also interviewed. Participant observation was
another instrument of data collection that contributed to the meaning of the phe-
nomena that occurs in Penjamo and Tierra Blanca for the reasons explained above.

The main limitation of this paper is the coverage of the study, since only two
municipalities were studied. Although the qualitative strategy limits the general-
ization of results, the profile of the selected cases allows to assume that these
are disadvantaged municipalities that could advance to sustainable development.

Table 2 Mechanisms of data collection in the project

Semi-structured
interview

Director of social development in each municipality (1)

Promoters of ecotecnias in each municipality (average = 8 in each
municipality)

Beneficiaries and candidates of the ecotechnology programs of
SEDESHU (average = 40 in each municipality)

Civil associations that promote ecotechnologies (3)

Non-structured
interview

Research centres related to ecotechnology: UNAM. UAQ and
UAM

Officials of various instances of state government (5)

Ethnographic letter Beneficiaries of the ecotechnology program, about their experience
and perception on risks, barriers and benefits of eco-technology
(average = 40 in each municipality)

Focus group in each
municipality

Director of social development (1)

Promoters of ecotecnias (8)

Beneficiaries and candidates of the ecotechnology programs of
SEDESHU (average = 55)

Source Prepared by the authors
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This is important to confirm the findings of the investigation and to be able to
identify additional categories in relation to the TET given this profile, i.e., due to the
explanatory nature of the research, although it is not possible to infer about other
municipalities, the results allow to generate a concrete an idea of how the transfer
processes of ecotechnologies are executed and which are the factors that influence
the social adoption of technology.

5 Results and Analyses

The use of ecotechnologies in the municipalities of Guanajuato can be traced from
three decades ago; however, a strong ignorance about its use is also detected (Tagle
2016). From 2013 to 2015, the government program has installed more than 2,700
ecotechnology units—39.5% of these are solar water heaters; 36.0% bathrooms;
10.5% ecological stoves; 7.0% photovoltaic panels, and 7.0% dry toilets; with a
budget of approximately four million dollars (SEDESHU 2015).

The process of installation in both municipalities was homogeneous. The general
sequence is: the municipal government detects that there are resources in the pro-
gram; the potential beneficiaries are identified and are selected according to the
degree of marginalization of their locality; fieldwork is carried out to collect
information on the houses that will be benefited, likewise, any necessary adjust-
ments to the housing for ecotechnology installation are noted; the installation
program of ecotechnology is defined between promoters and suppliers; installation
is performed; the installed eco-technology is presented to the beneficiaries; the
suppliers teach the beneficiaries to use and to maintain the technology; the bene-
ficiaries sign an agreement of installation; photographic evidence is collected to
demonstrate the installation.

Based on the fieldwork, the main exogenous factors that were identified as
hurdles that impede the social appropriation of technology are:

1. The lack of diagnoses pertinent to the reality of the municipalities, without these
diagnoses ecotechnologies are installed in houses that do not need them;

2. The weak or null participation of the beneficiaries during the process impedes
the dialogue between vernacular and technical knowledge;

3. The absence of an effective and efficient communication process between the
installer and the beneficiary, to avoid the generation of an environment of
conflict and the lack of cooperation in the community;

4. The total absence of environmental education during the process of TET to
guarantee the social adoption of the beneficiaries and socio-environmental
contextualization of the community;

5. The scarce articulation and communication with the different governmental
institutions involved in the installation of ecotechnologies;
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6. The neglect of the gender perspective in the TET process, without preconceived
preferences is assumed relevant since the main contact and recipients of the
technologies are women.

In both municipalities, the beneficiaries do not know the word ecotechnology.
These beneficiaries demand information and training for its use and its mainte-
nance. About the main endogenous factors, aside from the evident economic
insolvency and the undervaluation of the supports of the program, we identified:

1. The low level of education of the beneficiaries;
2. The disinterest and passivity of the community for the environment;
3. The disinterest of the domestic units regarding the use and management of the

ecotechnologies;
4. The lack of commitment and of appraisement of their ecotechnologies.

In Penjamo, the most used ecotechnology is the solar heater. The septic system
is the ecotechnology with the worst problems; there was a widespread carelessness
and abandonment of the septic systems installed by the government program; the
users changed the purpose and they used them as cellars or refuse disposal. The
main cause was the unfeasibility of use by the type of soil of the communities of the
basin; however, where its installation was feasible, success cases were identified in
the use of this technology. Therefore, it was evidenced that the lack of knowledge
increases the rejection level of ecotechnology.

In Tierra Blanca, we found that there are many houses with ecotechnologies and
in some cases, more than one ecotechnology per dwelling. For example,
concrete-iron cisterns are used to water the backyard orchard. The communities
show a high interest in ecotechnologies. However, they expressed the lack of
information, training, and monitoring provided by the government program.
Although they recognize the benefits from the ecotechnologies, in some cases, they
also abandoned them. In the case of the septic system, there is a strong uncertainty
about the bio-filter. However, many beneficiaries modified it to function as a septic
tank or to connect it to the drainage network; these changes affect the environmental
function but not the social function of ecotechnology.

When comparing the social adoption of ecotechnologies in the studied munic-
ipalities, the results obtained allow us to assume that the TET in the framework of
the program “Impulse of development” must be redesigned based on a participatory
process. A TET process where the beneficiary of the ecotechnology temporarily
share part of their daily space for the incorporation of technology is required. If the
beneficiary of the environmental technology is involved in the process, then the
mixture of knowledge would facilitate the social adoption of these devices (Fig. 2).

In Fig. 2, we show the participatory TET model. In this process, the beneficiary
is the cornerstone and the agent of change, who achieves the continuous use of
ecotechnology and guarantees the permanence and functionality of the installed
technology. According to Herrera (2006), families promote the use of technology,
beyond the promoter or the social program that finances them. During the TET
process, capability building is achieved through environmental education,
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through both “formal” training given by the installer of ecotechnology and
“non-formal” for the transmission of knowledge between the very inhabitants of the
community and external actors, for example, educational institutions or NGOs,
among others. According to Pieck (2011), environmental education outside the
structures and the formal education system facilitate the adoption of technologies.

In this regard, there are innumerable proposals to train rural communities to
build productive capabilities in their regions, which have been frequently imple-
mented by Mexican social policy (Herrera 2006). However, the participative pro-
cess of TET with environmental education must be multidirectional among groups
or individuals so that it strengthens both knowledge and technical skills.
Consequently, facilitating the social adoption of technology increase the probability
of sustainable development in the municipalities. Training in rural regions is
complex because of the nature of their social, economic, and environmental con-
ditions (FAO 2012). In the case of vulnerable regions, the FAO (2012) considers
three dimensions that condition or allow for training: the accumulation of knowl-
edge and skills required to achieve the development of these regions; the formative
process that would allow for capability building; the social context where the
community develops.

The TET process must achieve the appropriate mix of objective environmental
education strategies to foster capability building in communities. According to
Herrera (2006), TET is a holistic, continuous and participatory process, it should be
designed from the concrete reality of the communities where it is sought to stim-
ulate the generation of knowledge and the construction of capabilities; it is through

Priority setting

Cooperation
between TTE actors

Capabilities
building

Technology
memory

Participatory opening. Encourage a
transdisciplinary team to support and
validate the procedure

Social adoption. Identification and
cooperation with actors that impact TTE
process

TTE. Interaction between who has the
technology and who uses it to enable the
beneficiary to generate self-knowledge
through environmental education

Permanent social monitoring. Evaluate the
results and level of social adoption to
propose improvements in the next call

SEDESHU and
Academic Technical

Committee

Socio-institutional
network + business

network

Beneficiaries

SEDESHU and
Academic Technical

Committee

Fig. 2 Flowchart based on four participatory processes. Source Elaborated by the authors based
on fieldwork
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the systematization of experiences between the teacher and the student that it is
possible to walk towards the achievement of actions that allows the initiation of a
transformation of their reality (Pieck 2011). A participatory TET would hope to
build capabilities to achieve social adoption of the environmental objects.

This is a counterproposal to traditional training processes in rural environments
or rural schools; models that have been based on authoritarianism, vertical design,
and have no link with reality (Mata 2013; Mata et al. 2007; Pieck 2011; Rendon
et al. 2015). According to Pieck (2011), environmental education should promote
technological learning on an integral, analytical, participatory and self-managing
basis of their capabilities. In praxis, if we hope to achieve capability building in the
region, then the TET should consider instruments such as: the transfer and mix of
technical and vernacular knowledge; the preparation of technical manuals to explain
the ecotechnology, thus, SEDESHU could follow the program at low cost; the
technical assistance of technology providers for a considerable time after the
installation of the technology; among others.

6 Conclusions

1. The main result was to identify that the factors of success and resistance are
endogenous and exogenous to the beneficiaries; the mix of these factors
weakens or strengthens the social appropriation of the ecotechnology.

2. In the case of Penjamo, a participatory society is identified, which could be the
basis for generating positive synergies in the TET process; if and only if the
TET is based on diagnoses pertinent to the reality of this municipality.

3. In the case of Tierra Blanca, there is a diversity of perceptions about
ecotechnologies, although community members have “spread the word” that
ecotechnologies bring economic benefits, thus, there is expectation about them.
However, the most important problem is the abandonment of technology for
lack of environmental education.

4. The results showed that TET involves a social process of multilevel negotiation
because the functioning of ecotechnologies depends not only on technical issues
of technology transfer, but also their intervention strategies. Intervention
strategies should consider social, cultural, and political aspects of the region
where the transfers take place.

5. The challenge is to harmonize the vernacular knowledge of the region and
technical knowledge to improve socio-technical capabilities that promote their
development; thus, the participative learning and the spaces of negotiation of
knowledge between the TET actors would allow the empowerment of the users
of the technology (Fressoli et al. 2013) in the TET process.

6. The TET must move towards a participatory process where the users of tech-
nology are considered active players in transfer processes.

Transference of Ecotechnology in Disadvantaged Regions … 149



Acknowledgements The authors wish to thank the Directorate for Research Support and
Postgraduate Programs at the University of Guanajuato for their support.

References

Arrow K (1974) The limits of organization. Norton and Company Inc, USA, pp 13–80
Bozeman B (2000) Technology transfer and public policy: a review of research and theory. Res

Policy 29(4–5):627–655
Burgos A, Bocco G (2016) Redes de conocimiento en contextos territoriales disímiles y

contrastantes. In: Rodríguez J, Alvarez L, Tagle D, Coronado J (eds) Desarrollo desde lo local
y dinámicas territoriales. Fontamara, Mexico, pp 61–85

Clifford G (2003) Interpretación de las culturas. GEDISA Editorial, Spain, pp 17–40
CONAPO (2000) Consejo Nacional de Población. Índice de Marginación por municipio, 2000.

Mexico: CONAPO. http://www.conapo.gob.mx/work/models/CONAPO/indices_margina/
indices/pdfs/AnexoB.xls. Accessed 31 Jan 2017

CONAPO (2010) Consejo Nacional de Población. Índice de Marginación por entidad federativa y
Municipio. Mexico: CONAPO. http://www.conapo.gob.mx/work/models/CONAPO/indices_
margina/mf2010/CapitulosPDF/Anexo%20A.pdf. Accessed 31 Jan 2017

CONEVAL (2010) Consejo Nacional de Evaluación de la Política de Desarrollo Social. Informe
anual sobre la situación de pobreza y rezago social. Mexico: CONEVAL. https://www.gob.mx/
cms/uploads/attachment/file/47984/Oaxaca_313.pdf. Accessed 31 Jan 2017

Dominguez L, Brown F (2004) Medición de las capacidades tecnológicas en la industria mexicana.
Revista de la CEPAL 83:135–151

FAO (2012) Gestión social y emprendedurismo: 8 pasos para implementar un programa de
capacitación con personas jóvenes rurales. Food and Agriculture Organization of the United
Nations, Costa Rica, pp 3–31

Fressoli M, Garrido S, Picabea F, Lalouf A, Fenoglio V (2013) Cuando las transferencias
tecnológicas fracasan: Aprendizajes y limitaciones en la construcción de Tecnologías para la
Inclusión Social. Universitas humanística 76:73–95

Hamidi S, Benabdeljalil N (2013) National innovation systems: the Moroccan Case. Procedia Soc
Behav Sci 75:119–128

Heijs J, Buesa M, Baumert T (2007) Sistemas nacionales de innovación: conceptos, perspectivas y
desafíos. In: Buesa M, Heijs J (eds) Sistemas regionales de innovación: Nuevas formas de
análisis y medición. Fundación de las Cajas de Ahorros, Spain, pp 17–64

Herrera F (2006) Innovaciones tecnológicas en la agricultura empresarial mexicana. Revista
Gaceta Laboral 12(1):91–117

Ilgin M, Gupta S (2009) Environmentally conscious manufacturing and product recovery
(ECMPRO): a review of the state of the art. J Environ Manage 91:563–591

INEGI (2010) Instituto Nacional de Estadística y Geografía. Censo de población y vivienda.
Mexico: INEGI. http://www.beta.inegi.org.mx/proyectos/ccpv/2010/. Accessed 31 Jan 2017

Jasso J (1999) La madurez tecnológica mundial. Revista de la CEPAL 69:119–137
Lundvall B (1988) Innovation as an interactive process: from user-producer interaction to the

national system of innovation. In: Dosi G et al (eds) Technical change and economic theory.
Columbia University Press, USA, pp 349–369

Lee S, Trimi S, Kim C (2013) The impact of cultural differences on technology adoption. J World
Bus 48(1):20–29

Massa I, Andersen M (2000) Special issue introduction: ecological modernization. J Environ
Policy Plann 24:265–267

Mata B (2013) Nuestro caminar con las escuelas campesinas. Escuelas campesinas: 10 años en
movimiento. Universidad Autónoma de Chapingo, México, pp 23–44

150 L. C. Alvarez-Castañon et al.

http://www.conapo.gob.mx/work/models/CONAPO/indices_margina/indices/pdfs/AnexoB.xls
http://www.conapo.gob.mx/work/models/CONAPO/indices_margina/indices/pdfs/AnexoB.xls
http://www.conapo.gob.mx/work/models/CONAPO/indices_margina/mf2010/CapitulosPDF/Anexo%20A.pdf
http://www.conapo.gob.mx/work/models/CONAPO/indices_margina/mf2010/CapitulosPDF/Anexo%20A.pdf
https://www.gob.mx/cms/uploads/attachment/file/47984/Oaxaca_313.pdf
https://www.gob.mx/cms/uploads/attachment/file/47984/Oaxaca_313.pdf
http://www.beta.inegi.org.mx/proyectos/ccpv/2010/


Mata B, López M, González S, Delgado V (2007) Escuelas campesinas en México: una visión
desde los encuentros nacionales organizados por la UACh. Artículos y Ensayos de Sociología
Rural 3:63–77

Pieck S (2011) Beyond post development: civic responses to regional integration in the Amazon.
J Cult Geogr 28(1):179–202

Pirela A, Rengifo R, Arvanitis R, Mercado A (1991) Conducta empresarial y cultura tecnológica.
Empresas y centros de investigación en Venezuela. CENDES, Venezuela, pp 1–98

Rendon R, Roldan E, Hernandez B, Cadena P (2015) Rural extension processes in Mexico.
Revista Mexicana de Ciencias Agrícolas 6(1):151–161

Rogers E, Takegami S, Yin J (2001) Lessons learned about technology transfer. Technovation 21
(4):253–261

Rosenberg N (1979) Tecnología y economía. Gustavo Gili, Spain, pp 20–422
SDES (2016) Secretaria de Desarrollo Económico Sustentable. Actividad económica en

Guanajuato. México: SDES. http://sde.guanajuato.gob.mx. Accessed 31 Jan 2017
SEDESHU (2015) Secretaria de Desarrollo Social y Humano. Manual Ciudadano. Guanajuato.

México: SEDESHU. http://www.desarrollosocial.guanajuato.gob.mx/pdf/manual-ciudadano-
2015.pdf. Accessed 31 Jan 2017

Stiglitz F (1987) Learning to learn: localized learning and technological progress. In: Dasgupta P,
Stoneman P (eds) Economic policy and technological performance. Columbia University
Press, USA, pp 125–153

Tagle D (2016) Reporte técnico final del proyecto Transformación sociocultural, uso y aplicación
de ecotecnias para el mejoramiento de la vivienda de las familias vulnerables de los municipios
de Penjamo, Comonfort, Apaseo el alto, Tierra Blanca y San Felipe del estado de Guanajuato.
UG-SEDESHU, Mexico, pp 1–198

Truffer B, Coenen L (2012) Environmental innovation and sustainability transitions in regional
studies. Reg Stud 46(1):1–21

UNDP (2014) United Nations development programme. municipal human development index in
Mexico: new methodology. Mexico: UNDP. http://www.mx.undp.org/content/dam/mexico/
docs/Publicaciones/PublicacionesReduccionPobreza/InformesDesarrolloHumano/UNDP-MX-
PovRed-IDHmunicipalMexico-032014.pdf. Accessed 31 Jan 2017

UNDSD (2000) United Nations division for sustainable development. Agenda 21. USA: UNDSD.
https://sustainabledevelopment.un.org/agenda21sp/index.htm. Accessed 31 Jan 2017

Villavicencio D (1994) La transferencia de tecnología: un problema de aprendizaje colectivo.
Argumentos 10(11):7–18

Author Biographies

Lorena del Carmen Álvarez-Castañón is professor (titular A) at the University of Guanajuato.
Member of the National System of Researchers (2013–nowadays). Awards: National Research
Award for Scholars by the National Association of Colleges and Schools of Accounting and
Administration (2012); Merit for academic excellence in the doctoral program; Merit for academic
excellence by the National Association of Colleges and Schools of Engineering.

Daniel Tagle-Zamora is professor at the University of Guanajuato. Member of the National
System of Researchers (2013–nowadays) and invited professor in the multidisciplinary program
Environment and Resources Management (ENREM) at the University of Applied Sciences of
Cologne (Germany) and the Autonomous University of San Luis Potosí (Mexico). He has
participated in numerous research projects; He is leader for the academic group Water, Energy and
Climate Change.

Transference of Ecotechnology in Disadvantaged Regions … 151

http://sde.guanajuato.gob.mx
http://www.desarrollosocial.guanajuato.gob.mx/pdf/manual-ciudadano-2015.pdf
http://www.desarrollosocial.guanajuato.gob.mx/pdf/manual-ciudadano-2015.pdf
http://www.mx.undp.org/content/dam/mexico/docs/Publicaciones/PublicacionesReduccionPobreza/InformesDesarrolloHumano/UNDP-MX-PovRed-IDHmunicipalMexico-032014.pdf
http://www.mx.undp.org/content/dam/mexico/docs/Publicaciones/PublicacionesReduccionPobreza/InformesDesarrolloHumano/UNDP-MX-PovRed-IDHmunicipalMexico-032014.pdf
http://www.mx.undp.org/content/dam/mexico/docs/Publicaciones/PublicacionesReduccionPobreza/InformesDesarrolloHumano/UNDP-MX-PovRed-IDHmunicipalMexico-032014.pdf
https://sustainabledevelopment.un.org/agenda21sp/index.htm


Maricruz Romero-Ugalde is professor at University of Guanajuato and, is the founder and
general manager of the National Laboratory of teaching and research Etnografía Audiovisual
Interpretativa (ETNOAI). Member of the National System of Researcher and PRODEP Profile.
She studies the symbolic and visual anthropology and has been collaborating in institutions as
ENAH, Film library of UNAM, INI, among others.

152 L. C. Alvarez-Castañon et al.



A Decalogue for Education
for Sustainability Across Environmental
Generic Competencies

Rosalba Thomas Muñoz

Abstract The results of this research bring the possibility to the universities and
their professors to create a course based on a sustainability vision across environ-
mental education and the notion of competencies. The research responds to the
question: “What capacities should university graduates have with respect to the
environmental and sustainability area, which allows them to understand and
influence the world around them?” Three stages were carried out in the method-
ological design: (1) analysis of institutional, curricular and pedagogical conditions
of the host institution; (2) interviews with university professors, environmental
employers and student survey and (3) design of generic environmental competen-
cies and a proposal for a sustainability action plan. This paper highlights the last
two stages of a curriculum, describing how knowledge, skills, performance and
contexts of action were identified, analyzed and integrated, according to the find-
ings of the previous stages of the research. One of the main contributions of this
paper is the possibility of having a Decalogue as a set of tools for higher education
institutions interested in incorporating the sustainability perspective in a
pre-graduate curriculum.

Keywords Environmental education � Interdisciplinary � Transversality
Sustainability

1 Introduction

The historical conditions that were present in the emergence of the notion of
disciplines at the beginning of the 21st century are changing fast. Boix (2004) point
to some causes: the speed of communications, the production of knowledge and
other important changes in the problems dealt with by academic and professional
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communities. As examples, these authors comment on the different forms of res-
olution of the professional problems present in the frontiers of knowledge:

• Research projects with experts from different disciplines. Interdisciplinary teams
that combine engineers, scientists, writers, sociologists, entrepreneurs in prod-
ucts and corporate solutions.

• Health care teams—teachers, social workers, nurses, physical and behavioral
therapists, computer programmers.

• Educational projects with psychologists, teachers, curriculum designers, artists,
computer scientists and others, for the design of new learning technologies for
the student (Boix 2004).

According to Follari (2007), “We are in a light, postmodern era, characterized by
the loss of hard truths and the assumption of less strict and systematic modes of
functioning. We now understand the world through paradigms that are constantly
changing and transforming our society.”

Education for sustainability is a consequence of this. It responds to complex,
uncertain, unpredictable, unstable, self-organized, unfinished, unbalanced, and
dependent but autonomous phenomena. Sustainability is not only achieved with
technological solutions, political measures and economic resources, but also with
changes in our way of thinking and acting. We need education that addresses
challenges in a constructive, integrative and creative manner, while also con-
tributing to the formation of more sustainable and resilient societies. Therefore,
universities are a key sector due to their ability to integrate knowledge.

At the beginning, education for sustainable development should works in an
academic field, with the construction of a model of thinking accord to this complex
challenge, with the effort of the whole academic community (students, professors,
families, etc.), in order to better know how can the impacts on environmental,
social, political, economic be reduced. But, besides this, we need to know how to
deal the challenge of the traditional education in México. In spite of this, univer-
sities are slowly advancing, and this must be so, because educational system is the
basis of many structural changes in the paradigms of life and cultural systems.
However, we must face it, by designing new educational models, focused on
practice, in the development of skills and actions oriented by values of sustain-
ability, that is, respect for the future.

This paper presents the findings of a research aimed at the design of an edu-
cational program for higher level learning that sought the multidisciplinary and
transversal integration for the development of generic sustainability competences.
Mexican teachers were interviewed to learn about their experiences in cross-cutting
and interdisciplinary environmental issues, as well as graduates who worked in
environmental contexts. Finally, we surveyed students to assess their knowledge
and expectations about environmental training. For this research only the envi-
ronmental variable is taken as an aspect to be highlighted in the Mexican curricula,
given the gap that it presents with other social issues. The following is the way in
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which environmental components should be included as support for the teacher,
regardless of the academic area in question.

This study is cataloged as an interpretative-comprehensive type and is oriented
under the principles of qualitative research. It consists of the following stages:

(1) Analysis of official documents of the University of San Luis Potosí (UASLP),
as an example of Mexican universities.

(2) Identification of key informants (interviews with 48 teachers and graduates, and
a survey of 870 students).

(3) Identification of knowledge, skills and attitudes for environmental competen-
cies and a final design of the program, vision, objectives and goals, as well as
structure, contents, pedagogical and evaluation approach.

The methods used were:
The Atlas.ti software was used to analyze the results of the interviews. Atlas/

ti®V 5.2.6 de Scientific Software Development (Visual Qualitative Data Analysis).
It helps to establish patterns and conduct interpretation and analysis of information.
The analysis of survey for descriptive statistical procedures was used through the
Microsoft Office Excel 2003 program, with the aid of graphs and frequency tables
combining, in some cases, two or more variables.

In this article we will describe only three stages, due to the time limit and to
deepen into the content on environmental and sustainability competencies, as well
as the possibility to be part of every step of the design and to offer professors some
skills to incorporate into his classes this kind of concerns.

2 The Professors and Their Experiences
on Environmental Issues1

The participation of teachers is undoubtedly fundamental in training processes. In
this case they contribute their experiences and knowledge in two aspects: (1) in-
corporated environmental and sustainability issues in their classes and (2) with
interdisciplinary exercises. For the analysis of the answers, two concepts were
considered: transversality and interdisciplinarity.

After analyzing several definitions around transversality, we understand it as “a
methodological strategy of curricular structuring that allows the interrelation of

148 interviews were conducted with professors from the Faculties of Chemical Sciences,
Engineering, Agronomy, Medicine, Economics, Accounting and Administration, Stomatology,
Habitat, Nursing and Law. Institutes of Desert Zones, Geology and Metallurgy, Social Sciences
and Humanities. Multidisciplinary Academic Units of the Media and Huasteca areas were able
to cover careers such as Nursing, Biochemistry, Accounting, Law, Design and Architecture,
Medicine, Stomatology, Economics, Agricultural Engineer, Plant Engineer, Agronomic Engineer,
Chemical Engineering, Anthropology, Geography, History, Geological Engineer, Metallurgical
Engineer, etc.
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different degrees within aHigher Education Institution (HEI), articulating the learning
of sustainability issues and promoting an understanding and analysis of the current
challenges” (Thomas Muñoz 2011: 32). The teachers identified some examples:

• Specific activities incorporated or added individually and/or individually,
without prior systematization, or articulation with the rest of the contents of the
subject(s) it imparts.

• Crossed transversality when they deliberately incorporate environmental and
sustainable learning into the curriculum, but without restructuring it, only
adapting the learning to the form that the curriculum has.

• Issues elective or obligatory.
• Approaches or topics proposing a specific approach (such as meaningful or

collaborative learning) or topics (the water problem, climate change, etc.) to
provide a summary in their course.

• Projects, case studies, thesis or research projects between various areas, etc.
• Transversal thread, activities or materials, around which relationships are

established with other contents or with the rest of the curriculum.
• Integrating nuclei restructuring the curriculum by integrating activities or

materials that have been created specifically to include environmental and
sustainability issues (research seminars, social service, etc.).

• Key issues, specific problems that incorporates activities across the curriculum
(environmental culture, climate change, etc.).

In these partial findings, we observed that teachers reduce their experiences only
with integrative projects, addressing concepts or topics such as sustainability or
some management, implement a practical program of recycling, final disposal of
hazardous waste, noise control, and water treatment, among others. However,
transversality is much more than that when we integrate an interdisciplinarity
perspective, as we will see forward.

Interdiscipline is understood as a way of:

Building knowledge product of the communication and experiences between the different
disciplines that converge in an Institution of Higher Education, different theories,
methodologies and techniques of analysis oriented to solve a same problem. It is a process
through which students establish relationships of cooperation, interaction and mutual help
in the analysis and understanding of an environmental problem, in order to allow them to
broaden their perspective and their capacity to understand the complexity of environmental
problems (Thomas Muñoz 2011: 53).

Some definitions that guided teachers are:

• Multidiscipline: collaboration and help of various disciplines to solve a part of
some environmental problem.

• Interdiscipline: several disciplines collaborating to jointly carry out a specific
environmental project.

• Transdiscipline: several disciplines building common knowledge in an envi-
ronmental project.
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The results of the interviews show that natural sciences experiences are focused
on having classes with examples of environmental problems, practice, and social
service. In engineering and technology, these integrative activities are carried out
with projects between various disciplines, thesis, integrated work among teachers,
and workshops of environmental and sustainable issues. Health sciences include
multidisciplinary science on postgraduate programs, projects on environmental
impacts, and sustainable development commissions with government, social and
academic participation in various subjects and summers of sciences. For social
sciences, activities are carried out through common trunk materials. In the agro-
nomic sciences, courses of agroecology are carried out with expert talks and case
studies and finally, in the administrative sciences research projects are carried out
with the students.

In spite of performing these exercises on their own initiative, teachers have
important difficulties when working with disciplinary integration exercises, such as:
lack of communication among students, cultural issues, bureaucratic problems,
complexity of disciplines, technical terms, procedures and language of each area,
saturation in materials, disparate schedules, lack of availability of other teachers and
coordination between faculties, apathy of students, absence of ability to understand
nuances in problems, need to have a common understanding of ideas, deficiency of
economic resources, and trained personnel, among other things.

During the stage three, these results help to anticipate complications of inter-
disciplinary exercises, and to consider the operability, the institutional procedures,
and the complexities of the disciplines involved (methodological and technical).

3 Environmental Education from the Students

We seek to diagnose which knowledge; skills and attitudes can serve as a basis for
the formation of environmental and sustainable generic competencies in students, as
well as identify expectations around these issues. A survey was applied to 802
students (447 women and 355 men) from 28 UASLP degrees, with an average age
between 20 and 24 years. The results show that students do have knowledge of
basic ecology and global, regional and local issues, but in matters related to a more
advanced knowledge of sustainability, they no longer feel capable.

Students consider these next topics as missing for their professional training:

• Basic concepts of ecology.
• Know how to characterize an environmental and sustainable problem.
• Recognize the systemic relationships of environmental and sustainable

problems.
• Collaborate with other professions to solve an environmental and sustainable

problem.
• Collaborate with teams to make decisions.
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• Know how to organize communities to solve environmental and sustainable
problems.

• Conduct original and interdisciplinary research on environmental issues.

For students, interdisciplinary teaching was expressed through their under-
standing of specific topics, from ecological and biological to political and socio-
logical. The students also identified strategies to learn environmental issues,
highlighting the use of media and talks with teachers. However, they propose some
themes to address interdisciplinarity:

• Respect and care for the genetic diversity of ecosystems and species.
• Values and behaviors between humans and nature.
• Forms of organization of civil society and citizen participation.
• Forms of distribution of wealth.
• Legal frameworks that guarantee respect for people and the environment.
• Air quality, water, soil, climate and energy.
• Equity between genders.

On the expectations and needs from the students about environmental and
sustainable issues the findings show next needs for training:

• Recognize social, environmental, economic, political and cultural impacts of
human activities.

• Identify major environmental, economic, political and cultural problems in
Mexico and the planet.

• Know and understand basic concepts about environmental, economic, political
and cultural problems related to their professions.

This finding helps us to understand that, for students the idea about the com-
plexity of sustainability, must go beyond an ecological and reductionist vision
about contemporary world to a complex, uncertainly and chaotic system in which
they live. In this sense, all kind of programs, degrees or workshops which wants to
concern about sustainability education and future, should be able to achieve this
purpose.

4 Perspective from Professionals to Define Environmental
Competences

We understand the notion of competencies as

The repertoire or set of knowledge, skills and attitudes that are articulated in a specific way
[it is not the simple sum] in a context of determined action to allow a person to perform a
task or to fulfill a goal (Notion constructed by Nieto-Caraveo 2005, from Díaz Villa 2004,
Catalano et al. 2004 and Novick 1997, cited in Thomas Muñoz 2011, p. 60).
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Therefore, a student will be competent not only when he has knowledge or skills
about sustainability, but also when he has demonstrated his competence through
certain performances. From the professional’s perspective we define a group of
environmental and sustainable generic competencies (ESGC), identifying knowl-
edge, skills, performance and attitudes related to the sustainability, common in all
(generic) degrees. This task is not only a list of skills, but also contexts of action in
which sustainability learning could be observed.

In this context, to identify this knowledge we were guided by the question: what
information is considered indispensable for a professional who performs in a sustain-
ability related work? The main findings were: environmental impact of each profession
and alternative solutions, legislation, regulations, audits, annual operating documents,
ISO instruments (14-000 and 14-001) and ecological regulations, among others.
Besides, concepts of ecology and sustainability were conceived as key knowledge.

Know-how relates to the skills to recognize procedures, mechanisms and
methodologies, therefore the findings included: know how to search and analyze
information, evaluate and diagnose a problem, propose interdisciplinary solutions,
develop projects and communicate to community applicable measures. Skills were
also manifested by practical achievements that make them visible and serve to
assess the level of learning acquired. Although, how to apply these performances
skills varies depending on the discipline and performance context. Some of them
performances were:

• Manage information.
• Analyze and report relevant information.
• Argue and debate ideas.
• Understand texts on legislation.
• Develop projects.
• Identify elements of an environmental problem.
• Develop problem solving alternatives.
• Manage projects.
• Make decisions.
• Solve problematic situations; and,
• Reach agreements with other professionals.

But, how should students and professionals working on sustainable issues are
related? We identify necessary traits in the behavior and attitudes that motivate their
congruence with a concern for the sustainable world. It is worth mentioning that
this was one of the most ambiguous components, due to the difficulty of profes-
sionals to differentiate behavioral and attitudes, or to find differences between
“having conscience,” “worrying” or “do concrete actions.” For all of them, were
almost the same attitudes, which are put at stake to solve a sustainable problem:

• Be aware of sustainability challenges (global, regional or local).
• Show responsibility for your actions and decisions.
• Sensitivity to the environment.
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Contexts of action identify moments and circumstances in which these com-
petences can be implemented. Taking into account that these are not static, but
evolve and redefine, it is important always to consider the changes and implications
that have the places where we put into practice these competencies, as well as the
disciplines involved. For example, while in health sciences a competence is
achieved with laboratory practices, in social sciences and agronomy they are made
on field work.

Once the basic components of ESGC’s have been identified, their integration
should not be linear, that is, we should not only list the components that interest us
the most, but also articulate them in context. To complete the work on ESGC, is
necessary to know institutional framework of a university, add the experiences of
transversality interdisciplinary including the interest of teachers and students, the
normative possibilities (institutional regulations), didactic (to have innovative
equipment or materials) and transversal study plans, among others.

5 Toolbox to Design Environmental and Sustainable
Generic Competencies

The competence approach in higher education seeks to motivate students to practice
their profession from the earliest formative levels, allowing them to know and
develop early those tasks that will necessarily arise in practice. However, in
addition to this disciplinary knowledge, students should be able to be resourceful
(human, technological, financial and material), to solve emerging problems and to
meet the demands of social, political, environmental and cultural dimension’s
working in a multidisciplinary way. In this sense, we will describe some envi-
ronmental and sustainable generic competencies that can be used to put into the
practice the findings of this research, taking further teachers’ desire to promote an
integrative, meaningful and collaborative sustainable education, to an better
understanding about the impacts of their profession so that as graduates they will be
responsible citizens of the world in which they live.

5.1 Environmental and Sustainable Generic Competencies

Competence 1. The student will be able to argue, expose or debate (their) ideas on
an environmental and sustainable problem to support the decision making of an
interdisciplinary team. Context of action: business, urban or rural populations and
governmental dependencies (Table 1).

But, as we see, a competence is not complete without specific skills and per-
formances. The findings of research propose the following (Table 2).
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Table 1 Elements that compose competence 1

Knowledge Evidence Criteria for evaluating

Basics concepts to
understand ecology and his
interactions with human life

Bibliographical sheets with
key notions

Information and language
must be consistent, coherent
and argumentative and
integrate reports with results

Basics concepts to
understand sustainability
and his interactions between
environmental, political,
economic, social and
cultural dimensions

Presentations in front of the
group to discuss their ideas,
positions and answer
questions

The data must be correct and
well used. References should
be reliable and well cited.
Interventions must be precise,
coherent and purposeful

Basics concepts to introduce
environmental impact and
specific problematic

Practice to visit a
community. Cite the
references used. Prepare
reports with agreements

The community visited should
be supported by material
(photographs, interviews,
etc.). Final products should
contain the original
approaches and agreements as
a result of discussions

Identify main
environmental management
instruments according to the
case (legislation, standards,
certificates, ISO, etc.);

Table 2 Necessary skills and performance to this competence

Skills Performances

Investigate information Present in front of a group with mastery of the subject

Public speaking Identify reliable information for analysis

Argue their posture Argue their position in team discussions

Make decisions in
interdisciplinary teams

Show evidence of performance in accordance with the needs of
their professional activities (projects, conclusions, etc.)

Table 3 Elements that compose competence 2

Knowledge Evidence Criteria for evaluating

Basics concepts to
understand sustainability
and his interactions between
environmental, political,
economic, social and
cultural dimensions

Conceptual maps on
specialized readings

The maps must contain the
basic information from the
author consulted, be clear and
schematic

Information about
methodology for
sustainability projects

Bibliographic records with
the main methodologies
used for the project in
question

The bibliographic records
must show the author’s ideas
in a clear and synthetic way

Community features Log of the field visit to the
chosen population or
community

The field visit should be
supported by a field log and
additional material
(photographs, interviews, etc.)
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Within the scope and limitations of this competence, performances should be
reinforced periodically, for example, the argumentative ability is developed only
with practice. Decision making requires several stages to develop fully and the
search for information must continue and evolve depending on sources, materials
and learning resources.

Competence 2. The student will be able to elaborate projects of intervention with
conceptual bases of the environmental sciences to present alternatives of sustain-
ability in urban or rural populations. Context of action and realization: urban or
rural localities (Table 3).

To complete the elements of competence 2, is necessary define skills and per-
formance. In this case, is important that professors have some information about
methodology on systems theory and complexity theory, because sustainable
problems are not solved with only one perspective but also an integrated and
holistic approach (Table 4).

Besides, this competence requires the prior management of economic resources
to move into the population or communities.

Competence 3. The student will be able to identify, understand and apply the
environmental management instrument(s) appropriate to the sustainability prob-
lems of an organization. Context of action and realization: companies with envi-
ronmental or sustainable focus (Table 5).

Skills and performance recommended use while developing this competence
(Table 6).

It is important to remark that it is not necessary for students to understand all the
management tools that exist, but to identify what they are used for and to recognize

Table 4 Necessary skills and performance to competence 2

Skills Performances

Analyze and synthesize
information

The student highlights the main ideas of a specialized reading

Communicate with people The student must have a conversation with the population
(individual or in groups)

Develop an intervention
project

The student must prepare an intervention project and make
known the alternative solution

Make known alternatives to
the problem

Table 5 Elements that compose competence 3

Knowledge Evidence Criteria for evaluating

Environmental management
tools and knowledge on
regional and local sustainable
issues

Reports of information about
experiences of environmental
or sustainable problems in an
organization and presents it to
the group

Coordinate teamwork;
Select the management
tools relevant to the case

External and internal
regulations of the selected
organization

Have enough
information for the
analysis
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the environmental and sustainability problems that are solved with each one. The
limitation of this competence lies in the management capacity of students has to
convince the organization to collaborate with them. In this case, professors may
help connecting personal of organization to make sure the collaboration with
students.

All this findings from professors, students and professionals join with docu-
mental information from the context of universities allow us to reconstruct a sus-
tainable action plan that will serve the universities to get in the way of incorporating
these perspectives into the curriculum. In next we will describes main guidelines to
construct an action plan for sustainable education.

6 10 Guidelines for a Sustainable Action Plan

The purpose of this guideline is to contribute to sustainable training experiences as
an integral strategy, establishing a relationship with professional environmental
fields, and allowing the students to argue, expose and debate their ideas to carry out
their profession with a sustainability vision, providing arguments for responsible
decision making with society and environment.

On the bases of the findings of this research, we recommend the following
support guide:

(1) To offer an optative course to all degrees students, with the possibility to
obtaining optional and binding credits.

(2) The overall strategy of this plan is carried out by modules in which 7 stages
can be addressed during the semester:

a. Introduction to sustainability topics and course objectives.
b. Organization of the group in working teams to understand a case study.
c. Carry out a field practice to know the real conditions of the problem.
d. Systematize the information obtained during the visit.
e. Carry out a second field practice to gather missing information.
f. Organize in group for the decision making around the case study.

Table 6 Necessary skills and performance to this competence

Skills Performances

Identify the characteristics of the
environmental problem within the
organization

Make a diagnosis of the problem and an
evaluation of the identified impacts

Select management tools and
methodology applicable to the case

Apply the methodology of the selected
management tool

Conduct an interview or survey to compare and
support the information previously obtained
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g. Present the final results to the group and teacher.

(3) Organize the work in face-to-face, additional hours and field practice, through
weekly sessions of 2 h each.

(4) Teaching and learning strategies should be based on three possibilities:

a. Case-based learning, this means to provide a problem that represents
real-life conflict situations.

b. Collaborative learning: Students develop the ability to learn in collabora-
tion with their peers, the tasks can be diverse; the goal is to learn from their
peers and to generate interdisciplinary learning experiences.

c. To the previous approaches of teaching and learning is added the one of the
significant learning that emphasizes the utility of the knowledge for the
student, the application of his disciplinary training to the solution of
problems that he will face in his work context. These approaches represent
new cognitive challenges for students.

(5) It is necessary to create links with some department or address in the uni-
versity that is related to environmental issues, groups of teachers, environ-
mental areas or a degrees with this same approach, which will help in the
coordination of teachers’ proposals, web platform work, materials, facilities,
etc.

(6) It is also recommended to select topics that can be coordinated by the teacher
according to their experience and their relevance according to the local context
and interest of the student. Some examples of topics in Mexico can be:

a. Risks health due to the environmental impact of productive activities.
b. Environmental contingencies for hazardous waste.
c. Urban development and environmental impact of productive activities.
d. Availability and quality of water.
e. Remediation and restoration of contaminated sites.
f. Risk communication for contaminated populations.

(7) The teacher responsible for the course must at first to create the case to be
analyzed (preferably local problems), and establish previous contact with the
community, to agree on possible dates and timetables; considering that there
are only 5 weeks of work per module, this is the best to take advantage of
time.

(8) You must have all the work material previously organized for the student in
digital format, leaving the first week to familiarize yourself and the students
with the web platform, personal and group email account of the course.

(9) Evaluation strategies should consider theoretical and practical aspects.
Therefore, it cannot be based only on finished products or written exams, but
be based on a triangulation of evidence which allows the teacher to complete
the evaluation:

a. Evidence of process: compare information that students had at the begin-
ning of the course and at the conclusion.
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b. Evidence of knowledge acquired: which was the knowledge acquired.
c. Evidence of the products made: what products the student made to confirm

his learning.

(10) It is recommended to have in general bibliography materials and resources of
support that orient the student on elaboration of oral presentations, conceptual
maps, work reports, etc. This material should be part of the resources con-
tained in the support package that should be given to the student at the
beginning of the course.

7 Conclusions

Currently, environmental education is still conceived by a part of the population as
an education that prepares people to conserve nature, is thought of as those
activities that promote awareness about environmental problems and also promotes
a change in the behavior of people. Unfortunately, these approaches are not enough
for this educational program, or to address sustainability issues that include envi-
ronmental education as one of its most effective tools.

Education for sustainability goes beyond considering only environmental
problems; this approach is aimed at seeking the integration of these with the social,
political, cultural and economic, as this presents the opportunity to promote a true
integral and professional environmental training. Environmental education can no
more be conceived as education that teaches only about nature, since the problems
of civilization today should be part of an environmental problem, but also social,
economic and political, and should be understood and resolved as a whole.

Based on the findings of this research, the methodology used helped us to
identify the institutional support structure that a university should offer to lay the
foundations of an education plan for sustainability (that section is not seen in this
article because of space issues); we deepen the identification of experiences of
interdisciplinarity and transversality of university professors, as part of an exercise
for the design of generic environmental competences, for which they also made an
approach to professional graduates from 28 university degrees, who commented on
the knowledge, skills and attitudes necessary for a job related to environmental
issues. The answers were very interesting, and we raised the need to incorporate
some thematic and practical that must be taught generically during the passage
through the university.

Besides, through these findings we now are able to know that it is possible to
design other environmental generic competences from the previous ones. For this, it
will necessary to select knowledge of interest, to combine skills or contexts of
action that allow adapting the same competence in different moments. However,
this exercise is conceived as a support tool to create other activities that foster
concern and responsibility of students and teachers around the environment, as well
as identify environmental impacts of their degrees. It is suggested to investigate
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other components of generic environmental competences, according to their con-
text, (university, subject, educational level and environmental problems present in
their locality). In this way, there will be interest in the whole educational com-
munity and it will have better results.

Identifying a large number of elements that make up the sustainable and envi-
ronmental generic competencies, it is clear there is difficulty developing more than
one in each semester, not only because of the limitations of time, space and
resources, but also because the acquisition of an advanced level of competence is
needed in practice and in a full-time context. For this reason it is recommended to
design and work with students on a single competence per course.

The concepts of competencies, transversality and interdisciplinarity give edu-
cational program innovative features, not only because the competences allow
detailing features of a relevant and flexible profile, but also because the support of
the host institution is required. This allows for combined curricula, obtaining of
credits by election, freedom of professorship and, above all, the real interest to
improve society, for which discourse is required, in addition to effective programs,
with resources and personnel assigned to follow up.
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Oil Exploitation in Yasuni Biosphere
Reserve. Impact on Ecuador’s
Commitment with Sustainability

Alicia Anahí Cisneros Vidales and Víctor Mauricio Barriga Albuja

Abstract The purpose of this research is to identify how oil exploitation inside the
Yasuni Biosphere Reserve, one of the most biodiverse places on Earth, affects the
Ecuadorian government’s commitment to its sustainable development. The research
is based on the bibliographic review of the reserve’s management plans, legislation
regarding environmental protection and land management; as well as previous
works on documenting key factors and their impacts in the reserve, focusing on oil
exploitation. For this analysis, Yasuni has been considered as a complex system, in
which key factors determine changes in four dimensions and their interactions,
defined to represent sustainable development: social, environmental, political and
economical. In the proposed analysis, components and actors are identified for each
dimension, and their relationship is described at the different scale of their impact.
By understanding these roles and their significance, it is determined which
dimension is the most influential, therefore establishing if it supports sustainable
development or not. In Yasuni, it is clearly established that the economical and
political dimensions determine the future of the reserve, which is considered highly
unsustainable and depicts an important dependence of the country and Yasuni on
oil extraction in order to get financial resources. The identification of key factors
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and actors however, brings the possibility of promoting a more egalitarian distri-
bution of power among these, in decision making, enabling a path towards sus-
tainability and engaging the Ecuadorian government with it.

Keywords Yasuni � Sustainable development � Oil exploitation

1 Introduction

Yasuni Biosphere Reserve (YBR) is located in the Ecuadorian Amazon, in the
provinces of Orellana and Pastaza. The reserve comprehends an area within which
the Yasuni National Park (YNP) is contained, which constitutes about 60% of the
reserve (Albacete et al. 2004). Due to availability reasons, some of the data pre-
sented here is specific to the national park, but it remains relevant to the analysis of
the whole biosphere reserve.

To determine how the oil exploitation inside this biosphere reserve affects
Ecuador’s commitment with the principles of Sustainable Development, a
Sustainability Assessment of this area has been conducted. This complex system
consists of four dimensions that classify the nature and interests of specific actors
that interact to determine the present and future of people, resources and biodi-
versity here encompassed.

These four dimensions include the three commonly depicted in the origins of
sustainable development by the Brundtland report (Brundtland et al. 1987): eco-
nomic, social and environmental, plus a political dimension.

To strengthen the structure of this complex system, local, national and global scales
of incidence are established. The period included by the analysis starts at the early
beginnings of oil exploitation in the Ecuadorian Amazon (circa 1972) to the present.

2 Precedents and History

Yasuni Biosphere Reserve has 1,682,000.00 ha, of which YNP contributes
982,000.00 ha (Albacete et al. 2004). It is the largest natural protected area in
continental Ecuador and it is of great importance ecologically and ethnically for the
country and the world (Fig. 1).

Yasuni is known for its outstanding biological diversity (Romo 2010; Bass et al.
2010; Ministerio del Ambiente del Ecuador 2011) but the reserve is also inhabited
by the last voluntarily-isolated indigenous communities in Ecuador and some of the
last such communities in the world. They are known as Indigenous People in
Voluntary Isolation, or PIA (Pueblos Indígenas Aislados) in Spanish. The two PIA
communities found are Tagaeri and Taromenane, but previously, the now contacted
Waorani community was also in self-isolation.
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The territory where the PIA communities live, theWaorani Ethnic Reserve and what
is now the national park was declared Biosphere Reserve by the United Nations
Educational, Scientific, andCulturalOrganization (UNESCO) (MinisteriodelAmbiente
2011). This declaration occurred in 1989with the goal to protect the unique cultural and
biological diversity found in these areas. To protect its unique cultural and biological
diversity, in 1989 the territory in which the PIA communities live, the Waorani Ethnic
Reserve and what is now the national park, was declared a Biosphere Reserve by the
United Nations Educational, Scientific and Cultural Organization (UNESCO),
(Ministerio del Ambiente 2011). Later, in 1999 in order to protect the PIA communities,
it was established—by executive order 552 and published in the Official Registry,
Supplement 121 on February 2nd 1999—a dedicated zone inside the biosphere reserve
to guarantee PIA isolation and access to natural resources, it is called the “Zona
Intangible Tagaeri-Taromenane” or ZITT (Ministerio del Ambiente 2016) (Fig. 2).

In the context of this analysis, it is very important to understand what the
designation of a Biosphere Reserve is. As declared by UNESCO, biosphere
reserves are “‘Science for Sustainability support sites’—special places for testing
interdisciplinary approaches to understanding and managing changes and inter-
actions between social and ecological systems, including conflict prevention and
management of biodiversity”, (UNESCO 2016). Biosphere reserves are divided into
three interrelated zones that perform complementary functions. Those functions are:
1) core, which is a strictly protected area dedicated to conservation. In the case of
Yasuni, the area of the National Park is considered the core as defined by the
National Environmental Authority’s Strategic Management Plan (Ministerio del
Ambiente 2011) Buffer, that surrounds the core area and allows activities destined
to reinforce scientific knowledge, training, education and are “compatible with

Fig. 1 Location of Yasuni National Park. Source: Google maps
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sound ecological practices” (UNESCO 2016). Transition area is the one allowing
the greatest activity and it promotes economic development in accordance with
sustainable development.

Oil exploration and exploitation in the Amazon region of Ecuador began before
the establishment of the biosphere reserve. Although, after the national park’s
creation in 1979, and despite its legal national protection category, oil concessions
have been granted within park limits.

The latest conflicts have been related to the cancelation of a government pro-
posal (initially envisioned by civil society groups, launched in 2007 as a
government-adopted initiative and cancelled in 2013), popularized around the
world as pioneer in its nature, which would preserve untapped all the oil contained
in two blocks (31 and 43) in Yasuni National Park if, in exchange, the International
Community would grant Ecuador half the income that it would otherwise get by
exploiting these resources (i.e. 3.6 billion USD). The proposal was called the
Yasuni-ITT Initiative, after the Ishpingo-Tiputini-Tambococha (ITT) locations
where the blocks are (UNDP 2013).

Fig. 2 The biosphere reserve: Yasuni National Park, Waorani Ethnic Reserve and Zona
Intangible Tagaeri Taromenane (ZITT). Source: Pappalardo et al. (2013)
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The conflict that was created not only has strong environmental questions but
also has social issues, since the ITT exploitation proposal overlaps the ZITT area,
reserved for the PIA communities, where non-renewable resource extraction is
prohibited by Ecuador’s Constitution (Art. 407) (Figs. 3 and 4).

3 Sustainability Dimensions

As previously explained we understand sustainability as an interaction of processes
and actors from four dimensions: social, economical, political and environmental.
This is an essential step in analyzing YBR as a complex system. The principal
components that play a role in the reserve are identified in each dimension; this will
be useful to later define specific actors for each dimension (Fig. 5).

4 Environmental Dimension

The YNP is the largest continental protected area in Ecuador. As it is part of the
tropical rainforest Amazon, it preserves a great biodiversity of flora and fauna
according to research during the last decade (Ministerio del Ambiente 2015).

Fig. 3 Adapted from: location of the current oil extraction conflicts. Yasuni Biosphere Reserve
and ZITT (Zona Intangible). Source: Pappalardo et al. (2013)
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Fig. 4 Precedents timeline for Yasuni Biosphere Reserve
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Fig. 5 Sustainability in Yasuní National Park. Components under the social, economical, political
and environmental dimensions
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According to the current Management Plan of the YNP (Ministerio del
Ambiente del Ecuador 2011), there are 2274 species of trees and bushes; 204
species of mammals; 610 species of birds; 121 species of reptiles; 139 species of
amphibians; more than 268 species of fish; hundreds of thousands of species of
insects. In addition, it is also considered to have the highest number of vertebrates
in the world (Vallejo et al. 2011). Species that can be found here are the jaguar
(Panthera onca), the anaconda (Eunectes murinus), the harpy eagle (Harpia har-
pyja), the pygmy marmoset (Callithrix pygmea). The great diversity within this
park enables it to be considered as one of the most biodiverse places in the world.
According to the Ministry of the Environment, in a single hectare of YNP, 650
species of trees are found, which is more than occur throughout North America.

In-between the Napo and Curaray rivers there is a complex hydric network
composed by the Tivacuno, Tiputini, Yasuní, Nashiño, Cononaco and Tigüino
rivers, which form the lowest basin of the Napo. More than one million hectares of
rainforest occur where this network of rivers intersects. YNP’s Management Plan
indicates that the entral and western part of the park has wide plains that are flooded
periodically during the rainy season. These floods nourishe the earth with organic
materials. The plains are surrounded by small hills that never get flooded. As a
result the species composition in the unflooded region differ from those in the
flooded area and different forests can grow. Near the border with Peru the soil is
poorly permeable, permiting the rainwater to accumulate and to form extensive
marshes. Certainly, YNP’s topography is a determing factor that has promoted the
development of its outstanding diversity.

Forests cover most of the YNP, including the communities Añangu, Nueva
Providencia, Indillana, Llanchana or Mandaripanga, which are located on the banks
of the Napo River (Sistema Nacional de Áreas Protegidas del Ecuador 2014).

As this review suggests, the conservation of YNP is vital not only for
Ecuadorians but for the whole world, as it is home of thousands of species and has a
large cultural wealth.

5 Social Dimension

Between the Napo and the Curaray rivers, groups of ancestral indigenous people
occur, among them the Waorani, who used to live isolated. Some of their activities
to survive include hunting, fishing and fruit harvesting.

The first forced contact with the Waorani was in 1956 (Larrea 2010). This first
contact was by the controversial “Summer Language Institute (SIL)”, which was
founded in 1934, and which had as headquarters the Oklahoma State University
since 1941 (SIL International 2015).

The objective of the SIL was to translate the New Testament, Christian hymns
and Scriptures into the ancestral languages of the tribes in isolation. This project
took place in Latin America, Africa, the East Indies, the Pacific islands and Russia
(A. Del Valls 1978). The SIL practiced the Christian Evangelical religion and its
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purpose was to convert the natives to this religion (Cannell 2006). Since no one
knew the language of the Waorani, at first it was impossible for the SLI to com-
municate with the Waorani. Local settlers abducted a Waorani girl named Dayuma,
who would serve as an interpreter between the SIL and its people (Vera 2007). In
1956, the SIL started to relocate the Waorani community, from their forests to
16,000 hectares in the so-called “Huaroani Protectorate”, where many of them live
isolated from their ancestral practices and at the same time marginalized from the
western society (Larrea 2010).

Before the SIL’s arrival, the Waorani community was divided into two groups
because of a power struggle. One of the groups fled and hid in the jungle and was
never contacted. They formed the community called Tagaeri, but in the density of
the jungle there was also another community, which the Waorani did not know: the
Taromenane (Vera 2007).

As the first oil companies settled in the Waorani’s territory in 1937, two new
communities of mestizo settlers who came from other parts of Ecuador to work for
the oil exploitation companies settled, most likely on Waorani territory. Since then,
a complex relationship exists between the traditional indigenous communities and
the oil companies. The indigenous communities gained access to westerner’s
resources, which were traded by the oil companies for access to their natural
resources. These interactions have caused several changes to the traditional culture
of the indigenous communities and their ancestral life-style. Nowadays, territories,
boundaries and limits are not controlled and patrolled. There is a low presence of
authorities, which allows logging and other illegal activities to take place. These
activities compromise the sustainability of the YNP.

6 Economic Dimension

Although YNP represents the largest continental portion of the National Protected
Areas System of Ecuador, receives one of the smallest budgets. According to
YNP’s management plan (Ministerio del Ambiente 2011) the cost of park main-
tenance amounts to 340,000 USD per year, in case of including an integral man-
agement plan even more than 490,000 USD. However, the POA 2011 (Operative
Annual Plan) states that current requirements are between 300,000 USD and
800,000 USD per year. Based on these estimates, projected five years budget,
considering an integral management, is in Table 1.

The financing alternatives for YNP depend on national or local income. Tourism
operator patents, visitor entrances, research and film & photography permits, visitor
centers, handicrafts make the local income. The Ministerio del Ambiente (2016),
states that the total income generated by these economic activities would be
approximately 50,000 USD per year.

On the other hand, national income comes from tax revenues, capitalized funds,
National Environmental Fund (FAN) and oil benefits. According to Ministerio del
Ambiente (2016), YNP is funded by a fiduciary fund created by Ecuador’s National
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Financial Corporation (CFN) which allocated 4 million USD to guarantee the
park’s management over the next few years. The oil benefits in the park come from
blocks 14, 15, 16, 31, and the recently exploited ITT.

In 2011 these blocks were managed by Petro Oriental (Block 14), REPSOL YPF
(Block 16) and Petroamazonas (Blocks 15 and 31), whose contracts end in 2018.
Although most of the oil extraction comes from the core and buffer areas of the
biosphere reserve there was no legal instrument that allowed non-park areas to receive
funding from oil benefits before the Inter-ministry agreement 003-2011, signed
between theNational Secretary of Planning andDevelopment (SENPLADES) and the
Ministry of Finance of Ecuador. Articles 1 and 2 of this agreement established that the
economic surplus generated by oil companies will receive the 12% to finance and
execute programs and investment projects in Ecuador.

YNP’s Management Plan, together with the development programs constitute
the technical basis to request funding from SENPLADES and the Ministry of
Finance. According to data from the Internal Tax Service (SRI), it is estimated that
the 12% of oil taxes for REPSOL YPF and Petro Oriental for year 2010 were
approximately 20 million USD. According to the country’s legislation, between 0.6
and 0.75% of that 12% surplus can be requested for maintenance of the National
Park. This resources should be part of the fiduciary fund that should guarantee the
park’s maintenance even after oil extraction is finished.

Finally since 2002, the YNP receives financing from the Fund for Protected
Areas (FAP). In 2010 the funds received reached 57,557 USD, the highest amount
received during the last 9 years (Ministerio del Ambiente 2016).

As this information shows, management plans and financial projections are only
available for YNP, which is the core area of the biosphere reserve. This clearly
gives the idea that budget for maintenance, with all its challenges, might be only
available to the National Park but not available for the rest of the biosphere reserve.

From the principal components found in the economic dimension it is clear that
oil exploitation is the most important and impactful economic activity and the main
source of financing for the park’s maintenance budget. However, logging (mostly

Table 1 Estimation for five years of the average general expense per program for Yasuni
National Park

Expense category Year 1 Year 2a Year 3 Year 4 Year 5

Conservation of the natural and
cultural heritage

150,000 155,535 1,612,742 1,672,253 1,733,959

Control and surveillance 200,000 207,380 2,150,323 222,967 2,311,945

Environmental participation,
communication and education

150,000 155,535 1,612,742 1,672,253 1,733,959

Research 150,000 155,535 1,612,742 1,672,253 1,733,959

Tourism 150,000 155,535 1,612,742 1,672,253 1,733,959

Total expense 800,000 829,520 8,601,293 8,918,681 924,778
aProjections were estimated with an inflation rate of 3.69% per year
Source: Ministerio del Ambiente (2016). Plan de Manejo del Parque Nacional Yasuní. Quito,
Ecuador
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selective) is another economic activity. Logging is illegal within the YNP’s borders
given its protected area legal status, and has an important negative impact on
ecosystems. It is conducted by some indigenous communities found in association
with oil exploitation camps (Vera 2007). More recently, illegal loggin has occurred
by invasive loggers from Peru (Hill 2017).

7 Political Dimension

This dimension involves the historical presence of conflicts, generated by the
exclusion of the communities and indigenous groups traditionally living in the
biosphere reserve in the decision-making processes. These patterns have been
greatly worsened by the cancellation of the Yasuni-ITT project in 2013 to leave oil
untapped forever.

A paragraph from Albacete et al. (2004) in a ParksWatch evaluation, in collab-
oration with Wildlife Conservation Society (WCS), already in 2004 states:
“Decision-makers have warranted priority to oil extraction over conservation in the
area, as was clearly demonstrated in 1990 when the Ecuadorian Government
changed Yasuní National Park’s borders in order to allow oil extraction in block 16
(Villaverde et al. 2004)”. This is a clear example of how the political and economic
dimensions are tied in the decision-making, probably since the first oil exploitations.

Stidsen (2009) prepared a timeline of oil companies’ presence in Waorani and
ZITT territory based on CONAIE (2006):

• Royal Duth Shell (1937).
• TEXACO (1964–1989) ESSO Hispanoil Block8, during the 70s.
• Petrocanadá Block9.
• BRASPETRO (later PETROBRAS) Block17.
• ARCO Block10, today AGIP.
• CONOCO (February 1986–marzo 1989) Block16.
• MAXUS (1990–1995) Block1.
• YPF/MAXUS 1997 Block16.
• Repsol/YPF 1997 today in Block16: Block31 Petrobrás.
• ENCANA Block14 and 17.
• ORYX Block21.
• Perez Companc Block31.

Inevitably, the political and economical dimensions share similarities from the
point that oil became a significant part of Ecuador’s national income. This is
evident since Ecuador government’s need for income, contradicts the fact that it is
also the authority in charge of providing permission for explorations. Oil revenues
have set the environmental and social dimensions aside, to the point that the
existence of non-contacted indigenous communities have been ignored when per-
mission for oil companies to operate have been granted.
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As Stidsen (2009) mentions, in the Amazon, oil companies have been free to act
without the government’s control concerning their interactions with indigenous
communities. “Community relations”, as the relationships of dependence on the oil
companies are called, have interfered systematically to diminish the communities’
empowerment and have corrupted, persecuted and frightened indigenous leaders.

As mentioned above, the cancellation of the Yasuni-ITT initiative in 2013
brought still more pressure on the relation between the social/environment and the
political/economic dimensions. It is important to note, that according to Ecuadorian
Constitution, non-renewable resources are banned for exploitation in protected
areas, unless the President, without any other consultation, determines it is a
national priority. Therefore, enormous responsibility and power of
decision-making, falls on one person only.

After President’s Correa announcement, an important activist group in Ecuador,
called Yasunidos, started collecting signatures to run a plebiscite to ask the
Ecuadorian public if they agreed to proceed with the exploitation of Yasuni. The
activists collected 757,623 signatures, well beyond the 500,000 minimum required.
However, and with very questionable arguments, the Electoral National Committee
(CNE) rejected approximately 380,000 signatures. A complete report on the
chronology of events is exposed by Yasunidos (2016).

8 Sustainability in Scales

8.1 Local Scale

A depletion of eco-systemic qualities and disarrangement in the local social
structures exist in YNP, which is caused by several complex interactions that
condition social class structure, manpower organization, interchange systems,
State’s activities, ideologies, beliefs and social organization (Bunker 1988: 21). The
Kichwas, Waorani, Tagaeri and Taromenane ethnic groups who face the effects of
resources extractions in YNP. These are communities that share objective and
subjective characteristics, which allow them to share a sense of belonging to the
community.

According to Stavenhagen (2000), two basic components that serve the identi-
fication of the ethnic groups are social organization and territory, as these are
directly related with the processes of resources management. On one hand, social
organization refers to the intrinsic network of social relationships of the individuals.
On the other hand, territory is considered as a symbol of power, a political
instrument. For the different indigenous communities that live in YNP and YBR
territory. This means a space under their control, where they can develop and
reproduce social and cultural activities to subsist and that provide them a sense of
belonging (Castro Lucic 1998). However, the indigenous communities allow the oil
exploitation and logging in order to have technological benefits or access to
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otherwise scares economic resources. In addition, the YNP’s management depart-
ment, the local government of Orellana and other institutions, that used to be in
charge of the park, are also important actors in this resources extraction. Despite the
fact that the YNP was created in 1979, it was until 1992 that government started to
plan a management of the area. On this context, the former INEFAN was crated and
started a process to delimitate the area in order to stablish management units that
could allow to preserve the nature and the culture of the YNP (Paúl Cisneros 2008).
In the same year, the INEFAN got a resolution that permitted the oil company
Maxus to settle in the YNP and extract oil, in change of funding natural resources
research. Nowadays, there are seven exploited oil blocks that overlap with
indigenous territories of the YNP.

In 1996, the Ministry of the Environment (MAE) was founded and the INEFAN
was eliminated. This new entity defined the borders of the communities and in
2001, with the support of the CONFENIAE (Confederación de Nacionalidades
Indígenas de la Amazonía Ecuatoriana), they created an agreement, which aim was
to guarantee that the benefits of the use of the natural resources in their territories
will be for the indigenous communities (Cisneros 2008). Moreover, in November
2001 riparian communities were allowed to extend their territory to the north of the
Tiputini River. In parallel, the FCUNAE and the non-riparian communities started
to search founding and allies to develop economical activities in the YNP; and in
2001 they achieved the permission to develop ecotourism activities.

Historically, the oil exploitation within the territory of the YNP and the YBR has
generated changes in the area management that enabled to full-fill oil industry’s
necessities and exigencies. The aggravating circumstance is that the profits gen-
erated with the exploitation of oil resources in these areas, represent a large portion
of Ecuador’s fiscal budget, therefore there is little hope for conservation. However,
the potential biological and cultural heritage loses in the YNP and the YBR will be
a catastrophe, from local to planetary scale.

8.2 National Scale

At the national level the YBR represents the struggle to preserve not only biodi-
versity but also the last communities that live directly in nature and from nature, in
self-isolation, as our ancestors did before the colonization. According to Paúl
Cisneros (2008) for more than 350 years the Ecuadorian Amazon has suffered of
the extraction of its resources, which has also caused the breakup between human
communities and the environment, which is in turn, according to Bunker (1988) one
of the main causes for chronic impoverishment.

Oil revenues from resources located in the biosphere reserve on the other hand
represent one of the main sources of economic income for the country, which can
only look forward to exploiting more oil in search of financial stability. However,
for the reserve’s maintenance, the budget is always short and it requires hard work
to distribute the oil benefits.
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Another important fact is that the contacted indigenous communities, specially
the ones living in the north part, also depend now directly from the resources that
oil companies provide, and which have constantly depicted a relationship of control
and power over the indigenous communities by means of assistencialism.

In the territory of the YBR, this dependency exist since the beginnings of the
inclusion of the Waorani as beneficiaries of some minimum infrastructure provided
by oil companies in the 80s, to the current more strategic plans run by the different
oil companies to negotiate and facilitate the extraction in the region.

The so called “communitarian plans” represent a relationship model between oil
companies and the Waorani, and despite having some positive changes through the
years, still focus on the maximum profit of oil companies, and establish a rela-
tionship in which, the Waorani, as beneficiaries of some goods and services pro-
vided by oil companies, are forced to consume and support this model (Rivas
Toledo and Lara Ponce 2001).

Previously, the strategies in the communitarian plans reduced Waorani “pro-
tectorates”, but these days, they are offered different types of jobs at the
multi-nationals, starting a complex dependence on money and westerner services
(Rivas Toledo and Lara Ponce 2001).

At the same time, the increasing pressure on this region and the communities
living here has given birth to several environmental movements and voluntary
associations that work hard in the pursue of conservation. Among these we have
Yasunidos and Yasuni Oro Verde.

Also, we have to consider the sovereignty factor, as the YBR suffers of illegal
logging that benefits from its geographic location, precisely in the border with Peru
in the East. That is why the control organisms like Police and Military play another
important role here, having to patrol and develop strategies together with the dif-
ferent government agencies and the Park management.

8.3 Global Scale

The Amazon rainforest provides important ecological services not only to Ecuador
but to the world. Some of these services are: carbon storage in the biomass, reg-
ulation of the hydric cycle and the climate, rain generation at regional level, soil
conservation, biodiversity support (Wirth et al. 2009). Global deforestation and
pollution of rainforests have severe consequences for climate change.

Seen as systems of energy flux, Paúl Cisneros (2008) states that the economic
practices in the Amazon, protected by the law and the Government, allow goods to
be exported in an extraction of matter and energy model, that in turn simplifies the
natural environment to the resources obtained. This process of appropriation affects
the environment making it every time less capable of saving energy and take part of
the semi-closed flux of matter and energy.
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Not to say the least, being close to the headwaters, Yasuni and its possible
environmental degradation may have important impacts to the whole Amazon river
basin, which is one of the most important pluvial systems in South America.

In fact, one of the strongest arguments that the Yasuni-ITT project presented to
the world was the possibility to avoid the emission of more than 492 million tons of
CO2 to the atmosphere, which would happen with the oil extraction.

Yasuni’s importance to the world goes far beyond Ecuador; several environ-
mental movements and organizations have placed their eyes here and support
campaigns to protect it. In several around the world, the news about Yasuni are
followed and have impact in their strategies. Not to forget the importance of the
Yasuni-ITT proposal, which however cancelled, still remains as a valid and
exemplifying strategy to finance the State, clearly demonstrating that alternative
economic models can be developed to diversify the income sources.

9 Conclusions

After the analysis of the existing relationships in the YNP, we conclude its sus-
tainability is highly at risk, which has several social and environmental negative
irreversible consequences. The main factor that compromises the sustainability of
the YNP is the influence of Ecuador’s State policies, which are a result of the
historical management and use of lands that integrate Ecuador’s Amazon. In
addition, the increasingly dependence on economic and political factors in the
processes of decision-making, the political annulment of citizens’ participation, the
lack of transparency in the land’s adjudication processes, and the lack of PIA’s
protection, threat the future of this Biosphere’s Reserve.

Ecuador is a country which although its economic and development policies
have advanced, reality has remained unchanged to a great extent since the decade of
the 70s when oil started to be exploited. Although Ecuador’s discourse is that it
seeks to overcome its oil dependency, in reality there has been little to no invest-
ments in other economic alternative activities, and if it wasn’t for international
assumed commitments regarding climate change, there wouldn’t be many efforts
towards the diversification of the economic activities or interest in energy effi-
ciency. Oil dependency is predicted to increase as a source of energy, which threats
directly the natural zones with oil reserves of the YNP and the whole Amazon
region.

The system of the YNP is complex and requires numerous actions and decisions,
in order to ensure a sustainable development and eliminate the unsustainable
practices that are currently taking place on these lands. Unfortunately, the com-
plexity of the system is related to several stakeholders, some even contradictory,
who pursue their own interest and who are incapable to reach common ground.

Vital factors to be modified urgently are citizen’s involvement and contacted
indigenous groups participation, as they can ensure a transparent execution of the
protection laws of the PIA. Impunity, in addition to a lack of transparency in the

180 A. A. Cisneros Vidales and V. M. Barriga Albuja



decision-making processes can also be reduced and eliminated through social
involvement in legal processes. It is necessary to mention that both, impunity and
lack transparency, are currently some of the reasons why the various stakeholders
remain divided and uncommunicated.

To achieve the sustainability of the YNP, structural changes must be generated at
the local scale, even though regional and global factors can also impact its stability
at a large scale. In order to strength this weakness, the government must define an
economy’s diversification plan and reduce the dependency on natural
non-renewable resources. We conclude that social participation is an improvement
opportunity, since non-empowered population cannot participate in the
decision-making of resources’ extraction of the YNP, which is one of the main
causes for non-sustainability.
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Individual Resilience
and the Environmental Education
for Sustainability as a Base of Community
Resilience. A Case Study with High School
Teachers

Erick Cajigal, Ana Lucía Maldonado and Edgar González-Gaudiano

Abstract This text describes the methodology and first results of a case study on the
community resilience of cities that are recurrently affected by floods in the state of
Veracruz,Mexico.Aproblemarising from the changes in the frequency and intensity of
tropical cyclones resulting from climate change which mainly affects populations in
poverty and those settled in high risk areas. It has been documented that populations
resist, recover and even transform themselves in the face of adversity, which has been
called community resilience. Community resilience is based on individual resilience
and the latter can be developed through education. For this, a significant figure is
needed, among other things, to provide relevant models of resolution as well as
leadership. The case study confirms that young people can play a determining role
during the floods; therefore the significant figure can be originated with theirs teachers.
So, teachers with resilient characteristics are necessary to strengthen resilience in their
students. Then, students could share individual resilience with their friends, family and
neighbors, to create a social belt of transmission of resilience permeated by environ-
mental education for sustainability. For this it is necessary to have resilient teachers.
Therefore, this research identifies the individual and community resilience of high
school teachers to provide a diagnosis to be considered in actions that improve their
capacities of prevention, recovery and transformation to floods.
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1 Introduction

Research on community resilience is currently in a significant position compared to
other studies, due to increased knowledge and growing concern about climate
change (CC). Climate change is defined as a phenomenon associated to an increase
of environmental deterioration, as well as to a series of disasters in different pop-
ulations on a global level never seen before (Gutiérrez and González Gaudiano
2010).

CC is the result of the current model of developing countries. Considering the
environmental situation and its increasingly serious nature; many cases leads to
irreversible changes in nature. So in theory, it is not sustainable to continue to
maintain the rhythm of exploitation of natural resources. Social inequality and
global problems brought about by the devastation of natural resources (Colín 2003).

Economic growth has been the basis of development, without regard to social
and environmental consequences (Maldonado 2008). The term development itself
has a great myth within which phenomena such as industrialization, urbanization,
concentration and accumulation of capital, as well as destruction of nature are
concealed (Gutiérrez and González Gaudiano 2010).

There is a relationship between the model of growth, CC and disasters. That is,
the type of current development is associated to progress and welfare, material
growth and a high consumption of goods and services. In this regard, based on our
lifestyles and model of growth, Riechmann (2005), argues that tropical cyclones
(TCs) are born from the exhaust pipes of our cars and the chimneys of our nuclear
power plants.

Some disasters are processes that are getting socially developed (with the
deforestation, pollution, consumerism, inefficiency, corruption, among others), that
harshly reveal themselves during episodes caused by extreme natural events, such
as a tropical cyclone (Ruiz 2005). In other words, disasters are constructed in and
by society, so they can be considered as latent phenomena with the expectation that
contingencies may occurred.

In sum, the dominant model of development contributes to make worse diverse
environmental problems such as CC. The intensity and frequency of some natural
phenomena are related to CC, such as tropical cyclones. Nevertheless, this causal
relationship is not always evident.

Therefore, CC is complex considering that it is difficult to see all its effects; with
consideration that available scientific knowledge itself does not have all the answers
about it. Some natural events have conditions that could be associated to science as
an effect of CC. In recent years, for example, tropical cyclones such as Katrina
(2005), Dean (2007), Irene (2011), Ingrid and Manuel (2013) have been registered
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around the world, and at the same time, global average temperature has increased
(Riechmann 2005; IPCC 2015).

Variations of climate exist as a consequence of the global average temperature.
In addition, some phenomena such as frost, storms, droughts and floods affect entire
populations because of the intensity in which they occur. In this sense, communities
in marginal, economic and social conditions are highly vulnerable because they are
more susceptible to suffer damages (Chardon and González 2002).

In 2014, hydrometeorological disasters were the phenomena with most impact,
accounting for 58.7% of the total fatality of all disasters reported (Guha-Sapir et al.
2015). The effects of CC are global and harshly hit developing countries, especially
those with poor communities settled in high-risk areas (González Gaudiano 2007).
Coastal areas and communities that are close to rivers are most prone to flood
disasters.

Mexico is located within the intertropical region in the middle of two large
oceans: the Atlantic and the Pacific. TCs occur on both coasts and on average, 25
TCs are recorded per year. Around four or five of them usually enter in the territory
and cause severe damages because of heavy rains with their consequential floods
(CENAPRED 2001).

In recent years, in the coastal state of Veracruz, on the Gulf of Mexico, there is a
large area that has been impacted by several TCs (Karl in 2010, Ernesto in 2012 and
Barry, Fernando and Ingrid in 2013), which have resulted in disasters.

The highest level of precipitation during TCs has increased in the state of
Veracruz. This is consistent with the observations made around the world, which
indicates a significant statistically increase in rainfall intensity, although in a con-
tradictory way, the annual average of precipitation in the state of Veracruz as a
subtropical area has decreased (CNIAN 2012). The increases of the precipitation
level of TCs, the vulnerability of towns of Veracruz and its geographical location
have caused floods with human and economic losses. Communities respond in
different ways to these types of disasters.

On the other hand, the IPCC (2015), defines resilience as the ability to recover of
social, economic and environmental systems in order to confront, respond, or
reorganise in the face of a hazardous event. In this way, the systems mentioned
preserve their essential function, identity and structure while maintaining the
capacity for adaptation, learning and transformation. Being resilient makes it pos-
sible to confront adversities by learning and transforming to reduce or eliminate
damages. Individuals can develop resilience (Melillo 2001), and if many people
combine their individual resilience, they can create community resilience (Gamarra
2010), which allows populations to adapt, learn and even transform in the face of
adversities.

In this context, where the model of development, as well as CC and its effects
frequently impact the populations of the state of Veracruz causing disasters, it is
necessary to study the factors that favour the development of individual resilience
in significant people who exert a leadership in the community. In our study, we
have chosen high school teachers and the idea is to consider our results in order to
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construct strategies aimed at developing abilities that allow local residents to resist,
recover and/or transform themselves in the face of floods.

This research considers high school teachers as significant adults. Therefore,
they are relevant figures in the creation of resilience (Munist et al. 1998; Melillo
2001). Teachers can provide resolution models, as well as leadership in young
people, who can share this information to their families, neighbours, and friends to
create a social driven belt, permeated by Environmental Education for
Sustainability (EES).

2 The Social Driven Belt of Resilience and Environmental
Education for Sustainability

The social driven belt is an analogy of the transmission belt related to mechanics. It
is taken to the social field to illustrate the process and the elements that contribute to
the development of resilient abilities in the face of floods. The transmission belts
have the function of synchronously move two or more pulleys, so that they can
generate power for a common purpose. In this process there are two types of
pulleys: the drive pulleys and the driven pulleys. The drive pulleys are the ones that
begin the movement. These pulleys rotate while transmit energy to the driven
pulleys through the transmission belt that unites them.

In the social field, as in the mechanical process, there are elements that begin the
movement, to whom we will name drive actors. These drive actors transmit
information, motivation and knowledge to the driven actors through this social
driven belt. These driven actors will subsequently become in drive actors, starting
in this way a cyclical process.

A social driven belt gets established as the intangible element with properties of
cohesion and coordination that involve the process of activation of drive and driven
actors for the good of the community. These properties are continuously promoted
and provided by all actors. The social driven belt unlike mechanics, considers that
the elements in the process are not static. That is why actors will appear in different
moments like drive or driven actors taking into account their abilities.

Teacher’s work must transcend the classroom. It is inconceivable that the role of
a teacher cannot be thought as static, nor it can be reduced to manage his students’
learnings without interventions and without the contexts in which the educational
process is developed. Teachers must consider the attention to social and environ-
mental needs in their didactic strategies (Zabalza 1993), which means that they
must extend their work beyond the classroom. The teacher would begin the
movement (Fig. 1).

Although the social driven belt involves teachers, their own students, who are in
their adolescent period, would be the immediate actors moved by the social driven
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belt. It is in the adolescent period when skills are acquired, and behaviours are
established, and the most important point is that project of life starts to be devel-
oped. In this period, individuals already have a type of formal thinking that allows
them to confront, reflect, debate, analyse and draw their own conclusions that are
connected to their realities (Alchourrón et al. 2001).

This belt will be permeated by the EES. This type of education appears as a
viable proposal that contributes to confront environmental problems and their
consequences (González Gaudiano and Arias 2009), which are greatly derived from
the model of development, the CC and its effects, as we have been saying. The EES
is understood as a liberating education that seeks the social transformation towards
a living in order to better coexist between us and nature (Terrón 2010). It is
characterized by a complex approach that allows the understanding that environ-
mental problems are not isolated but are interrelated with other problems.

Social change from schools and promoted by EES can contribute to build a
critical and independent thinking in students, families and communities when more
teachers become involved in taking the challenge of developing the capacity to
understand coherently the reality and the meaning of the world (González Gaudiano
2007). Therefore, the social driven belt permeated by the EES pretends a social
change, where high school teachers and their students initially participate, followed
by the rest of the community, creating in this way the conditions for building
community resilience, in order to understand and to deal with environmental issues
and their effects, such as floods.

The study is located in three towns in the central area of the state of Veracruz:
Tlacotalpan, Cotaxtla and La Antigua. These towns have been affected several
times by floods, having tropical cyclones Karl and Matthew as the most severe in
2010 (Tejeda 2011; Méndez 2014). This research considers four high schools. The
town of La Antigua and Cotaxtla have one state high school each and Tlacotalpan
has two state high schools.

Fig. 1 Transmission belts: mechanics and social. Source Author’s own elaboration
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3 Resilience: Concept and Study

In the social field, the term of resilience allows to explain, identify, evaluate and
reinforce systems, institutions and people’s abilities (Maldonado and González
Gaudiano 2013). The term can be defined from three approaches (Uriarte 2013):
stability, recovery and transformation. In this research, we agree with the process
approach towards transformation. This approach emphasises people’s abilities to
adapt to changes, the ability to learn, creativity, future orientation, strengths and
opportunities rather than hazards and weaknesses. In some cases, disasters can be
constituted in opportunities in order to change or improve the inefficient living
conditions of those affected (Olabegoya, 2006 in Uriarte 2013).

According to Melillo (2001), there are two interpretative paths of resilience. The
first one is the geneticist interpretation that confirms the existence of individual who
possess resilient innate characteristics. The second interpretative path is that resi-
lient characteristics can be developed in certain situations throughout the growth of
people. We based on this second path in which we associate the figure of significant
adults or teachers, who can develop resilient capacities in their students so these last
ones also will help the rest of the community to develop those capacities.

Munist et al. (1998) and Melillo (2001) have documented that throughout the
growth of people, there is interaction with individuals, such as parents, educators
and carers, who make sure that resilient capacities get developed. These individuals
have a high social status before their children, students and people with whom they
coexist, which is very appropriate in order to provide models of resolution and
leadership.

In addition to the significant adult figure, there are other factors for the devel-
opment of resilience. The first factor is belonging to cohesive groups such as
families. Salamanca (2009), studied the experience of disasters lived by poor and
middle-class families in Bolivia, making a comparison between the results obtained.
It is highlighted among his results that disasters impact the stability of the family, so
it is likely to find disruption and rupture in family relationships. However, beyond
the socioeconomic level, the impact on family stability is in function of family
cohesion prior to disaster (Salamanca 2009). Along those lines, Henderson (2001),
has identified that resilience and socioeconomic status are not related because
poverty does not make impossible the development of family cohesion, so the
economic situation of a family is not a condition for it to be resilient or not,
although the bond between members does it.

The second factor is the Around the “I” (Henderson 2001). It consists of three
elements: (a) I have (b) I am, and (c) I can. These factors are characterized by some
issues that are important when is time to confront adversities such as the attitude,
self-confidence, character and support from close and beloved people.

In the case of teachers, the third factor is work environment. This factor gathers
some elements such as prosocial bonds, life skills, affection and support, oppor-
tunities and high expectations and clear and firm boundaries (Henderson and
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Milstein 2003). These six elements consider different actors with whom the teacher
daily interacts, such as directors, students, parents and other teachers.

The fourth and last factor is health and physical condition. Healthy conditions
without weight problems provide advantages compared opposite conditions when
we found ourselves in front of adversity (Richardson et al. 1990).

In sum, the factors of development of resilience in teachers are: cohesive groups
or families, the Around the “I” factor, work environment, and health and physical
condition. The development of resilience in teachers is possible due to the
strengthening of these factors. What is more, community resilience could be pro-
duced if people’s individual resilience develop, coordinate and interact to each
other in the same territory (Gamarra 2010).

In regard to community resilience there are other factors involved. Suarez Ojeda
(2001) has identified four factors. The first factor is collective self-esteem, which
refers to pride and satisfaction that a person has for feeling part of the community
and the place where he/she lives. The second factor is cultural identity, which refers
to a person’s involvement in local traditions and acceptance and practice of his/her
neighbours’ ideologies related to entertainment, politics and religion. The third
factor is collective honesty, which appreciate local authorities and neighbours’
honesty. The fourth factor is social humour, which refers to the ability of kindly
express a gloomy fact, so that through the storytelling, it is possible to cause a
tranquillity effect before some tragedy.

In addition to these four factors, the authors of this article suggest two more
factors derived from experiences in towns in Veracruz. These suggestions also
come from researches made by Gamarra (2010). These other factors are significant
institutions and reflection from experience. The significant institutions have a
decisive role that directly impact on communities’ tasks. In Gamarra’s research
(2010) made in Peru, it is illustrated how two institutions, one educational and the
other a religious one worked together for the strengthening of local leaderships to
put up with an armed conflict. The work of these two institutions got documented.
They developed individual resilience until turn it into community resilience, which
helped them to resist the armed conflict without suffering displacement.

Finally, the factor reflection from experience refers to the reflection on the
damage experienced individually against the damage experienced by other most
affected people. To think of oneself as fortunate to receive less damage than others,
provides a feeling of optimism that activates the strengths to confront, overcome
and even learn from adversity.

As we have pointed out, this research aims at providing elements that can help as
basis in order to develop individual and community resilience in towns affected by
floods in the state of Veracruz. This would be accomplished by high school teachers
as significant adults through social driven belt permeated by the EES.
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4 Methodology to Identify Individual and Community
Resilience

The methodology used to study the factors involved in the development of resi-
lience in teachers, as well as the recognition of community resilience from the
teacher’s perspective, are due to techniques and procedures inherent to quantitative
research. The categories of this research are related to the previously identified
factors. Five categories were considered for individual resilience, each with their
own variables:

1. Work environment: social bonds; understanding, involvement and acceptance of
school rules and policies; peer interaction’s; opportunities for training that
favour their educational practices; recognition and appreciation of their work in
the community; recognition of places for initiatives within the school.

2. Around the “I”: (a) (I have) I have people with whom I can trust to and
appreciate me; I have people with whom I can count on before an adverse
situation; I have people from whom I can learn correct behaviours. (b) (I am) I
am a person for whom others feel appreciation and affection; I feel happy when I
do something good for others; I respect myself and respect others; I am sure that
everything will be fine; I take responsibilities for my actions. (c) (I can) I talk
about things that trouble me; I seek the way to solve my problems; I constantly
reject the activities that could be dangerous; I look for help if I need it.

3. Family: levels of cohesion, communication, organisation and cooperation for
daily activities and adverse situations.

4. Significant adult figure (self-recognition): to model behaviour; to support when
there are problems; to create an atmosphere of respect and collaboration;
acceptance by students and family.

5. Health and physical conditions: chronic diseases; frequency of common dis-
eases; type of food; participation in sport activities; identification of overweight.

In regard to the identification of the community resilience of three towns
mentioned before, whose perspective comes from high school teachers, six cate-
gories were considered with their own variables, which are related to the factors
mentioned before:

1. Collective self-esteem: there is pride for being part of the community; satis-
faction for the place where someone lives.

2. Cultural identity: the individual participates in local traditions; he/she celebrates
local festivals; he/she shares the ideologies of majority of his/her neighbours
(religion, politics, and entertainment).

3. Collective honesty: Appreciation of his/her neighbours and local authorities’
honesty.

4. Reflection from experience of others: there is a reflection on the degree of
damage suffered by one person compared to the one suffered by others most
affected.
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5. Social humour: Appreciation for sense of humour.
6. Significant institutions: level of student’s meaning about school; level of com-

munity’s meaning about school; identification of significant institutions in the
community; participation in significant institutions.

With all these parameters using a range of 48 items, a survey was integrated. The
90% of these items are dichotomous and are related to individual and community
resilience, although social aspects are also investigated in order to identify the
participants. In this sense, the sample of participating teachers was established by
the confidence of the study that is 90% with a 10% margin of error.

The instrument was subjected to a pilot test with high school teachers of the
town of Juchique de Ferrer in Veracruz, a place that has also been affected by
tropical cyclones. The collected data was considered for Kuder Richardson relia-
bility test with a value of 0.81, which means that it is a reliable instrument (Campo
and Oviedo 2008). The application of the instrument in the field work did not have
complications, which allowed involving more subjects than the established in the
sample. As well as, the collected data was submitted to Kuder Richardson test,
resulting in reliable values in all cases.

The study of individual resilience was applied to a representative sample of
teachers from the four schools mentioned in Table 1. However, the identification of
community resilience was only made from the perspective of teachers since it was
not possible for lack of time and resources to expand research to representative
samples of populations in each municipality. Knowing of the first source the
community resilience of the municipalities may be of interest for future research.

With the purpose of firstly generate frequency tables that allowed the description
of the results, the collected data were introduced in the SPSS program. The progress
of this research is currently in this point. Afterwards, combinations of results will be
made to find correlations, in order to define better the findings and conclusions.

Table 1 Field work

Town High school’s
name

Total population
of teachers in
high school

Sample
established

Participating
teachers

Kuder
Richardson
result

La Antigua Agustín Yáñez 42 teachers 27
teachers

28
participants

0.86

Tlacotalpan Avelino Bolaños
Palacios

21 teachers 17
teachers

18
participants

0.82

Tlacotalpan CBTIS 35 26 teachers 19
teachers

20
participants

0.80

Cotaxtla Telebachillerato
Cotaxtla

9 teachers 9 teachers 9 participants 0.82

Total 98 teachers 72
teachers

75
participants

Source Author’s own elaboration based on field work
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For this analysis, descriptive statistics was used with the procedures: counting
and percentages. Each item was designed to indicate whether or not it contributed to
the development of resilience. The answers provided elements to know the state of
each one of the variables and the sum of the answers allowed identifying the
individual resilience of the teachers and we approached to know the community
resilience of the towns.

5 Outcomes. First Approaches to Individual
and Community Resilience

The results of individual resilience indicate that there are categories with poor
participation in their development, such as: work environment and health and
physical conditions. Despite the fact that teachers have the opportunity given by
directors for training and improve their educational practice, in all cases it is evident
that work environment is not satisfactory; teachers also point out that their work is
not recognised inside and outside the school. In addition, with divided opinions,
teachers affirm that high school’s rules do not apply equally to all teachers and
besides this; there are no places for making work suggestions that could comple-
ment the school curriculum.

In regard to health and physical conditions category, the results are divided. In
high schools from Cotaxtla and La Antigua, three of five items were positive,
although in two high schools from Tlacotalpan, three of five items were negative.
Let us remember that overweight is one of the items investigated in this research,
where all the cases were negative, finding this problem as crucial to other health and
physical problems. Hence this category weakly contributes to resilience in two high
schools (Cotaxtla and La Antigua) and in the other two high schools this category
does not contribute to the development of resilience.

Health and physical conditions represent individuality what gives it advantages
over other categories. The improvement of health and physical conditions, placing
overweight as a crucial subject, will greatly depend on the teacher himself, this is
the reason, and so the attention goes directly to his/her work.

The categories around the “I”, family and significant adult figure were positive
in all cases, with high percentages in most of the items. In other words, the com-
bination of teacher’s personality, attitude, support and character with the belonging
to cohesive families and his/her self-recognition before his/her students contribute
to the development of resilience. For example, the category around the “I” reg-
istered in all cases, higher percentages to 77.8%; in this regard, the family category
averages 79.9% with positive answers among all cases; and the significant adult
figure obtained in all the cases percentages above 80%. This information points out
that the three categories mentioned here are highly strengthened and strategies
could be reliably supported in them.
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In regard to teachers’ perception of community resilience, the social humour
category is considered to have a high contribution to community resilience; in all
cases it was positive with values above 88%. In different moments of the field work
when interacting with teachers, we noticed that they have sense of humour, which is
a characteristic that can transmit tranquillity effects and it helps to activate strengths
before a tragedy. Being a capacity that allows defusing and overcoming misfortunes
and calamities, it emphasizes strengths and helps to overcome unpredictable,
illogical, unusual, and contradictory situations.

Similarly, the category cultural identity obtained positive results. This category
places Tlacotalpan as the town with the best contribution because all items were
positive in Avelino Bolaños and CBTIS 25 high schools having as result five of six
positive items. The town of Cotaxtla was rated positive with five of six items and
the results of La Antigua were also positive to a lesser extend having as result four
of six items.

The results of cultural identity indicate that there are items where all cases
coincide. For example, the involvement in entertainment activities, parties and local
traditions are located in positive results in all cases, however, most people negate
their participation in political activities (in elections). At first, the absent of par-
ticipation in political activities was considered as a negative result, nevertheless the
result was inverted when analysing it, because of the non-participation in political
activities is a sign of cultural identity since most people shares the rejection to these
activities.

The collective honesty category is negative in two high schools: one is located in
Tlacotalpan (CBTIS 35) and La Antigua. In the other two high schools
(Tlacotalpan, Avelino Bolaños and Cotaxtla) the values are divided: one of two
items was positive. There is an item rated as negative in all cases which is the local
authorities’ honesty. In general, this category does not contribute to community
resilience.

The results of the reflection from experience category were positive for
Tlacotalpan and La Antigua. This means that teachers perceive that their commu-
nity is not as affected as others. On the contrary, teachers from Cotaxtla point out
that their community has been the most affected. In a section of the resilience
survey, it is inquired whether the survey respondent teacher lives in that community
or if he/she moves from one community to another; The results obtained indicate
that eight of nine teachers do not live in Cotaxtla and the one who does live in the
community considers that there were other most affected communities.

The previous result about the feeling of belonging to the community does not
allow to describing it as the most affected. In other words, when teachers point out
that their towns were not so damaged like others, it is implicit some competitiveness
between communities derived from the feeling of belonging that suppress them
from seeing themselves as vulnerable.

The following category is collective self-esteem that identified pride and satis-
faction towards the place where teachers work. In all cases, the result was positive,
although the percentage in Cotaxtla was the lowest what suggests that there is a
correlation between collective self-esteem and reflection from experience. Eight of
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nine teachers do not live in Cotaxtla but they move regularly and the feeling of
belonging to the place where they live is greater than the one of the place where
they work.

Finally, the significant institutions category indicates that teachers perceive their
educational institutions as significant in their community. In this category, other
significant institutions from different levels such as churches were identified. The
results agree with the study made by Gamarra (2010) that indicates that these two
institutions are significant for communities in Peru.

To sum up, the categories that contribute to the development of individual
resilience are: around the “I”, family, and significant adult figure. On the other
hand, the categories that required to be considered as areas of opportunity are:
health and physical conditions and work environment. The results of community
resilience indicate that: social humour, cultural identity, reflection from experience
and collective self-esteem categories, contribute in a positive way; and the category
that requires attention for being considered in the development of community
resilience is collective honesty. In addition, the identification of significant insti-
tutions allows visualising links for the development of resilience. In the towns
studied in this research, the significant institutions are the educational and religious.

6 Conclusions

The effects of climate change are global, however, the impacts are different in each
population because of their different capacities to resist, recover and transform. The
floods caused by tropical cyclones represent the greatest human and economic
losses in the world and besides, some projections indicate that these phenomena
will become even more intense, what represents more extreme environmental
contingencies with their consequential damages.

The populations of this research have been severely damaged by floods, however
they have demonstrated to have a high level of resilience. According to this study,
community resilience can be strengthened by identifying and organising significant
leaderships such as high school teachers. Although the results are preliminary, they
help us to recognise and approximate to the factors that contribute the most to
individual resilience, like: around the “I”, family, and significant adult figure and
community resilience, like: social humour, cultural identity, reflection from expe-
rience and collective self-esteem. Also, the study allows us to identify the variables
that difficult the development of individual resilience, like: health and physical
conditions and work environment, and community resilience collective honesty.

Therefore, it is important to analyse the social components of resilience, as well
as educational strategies appropriate to sociocultural characteristics of each town in
order to improve its resilient capacities. The data collected will be considered in a
future research in order to developing abilities that allow local residents to resist,
recover and/or transform in the face of floods.
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Assessment of Competencies
for Sustainability in Secondary Education
in Mexico

Jorge Gustavo Rodríguez-Aboytes and Luz María Nieto-Caraveo

Abstract Given a conceptual model of competencies for sustainability, such as the
generic competency for sustainability established in the secondary education latest
reform in Mexico, an assessment of competencies for sustainability was conducted
in order to determine, in an exploratory way, the level of achievement of those
competencies in the students of the main high school institution in the city of
Matehuala. Within the assessment process, an analysis of the institution curriculum
was required, and interactions with and teachers through interviews, focus groups,
and workshops. An assessment framework was constructed in order to design an
instrument that generates the learning evidence regarding those sustainability
competencies and, thus, to infer their levels of achievement. The instrument con-
sisted of a performance task, and a knowledge and attitudes questionnaire. It was
applied to 60 students, divided in 3 groups according to their level of instruction.
Despite the small differences among the three groups, the results showed that all
students have good attitudes towards sustainability and understand the basic terms
related to it; however, their performance in systemic thinking, prospective thinking
and the ability to propose strategies are not developed well enough to face the
challenges that the environmental and civilization crisis demand nowadays.
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1 Introduction

Humankind faces the biggest challenge in all of its existence: The environmental
and civilization crises, which have marked a new chapter in human evolution and
history (Leff 2007). In order to face and to solve these crises, sustainability and
Sustainable Development (SD) have established the basis to initiate the change in
the direction of meeting present and future generation needs WCED (1987),
without exceeding Earth’s natural capacities of resources regeneration and pollution
cushioning. Despite the variety of concepts, terms and discourses about SD (e.g.
Amador and Padrel 2013; Baker 2016; Gutierrez and González 2010; Hopwood
et al. 2005), this type of development has risen as a paradigm shift in which
previous ways of understanding and influencing reality were not good enough
(Barth 2015).

Sustainability entails changes in people’s behavior and mindsets; thus,
Education for Sustainable Development (ESD) plays a crucial role in shaping
people’s and social group’s capacities to contribute to the transformation and
building of a better world through the development of competencies for sustain-
ability. In this way, the research problem is that given a conceptual model of
competencies for sustainability, what is the level of achievement of such compe-
tencies? The purpose of this research was to know the levels of competencies
development that the students in secondary education have achieved in order to
improve those levels. This research was conducted within the normative and con-
ceptual framework of the latest secondary education reform in Mexico (SER) and
the scholar space of Matehuala High School (MHS).

2 Methodology

Figure 1 shows the general steps that were taken to do this research. It is divided in
three general parts (Rodríguez-Aboytes 2017):

1. Conceptual step: This consisted in a general literature review about compe-
tencies for sustainability models and the description of this type of competencies

Fig. 1 General steps to elaborate the research. Source Rodríguez-Aboytes (2017)
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in the SER in Mexico. This step also included a curriculum analysis and a first
field approach to MHS in order to explore the procedures and mechanisms that
this scholar institution was implementing in competencies for sustainability
development and assessment through open interviews, focus groups, and
workshops to academic personnel and students. All of this previous work
allowed constructing an assessment framework that establishes the levels of
achievement of these competencies and the evidences to infer those levels.

2. Operative step: With the assessment framework constructed, an assessment
instrument was elaborated in order to generate the evidence to determine the
levels of achievement of these competencies for sustainability. An exploratory
application was conducted and the results permitted to calibrate and adjust the
assessment framework and the assessment instrument itself.

3. Discussion and analysis step: After the operative step, an analysis of the
assessment results was done in order to discuss them in terms of pedagogic
strategies, curriculum pertinence, and sustainability competencies models.
Strategies of improvement to MHS academic personnel and the SER were
proposed.

3 Research Orientation

This research combines different types of research because it belongs to many
scientific fields: social, educational and environmental. Therefore, it can be said that
this work is part of the emergent body of knowledge: Sustainability Science
(Kajikawa et al. 2007; Spangenberg 2011).

There is foregoing research in assessment of competencies for sustainability,
such as the work of Remington Doucette and Musgrove (2015), which is one of the
most representative in the field of ESD. Moreover, another type of work is the
research of Shephard et al. (2014) who did an assessment of environmental literacy
in Otago University, focusing on environmental attitudes and knowledge. Despite
these works, this research can be considered exploratory in the sense that assess-
ment of competencies for sustainability is not a common and systematized practice.

The main issue in this type of research is of epistemological nature, being that
there is no unique way to know the development of competencies for sustainability;
contrary to the technique and administrative orientation that approaches this kind of
assessment in elementary, secondary and higher education in Mexico. So this
research did not yield results that can be extrapolated to all secondary education
population in Mexico, not even to all MHS students, because it would be necessary
to have solved the epistemological issue. Therefore, this research is an exploratory
study that goes from the epistemological to the technical nature (Rodríguez-
Aboytes 2017).
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4 Competencies for Sustainability

What should students do in order to contribute to SD? Which are the competencies
that they need to accomplish that? These questions are being solved through the
proposal of models and frameworks of competencies for sustainability. These
frameworks entail changes in curriculum, methods and pedagogical practices, and
even changes in scholar institutions management.

The environmental and civilization crises, as well as the sustainability challenge,
are seen as problems to be resolved in which informed and conscious action is
required. That is why one of the models is the action competence proposed by
Mogensen and Schnack (2010), as an elemental issue in the future citizen and
stakeholders education. Other models start off from the so called environmental
literacy, which is the general capacity to reflect about the actual state of society and
natural world and to make decisions in favor of sustainability (Ansari and Stibbe
2009; Parkin et al. 2004; Stibbe and Luna 2009).

One of the competencies for sustainability framework is theGestaltungskompetenz
model or shaping competency, which is the capacity to act and solve problems about
society according to SD principles (de Haan 2006, 2010). Nonetheless, the most
convincing and structured framework is the work ofWiek et al. (2011), who collected,
through a literature review, a model that systematizes previous models and proposals
such as those mentioned above. Their framework establishes five key sustainability
related competencies that are based on the capacity of problem solving:
systems-thinking competence, anticipatory competence, normative competence,
strategic competence and interpersonal competence (Wiek et al. 2011).

The competencies for sustainability domain are given by all the frameworks and
models presented above (see Table 1). It is not about getting a unique model of
competencies, since each one of them must be considered in the context and
education need of the region in which they are embedded. Each model or frame-
work has different characteristics, so they must be discussed and analyzed regularly
in order to improve them.

With this brief description and analysis, it can be said that there is not a single
competency model for sustainability. On the contrary, when the topic of compe-
tencies for SD rises, it is about many models or frameworks well organized through
a strong conceptual basis. It is important, as Wiek et al. (2011) and Barth (2015)
emphasize, that competencies for SD are not a ‘laundry list’. Moreover, one has to
take into consideration the theoretical model which the terms of competence and
competencies are based on, since these are object of continuous debate, contro-
versies and recontextualizations (Díaz Villa 2010).

Therefore, what are the competencies that future citizens and stakeholders have
to develop? The Wiek et al. (2011) framework provides the best answer so far with
competencies that they established. Despite these models described, there are few
frameworks that make the competencies operative in their development and
assessment. Two works in targeting this are Remington Doucette and Musgrove
(2015) and Wiek et al. (2015) papers.
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Table 1 Competencies for sustainability conceptual frameworks

Author Framework or proposal Characteristics

Mogensen
and Schnack
(2010)

Action competence Action oriented competencies founded on the
Bildung concept

Parkin et al.
(2004)

Sustainability literacy:
Learning and skills for SD

To understand the need for change to a
sustainable way of doing things
To have sufficient knowledge and skills to
decide and act in a way that favors
SD
To be able to recognize and reward other
people’s decisions and actions that
favor SD

Stibbe and
Luna (2009)

Handbook of sustainability
literacy

General expectations highlighting
systemic-thinking abilities

Ansari and
Stibbe (2009)

Skills for sustainability
literacy

Capacities and abilities to deal with the
sustainability challenge: social problems
understanding, working in groups,
citizenship, wise use of technology,
self-reflection, and multidimensional research

de Haan
(2006, 2010)

Gestaltungskompetenz A framework integrated by:
Future thinking competence
Interdisciplinary work competence
Transcultural understanding competence
Participatory abilities competence
Planning competence
Empathy, compassion, and solidarity
capacities
Etc

Brundiers
et al. (2010)

Key competencies in
Sustainability

Strategic knowledge cluster
Practical knowledge cluster
Collaborative cluster

Wiek et al.
(2011)

Key competencies in
Sustainability

Systems-thinking competence
Anticipatory competence
Normative competence
Strategic competence
Interpersonal competence

de Kraker
et al. (2007)

Transboundary
competence

Ability to think, communicate, learn, and
collaborate across the boundaries that divide
perspectives in crucial transition processes

Hidalgo and
Fuentes
(2013)

Basic Competencies for
Sustainability in
Higher Education

Cognitive competencies
Methodological competencies
Attitudinal competencies

Cebrián and
Junyent
(2015)

Competencies in
Education for Sustainable
Development

Four competence dimensions:
Practical skills
Ethical values
Attitudes
Emotions

Source Rodríguez-Aboytes (2017)
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4.1 Competencies for Sustainability in Mexico’s Secondary
Education

The specific scope of this research is the SER in Mexico and the scholar space of
MHS. The SER is formed by many federal and official statutes that were enacted in
2008 (DOF 2008a, b, 2009, 2012). With the objective of articulating all the sec-
ondary education system, the SER established a set of generic, disciplinary and
professional competencies as part of Mexico’s secondary education graduate pro-
file. The SER 444 official statute set eleven generic competencies in which a
competency for sustainability was included (DOF 2008a).

The competency for sustainability and its attributes says (DOF 2008a, p. 5,
author’s own translation), “It contributes to sustainable development, critically,
with responsible actions”.

Attributes:

1. “Assume an attitude that favors environmental problem solutions in local,
national, and international contexts”.

2. “Recognize and comprehend biological, economic, political and social impli-
cations of environmental damage in an interdependent global context”.

3. “Contribute to reaching equilibrium between short and longtime interest in
relation to the environment”.

This competency is actually a set of three competencies for sustainability that are
the attributes described. These competencies have a mixed focus, ambiguous and
poorly clear. Analyzing the previous competency statement, the term ‘critically”
and ‘responsible actions’ alludes an empowerment approach of ESD (Barth 2015)
or critical-social (Caride and Meira 2000). Also, those terms entail a
humanist-critical discourse of SD (Barth 2015), transformation position (Hopwood
et al. 2005) or sustainability ideal model (Baker 2016).

Despite the approach of these competencies for sustainability, they are embed-
ded within a larger model that is organized in a ‘laundry list’ structure. The con-
sequence of this is that the eleven generic competencies are fragmented among
them originating a competition in the curriculum of secondary education institu-
tions. This has greater implications in practical pedagogies of development and
assessment of competencies: teachers and academic managers have serious diffi-
culties in assessing the competencies, turning their concern and efforts into tech-
nical and administrative aspects leaving alone the conceptual and epistemological
ones.

4.2 Competencies for Sustainability in MHS Curriculum

Matehuala city is located in the north of the state of San Luis Potosí, Mexico.
Matehuala High School (MHS) is the main secondary institution in the city and is
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the only high school institution of San Luis Potosí Autonomous University. The
study plan is structured in four semesters (two years) that must be completed by the
students in order to graduate from high school and enter higher education.

A curriculum analysis of MHS was conducted in order to understand the
incorporation of the SER competencies for sustainability. This required an in-depth
analysis of each study program to see the extent to which these competencies are
being developed and assessed. In Fig. 2, the study plan of MHS is presented with
the competencies detected in each syllabus.

It is shown that the SER competencies for sustainability are explicit (green ones)
only in Geography (semester 1), Ethics and Values I (semester 2) and Ecology (4
semesters). Therefore, only in these syllabuses, the development and assessment of
competencies for sustainability are done. Nevertheless, in the specific analysis of
each syllabus (blue ones), it was detected that the competencies, in an implicit way,
are also being developed.

This analysis reinforces the discussion in the previous section: there is a frag-
mentation of all the eleven generic SER competencies, which causes a competition
among them. MHS, as well as many secondary education institutions, already have
methods, mechanisms, and assessment procedures, but they all are oriented to
technical aspects. This exercise allows seeing that within MHS curriculum there is a
basis for the development of the SER competencies for sustainability.

5 Assessment Framework

The assessment of competencies for sustainability is a type of learning assessment.
This assessment is the inquiry about the learning of students (Maki 2004). It is not
information gathered, it is more an inquiry process that seeks to answer if the

Fig. 2 SER competencies for sustainability detected in MHS curriculum. Source UASLP (2015,
cited in Rodríguez-Aboytes 2017)
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students really accomplish the learning outcomes at the end of a teaching-learning
period and how the scholar institution contributes to this (Palomba and Banta
1999). In this case, the learning outcomes are the competencies for sustainability
levels of achievement.

However, the assessment process requires a reference to which the performance
or learning can be compared. Students have to develop competencies for sustain-
ability, but to what level? The assessment is essentially a comparison and an
inference activity, so knowing the levels of achievement of competencies for sus-
tainability requires evidence from which these levels can be inferred. The SER
neither sets the levels of achievement of such competencies nor the evidence
needed, so an assessment framework is crucial in order to do the evaluation.
Without this framework, any evaluation or assessment is tremendously difficult and
meaningless. That is why it was argued before that the first problem in this type of
assessment is more epistemological than technical. Figure 3 shows the gap between
the reference (the levels of achievement) and the evidence needed.

Hence, the assessment framework is the bridge between conceptual domain that
is going to be assessed and the evidence that is required. In other words, it is a
conceptual model that establishes the concrete and well detailed references, and the
evidences that an assessment instrument will generate (see Fig. 4).

Examples of these assessment frameworks can be found in PISA Draft Science
Framework (OECD 2013); the National Environmental Literacy Project (Hollweg
et al. 2011), as well as in the recent paper of Wiek et al. (2015), in which a
framework for operationalizing competencies for SD was proposed.

Subsequently, an assessment framework was built in this research. The frame-
work is structured in seven steps as shown in Fig. 5. The first two steps correspond
to the general statement of the SER regarding the competency for sustainability and
its attributes. The next five steps were created from the literate review of

Fig. 3 Representation of the epistemological problem regarding the assessment of competencies
for sustainability. Source Rodríguez-Aboytes (2017)
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competencies for SD models and the analysis of MHS curriculum and syllabuses
(Rodríguez-Aboytes 2017).

The attributes are actually the competencies for sustainability, so they are the
first level of the assessment framework. These competencies, as mentioned before,
are not enough to constitute the levels of achievement. Therefore, these three
competencies were broken down in constitutive elements defined by the authors.

For each constitutive element, performance indicators were defined and estab-
lished. These indicators are the specific learning outcomes. Each performance
indicator was divided into three levels of performance. These are the ultimate
criteria from which the levels of achievement will be inferred. With all of this
established, a group of possible evidences was generated in order to construct an
instrument or set of assessment tools.

The performance indicators levels do not mean anything by themselves with
regard to the competencies levels of achievement. It is important to differentiate
between them since the first are specific for each performance indicators, whereas
the second are the qualitative integration of the assessment results, valued through
the performance indicators (see Fig. 6).

The six steps of the assessment framework are described in the following three
tables; each table refers to one competency: Competency 1 (see Table 2),
Competency 2 (see Table 3) and Competency 3 (see Table 4).

Fig. 4 Assessment framework dynamic and function. Source Rodríguez-Aboytes (2017)
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6 Specific Assessment Tools and Instrument

To assess the SER competencies for sustainability development an assessment
instrument was necessary. This instrument is a measurement artifact that, through
the student’s responses, generates the evidence required that is compared to the
references established in the assessment framework. The results of this comparison
occur with the performance indicators levels which are integrated in a qualitative
way to infer the levels of achievement. In other words, the instrument was designed
from the assessment framework described above.

Fig. 5 Assessment
framework structure. Source
Rodríguez-Aboytes (2017)

Fig. 6 Dynamic between evidences, performance indicators levels and competence levels of
achievement. Source Rodríguez-Aboytes (2017)
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Inasmuch as it is pretended to infer the levels of achievement of sustainability
competencies, the correct way to do so is through the observation of the student’s
performance. This performance is the answer, activity and the evidence that the
student will show during a situation or problem that needs to be solved; in other
words, a situation in which the student has to mobilize and articulate their
knowledge, attitudes, and skills. That is why the instrument consisted in a perfor-
mance task (Chun 2010) complemented by a knowledge and attitudes questionnaire
(see Fig. 7). The performance task consisted of open constructed questions whereas
the others instruments consisted of discrete or closed questions (Rodríguez-Aboytes
2017). The instrument considered context variables such as level of studies, gender,
age, and scholar shift.

The attitudes and knowledge questionnaire involves the performance indicators
that require a low demand of cognitive resources; the performance task involves the
indicators that require a major cognitive resources demand such as
systemic-thinking and making decisions.

The instrument was applied without any previous technical calibration of the
items because the purpose was to verify if the assessment framework really worked.
In other words, the results were directed to covering the epistemological gap.

The instrument was applied to 40 students of the MHS and 20 students who had
recently graduated from this school. In total, only 57 answered. It was applied in
three different groups according to their level of study: the first year students (A1),
the second year students (A2), and the recently graduated students (A3). It is
necessary to make it clear that a statistical sample was not determined because the
purpose of the research was not to extrapolate the assessment results to the MHS

Table 2 Performance indicators for competency 1

General
competence

“Contributes to sustainable development, critically, with responsible actions”

Competencies 1. “Assume an attitude that favors environmental problems solutions in local,
national and international contexts”

Constitutive
elements

Environmental
basic dispositions

Respect for diversity
and plurality

Commitment and
responsibility for
sustainability

Performance
indicators
(The student
is able to…)

1. Express
feelings of
concern
2. Show
dispositions to
know
3. Show
dispositions to
act
4. Trust his/her
actions
contribution

1. Respect different
ideas and opinions
2. Value ethnic,
cultural and gender
differences

1. Assume a commitment
to contribute to
sustainability
2. Respond and reflect over
his/her own action

Source Rodríguez-Aboytes (2017)
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student population. The instrument was designed to be answered in two hours.
Paper and pencil were used in the application format. Each student answered the
instrument individually.

The main results of the assessment, the levels of achievement, are ordinal
measurement type, so the statistical analysis used was non-parametric (Zorrilla
1988). The achievement levels are presented in terms of frequencies. The principal
factor associated to the variability of the levels of achievement is the level of
studies, but also an analysis between the other context variables was conducted. The
statistical software used in this research was Minitab 16.

Table 3 Performance indicators for competency 2

General
Competence

“Contributes to sustainable development, critically, with responsible actions”

Competencies 2. “Recognize and comprehend biological, economic, politic and social
implications of environmental damage in an interdependent global context”

Constitutive
elements

Basic
Sustainability
Issue
Comprehension

Problematization Critical
information use

Systemic
analysis

Performance
indicators
(The student
is able to…)

1. Recognize
basic terms and
concepts
2. Comprehend
basic notions,
concepts and
terms

1. Formulate the
main problems
that appear in a
given situation
2. Identify and
describe the role
of main
stakeholders

1. Seek
information from
a diversity of
sources to
investigate a
problem
2. Select and
discriminate
information
according to the
source origin and
intentionality
3. Identify the
main ideas in the
information
4. Formulate
coherent answers
based on the
information
analyzed

1.
Comprehend
interrelations
between
dimensions
2.
Comprehend
interrelations
between
geopolitical
scales
3. Analyze
the
complexity of
a given
problem
4. Analyze
the historical
context of a
problem
5. Articulate
knowledge
from different
scientific
fields

Source Rodríguez-Aboytes (2017)
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7 Results and Discussion

The resulting achievement levels of the first competency were high, reaching the
maximum levels, but, for the other competencies, the resulting achievement levels
were too low (see Fig. 8). There were no differences between frequency distribu-
tions according to all the context variables, using parameters such as Spearman’s
rho, Kendall’s Tau-b and test for concordance. This means that the students show

Table 4 Performance indicators for competency 3

General
competence

“Contributes to sustainable development, critically, with responsible actions”

Competencies 3. “Contributes to reaching equilibrium between short and longtime interest
in relation to the environment”

Constitutive
elements

Future thinking Establishment of
strategies

Communication,
organization and
leadership skills

Performance
indicators
(The student
is able to…)

1. Construct future
scenarios
2. Use future related
concepts
3. Explain the
contribution of their
future professional career
regarding to a
sustainability problem

1. Set action plans
to solve a problem
2. Assess the
advantages and
limitations of
strategies that
propose
3. Make decisions
on a founded basis

1. Set communication
channels to construct
group solutions
2. Recognize his own
limitations and bias
regarding the solution
of a problem
3. Mobilize and
organize people for
solving problems

Source Rodríguez-Aboytes (2017)

Fig. 7 Assessment instrument design. Source Rodríguez-Aboytes (2017)
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good attitudes to sustainability but not to systemic-thinking, strategic, and future
thinking capacities (Rodríguez-Aboytes 2017).

The statement that the higher level of studies, the higher levels of achievement of
the competencies for sustainability would be, was not confirmed by this research.
The curriculum establishes that there is a progression in the competence develop-
ment when students advance in their level or grade of studies. In the case of MHS,
the A1 and A2 groups have not yet completed the Ecology Syllabus, whereas the
A3 group has already completed it. The study conducted by Remington Doucette
and Musgrove (2015) showed that students who have studied modules related to
sustainability have a better performance with respect to sustainability competencies.
However, there was no difference found in this research.

From the assessment results, certain types of sustainability discourses (Hopwood
et al. 2005) were observed as well as others ways of thinking. The performance
tasks open answers allowed to analyze that: individual and isolated efforts, the high
priority given to recycle solid waste individually, or the behaviorism tendency of
punishment and reward.

The disparity between the resulting levels of achievement of the first competency
and the other two originate a discussion around the mind gap between the envi-
ronmental knowledge and concern and pro-environmental behavior (Kollmuss and
Agyeman 2002).

The analysis of the incorporation of the generic competency for sustainability in
MHS curriculum expressed that a fragmented conception of curriculum blocks the
transversality in the trajectories of competencies for sustainability development in
secondary education. The proposal strategies to improve the competencies for
sustainability levels of achievement consisted in (Rodríguez-Aboytes 2017):

1. Promoting and offering refresher courses to the MHS academic personnel, in
topics about sustainability in a systemic perspective way.

Fig. 8 Resulting competencies for sustainability levels of achievement. Source
Rodríguez-Aboytes (2017)
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2. Emphasizing the critical use of information within teaching and learning
practices.

3. Carrying out curricular and extracurricular activities which foster the creation of
future scenarios and the proposal of strategies to solving problem.

4. Boosting workshops for the development and assessment of performance tasks
with MSH teachers.

5. Retaking the assessment and evaluation competencies process as a collective
project which involves all academic stakeholders of the MHS.

6. Proposing and presenting modifications to the normative and conceptual SER
framework generic competencies.

8 Conclusions

The assessment framework proposed in this work can be considered as the
beginning of the construction of a solid and coherent assessment system. Despite
the potential improvement and modifications to this framework, this demonstrated
to be robust and powerful to infer the competencies for sustainability levels of
achievement. Furthermore, the assessment framework allows observing the epis-
temological interwoven in which this type of assessment is embedded.

The performance task demonstrated to be a powerful instrument to collect evi-
dences from a high cognitive processes such as systemic, future and strategic
thinking. Nonetheless, the performance task is an instrument rarely used in the
context of this research. The MHS that responded this instrument was not famil-
iarized with the performance task, so this was a factor that influenced on the
assessment results because students found it as an activity which obligated them to
answer thoroughly. The performance task can even be used as a pedagogical
learning resource to be implemented along a course.

Beyond the results, this question cannot be answered in a simplistic way. First of
all, the three competencies cannot be taken separated from each other because all of
them jointly correspond to the generic sustainability competency. Even though
students showed favorable attitudes towards sustainability, it is clear that they are
not able to contribute to its construction.

It should be noted that this should not lead mechanically to negative judgments
about the teaching-learning processes in MHS, the curriculum and the SER, since
the situation, as it can be seen throughout the research, has a high degree of
complexity. It is not known, because that was not the purpose of this research, what
results were obtained from the causes, although some hypotheses for future research
may be considered.

On the one hand, the general approach to sustainability competencies in the SER
establishes a high level of demand and does not mark the limits that would be
necessary for the secondary education level. It is very clear that “contributing to
sustainable development, critically, with responsible actions” is a high-level
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purpose, which would be expected of any adult, citizen of this planet and that can
acquire multiple expressions.

On the other hand, it should be researched to what extent the high fragmentation
of the competences proposed by the SER makes it difficult to integrate them into the
specific curricula of the subsystems of the Mexican secondary education system and
into the teaching and learning processes. As discussed earlier, the issue is not only
about contents in the syllabus nor the use of more or less active teaching techniques,
as would seem to be understood from a superficial reading of this subject.

Finally, as noted earlier, the lack of guidance in the SER on assessment
approaches, methods and techniques could be adding more difficulty to the chal-
lenge of competencies development, especially because of the crucial importance of
formative evaluation approaches.

Thus, the assertion that the students who responded to this assessment do not
meet the achievement levels on the competencies for sustainability has to be seen as
a challenge to deepen the aforementioned structural causes and to establish better
conditions for its development.

There was a great challenge and conceptual and epistemological difficulty in the
realization of this project. Actually, the field of evaluation is one of the most
misrepresented and co-opted by external discourses and agendas unrelated to the
purposes of evaluation. Therefore, it requires a good theoretical basis on which to
anchor to navigate around three fields of ultimate difficulty: sustainability, com-
petencies, and evaluation. Part of the contribution of this research is that it works
jointly with these three fields and gives them a sense and orientation.

Further research can be developed from what is proposed in this work. First of
all, it is necessary to continue this evaluation process by improving the reference
framework and the assessment instrument. Another future work is to assess whether
there are actually differences in achievement levels according to contextual vari-
ables such as age, degree of studies, gender, environment in which one lives, etc.
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Abstract This work presents a methodological proposal based on a system of
sustainability indicators through the Framework for the Evaluation of Natural
Resource Management Systems Incorporating Sustainability Indicators, from which
a comparative analysis of the Huasteca Potosina tourism systems was carried out,
with the purpose of establishing interregional comparison standards. The indicators
allowed the monitoring and evaluation of the degree of sustainability of the
sub-basins by means of initiatives of citizen participation in the processes of
planning of the main tourist destinations in the regional scope. In this way, it was
possible to identify the conditions that limit and strengthen the development of
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sustainability in tourism, in order to foster a reflection on the commitments that can
be adopted by tourism service providers to carry out actions that promote equity and
improve the living conditions of the inhabitants of the local communities through
the adequate conservation and restoration of the ecosystems from an ecological and
social context that allows to develop an alternative model of sustainable tourism.
The results generated criteria to formulate recommendations that contribute to the
sustainable development of the region through the decision-making of the local
population and the public administration; this is why this article is essential for the
creation of measurement tools used to determine the evaluation methods for tourism
activity in rural areas.

Keywords Sustainable tourism � Water resources management
Rural sustainability � Sustainability assessment � Touristic resource utilization

1 Introduction

Tourism, like other activities, depends primarily on hydrological resources, and
involves transforming the landscape in a way that takes into consideration the
natural, sociocultural and economic context of the communities that are tourist
destinations in order to develop recreational spaces through the creation and
re-creation of environments geared toward visitors (Anton 2009). For this to occur,
transportation, lodging, dining and recreational services must be in existence;
nevertheless these entail the creation of negative effects such as: generation and
inadequate management of wastes, pollution of bodies of water and overexploita-
tion of natural resources, all of which alter habitats and cause displacement and
replacement of flora and fauna species (Maldonado 2006; WTO 2009; Monterroso
2011; Ivanova 2012; Álvarez 2015); in addition to socioeconomic impacts like
displacement of people, migration and poorly compensated jobs (Ávila 2013;
Conde 2013), economic dependence (García et al. 2013), cheap labor (Sartorello
2013), loss of identity in the population, loss of the mother tongue and the
sociocultural space (Pereiro 2015).

Thus, it becomes necessary to reinterpret resource management from a multi-
disciplinary perspective in order to achieve a comprehensive vision of the land and
tourism system of each region. As such, it is convenient to address the tourism
phenomenon by using a sub-basin approach, as this allows for understanding of the
interrelationship among natural resources (climate-topography-soil-vegetation) as
well as their appropriation and use in addition to the impact on water quantity,
quality and seasonality in specific geographic spaces (Cotler and Priego 2007;
Burgos et al. 2015). This approach enables assessment that uses multi-criteria
decision analysis techniques in order to promote decision making by organizations
and institutions involved in tourism activity.

The importance of sustainability analysis in tourist destinations lies in designing
operational frameworks which allow for tangible evaluation of plans, programs and
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projects aimed at fostering more equitable and environmentally healthy social
development in rural communities through actions and strategies that facilitate
decision making when facing challenges related to the land, political relations, civic
engagement, public-private partnerships and the legal and normative frameworks
applied to the territory, carried out collectively and individually, allowing for the
comprehensive understanding of the limiting factors and opportunities for sus-
tainable development. For this reason, this research proposes the creation of tools
that allow an improved decision making process in regards to policies and actions to
be implemented, with the purpose of providing methodologies for sustainability
analysis and the recovery of natural resources to be applied from within the com-
munity space as a self-management, autonomy and independence exercise, since
most methodologies applied have used academic, technical and external approaches
(Masera et al. 2000; Pensado-Leglise 2010), since the communities are who can
provide a diagnosis, outline and execute alternative projects, as well as correct
errors, through a solid social foundation that allows for compatible development
(Torres-Carral 2015). Therefore, this paper presents the results that allowed for the
implementation of measurement tools used to determine tourism activity evaluation
methods in rural areas, in order to promote the inhabitants’ decision-making and the
planning of projects aimed at improving the social metabolism in rural areas.

2 Tourism Sustainability Assessment

On an international scale, sustainability assessments have become a determining
factor in the evaluation of environmental processes as well as socioeconomic
phenomenon, however, a majority of said assessments have been designed for
analysis in the biophysical arena, excluding the social and cultural aspects, which
renders these assessments unsupported and not all inclusive; which originate from
the concept of sustainable development (World Commission on Environment and
Development 1987), that intends to sustain the physical medium over a period of
time long enough to maintain global social well-being (Macedo 2005), however,
these types of concepts make no reference to changes in usage, advantage and
management of nature and are simply limited to quantitative changes (Torres-Carral
2009); and although “sostenible” is the most exact translation of “sustainable,1” the
issue continues to be a topic of debate among researchers in the comparison
between “sostenible” and “sustentable” since, for some researchers, the differences
are based on the phase of the process and not on the limits of development. In terms
of official Mexican discourse the option chosen is “sustentable,” nevertheless, some
authors and institutions still use both concepts interchangeably.

1Researchers such as Torres-Carral (2016), argue that the differences between “sostenible” and
“sustentable” are only important in the Spanish language, since the first concept refers to main-
taining a process in time, while the second refers to nurturing that process.

Methodological Proposal to Evaluate Touristic … 219



Tools for measuring and managing the economic, sociocultural and environ-
mental impact related to tourism were developed in order to establish a tourism
system in the geographic spaces, in addition to monitoring the impact resulting
from tourism activities, with the objective of identifying a model for sustainable
development, in other words, the objective is to have a model that is economically
viable, socially acceptable and ecologically rational, as mentioned by The United
Nations (2002). The latter requires analysis of the threats to tourism activity, as is
the case with climate change, because weather is a determining factor as it pertains
to the duration and quality of the tourism experience, as it may attract or dissuade
visitors, since tourism is highly sensitive to weather. Thus the development of the
tourism industry is highly dependent on hydrometeorological conditions and, as
such, is a highly vulnerable tourism destination activity; nonetheless, it is also
necessary to identify the impact that may contribute to climate change and to look
for alternatives that may decrease those effects, as tourism is one of the sectors that
most contributes to greenhouse gas emissions. According to data from the Ministry
of Tourism (SECTUR 2014), tourism’s contribution to greenhouse gas emissions is
approximated to be between 5.2% and 12.5%, 39.6% of which is due to air
transportation, 35.8% is due to other forms of transportation, while 21% is due to
lodging, and other activities comprise 3.4%.

After examining tourism’s dynamic we can mention that, in terms of policy and
management, there have been global efforts to develop indicators that contribute to
decreasing the problems and difficulties that could be found in any destination,
primarily coastal areas, small islands, and in ecotourism and cultural tourism des-
tinations. The first signs of these efforts were by the World Tourism Organization in
1993. On the other hand, proposals have been developed at the international level
for analysis and indicators of sustainability in the tourism activity, such as those
designed for monitoring (Macário et al. 2013), the systemic (López-Ridaura et al.
2002; Salinas and La 2006), urban tourism (Hiu-Kwan and Hon-Wan 2012;
Zheng-Xin and Linglin 2014), cultural tourism (Hernández and Vaquero 2012;
Lozano-Oyola et al. 2012); rural tourism (Blancas et al. 2011), Unesco World
Heritage Sites (Van-Oers and Pereira-Roders. 2012), marketing sustainable tourism
(Dolnicar and Leisch 2008; Hultman and Säwe 2016) and the frameworks for
assessing sustainability in tourism (Gyou-Ko 2005; Klein-Vielhauer 2009); in
addition to the analysis of sustainability in the quality of the water and its water
footprint in tourism (Yang et al. 2011; Mansir et al. 2015).

3 Methodology

The objective of this research is to propose a set of indicators to assess the impacts
on the overall health and stability of the Huasteca Potosina hydrographic
sub-basins in Mexico, for the case study where their natural resources are used for
tourist purposes.
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The general purpose of the assessment is to identify the variables and factors that
contribute to promote the development of the rural communities whose inhabitants
use the natural resources for their daily lives and other purposes such as to provide
leisure and recreation services for the tourists. And in doing so, also identify the
possible damages to the environment and the sustainability of the existing
resources.

With such an assessment at hand, it would be possible for the rural communities’
inhabitants to design strategies and plans to improve their living conditions by
means of the appropriate ecosystem restoring and conservation activities.

With the above purposes, we propose to use the concepts and Framework for the
Evaluation of Natural Resource Management Systems Incorporating Sustainability
Indicators (Known in Spanish as MESMIS). In this framework the indicators are
not an instrument merely qualifier of options, but rather a promoter of the opera-
tionalization of the concept of sustainability “in the pursuit of a more equitable
social development and environmentally healthy for rural communities” (Masera
et al. 2000).

Although the framework has been used in the last few decades to evaluate systems
for agricultural production, forestry and/or livestock, Ortiz-Ávila (2008) mention that
it can also be used in activities related to the management of natural resources, such
as fisheries, aquaculture, management of flora and fauna, and ecotourism.

For that reason we choose to address the tourist systems from a sub-basin
approach, where the water resource is the social and economic relevant axis for the
rural and urban community activities of the Huasteca Potosina, and plays a key role
in the “social metabolism” (Toledo 2013).

It is important to mention that the methodology used in this study has already
been proposed as an operational-methodological framework for tourism activity
(Arriola 2003), and has been implemented by some authors in the form of exper-
imental trials (Zizumbo et al. 2006; Arévalo et al. 2015). Nevertheless, none of
these proposals were operationalized using a sub-basin approach, nor were they
derived from local sustainability criteria, in other words, these were simply based
on observational criteria and statistics published by government entities, without
resorting to primary sources. This is why this research was executed as outlined in
the following sections.

4 Definition of the Object Being Evaluated

The “Huasteca” Region has been considered by several researchers as a region rich
in biodiversity and culture, a result of its geological history, volcanic phenomena,
the physiography, climates, and its landscapes2 (Puig 1991; Rzedowski 1992;

2 Cultural diversity in the Huasteca Potosina is clearly, so only in this region are three distinct
ethnolinguistic groups of affiliations Náhuatl, which belongs to the Uto-Aztecan family
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Ariel de Vidas 2003; Hudson 2004; Puig and Lacaze 2004; Ruvalcaba 2004;
Stresser-Péan 2008; Palomo 2010), which allowed various ethnic groups held
demonstrations to give cultural identity and reason of being of the ancient
Mesoamerican peoples of the region, among which are the Nahuas, Huasteco and
Pames. The ancient traditions of these cultures were modified during the colonial
era; however, a large part of their vision of the world was preserved in an effort of
syncretism between Catholicism and indigenous thought. It is as well as the cultures
of the Huasteca are an amalgam between the worldview of the ancient world and
colonial elements brought by the Spanish people and the slaves from Africa, thus
forming the region called the Huasteca region, which has experienced in its evo-
lution, the cultural transformation of the landscape. This gave rise to a series of
events that projected to this region as a natural destination for travelers seeking an
alternative to sun and beach tourism, above all, those who had as their main reason
for adventure tourism. In this way, the tourist activity was added to the agricultural
activities such as the cultivation of sugar cane of colonial introduction in the plains,
the coffee in the highlands and the cultivation of citrus fruits which replaced the
large portions of forest (Barthas 1996), In addition to the livestock introduced since
the arrival of Europeans. In such a way that the nature tourism began to grow in the
region after the 1980´s decade, sporadically, and it was not until 2001 that the
Ministry of Tourism (SECTUR 2006), elaborated proposals for the development of
the segment of nature in the country, which allowed the society will seek viable
alternatives for the communities in rural areas with the greatest natural attractions,
slowing down the expansion of agriculture and livestock which reduced the pro-
ductivity of the jungles and forests of the region, however, in the growth of the
tourist flow of the Huasteca Potosina, it was not generated a responsible partici-
pation and coordinated with the communities, governmental institutions and visi-
tors, as well as not designed a strategic planning to decrease or eliminate the
environmental, social and economic impacts. This led to the commodification of
cultural3 and natural heritage, under the interests of individuals and with zero
benefits for the social groups, most of which are evicted from their territories (San
Juan 2009; Vargas 2016) And deprived of the benefits that allowed them to take
advantage of the natural and cultural resources of their own communities, creating
social conflict and forced migration (Luna and Muñoz-Güemes 2016), while those
who stay in the same place “become part of the staff of the services of these
companies and earn wages that keep them in poverty” (Ávila 2013), in addition to
the low social participation due to several factors such as the disinterest, indiffer-
ence and/or apathy (Ferney et al. 2015). This problem is compounded by the

(uto-Aztec), Huastec (teenek) to the family mayanse and pame (xi’oi) to the family of the
Otomanguean stock.
3 The concept of commodification makes reference to the fact that the producer of the culture
offers for sale or change their culture in order to meet the needs of the tourist, losing the true value
of the knowledge of the community for the community, running the risk of transforming these
knowledge for the sake of tourism, to make it more attractive to tourists. See: (Calleja and
González 2016).
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process of massification of nature tourism in the Huasteca Potosina, which con-
tinues increasing but with no management plan and administration of tourism.

Currently there are 14 sites with the greatest concentration of tourists in the
Huasteca region; however, the 78.57% of those sites belong to a body or stream of
water (Fig. 1), where the “Río Gallinas”, “River Los Naranjos”, “Río Tampaon”
and “Río Axtla” are the main engine of tourist activity in the region. Within these
sub-basins of the aquifer extends Huasteca region, which has a total volume of
extraction of 22.2 million m3 of water per year, of which 12.9 million m3 (57.9%)
are destined for agricultural use, 0.8 million m3 (3.4%) for domestic use, 1.1 million
m3 (4.9%) industrial use, 0.1 million m3 (0.3%) for urban public use, 6.1 million m3

(27.6%) for use in livestock, and finally the increase in services uses 1.3 million m3/
year (5.9%) of the total volume (CONAGUA 2016).

This study took place in an area within the Huasteca Potosina region that
comprises the Northern Gulf Hydrological-Administrative Region (HAR) IX, which
is subdivided into the Río Tamuín hydrological region 26, in the Río De los
Naranjos sub-basin. The sub-basin encompasses an area of 2015.39 km (Fig. 2).
The specific sites being analyzed are the Minas Viejas ejido4 tourist destination,

Fig. 1 Tourist attractions along water bodies and streams

4An ejido is a juridical entity with legal personality and an estate comprised by a collection of
assets and rights, called ejidal property, which protects the integrity of the land for human set-
tlement and regulates the advantage of forests and communal water sources in order to elevate the
quality of life for its inhabitants, and adopt measures that will be most beneficial in terms of the use
of productive resources. See: (Orozco 2010).
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located in the municipality of El Naranjo, and the Micos Waterfalls that are located
in the ejido of El Platanito which is part of the municipality of Ciudad Valles, San
Luis Potosí. The physiographic province that comprises the study area occupies the
greater part of the Sierra Madre Oriental mountain range and, in the case of Micos,
its eastern edge is adjacent to the Gulf Coastal Plain. With regard to the physio-
graphic subprovinces, Micos and Minas Viejas are on the border between the Carso
Huasteco and the Gran Sierra Plegada mountainous regions. Given the conditions
within the site, and in order to identify economic benefits, a comparative analysis of
the two locations that share and use the bodies of water for recreational purposes is
proposed. Therefore, the analysis will generate criteria to help the key agents make
informed decisions, in addition to fostering agreements with local and municipal
authorities in order to contribute to sustainable tourism development in the region.

5 Diagnostic Criteria and Indicators

According to the proposed methodology, the evaluation of the sustainability should
be carried out through the comparison of one or more systems with a reference
system in such a way to avoid absolute claims, “it is impossible to obtain an

Fig. 2 Basins of San Luis Potosí
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absolute measure of sustainability” (Masera et al. 2000). For that reason, we
developed a characterization of the tourism management system that includes the
following concepts: (1) biophysical components; (2) the inputs and products
required to perform the activity; (3) the practices that involve each system, and
(4) the main socio-economic characteristics of the providers of tourist services, as
well as the levels and types of organization (Table 1).

These components allow for the formulation of diagnostic criteria for the design
of joint sustainability indicators in order to describe processes specific to tourism
activities, and which depend on a specific problem’s characteristics and data
availability. In this case, data was generated from primary sources; values were
assigned to qualitative data collected from the members of the tourism committee,5

and were compared to the data provided by the town’s key agents who provided a
more objective point of view to the research.

6 Measurement and Monitoring of Indicators

After analyzing the management systems for the object of study, it is necessary to
identify potential and critical points that should be evaluated, and which could limit
or strengthen the systems’ abilities to be sustained over time (Table 2). The points
that should be identified could be environmental, technical, social and economic
factors or processes, that individually or collectively, could have an effect on the
permanence of the tourist destination, however, because the evaluation is an
interactive process, it may not take specific aspects into consideration; nevertheless,
these points will allow for the creation of a link between attributes, diagnostic
criteria and indicators. Under this premise, the town’s key agents were consulted
about the critical points in order to enable selection of diagnostic criteria based on
the attributes outlined in the methodology.

Subsequently, surveys were designed based on the diagnostic criteria, and
included 3 items per each diagnostic criterion and 5 responses per each item. The
responses were arranged using a Likert-type scale, or summative evaluation
method, in order to use host variation in attitudes in regards to their locations’
sustainability of tourism activity as a measure of host perception. What resulted
from this were 33 indicators that range from favorable to most unfavorable and
include a neutral or midpoint. Values were assigned to each response in order to
categorize each item according to criteria used by the International Union for
Conservation of Nature and the United Nations Development Program (Guijt and
Moiseev 2001). In this manner, the indicators developed using an ordinal scale are

5These committees are replaced every three years and the state’s Office of Tourism proposed their
formation. The committees have at least four members and include a president, a treasurer, a
secretary and an aide. These members are elected by the community and their work is volunteer
work, although they do receive economic remuneration by way of revenues generated by tourists a
majority of the time.
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Table 1 Tourism management systems of reference

Determinants
of tourism
system

Tourist attraction: Micos Waterfalls Tourist attraction: Minas
Viejas Waterfalls

Reference management system Comparative management
system

Original byophysics Climate: Humid semi-warm type with
abundant rainfall during the summer,
with a winter percentage lower than
5% (A) C (m) (w), and a precipitation
of 1500–3000 mm (Cantoral 2004).
The original vegetation consists of
remnants of low deciduous forest with
trees ranging in size from 7 to 8 m,
with two shrub layers: one tall, 2–4 m
and the other low, from 0.50 to
1.50 m. Although the dominant tree
species is Pithecellobium flexicaule,
species perennifolia (Puig 1991). This
author concludes that this forest is
present as a phase of regressive
evolution of tropical deciduous
tropical forest. It is worth mentioning
that large portions of original forest
have been replaced by monoculture
sugar cane. In addition the tourist site
Pago Pago (Micos) has a gallery
forest dominated by Taxodium
mucronatum. The dominant soils are
Leptosols and Vertisols (INEGI
2010). In this locality were found 58
species of diatoms, result of a great
variety and heterogeneity of
microenvironments. For this reason
there is a greater probability of
presence of diverse species in an area
with a wide range of substrates,
illumination and current velocity
(Cantoral 2004)

Climate: Humid semi-warm
type with abundant rainfall
during the summer, with a
winter percentage of less than
5% (A) C (m) (w).
Precipitation of 1500–
3000 mm (Cantoral 2004).
The original vegetation is
composed ofremnants of
Tropical Forest Low
Deciduous with an arboreal
stratum, whose average height
is 8–12 m. The shrub stratum
measures 3–6 m, while the
herbaceous stratum is poorly
developed. Among the
dominant species are Acacia
coulteri, Bursera simaruba,
Phoebe tampicensis,
Guazuma ulmifolia and
Casimiroa pringlei (Puig
1991). In this locality, the
forest has also been largely
replaced by sugar cane
monoculture, while along the
banks of the Minas Viejas
river there is a gallery forest of
Taxodium mucronatum. The
dominant soils are Luvisols
and Leptosols (INEGI 2010).
It is possible to highlight the
great richness in diatom
species diversity in the
localities of El Salto, El
Nacimiento de El Salto and El
Meco, located in the upper
basin, highlighting the need to
carry out more phytophoric
and diatom studies in the
Huasteca potosina, with the
aim of generating indicators of
the ecological quality of water

Water bodies: Due to its karstic nature, the Huasteca aquifers are more
susceptible to pollution than those on other regions, due to the relative
ease with which water is filtered (Montejano 2004)

(continued)
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Table 1 (continued)

Determinants
of tourism
system

Tourist attraction: Micos Waterfalls Tourist attraction: Minas
Viejas Waterfalls

Reference management system Comparative management
system

Management
technologies

Tourism
segment

Nature Tourism Nature Tourism

Activities Contact with nature, camping, picnic,
hiking, waterfall jumping, kayaking,
boat ride

Contact with nature, camping,
picnic, abseiling

Services Rent of life jackets, boat ride and
waterfall jump guides

Rent of life jackets,
surveillance and lifeguard

Infraestructure Signeage, restrooms, camping, paved
trail, paved roads, retaining wall,
lodging rooms, booth, groceries store
and parking

Palm shades, restrooms,
picnic areas, booth, trail and
parking

Tecnology
used

Manual Manual

Labor
employed

The committee is comprised of 39
persons, which includes lifejacket
renters, boaters, turistic guides,
housekeeping, restrooms and parking,
and people who sell food. The ejido
has a population of 167 inhabitants
and a high marginalization grade
(SEDESOL 2010)

The tourism committee is
made up of 15 persons, plus
the additional persons during
the vacation season. The
services offered are lifejacket
rental, security, booths,
restrooms, and food sale. The
ejido has a population of 758
inhabitants and a high
marginalization grade
(SEDESOL 2010)

Waste
management

Wastewater treatment type Septic tank/
sedementary
tanks

Septic tank/
sedementary
tanksConservation

practices Waste management Municipality
garbage
collection

Municipality
garbage
collection

Soil conservation practices Ditches,
agriculture
partnership
and
reforestation

No

Water conservation practices No No

Socioeconomic
and cultural

Alternative activities Seasonal
sugarcane
harvest and
labor on
private
parcels

Seasonal
sugarcane
harvest and
labor on
private
parcels

Constitution of the turistic organization Community
organization

Local
Tourism
Committee
(continued)
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Table 1 (continued)

Determinants
of tourism
system

Tourist attraction: Micos Waterfalls Tourist attraction: Minas
Viejas Waterfalls

Reference management system Comparative management
system

Service providers characteristics Community
organization
throughout
the year

Community
organization
during rest
days and
mainly
holiday
season

Service purpose Obtain
monetary
income

Obtain
monetary
income for
reinvestment
in
infrastructure

Tourist organization characterisctics The
organization
has been
formed for
more than
5 years

Change of
committee
every 3 years

Table 2 Potential critical points for the sustainability of the tourism system

Characteristic Critical factors

Productivity Unemployment

Low yields

Poor quality of the product

Stability Groups not organized

Conflict of interest

Permanence of tourism committees

Reliability and resiliency Deforestation

Soil and water resources contamination

Soil loss or degradation

Adaptability Seasonality of tourist activity

Poor diversification of tourism product

Untrained tourism service providers

Equity Migration

Null participation of women

Unfair distribution of benefits

Self-management Deterioration of community organization

Poor linkage with academic institutions

Poor linkage with governments
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converted into numeric variables that range from sustainable to undesirable or
unsustainable (Table 3). It is worth mentioning that the indicators were designed to
be easily measured and interpreted by rural community residents, and were also
compared with other analyses proposed by some of the investigators previously
mentioned.

Once data is collected by using the tool, the next step is to obtain the average
value of each item answered by an absolute majority (half plus one) of the tourism
committee members, this will subsequently be averaged by the total number of
respondents in the system of reference (21 in Micos) and in the comparison system
(8 inMinas Viejas), respectively. The average value of each component or subindex
is calculated for this and involves determining its average value (Ibáñez 2014):

�x ¼ 1
n

Xn

i¼l

a1 ¼ a1 þ a2 þ a3::::::an
n

where:
x = average value of the subcomponent or component,
n = number of indicators for the subcomponent or component,
ai = individual value of the indicators for the subcomponent, from a1, a2, …, an
As mentioned before, the indicators were designed according to the diagnostic

criteria that were previously conceived from the potential critical points derived
from the vernacular knowledge of the locations’ key agents6 though the attributes
already established by the MESMIS methodology, results which can be found in
(Table 4).

Once the indicator values are obtained, the results are presented in graphical
form in order to simplify the process of comparative analysis of the sustainability of
the tourism management systems in the locations that use bodies of water for
recreational purposes.

Table 3 Categorization
criteria for indicators,
subcomponents and
components

Result (score) Classification

0.80–1.00 High

0.60–0.79 Good

0.40–0.59 Average

0.20–0.39 Poor

0–0.19 Bad

6Vernacular knowledge refers to popular knowledge, traditional skills and the cultural experience
of living space.
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7 Integration of Results

This stage requires integration of the results obtained through the monitoring of
indicators, as well as, synthesis of the information in order to subsequently issue
value judgments about the tourism management systems analyzed, in order to
provide the necessary tools for decision making about the changes required to
improve the evaluated management systems. This can be summarized in five
important ways: (1) Combining data in a matrix of indicators (Table 4);
(2) Determining thresholds or values for indicators based on the perceptions of the
host community (Table 2); (3) Developing indices for indicators (Table 3);
(4) Presenting all results in graphical or table format (Fig. 3), using multi-criteria
decision analysis techniques; and (5) Examining relationships, including the effects
of feedback mechanisms among indicators. Once numerical indices are developed,
the systems evaluated can be compared by considering indicators with mixed
techniques that combine graphical representations with numerical information.
What was used in this case was an amoeba diagram, which requires drawing a radar
chart in which each indicator is represented on a separate axis, with the external
radial axis representing the optimal value or threshold. This allows for qualitative
representation of the desired objective’s degree of coverage and also allows for a
simple, graphical and comprehensive comparison of limiting factors and opportu-
nities for sustainability, and serves as a useful tool for planning and incorporating

Job opportunities
Tourist Infrastructure Coverage

Fairtrade Income

Abandonment of traditional activities

Organizational consolidation

Length of stay

Biological importance of the locality

Geological significance of the region

Use of local knowledge and skills

Contamination of water bodies

Deforestation

Soil conservation

Ability to return to equilibrium

Economic progress

Insecurity Impact
Training

Quality of courses and workshopsEnvironmental education
Seasonality

Diversification of  product

Organization with other  groups

Garbage collection

Water access sources

Migration

Marginality of local population

Fair distribution of benefits

Participation of women

Dependence on public programs

Dependence on Private sector

Dependence on External Inputs

Support from academic institutions

Social organization
Coordination with aututhorities

Sustentability Indicators in Tourism Industry
Micos Minas Viejas

Fig. 3 Amoeba diagram evaluation of two tourism systems
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strategies that strengthen the social, environmental and economic profile of the
systems under evaluation (Masera et al. 2000).

Once results are incorporated, what follows is analysis of the results obtained
from the tourism management systems and, through discussion of the principal
elements, involves evaluation of the factors, in terms of political, socioeconomic or
environmental constraints within the system that allow or impede the tourism
systems to improve sustainability. The sustainability assessment for the two tourist
sites is what follows:

As shown in (Fig. 3), with regard to employment, the survey respondents think
that tourism has been an employment generator, however, the seasonal nature of the
Huasteca Potosina makes that employment temporary, causing able-bodied men to
migrate to the big cities in search of an income that will insure their families’
well-being. Minas Viejas is the town with the highest migration rates, and the cities
of Matamoros and Monterrey are the most frequent destinations in the search for
employment. The ejido of El Platanito (Micos) has a lower migration rate due to
better income from tourism activity, which allows residents to alternate between
providing tourism services and their daily activities; as is the case with subsistence
agriculture involving corn and beans, as well as, sugar cane; however, emigration,
primarily to the United States, is still prevalent. It is worth mentioning, that orga-
nized tourism activity has taken place in Micos since the 1990s, whereas, in Minas
Viejas, this activity is more recent. Although this town has been around for longer
than 5 years, it has not managed to establish itself because its tourism committees
change every three years, whereas membership in the Micos community organi-
zation is more stable. Tourism infrastructure in Micos is more extensive as the
locality has some rooms for lodging, campgrounds, bathrooms and dressing rooms,
as well as, dining establishments. In the case of Minas Viejas, the tourism infras-
tructure is insufficient even though the locality possesses the necessary elements for
tourism activities. The roadway infrastructure is in poor condition as a result of the
commercial trucks that transport sugar cane. However, Minas Viejas is the farthest
town from Ciudad Valles, a vital hub in the Huasteca Potosina.

In regard to the biological importance that the residents assign to their towns, it
can be said that they consider this, and geological diversity, important factors in the
development of the communities, however, there still exists a lack of awareness
about the communities’ geological assets. Nevertheless, the majority of the survey
respondents acknowledged that local skills and knowledge, primarily in the areas of
artisanal crafts, are still being practiced, as well as, traditional agriculture, indige-
nous languages and herbal medicine, which demonstrates that a great sense of
belonging still exists within these towns. This can help strengthen management and
protection of the natural resources in these territories, where logging is still a big
problem (mainly in Minas Viejas) resulting in soil erosion. Meanwhile, in Micos,
the pollution of bodies of water is a problem that is increasingly more evident, due
to residuals released by the sugar mill, fertilizers and tourism to a lesser degree;
these things decrease the ecosystems’ abilities to recover from disturbances, such as
wildfires and flooding. From this stems the importance of having the necessary
environmental education and courses and workshops in the tourism field, as well as,
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in the management and conservation of resources, emphasizing the pressing need to
create a link between academic institutions and local communities for the devel-
opment of tools that allow comprehensive management of resources through a
diversified and sustainable tourism product, in such a way that helps promote
practices to achieve economic and social development, without significantly com-
promising the environmental conditions of the territory, through the adequate
conservation and restoration of natural resources, promoting diversity and cultural
pluralism, that promotes the necessary goods and services for society, guaranteeing
acceptable and well paid employment for present and future generations, so that
they can define their priorities, identities and values.

8 Conclusions

In recent years, the increase in the number of tourists to the region has become a
determining factor in the deterioration of the environment, due to inadequate
planning of tourism activity and processes that do not include the local commu-
nities, which is why it has not manifested directly in commercial dynamism nor in
the development of new tourism-based employment; additionally, the visitors’ low
spending and the widespread increase of nature-based tourism in the Huasteca
potosina’s bodies of water have provided questionable benefits to the rural com-
munities who use, exploit and utilize natural resources designated for visitors’
leisure and recreation.

In the future, the work completed in this paper will be useful in researching the
tourism phenomenon with a hydrographic-sub-basin-as-territorial-unit approach,
which intends for the indicators to not be solely a tool for evaluation of options, but
rather a proponent for the operationalization of the sustainability concept, “in the
search for a more equitable and environmentally sound social development for rural
communities” (Masera et al. 2000), in addition to its application of transdisciplinary
principles (Lang et al. 2012; Betancourt 2016), this approach builds bridges among
researchers, key agents and facilitators; thus becoming a new option for evaluating
tourism activity according to local sustainability criteria, given that, the method-
ology used in this research has previously been used to evaluate agriculture, forestry
and/or livestock (primary sector) production systems, this approach aims to inno-
vate through the use of evaluation methods of tertiary activities, such as the tour-
ism’s situation, but addressing the primary and secondary sectors as a whole; which
transforms this work as a new way to evaluate tourism sustainability in rural spaces,
offering the possibility of replicating the measurement tools by transferring the
knowledge into the social and scientific practice of other rural space regions. In this
way, the objective is to formulate recommendations that will gear tourism practices
toward a more sustainable tourism model, and as such, it becomes necessary to
outline future research that allows for the design of alternative activities that pro-
mote equitable endogenous development, in order to reactivate economic dynamics
and increase the standard of living for rural inhabitants, thereby strengthening their
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culture and identity processes without compromising natural resources in the
medium term or long term.

It is worth mentioning that financial resources can be a limiting factor for this
type of methodology, since costly equipment would be required if there is a desire
to delve into analysis of the physical-chemical and biological properties of the
water, as well as more study time and transportation resources, taking into con-
sideration the risks in the study area. However, this proposal presents strengths in
the understanding of landholding, division and location of employment, partici-
pation, and access to natural resources.

In this way, we highlight the importance of creating a link between academic
institutions and local communities for development.
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Mercury Concentration in Hair Due
to Environment on Two Populations
in Mexico

Isela Martínez Fuentes and Rocío García Martínez

Abstract The study of mercury pollution has been intensified through the last
decades due to the high toxicity of this heavy metal and its increasing availability in
the environment; since mercury is produced by both natural and anthropogenic
processes. Mercury is an element naturally present in air, water and soil, leading to
its accumulation in all living beings without being essential for any biological
process. The measurement of the corporal mercury load in humans is made through
the use of different biological markers such as nails, teeth, bones, saliva, urine,
blood and hair. Our objective was to quantify total mercury in hair of two popu-
lations: one rural population (miners of the region of San Joaquin, Queretaro,
Mexico) and one urban population of the Metropolitan Area of Mexico, and to
compare the results of a population potentially exposed by the explotation of
mercury in mines and a community not affected by mercury emissions. Each par-
ticipant provided a hair sample and completed a questionnaire assessing potential
exposures and health outcomes. We found average mercury concentrations of
32.07 µg g−1 and 2.62 µg g−1 in the rural and urban population, respectively. The
great difference between these values is probably due to a difference in the time of
exposure for each population. In both cases, the populations studied exceeded the
maximum allowable limit established in standards and by national and international
agencies, mainly due to the direct exposure of mercury vapors in miners and by
anthropogenic sources in the urban population.

Keywords Mercury � Hair � Toxicity � Analysis � Bioaccumulation

I. M. Fuentes (&)
Posgrado en Ingeniería Ambiental, UNAM-IMTA. Blvd,
Paseo Cuauhnáhuac 8532, Progreso, 62550 Jiutepec, Morelos, Mexico
e-mail: ise_la19@yahoo.com.mx

R. G. Martínez
Centro de Ciencias de la Atmósfera, UNAM. Cd. Universitaria,
Circuito Exterior s/n, 04510 Mexico, CDMX, Mexico
e-mail: gmrocio@atmosfera.unam.mx

© Springer International Publishing AG 2018
W. Leal Filho et al. (eds.), Sustainable Development Research and Practice in
Mexico and Selected Latin American Countries, World Sustainability Series,
https://doi.org/10.1007/978-3-319-70560-6_15

241



1 Introduction

Mercury is an element that cannot be destroyed and is a global threat to human and
environmental health. In Latin America and the Caribbean, artisanal and small-scale
gold mining represents the main source of mercury emissions, releases, and con-
sumption. However, another source of concern is the primary production of mer-
cury. In the case of Mexico, in the past 2 years the informal production of mercury
mining has increased 10-fold. Considering this scenario, an intervention program
was initiated to reduce health risks in the mining communities. The program’s final
goal is to introduce different alternatives in line to stop the mining of mercury, but
introducing at the same time, a community-based development program. This
increased concern about the health of persons exposed to very low environmental
mercury concentrations is because mercury causes subclinical effects at low
concentrations.

In 2003, after having performed a global assessment, the United Nations
Environment Program (UNEP) found that there was sufficient evidence of signifi-
cant global adverse effects from mercury and its compounds to warrant further
international action to reduce the risks to human health and the environment from
the release of mercury and its compounds to the environment. In January 2013, an
intergovernmental negotiating committee agreed on the text of the Convention on
Mercury, and in October 2013 the Convention was signed in Minamata, Japan, by
128 countries. In its first article, the Minamata Convention states that its objective is
to protect the human health and the environment from anthropogenic emissions and
releases of mercury and mercury compounds (UNEP 2013). Mercury (Hg) is a toxic
chemical element widely used by humans and produced consequently in vast
quantities as a result of industrial processes, mining, and international trading.

Hg possesses several physical and chemical states (elemental/inorganic/organic),
each with its own intrinsic toxic properties. In term of toxicology, organic Hg and
specially methylmercury (CH3Hg

+) has a higher toxicity than elemental Hg (Hg0)
and inorganic compounds (HgS, HgO, HgCl2, among others). Even a low quantity
of Hg may cause serious health problems: Hg exposure leads to diseases of the
nervous, digestive and immune systems as well as damage to the lungs, kidneys,
skin and eyes (Ramírez 2008).

The distribution and toxicity of mercury depend on various factors, including the
hydrodynamic characteristics and the physico-chemical conditions of the area, the
assimilation of mercury by living organisms and its interactions with other con-
stituents of the environment which can modify its form in the water, soil, air or
within the bodies of living organisms. Hg occurs naturally in a wide variety of
organic and inorganic compounds not only in the solid state, but also dissolved in
water and, exceptionally, in the atmosphere due to its high vapor pressure (Fig. 1).

The analytical diagnostic of Hg poisoning is difficult: urinary excretion of this
element is not an assessable index since organic Hg is stably absorbed, and in the
highest concentration, in red blood cells. Blood tests thus indicate the mineral
concentration at the cellular level. In both cases, it only reflects Hg concentration in
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the body at the moment the sample is taken. It is thus necessary to uncover other
biomarkers that will allow early detection of mercury contamination, particularly in
high-risk populations.

Hair is the best indicator of Hg exposure because it is affected by the diet, the
environment and the profession of the individual. Analyses of hair samples enable
to precisely evaluate the mineral concentration inside the body, since it accumulates
in proteins rich in sulfhydric groups. Therefore, hair works as a dosimeter and the
detected quantity is proportional to the concentration of mercury in the organism
(Echegaray and Gómez 1984). It also allows the evaluation of the levels of pol-
lution through time. It is possible to tell how much mercury a person has been
exposed to by testing their hair, blood and urine. According to The World Health
Organization, Dental amalgam has been identified as the largest single source of
continuous Hg exposure for members of the general population who possess
amalgam fillings (WHO 2000).

The principal advantages of hair as a biomarker are the following: (1) it is a
non-invasive method of analysis, (2) the sample is stable at room temperature, easy
to transport and to store for long periods of time and (3) it does not require a
specialized training to collect. However, it is important to consider that hair doesn’t
grow evenly and the substances remain according its growth at an approximated
rate of 1.20–2.0 cm/month, exposed to external pollution.

Fig. 1 Biogeochemical mercury cycle. Realized by Daniel Ramírez
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Hg exposure in non-exposed populations often happens through dental amal-
gams, polluted food (mainly fish and seafood) and the use of personal hygiene
products containing this metal (hair dyes, creams and clarifying soaps). Except
some outstanding cases, human health is not in danger because of Hg present in
nature. The higher risk to human health derived by the natural abundance of
mercury is due to the occupational exposure, because it is obtained in the mining
industry as a principal product or byproduct in the extraction and refining of other
metals and minerals, as well as in iron and steel industry and some other activities
(Cespón 2001). For these reasons, it is important to develop exact and precise
techniques that will provide reliable results when applied in a complex matrix such
as hair.

Research suggests that Hg and its derived chemical species enter the organism
by different pathways, as for example, inhalation, ingestion, absorption through
skin and placenta (Fig. 2). The toxic effects of organic and inorganic Hg are due to
the fact that they bind to the cellular organic constituents rich in sulfhydryl groups,
affecting various metabolic and enzymatic systems of the cell and its wall. The toxic
action of Hg on enzyme systems occurs because it precipitates the proteins syn-
thesized by the cell, mainly the neurons, and because it inhibits the groups of
several essential enzymes (Ramírez 2008).

Fig. 2 Toxicokinetic model of inorganic mercury (Ramírez 2008)
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International Agencies like the United Nations Environment Programme
(UNEP), the Food and Drug Administration (FDA), the World Health Organization
(WHO) and the United States Environmental Protection Agency (USEPA) stablish
the maximum allowable limit of Hg for non-exposed people’s hair as 1–2 µg g−1,
for people that have a diet rich in contaminated fish as 10 µg g−1 and for occa-
sionally exposed people during odontological activities as 7 µg g−1 (UNEP 2002).

Because the importance of its effects, Hg is a chemical product of global
awareness, especially for its transport at long distance in the atmosphere, its per-
sistence in the environment after being anthropogenically introduced, its capability
of bioaccumulation in ecosystems and its effects against human health and the
environment (Carretero and Pozo 2007) Minamata Convention on Mercury was
created to take actions on the environmental storing of Hg and waste control, to set
expiry dates and stablish manufacture, importation and exportation protocols of Hg
for 2020 to utilize economically feasible techniques and to produce new products
that lack this metal in their composition. Some exceptions have been made for some
products without any reliable substitution and also, the Hg content has been limited
for some applications like low-energy lamps. The Convention committed to devise
new strategies to identify and evaluate Hg polluted locations for and appropriate
management, focusing in human health (MEJ 2013).

In Mexico, there are few studies, and even fewer regulations, that indicate the
maximum limits of exposure to this metal. A few references can be found about
exposure by odontological activities (analyses of hair and urine), but none about Hg
exposure in high polluted areas. In this study, we performed hair analyses on two
different populations: a rural, high-risk population and an urban one.

The first population is located in the mining region of San Joaquín, Querétaro.
This is considered a partially exposed population because of the explotation of
inorganic Hg mines (HgS, cinnabar), in which the informal Hg exploiting repre-
sents the principal economic income for the inhabitants. The importance of the
study in this area relies in the Hg exposure by different pathways (absorption
through skin and inhalation) that workers must endure because of the lack of the
necessary safety equipment, affecting severely their health through continuous
exploitation and handling of HgS. Other consequence of this industry is the pro-
duction of hazardous waste that continuously damages the ecosystems and people
in the area, due to the capacity of mercury to remain in the environment for decades,
centuries and even thousands of years.

The second population of interest is located in the urban area (Metropolitan Area
of Mexico City) in which the principal sources of mercury pollution are anthro-
pogenically produced by industrialization, the use of products with high content of
Hg (hair dyes, clarifying soaps and creams) and the possible consumption of
contaminated seafood.

In large cities like the Metropolitan Zone of Mexico City, air, water and soil
composition has changed because of pollution with chemical products and powder
from excessive use of cars, factories and lack of vegetation, asphalt of other kind of
coatings on soils, as well as a variety of activities that use hazardous solvents and
toxic substances as Hg. Because of these actions, common use products and even
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food have been polluted affecting human beings through several pathways engaging
their health (ME 2012).

In Mexico there has not been a detailed evaluation about production, emission
and spreading of Hg. In this work, we propose an assessment of the degree of Hg
exposure in a population dedicated to Hg mining, which has affected for several
years to the Terrestrial Systems (water, soil, air and plants).

2 Metodology

This study was performed to two different Mexican populations: one of them
potentially exposed to Hg (miners) and living in the mining area of San Joaquín,
Querétaro; and the other one in the southern part of the Metropolitan Zone of
Mexico City (Ciudad Universitaria), an area that is not exposed to Hg by mining
activity.

The present study is organized in two parts. The first stage corresponded to the
diagnostic, the organization and the scheduling of the performed tasks. This was
achieved by an activity-time survey answered by the participants, including per-
sonal details (age, profession, and geographic localization), diet, personal hygiene,
use of cosmetic treatments on the hair and oral health.

The second stage corresponded to the recollection of the samples: hair samples
of 24 miners that currently work in the mercury mines of la Poza, Rosario, Otatal,
Atenea, la Fortaleza, la Maravilla and la Barranca, located in the region of de San
Joaquín; and hair samples from 36 students of Ciudad Universitaria in Mexico City.
This last group consisted of 18 men and 18 women around 21 to 25 years-old.

Hg has great affinity for sulfhydryl groups of keratin and other hair proteins. Hair
is one of the favorite matrices used for Hg determination because it is a
non-invasive procedure, provides a simple sample with an exposure profile inclu-
sive over time and that can remain with little concentration changes for years.
Furthermore, the main advantage of hair analysis is that once the Hg has been
incorporated, it cannot return into the bloodstream.

The back of the head is the most highly recommended part of the scalp for
sampling because it is the area the less sensitive to external pollution. 2–3 locks of
hair from 1–2 cm long were taken from the back of the head of the volunteers
(Cespón 2001).

The samples were then placed in polyethylene tubes, previously washed with a
nitric acid solution and sterilized in order to avoid microbial contamination and
possible pH variations.

After the determination of the elements of endogenous absorption, the washing
procedure is the next fundamental part of the analysis. An ideal washing must
eliminate only the external pollutants, leaving the endogenous elements untouched.

The International Atomic Energy Agency (IAEA) has examined different pro-
cedures of washing and has determined all the variables associated. As the
incomplete eradication of exogenous pollutants and the partial elimination of
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endogenous elements is hard to control, the IAEA method suggests a sequential
washing process of the hair samples with a mixture of water and acetone, with
constant stirring, removing powder particles, sweat, fat and other external sub-
stances (López 2013).

After the hair samples were washed, they were decanted and dried at room
temperature. Then the acid digestion of the samples was performed in a microwave
oven. Each sample of dried Taraxacum officinale were weighed and placed in liner
tubes. 10 mL of nitric acid and 5 mL of hydrogen peroxide were added. A control
(blank) was performed for each digestion cycle, consisting of the mixture of
reagents without hair reference material. Prior to chemical analysis, acid digestion
of the samples was done with a MARS 5 analytical microwave oven, using 15 mL
of 3 M nitric acid and 5 mL of hydrogen peroxide at 110 psi, for 45 min; after
digestion, the solution was poured into a 25 ml volumetric flask, then deionized
water was added to the mark and kept at 4 °C until the analyses were carried out.

The samples were analyzed by graphite furnace atomic absorption spectrometry
(GFAAS) with a 932AA double beam GBC device, coupled with a 3000 graphite
furnace accessory system, which consists on a GF3000 graphite power supply and a
PAL3000 furnace auto sampler, both computer controlled.

Calibration was made using certified standards that were prepared within the
expected concentration range for traceable samples according with the National
Institute of Samples and Technology (NIST). Calibration curves with sample
concentrations of 1, 2, 5, 8, 10 and 15 µg L−1 and their respective blanks were used.
Concentration of Hg was determined in a wavelength of 253.7 nm.

3 Results and Discussion

According to the Mexican Norm (NMX-EC-17025-IMNC-2006, General
Requirements for the Competence of Test and Calibration Laboratories), the vali-
dation of the analytical methods used is a fundamental requirement before realizing
an analytical measurement, because analytical method performance vary between
laboratories. Furthemore, analytical methods are specific of the matrix with which
they were developed, and then validated, in the first place. They cannot be used to
measure in any given matrix.

In this study, the analyses were performed by Spectrophotometric Tests by
Atomic Absorption, in which the performance parameters are: linear range,
detection limit, limit of quantification, sensitivity and percentage of recovery.
Linearity. To ensure quality control/quality assurance during sampling and anal-
ysis only plastic and glassware were used. Mercury National Institute of Standards
and Technology standard (NIST; Hg(NO3)2 in 2 mol L−1 HNO3, 1000 mg L−1 Hg
was used to obtain calibration curves and for validation, 10 calibration curves were
realized, observing at which point these curves lose linearity. Quality controls
(QC) were evaluated from the calibration curves (Table 1), where the equipment
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recorded a concentration of Hg concentration and absorbance for the blank of
0 lg L−1. In Graph 1, the correlation was (R2) de 0.9993, the good line were 0 a
15 lg L−1 (Table 1).

The numerical value of the detection limit (LD) and the quantification limit
(LC) were calculated from the absorbance reading value of the reactive targets of
the 10 calibration curves performed.
Detection Limit. The limit of detection (LD) is defined as the lowest concentration
at which the analityc can be detected, but not necessarily quantified under the
established experimental conditions (García 2010).

Limit detection LDð Þ¼ 2:1 lg L�1

Quantification Limit (QL). The limit of quantification is defined as the lowest
concentration at which the analytic can be quantified with acceptable established
experimental conditions (García 2010).

Quantification Limit QLð Þ¼ 3:1 lg L�1

Sensibility. Sensibility is understood as the change in instrument response in
relation to a change in analytic concentration, as visualized by the slope of the
average curve obtained (Graph 1). The sensitivity is 0.016. To evaluate the con-
fidence interval we applied a t-Student distribution test for 95% confidence with
n = 10, following Eq. 1.

y = 0.016x + 0.0021
R² = 0.9993
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Graph 1 Average
calibration curve

Table 1 Average calibration
curve

Sample Conc (µg L−1) Abs

Blank 0 0.0000

Standard 1 1 0.0211

Standard 2 2 0.0362

Standard 3 5 0.0800

Standard 4 8 0.1285

Standard 5 10 0.1604

Standard 6 15 0.2441
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Inter: de confianza ¼ t9 � typicalerrorffiffiffiffiffi

10
p

Where:
t9 = 54.64
Typical error = 0.0002

Sensibility ¼ 0:016� 0:0035ð ÞL lg�1 ð1Þ

Recovery rate: the recovery is defined as the analytic fraction added to a test
sample (added or fortified sample) prior to the analysis, whose concentration is
effectively determined by the method.

According to Rangel (2015), the percentage of recovery obtained in the vali-
dation of the method is 98.41%.

3.1 Non-exposed Population by Profession (Student
Population in the Southern Area of Mexico City)

This population is comprised of 36 people, including 18 men and 18 women. The
identification code of the samples was assigned according to the gender (H: for men
and M: for women), followed by a number from 1 to 18, corresponding to the
number of the participant (Table 2).

Table 2 Concentration of Hg according to gender

Men Women

Code Conc
(µg g−1)

Code Conc
(µg g−1)

Code Conc
(µg g−1)

Code Conc
(µg g−1)

H1 2.20 H10 1.99 M1 2.64 M10 1.78

H2 0.83 H11 1.39 M2 2.31 M11 3.21

H3 1.49 H12 0.94 M3 6.16 M12 1.70

H4 3.41 H13 1.39 M4 1.15 M13 2.22

H5 1.09 H14 7.76 M5 0.99 M14 1.72

H6 1.25 H15 7.96 M6 2.27 M15 2.09

H7 8.50 H16 1.72 M7 4.40 M16 1.99

H8 2.24 H17 2.00 M8 2.87 M17 0.61

H9 5.43 H18 0.33 M9 2.87 M18 1.67
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The statistical parameters (mean, maximum, minimum and standard deviation)
obtained from the samples of this population are shown in Table 3.

The obtained data were statistically analyzed with central tendency measures and
variability degree in order to observe the data location, its dispersion with respect to
the average and the possibility to present a normal distribution. Correlation tests
(Spearman) were performed between the main variables (gender and age).

An increased dispersion of the obtained data is observed for male population,
mainly from 23 years-old, followed by 22 and 21 years-old, whereas the rest does
not show dispersion because of the number of participants of the same age. For
female population, dispersion is only observed in 22 years-old volunteers (Fig. 3).
Spearman correlation coefficient was used as statistical tool to verify the inde-
pendence between total Hg concentrations in the whole sampling campaign and to
identify the independence between two variables (age and Hg concentration). The
principal objective of this technique is to recognize if there is a common source of
gender and if there exist any correlation.

Scatter plot and Hg variability (Fig. 4) show that the average values and the
standard deviation are above the allowed values dictated by the WHE, EPA and
other national and international agencies. These results indicate that random errors

Table 3 Statistic parameters of Hg concentration by gender (n = 36)

Gender Average conc
(µg g−1)

Max conc
(µg g−1)

Min conc
(µg g−1)

D.E.
(µg g−1)

Men 2.88 8.50 0.33 2.64

Women 2.37 6.16 0.61 1.29
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Fig. 3 Histogram of frequency of men and women with respect to age
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of age and gender are under control of mobility, inhabitation and food variables that
are non-controlled variables.

The graphs also display that 86% of the population of interest is two times above
the permissible limit (1 µg g−1), considering that it is not a community with high
consumption of seafood. The excess of Hg is due to environmental exposition and
the use of hair products like hair dyes because at least two of the participants with
the highest Hg concentration use to dye their hair in a regular basis, besides; the
man with the highest amount of Hg is the only one that uses this type of products.

The excess of Hg observed must be linked to environmental exposition, such as
the use of hair products like hair dyes for example, since at least two of the
participants that exhibited the highest Hg concentration declare dyeing their hair on
a regular basis. Furthermore, in the male group, the highest Hg concentration value
correlates with the only individual making use of this type of products.

The Hg concentration measured was thus compared to the individual geo-
graphical position of each participant (Table 4), with Mexico City as the reference
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Fig. 4 Scatter plot and Hg variability for men and women with respect to age

Table 4 Hg concentration with respect to the frequency and percentage of participant distribution
classified by geographical position (n = 36)

Location Frequency %
frequency

Max conc
(µg g−1)

Min conc
(µg g−1)

Aver Conc
(µg g−1)

D.E.
(µg g−1)

Center 6 16.67 7.76 0.99 2.89 2.45

North 8 22.22 7.96 0.61 2.86 2.38

South 2 5.55 1.99 1.49 1.74 0.35

East 14 38.89 8.5 0.33 2.46 2.24

West 6 16.67 5.43 1.39 2.73 1.52

Total 36 100
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point and assigning coordinates as Center, North, South, East and West. The
relations found by this analysis, with frequency and percentage of distribution, are
summarized in Table 4.

The highest Hg concentration was found in participants living in the East of
Mexico City, followed by those in the North, Center and West. The participants of
the southern part of the city exhibited the lowest Hg concentrations.

3.2 Exposed by Profession Population (Mining Region, San
Joaquin)

This population was comprised of 24 miners, who were all active at the moment of
the analyses in one of the 6 mines that were included in this study in the mining
region of San Joaquín.

The samples identification codes were assigned with the first letter of the name
of the mine in which the participant worked (P: Pozas, R: El Rosario, O: El Otatal,
A: Atenea, M: La Maravilla, F: Fortaleza y C: Carpintería), followed by a
sequential number (1, 2,…,) depending on the number of volunteers for each of the
location studied. The data collected and the statistical parameters for this population
are shown in Table 5 and Table 6, respectively.

The information gathered from the time-activity survey applied to this popula-
tion indicate in general terms that the volunteers do not eat seafood and that their
diet consists in balanced meals prepared at home. They also eat 3 fruits or veg-
etables daily and drink mainly milk as a detoxifying beverage.

In the first place, an exploratory analysis was performed in order to detect odd
values caused by a wide data dispersion (Fig. 5), there are two atypical values are
observed, among them the minimum value (0.80 lg g−1) obtained, since this is too

Table 5 Hg concentration in miners (n = 24)

Code Conc. (µg g−1) Code Conc. (µg g−1) Code Conc. (µg g−1)

P1 16.40 R5 11.05 A1 5.79

P2 16.57 R6 3.90 A2 28.20

P3 115.10 R7 121.60 M1 2.44

P4 65.29 R8 5.21 F1 4.00

R1 68.57 O1 40.38 F2 6.62

R2 2.88 O2 7.13 F3 3.15

R3 10.08 O3 142.56 F4 13.21

R4 62.24 O4 16.39 C1 0.80

Table 6 Statistic parameters of Hg concentration (n = 24)

Average conc (µg g−1) Max conc (µg g−1) Min conc (µg g−1) D.E. (µg g−1)

32.07 142.56 0.80 41.89
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far away from the subsequent value, which is 2.44 lg g−1, which may possibly be
related to the participant’s age (18 years).

The frequency distribution of Hg histogram (Fig. 6) shows that more that 60%
of the Hg concentrations are in the range of 0–20 µg g−1 with a frequency of 16;
dismissing values of Hg concentration lower to a 10 µg g−1 54% of the population
is above the permissible value reported by UN, PAHO and others (10 µg g−1) as
the limit value for people that are exposed by profession, considering an odonto-
logical exposure because there isn’t a reported value for mining activities.

4 Conclusions

According to the results of this research, Hg concentration on both populations is
above the permissible limits established by National and International Agencies
(USEPA, WHO, PAHO) that symbolizes a health risk which thus represents a real
risk for human health.
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The average values of Hg concentration in the non-exposed population are 1–2
times above the established limit, having a considerable dispersion of the obtained
data for the population of interest. Hair Hg concentration of the population of
Metropolitan Zone of Mexico City also shows important geographical variations
probably because of anthropogenic local sources of mercury pollution in the
northern areas of Mexico City.

The time-activity survey indicates that the utilization of hair treatments as hair
dyes and clarifying products (creams and soaps) are important factors in the
increase of Hg levels, but their use is independent of the gender and age. The
research was relevant by showing that Hg levels are higher in men tan in women in
the non-exposed by profession population which is attributed to diet habits, because
men eat seafood in a more regular basis than women, who eat frequently fruits and
vegetables. The factors that affect mercury levels are diet, occupation, age and sex;
all have some effect on mercury levels in the hair, as mentioned above.

The advantages of hair Hg assessment include the fact that hair collection is
non-invasive, and get good response rates in all population subgroups, where
obtaining blood samples can sometimes be difficult from some of the subgroups,
such as women for example. Additionally, hair is a time record marker of MeHg
exposure in individuals and can be used to estimate Hg exposure over extended
periods of time such as fetal exposure during gestation.

Even if both populations exceeded the permissible limits, it is important to note
that there is a large gap the values of the concentration of Hg obtained since the
student community (control population) is not rigorously exposed to contamination
by Hg, the highest concentrations of Hg measured are 8.50 µg g−1 in men and
6.16 µg g−1 in in women, respectively. The lowest concentrations detected were
0.33 µg g−1 and 0.61 µg g−1. On the contrary, the highest concentration was
142.56 lg g−1 and the lowest was 0.80 lg g−1 in the population of the mining
region. The wide interval observed between these last two values can be explained
by the amount of time each miner has been working in a mine, which would
influence the amount of time each individual would be exposed to the contaminant.
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in a Rural Community in Nicaragua
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Abstract This work aims to analyze the experience of a Nicaraguan rural com-
munity in the management of water for domestic use through the conformation of
community committees, and the relationships that such committees have with the
government and other relevant organizations. The research is conducted through the
qualitative paradigm of social sciences; hence, the methodology is based on a case
study where empirical data were collected through semi-structured interviews,
focus group discussions and participant observation. The community organization
for local management has emerged in order to meet a specific need; in this case, the
water supply for domestic use. According to the collective action theory, this work
demonstrates that the internal rules and regulations have favored the economic
sustainability, the empowerment and the active participation of the community
organization in order to obtain autonomy in the management of its resources. This
research is important for it shows that the state’s recognition of the community
organizations has favored the cooperative effort between communities, government
and non-governmental organizations, facilitating the management process and the
access to financial, technical and training resources.
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1 Introduction

Water management in Latin America can be classified in three major classes:
public, private and social. In public management, the state is responsible for the
water supply. On the other hand, in the private management model, the state
delegates its responsibility to companies which are interested in an economic profit.
In contrast, social management aims to satisfy a local need; hence, this management
focuses on environmental and economic sustainability (Sandoval and Günther
2013).

Alternatively, community water management is a type of cooperative manage-
ment (between community, government and non-governmental organizations) that
has been implemented in rural Nicaraguan communities. This management is based
on Community Water and Sanitation Committees (CWSCs), which are local
organizations recognized by the Nicaraguan Law.

Several authors have studied the CWSCs in Nicaragua; for example, Kreimann
(2014) analyses the community management of water resources in the country and
claims that only 520 CWSCs work properly, since the committees do not have
enough members. Other studies have focused on the forming process of a given
committee; for instance, the study of Reyes et al. (2008) depicts the problems that a
rural community faced in order to establish a CWSC. The author found that the
organization structure in the community plays a key role in the establishment of a
community water committee. However, the study of Lorío (2004) evaluates com-
munity management of water resources in a drought context, and the author argues
that the rules established by the communities are more severe in water scarcity
conditions.

This study is important because analyses the co-management model in a rural
community in Nicaragua. The research aims to answer the question: is an organized
community more prone to reach sustainability in managing its water resources? The
study focuses on three organization experiences in the community of Ducualí,
which is located in the municipality of Palacagüina (northern Nicaragua). The
manuscript is organized as follows:

Firstly, the methodology is presented and the concepts of organization and
community are reviewed; secondly, a brief historical review on the community
management of water resources in Nicaragua is given; thirdly, the experience of the
three CWSCs that operate in the community of Ducualí is discussed; and, finally,
concluding remarks close the manuscript.

2 Methods

The research is conducted from the qualitative paradigm of social sciences;
therefore, the methodology is based on a case study where empirical data were
collected through semi-structured interviews, focus group discussions and
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participant observation. The methodology consisted of the following steps: first, the
users (one member per family) of each CWSC were identified and listed; and
second, the people to be interviewed were selected with the random sample tech-
nique. In addition, focus group discussions were conducted for each CWSC in order
to obtain information about the committees’ background.

3 Concepts of Community and Organization

In literature, the discussion about the concepts of community and organization is
addressed from the point of view of different disciplines. In social sciences, the
discussion focuses on the social interactions based on culture, values, traditions and
beliefs developed in a given space. Nevertheless, from the point of view of
administration sciences, the discussion focuses on the relationships between
stakeholders and the decision processes in order to satisfy a need and develop skills
(Bernal et al. 2014).

In particular, the concept of community in this research is understood as “a
social actor with its own identity and a common voice arising from collective action
as a complex process of decision” (Bernal et al. 2014). The people in an organized
community share values and objectives leading to a common identity and to the
development of social action in order to search for mutual interests and satisfy
necessities.

Regarding the concept of organization, this research takes the point of view of
Antonio et al. (2010), which argues that, in an organization, a social group coor-
dinates its activities in order to achieve common goals by delegating functions
through a hierarchical order; however, Olson (1992) claims that organizations are
often used to accomplish individual benefits. Therefore, an organization requires
commitment, cooperation and trust from its members to delegate tasks. The social
organizations, in rural and urban areas, are a good example of people’s ability to
coordinate efforts to respond to a specific need.

4 Community Water Management in Nicaragua

In Nicaragua, the water and sanitation policy has been adjusted to the economic
model of the moment (OPS-OMS 2004). In that context, the first Community Water
and Sanitation Committees emerged in the decades of 1960 and 1970 (Alianza por
el Agua 2015). At the same time, several social movements appeared in Latin
America with the purpose of providing water supply to rural communities. Over the
years, such movements showed that they are robust social structures that provide
solutions to the lack of basic services (CARE International and Avina 2012).

In the 80s, a partnership model for water resources management between the
state and the community was adopted in Nicaragua. This model took into
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consideration cooperative principles which favored the organization of community
committees and the implementation of projects towards social welfare in the rural
regions. In the 90s, the Community Water and Sanitation Committees were
accepted by the state, and they were promoted as the organizations in charge of the
administration and maintenance of the community water supply systems. Between
2007 and 2014, the number of legalized Community Water and Sanitation
Committees in Nicaragua increased as a result of the implementation of Act 260
(Waters General Act) and Act 722 (Special Act on Water Committees). The
CWSCs legalized in that period represent 55% of the total committees in the
country.

However, the programs designed to provide water supply in rural communities
in Nicaragua had been influenced by nongovernmental agencies that worked in
collaboration with the official Water and Sewerage Enterprise (ENACAL).
The SIASAR (Spanish acronym for Information System on Rural Water and
Sanitation) system (2016) reports 6836 rural communities in Nicaragua, out of
which 3670 communities have some kind of community water management. From
this group of communities, 93.7% have legalized CWSCs, 2.4% have no legalized
committees, and in the last 3.9% the water supply is administrated by community
cooperatives in collaboration with ENACAL or the municipality.

The CWSCs were designed with the intended purpose of contributing to the
social and economic development of Nicaragua by creating conditions to ensure
access to drinking water (Gaceta 2010). The CWSCs are based on five guiding
principles (Gaceta 2010):

1. Volunteerism of the community members in the community management of the
water resources.

2. Equity, meaning all community members shall participate on equal footing.
3. Plurality, as recognition of the different values, opinions and practices in the

community by the local, regional and national authorities.
4. Solidarity in the community management of water resources, by seeking com-

mon good and preventing individual interests.
5. Respect and defense of the community autonomy in the frame of the rights and

obligations established by laws.

The guiding principles are based on the collective action theory, and take into
account successful experiences in community management of water resources in
Latin America. In particular, the Nicaraguan Water Policy recognizes and promotes
the collective action in the management of water resources of common use.
However, there is not a single model of community management, for it accom-
modates to the needs of a given country, region and locality.

Community water management does not imply the government’s abandonment
of its responsibility in water supply. It is a different model that the authorities
implement in order to guarantee the sustainability of the service in long term
(Aguilar 2011). This means community water management is a joint venture
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between community organizations, non-profit organizations and the Nicaraguan
state to provide water supply to rural communities.

Regarding the collective action theory, Ostrom (2011) claims that “humans are
able to organize by themselves and collaborate in order to generate initiatives to
survive for long periods”. For the author, a self-organized group with clear rules has
better opportunities to survive; therefore, the agreements, limits, sanctions and the
conflict resolution procedures are the key factors for a successful self-government
organization. In this research, Ostrom theory is followed by the analysis of the
community water management in a rural community located in Nicaragua.

5 Organizations Involved in Water Management
in the Rural Community of Ducualí

The case study is the community of Ducualí, which is located in the municipality of
Palacagüina, Department of Madriz (Fig. 1). The community is situated in the dry
corridor of Central America, which has a smaller precipitation than the rest of the
region. In Palacagüina, the precipitation ranges from 650 to 850 mm/yr. The rainy
season is from May to November and the dry season is from December to April. In
the dry season, the water from rivers and streams decreases (Pérez and Zelaya
2013); as a consequence, the shallow aquifer also decreases and the levels of the
wells are reduced. This situation generally causes water scarcity as 95% of the
water supply in Nicaragua relies on groundwater (FAO and CEPAL 2009).
Regarding the demography, the annual population growth is 0.11%, and the main
economic activities are the cultivation of flowers and tobacco; construction and
services.

In Nicaragua, a community water organization usually begins with a request
from the community to the municipal authorities for a water supply system. For
their part, the authorities seek the financial resources to support the project with the
national government and international agencies (Alianza por el Agua 2015). The
first water managing projects in the municipality of Palacagüina were implemented
with international agencies’ funds. Some of these agencies were founded in the 70s;
for example, the Alliance for Progress, which was an American program to
establish cooperation between the U.S. and Latin America; and in the 80s, the Swiss
Agency for Development and Cooperation (SDC). Nowadays, the main interna-
tional agencies that work in the municipality are the Spanish Cooperation Agency
for International Development (AECID) and the Rotary Club.

Figure 2 shows the Venn diagram that represents the relationship between the
community and the main external organizations for water supply in Ducualí. In this
figure, the community is represented by the largest circle, while the community
organizations are located inside and the external organizations outside the main
circle. The size of the circles represents the influence that the organizations have for
water supply in the community.
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Fig. 1 Location of the study community. Source Own elaboration

Fig. 2 Organizations involved in water management in the rural community of Ducualí. Source
Own elaboration
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From Fig. 2, it can be depicted that the most important community organizations
are the Citizen Power Council (CPC), which are official organizations created in
order to identify the beneficiaries of government social programs (Bay 2010), the
CWSCs and the Education Committee. In fact, some citizens are often members of
both the CPC and the CWSCs. Additionally, the Evangelical Church is the main
religious institution and it has an important role in the promotion of cooperation
activities in the community. For instance, the Evangelic church encourages soli-
darity between people; therefore, if a family does not have access to water supply,
other members of their church donate their water to help.

The most important external organizations are the local government, ENACAL
and the Emergency Social Investment Fund. Those organizations have provided
equipment such as pumping and pipeline systems. Added to that, the Ministry of
Environment trained the CWSC board on accounting principles and water rates
through the Program for Hydrographic Watershed Management. Figure 2 evidences
the relationships that different organizations built on the basis of the beliefs and
traditions of the community, with the purpose of providing water supply to Ducualí.

6 Community Water and Sanitation Committees
in Ducualí

In the 70s, the water supply in Ducualí was based on raw water from the Estelí
River and the Pueblo Nuevo River, which are tributaries of the Coco River.
However, some environmental problems emerged through the years, which moti-
vated the organization of water community committees. Among the environmental
problems, we found river pollution, droughts and hurricanes (such as Mitch in
1998). Therefore, in order to improve the access to water supply, the first water
committees were organized to build new infrastructure.

Ducualí has four administrative sectors; three of them have water-supply net-
works which are administrated by two legalized CWSCs. The other sector has
community wells and no pipeline system, forcing the population to collect water
from hand-dug wells near rivers.

The distribution systems that operate in Ducualí are based on electric pumping
systems installed in wells; first, the water is stored in tanks and, then, distributed by
gravity through the mini-aqueducts to each house. In addition, the houses are
provided with a water meter. The water from hand-dug wells is collected through
hand pumps and this water is generally carried by women and children.

In Nicaragua, the CWSCs are formally organized (in most cases after distribu-
tion system are built) in order to guarantee the management and the sustainability of
the infrastructure in the long term. The basic organization structure of a CWSC in
Nicaragua is integrated by: General assembly, board and support commissions
(Alianza por el agua 2015).
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As mentioned before, there are two legalized CWSCs in Ducualí; nevertheless,
most of the communities in the municipality of Palacagüina have only one com-
mittee. Each CWSC has a board formed by a president, a treasurer, and a monitor,
and other commissioners who are democratically elected every two years in a
General Assembly. It should be noted that CWCS are independent from each other.

The two CWSCs, namely Carlos Fonseca Amador and Union y Progreso, were
formed and legalized after the enactment of the Special Law on Community Water
and Sanitation Committees in 2010, and they are a good example of economical
and organizational sustainability that guaranteed the water supply. In that aspect,
the internal rules and regulations have favored the active participation of the
community in order to obtain autonomy in the management of their resources in
long term. Among the internal rules in those CWSCs we found:

1. Accountability of administrative processes.
2. Minimum water rate for a monthly consumption of 10 m3. In case of larger

consumptions, the water rate increases.
3. In order to have access to the water supply system, households should obtain the

authorization of the board and should pay the connection.
4. Water supply from mini-aqueducts is only for domestic use.
5. Penalties to users with two-month late payments.
6. The board members of the CWSCs should be permanently settled in the

community.

The internal rules in each CWSC are essential to the management process
because they assign responsibility to community members. In that aspect, the
collective action is achieved through the allocation of rights and obligations among
the community members, and the collaborative work between users and board
members. In addition, there is also joint cooperation between the community and
the government. Furthermore, other external organizations have favored the
empowerment and the active participation of the community citizens in order to
obtain autonomy in the management of their resources.

The water committee of Ducualí Abajo is a community water organization
formed in 1994 in order to manage the wells in the sector of the same name.
Nowadays, the water committee is not in operation as the citizens have not
established organizational structures. The community does not have rules, and the
assembly is only called when a problem arises. Once the problem is solved, the
community organization is inactive. Therefore, it is evident that citizen participa-
tion, organizational structure and committee legalization are necessary for an
adequate water supply system.

Indeed, the legalized CWSCs have a better access to financial, technical and
training resources. Such resources allow the strengthening of community capacities.
According to some CWSC board members, the recognition of the community
organizations improved the social relationship between users and the committee
members and, in consequence, the access to water supply in the community.
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7 Conclusions

In Nicaragua, about 50% of the rural communities have legalized Community
Water and Sanitation Committees. That is, the Special Law on CWSCs in the
country does not guarantee the success of water community management at the
local level. Local water management depends on several factors and social actors
with a key role in obtaining rights for the community and in enforcement of the
citizen’s participation. For this reason, the social interactions, values, beliefs and
traditions in the community, as well as the leadership of the board members, are
fundamental aspects in the collective action process. In addition, the active par-
ticipation of water users, institutions and non-profit organizations in the water
supply process allows the organization of the community to preserve its autonomy.

The study focuses on three organization experiences in the community of
Ducualí, which is located northern Nicaragua. Three water committees in Ducualí
were organized to find a solution to some environmental problems that made dif-
ficult the water supply in the community, such as river pollution, droughts and
hurricanes. In this research, we showed that two of the CWSCs have taken
advantage of the co-management model for the sustainable water management at
local level in a rural community in Nicaragua. On the other hand, the third water
committee is not organized, so it does not have rules and water supply problems are
still common. Our study indicates that the organizational structure and committee
legalization are necessary for an adequate water supply system. The rules, sanctions
and water rates established by the communities are essential in building awareness
among the local population on the rational management of the water resources.

All in all, the water community management empowered the population in
decision-making; consequently, the community is more prone to defend its rights.
This research was conducted in one rural community in Nicaragua. Future work
should include several cases studies in Latin America in order to compare com-
munity water management policies in the region.
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Towards a Participative Environmental
Management Education Model Using
Information and Communication
Technologies
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and Ana Ilse Benavides-Lahnstein

Abstract This text studies beliefs, attitudes and knowledge of environmental
management and environmental education that were expressed by participants
during a diploma course called Environmental Management and Community
Participation. Overall, the purpose of the study was to evaluate the outcomes of the
diploma course through the participants’ inputs and enrich the understanding on this
type of educational programmes. The investigation focuses on learning evidence
from four participants and presents data from the initial and final questionnaires. In
addition, this study reflects upon the implications of the participants’ critical
thinking and knowledge in relation to environmental management and environ-
mental education, as well as the role of Information and Communication
Technologies (ICT) as a support for their professional performance. On one hand,
the findings revealed that the participants used their professional background and
notions of community participation during the planning of environmental man-
agement projects, which was enriched by the activities of the course. On the other
hand, the findings show that student perceptions on community participation lacked
specificity and critical analysis. This suggested that, in a second edition of the
diploma course, the learning experience could be improved by exploring further
about the professional background and practices of the participants during the
development of the programme. It is argued that the latter would allow identifying
substantial needs in the planning of environmental management projects (an activity
in the diploma course) and assisting in the articulation of sustainable development
principles in community participation.
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1 Introduction

The purpose of this study was learning about the environment-related perspectives
of four participants in a diploma course named Environmental Management and
Community Participation. These perspectives include the study of beliefs, knowl-
edge, and attitudes about the participants’ environmental awareness, environmental
management, and community participation. Assisted by professionals in the field of
education, the Environmental Management and Community Participation diploma
course motivated the development of environmental management projects at a local
level (Nuevo León, Mexico). The analysis of the participants’ perspectives served
as a reflection to evaluate the efficacy and limitations of the course and offer
recommendations to similar educational endeavours.

This study is divided into four sections. The first chapter gives contextual
information in relation to the diploma course. The second one provides the theo-
retical framework consulted for conducting the study. The third one specifies the
methodology used in the study, which has a descriptive approach that elucidates
how the learning activities of the course were used to reflect on their professional
practice (Lucca and Berríos 2003). The fourth chapter presents the analysis and
discussion of the beliefs, attitudes, and knowledge, as well as the areas of oppor-
tunity detected in the participants’ work and forum discussions. The conclusions
and recommendations give advice for subsequent developments of this and similar
programmes. The aim is to use strategic planning and actions to create a process of
collective actions that would foster socially responsible and sustainable
participation.

2 Contextual Framework

In Nuevo León, recent public policies, which are socially constructed and
conducted by state bodies (Tamayo 1997, p. 281), have promoted community
participation in processes such as environmental training of teachers and the cre-
ation of Citizen Councils for, amongst others, pertinent environmental conservation
and resource management. Accordingly, the Environmental Management and
Citizen Participation diploma course aimed at supporting its participants (people
from public and private sectors) to develop viable, situated, and sustainable project
proposals by making use of their knowledge and experience in environmental
management.

The main challenge faced—in this first edition of the diploma course—was to
generate, from a higher education institute, a cross-sectional and interinstitutional
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program aimed at professionals with no apparent relation to teaching. Therefore, as
a first achievement the diploma course encouraged the collaboration of experts,
tutors, and students. A total of 22 women and 18 men participated in the course.
Most of them had a university degree or certificate related to environmental pro-
tection and a strong interest in community development.

The diploma course was characterised by Information and Communication
Technologies (ICT) support, a continuous follow-up of the learning activities, and
academic coordination between the various tutors involved. The course comprises
five blended or mix-learning modules—a technique consulted in Fidalgo (2007)—
that were developed through a virtual education platform.

The virtual platform was a space, mainly, for forum discussions and homework
submission. Classroom sessions were dedicated to presentations given by the tutors,
sharing experiences, and targeting any doubts regarding their work in the course.
The diploma course not only encouraged communication between different insti-
tutions and sectors to develop community projects for sustainability, but it also
succeeded at producing reflections on ethical, methodological, and conceptual
principles of environmental management.

3 Theoretical Framework

The framework of environmental management and community participation, the
United Nations Educational, Scientific and Cultural Organization (UNESCO)
suggested the need for responsible institutional management and supporting the
professionalization and importance of educators (Navarro-Hoyos 2010). In this
context, the formation of human resources as a process, seeks to re-dimension an
environmental consciousness, so that the human being, harmonizes with its social
and natural environment. In response to this, intervention policies suggested by the
United Nations (UN) (2015a, b) and UNESCO (2015) support the need to promote
joint actions between societies and governments to achieve a better quality of life.

To promote innovation and technology in favour of community participation,
social inclusion and sustainable development (UNESCO 2012), the diploma course
opted for the blended learning method (Fidalgo 2007). This education model
consists of a combination of classroom sessions and independent work. ICT was
incorporated in the structure of the diploma course through face-to-face and online
pedagogical support, as well as resources, such as videos, online lectures, tests, and
more.

According to Cacheiro (2011), ICT facilitates the creation of collaboration
networks in students’ individual learning and work. Such collaboration is achieved
by a virtual exchange of learnings between students and tutors, which contributes to
achieving the cognitive, procedural, and attitudinal processes that the established
learning objectives aim for. Furthermore, the use of virtual spaces is inclusive and
appropriate for working professionals because it is not constricted by the geo-
graphical location or time limits.
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3.1 Views About Environmental Management

Environmental management has been considered a tool (Robinson 2012) and a
demand of sustainable development (UNESCO 2015). Barrow (2006 pp. 163–164)
describes environmental management as a process of decision making about the
allocation of natural and artificial resources. According to him, environmental
management is meant to satisfy, in the first place, basic human needs, and, in the
second place, improve environmental quality (ibid.). Hence, environmental man-
agement in coordination with increasing environmental awareness can contribute
towards reaching balance and integration of the social and natural worlds.

3.2 Dimensions of Environmental Awareness

The colloquial use of terms like environmental awareness makes them difficult to
define (Amérigo 2006). According to academic work published on this topic
(Ocaña et al. 2013; Febles 2004 in Alea 2006; Moyano and Jiménez 2005), envi-
ronmental awareness includes mental representations, such as knowledge, attitudes,
and beliefs. Within the environmental framework, these exist in a system of values
and experience which creates a proactive relation between the individual and his or
her environment. From this perspective, environmental awareness, as defined by
Chuliá (1995, in Gomera-Martínez et al. 2012), has four dimensions:

• Cognitive (degree of information and knowledge).
• Affective (emotions, beliefs, and feelings towards environment).
• Conative (attitude and willingness to participate).
• Active (carrying out practical work and pro-active action).

In this study, beliefs are a part of subjective knowledge, generated at everyone’s
individual level. Moreno and Azcárate emphasize that an individual’s beliefs
explain and justify many personal and professional decisions and actions in his or
her life (2003, p. 267). On the other hand, Ocaña et al. (2013) argue that beliefs are
a decisive factor in forming personal judgements and opinions. Attitudes, however,
are viewed as behavioural tendencies by these authors.

4 Research Design

The research design involved exploring a framework (theory above) which deter-
mined a series of questions (epistemology) that were examined systematically
(methodology, analysis) (Denzin y Lincoln 1994, p. 11). The researchers employed
the qualitative methodology and the structure of case studies (Denzin y Lincoln
1994; Creswell 2013). This study was conducted through case studies (Yin 2014)
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to research the phenomenon in question from different participants’ perspectives.
The data collection and analysis of this research gathered and defined relevant
aspects of the participants’ knowledge, attitudes, and beliefs on environmental
management, citizen participation and education.

4.1 Applied Methods and Techniques

The data collection techniques used were documentation (mainly online forum
discussions and the final project proposals), and initial and final questionnaires.
These are common techniques recommended for case studies (Simons 2009). The
investigators also used the non-participative observation method and took field notes
(Lucca y Berríos 2003) which were used to amplify the context of outcomes and
conclusions presented in the study. The purpose of the initial and final questionnaires
was to gather information about participants’ knowledge before and after the
diploma course. The first questionnaire included 15 items divided between seven
sections, containing conative, cognitive, and affective type items (more information
in Sect. 3 of the theoretical framework). The second one comprised 25 items divided
between seven sections to assess how useful the diploma course was in relation to
each participant’s needs. Questionnaires contained open- and close-ended alternative
questions according to Likert scale, as well as multiple-choice questions. The forum
discussions online ranged from environmental management initiatives to environ-
mental education programmes.

4.2 Description of the Cases

Four participants were chosen as units of analysis for the case study—two men and
two women, representing different areas of professional development. Two out of
the four were referred to the program and the other two participated out of their own
interest. The data collected from these units of study stand out for being more
complete, and display more consistency in following the recommended rubrics for
learning of the diploma course. Table 1 shows information about the participants
and their initial motivation to join the course.

4.3 Analysis and Interpretation of the Findings

The data presented in this study refers to knowledge, attitudes and beliefs related to
three dimensions of environmental awareness: cognitive, affective, and conative
(Chuliá 1995 in Gomera-Martínez et al. 2012). Each dimension was analysed based
on a scale of beliefs (Ocaña et al. 2013), as well as in the context of environmental
management, citizen participation, and the use of ICT. The main source of evidence
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in this analysis is information from the participants’ verbal utterances on their
understandings and opinions, as salient reflection of designing their environmental
management proposals.

4.4 Knowledge—A Key Element in Environmental
Management

The cognitive dimension comprises the level or grade of environmental informa-
tion. The participants’ knowledge was identified through information gathered
which talks about environmental management, environmental problems, and/or
environmental education. The level or grade of environmental information is
understood by the cognitive dimension.

One of the forum discussions was about involving communities and public service
to improve protection, conservation, and exploitation of the country’s natural
resources. A universal concern expressed by participants, specialists, and tutors was
how to reach environmental justice through effective, efficient, clear, and transparent
application of and in compliance with federal environmental legislation in force. This
would need to be done through attention to popular complaint, and through actions of

Table 1 Summary of the units of analysis

Unit of analysis Work field Purpose of participation Name of the project

Participant 1 (P1) Academic Interested in getting
involved with environmental
and community
management

Implementation of
environmental education
workshops for the
sustainability of
communities at Cumbre
National Park in Monterrey

Participant 2 (P2) Employee
at a
municipal
level office

Unsure of her reason to
participate in the diploma
course. Not sure of the
relation between her work
(at a municipal office that
promotes tourism) and
environmental protection

Promoting the region of
Sierra de Santiago and the
Álamo Canyon as
destinations for enjoying
natural areas sustainably

Participant 3 (P3) Private
sector
employee

Interested in launching a
campaign to make better use
of resources at his
workplace

Promoting ecotourism by
encouraging people to care
for resources without
altering environmental
balance through the
activities of ecotourism

Participant 4 (P4) Member of
a civil
organisation

I wish to turn the public
square into a communal area
for the families of the
neighbourhood

Offering a different
perspective of the local park:
from a relaxation area to an
oxygen-generating garden
that supports family life
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inspection, verification, vigilance, and use of voluntary instruments. Furthermore, the
evidence shows environmental awareness was an essential part of the participant’s
knowledge of environmental management and environmental education.

In the forum discussion, the participants P2 and P3 agreed on the role that federal
bodies play in targeting environmental problems and the management service they
provide. P2 suggested that the importance of environmental management carried out
by federal bodies also depends on the community’s level of involvement:

All bodies play an important role, all trying to reach the same objective of protecting the
environment in one way or another […] it is not only the Secretariat of Environment and
Natural Resources (SEMARNAT by its acronym in Spanish) that is obliged to solve the
problem [air pollution issue]. All the local people share this responsibility. We are still
unaware of the dimensions of the problem. In Mexico City, which has an air pollution issue,
the Federal Attorney for Environmental Protection (PROFEPA by its acronym in Spanish)
is in charge of imposing anti-pollution regulations on companies to reduce the high pol-
lution rates, but well, as we have seen, air pollution is what has been making the front pages
in the past few months. If we all did our part, we could make a great team.

Almost up to the halfway point of the programme, the participants agreed on the
need to promote connections between higher education and scientific research
institutions, and different social sectors in Nuevo León. The following opinion was
expressed by P4:

[T]here is definitely communication between Mexican institutions, however, it is insuffi-
cient, considering that the programmes they implement are standardised for the entire
country, whilst environmental problems are different in each part of Mexico. I argue that it
is important to restructure the actions of environmental protection based on the needs of
each region, build stronger links with universities to develop suitable programmes and
actions for each region, and complement each programme by developing the public’s
abilities in relation to environmental education.

The latter coincides with the analysis done by P3 who reflected on his experience
during the elaboration of the project he carried out as the end product of the
diploma course:

Throughout this project, we learnt that in order to analyse ecotourism projects, it is
important to carry out a thorough analysis of their possible versions, in order to offer
socially responsible services that provide a global vision focused on the care and preser-
vation or natural resources native to the region, to attain sustainable development in the
social, economic, and environmental context.

It is important to keep promoting the culture of each environment, so as to ensure that these
natural resources prevail, whilst tourism continues in all regions.

Environmental education appeared to be pertinent among the participants to
communicate the value of conserving cultural heritage and biodiversity, which
promotes interrelation between culture, tourism, and environmental protection. P1
added the following thought in the forum discussion about environmental education
in basic education:

There is no doubt that schools play an important role in sustainable development, yet we are
far from launching a curriculum that includes Environmental Education for Sustainability.
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I argue that the Secretariat of Public Education (SEP by its acronym Spanish) should
modify its plans of study and include environmental education – not as an elective, but give
it the importance it deserves.

Participants were unaware of the role of environmental education in school
programmes launched by the SEP. This is also rather common among many basic
education teachers. Therefore, it was beneficial for the participants to have online
forum discussions about the current situation of this topic.

Regarding the importance of context, most participants working in the public
sector highlighted the importance of recognising the characteristics of each region
in the context of environmental management. For example, P3 commented on the
situation in Mexico City:

[T]here is a specific objective in Mexico City right now, to reduce the emission levels of
pollutants (though Mexico City is not the most polluted city in the country, it is the one that
has received the most publicity, and one that has acknowledged the issue), and both the
local and the federal government are (for now) focused on this.

This was also the case for participants working in the private sector. P1, a private
sector academic, said in the forum discussion that it was important to adapt national
programmes to the specific regional needs, which proves a necessary condition for
environmental management. The perceptions of the four participants coincided in
the idea that actions of intervention between different sectors must always be aimed
at managing and solving environmental problems in the ‘general-to-specific’
method. When asked about this, they said “it is because we always need to do it in
stages and only if the manager gives his permission”.

There are similarities between all four cases regarding their knowledge of actions
taken by governmental authorities in charge of environmental care, and the daily
practices that they supported. In general, P2, like other employed in the public
sector, showed a lack of accurate knowledge about the institutional responsibilities
and function of their government in regards to environmental management, as so,
they qualified the term sustainability as inapplicable in their praxis. Nevertheless, it
appeared that participants adhered neither to the basic, nor the complementary
reading that was supplied as part of the diploma course, due to the little use of the
ICT that they made during the course. The other cases, working at citizen orga-
nizations and the private sector, recognised that general prescriptions for environ-
mental management are inefficient, because environmental management and
community actions depend on the specific conditions of each community.

5 Participants’ Attitudes About Environmental
Management

The conceptualized conative dimension implies the personal efficacy perceived in
the environmental action and the behavioural disposition towards diverse envi-
ronmental behaviours. The participants not only displayed their own attitudes,
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but often identified and discussed the importance of pro-environmental attitudes of
communities. P1 favoured proactive attitudes towards environmental management
in one of the forums:

I think it is crucial to adapt educational programmes and include environmental education
programmes in them […] also put it into practice through actions, such as recycling,
reforestation, etc. […] the Autonomous University of Nuevo León (UANL by its acronym
in Spanish) has a community development program, where students must also engage in
theoretical environmental education courses such as reforestation projects.

Some beliefs about attitudes were oriented to specific areas of environmental
management and support. For instance, in a section of the initial questionnaire
where conservation of environment and actions are prompted, P2 stated “The
conservation of wild flora will be one of our priorities”. Other attitudes were about
how and what methods are best to achieve environmental management, and the
impact of our lifestyles in the environment. P2, reflected on the importance of
pro-environmental attitudes and action in the civil society:

The actions we take day by day necessarily have an impact on the environment. While human
beings have some resistance to “change”, in today’s times we cannot but flow and understand
that our way of life as we know it today is harmful, not only for the Earth, for us as well. To
create a path to sustainability, we need “green” actions. Actions so simple that practically
anyone can do, and besides, far from being an economic expense, these actions involve great
saving of resources. Sharing the car: It is only necessary to agree with your neighbours, family
and friends to go to work together, to the supermarket, to pick up the children to school.

The excerpt above shows the attitude from the citizens towards participation is
believed to be important. In this way, regardless of their level of involvement, is
pertinent to promote training on environmental management of resources in addi-
tion to participation and intervention techniques, so that citizens can participate in
the creation and evaluation of plans, projects and programs. Although, citizen
participation was often considered limited because environmental education implies
an ongoing and life-long learning process. In this regard, P3 added:

Education is a process, so a course that lasts a year or a few months is not enough to bring
out the changes in us that we need or want. It does, however, lay the bases to create them,
as long as one is convinced they want to make it happen, they want to create, and (most
importantly) take care of something like a vegetable patch, or engage in hydroponics.

Regarding attitudes towards the use of ICT, the findings of the final question-
naire revealed that the four participants increased their comprehensive approach to
the local environmental issues they focused on. The comprehensive character of
their vision was demonstrated through their perceptions of the excessive use of
energy, and consequently through the actions aimed at sustainability and energy
efficiency that they mentioned:

• I make use of daylight hours to do things around the house.
• I use energy-saving light bulbs (at home, at the office, at school), and switch off

unnecessary lights.
• I switch off the electrical appliances that are not in use.
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In this field of exploring the local environmental situation from a holistic per-
spective to define the measure of communal responsibility, participants always
demonstrated solidarity and good teamwork. They also recognised the mostly
governmental limitations that apply to their proposals due to the specific context. It
is interesting to note here that most group members built a relationship, and later
started collaboration which lasts to this day.

6 Environmental Beliefs and Citizen Participation

The opinions expressed in the above sections show the presence of environmental
awareness of environmental management at a national level, as well as a com-
prehensive perspective of local issues. The expression of beliefs that involve citizen
participation among the four participants studied where varied; from beliefs about
institutional exchanges (which distils in some of the quotations above) to local and
individual scenarios in the targeted communities of the participants’ projects.

It was argued during the diploma course that projects whose viability is only
determined by technical terms sometimes end up failing because locals do not
accept or come to terms with them (Peza and González 2011). If, however, the
topics of a training programme are relevant to the participants’ real needs and
specific problems, such as in citizen participation, it is feasible to discuss possible
solutions together with the interested parties, as supported by P4:

Offering a different perspective of the local park: from a relaxation area to an
oxygen-generating garden that inspires the community and invites people to exercise,
contributing to the wellbeing and lifestyle of families, and raising awareness of how
important it is to care for and conserve it as part of our environment and existence.

Other beliefs where identified whilst the participants made observations about
the actions of others towards the environment. The participants showed generally
less interest in exploring consequences of environmental problems, such as acid
rain, and focused on well-known pollution issues—even though Nuevo León, in
general, has a multiplicity of pressing environmental problems. For instance, results
from the initial questionnaire exposed that participants’ beliefs were limited to
locating water pollution issues. In their view, people have a central role in pro-
tecting the environment through different actions like saving water (to benefit
everyone). The actions mentioned were:

• Collecting and reusing water;
• Closing the tap whilst soaping the hands and brushing the teeth;
• Collecting rain water for domestic use.

In one of the forum discussions, P2 discussed pollution as a general issue in the
targeted neighbourhood and identified citizen participation as a solution, which was
also a common topic during the sessions of the diploma course:
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[…] the cleanliness of our river is a great worry in our municipality, since it is one of our
tourist attractions. We put our mind to it, get rubbish bags, even invite our guests, and all go
out to clean up together. I think we should go to kindergartens and primary schools to
educate them on how one should not just throw rubbish anywhere, teach them how to look
after the environment, and save water […] and as such, we would make a small contribution
to our environment.

There were some specific work-related situations that a few participants men-
tioned, in line with fieldnotes, and a possibility for the exchange of knowledge in
community engagement of citizen participation, as expressed by P1:

Through environmental education, we prepare ourselves to understand and appreciate the
relations that are formed between people, their culture, and the environment that surrounds
us.

P1 addressed the relation between the interdependence of sustainable develop-
ment and environmental education:

We cannot talk about sustainable development without the participation of all social actors
– we all pollute, but few are those who contribute to caring for the environment […]
Needless to say, we need more relations of interdependence to look after the environment.
Private companies need to collaborate with state institutions and the civil society at taking
actions that promote a responsible use of natural resources.

Finally, beliefs on the use of ICT that participants expressed in their final pro-
jects, in the context of the perception of environmental importance at the local level,
showed a higher level of environmental awareness, i.e. a critical perception and
acknowledgement of the need for improvement, using innovative ecotourism
resources, as explained by P4:

Promoting ecotourism by inviting walkers to actively participate in caring for resources
without altering the environmental balance, using activities that offer a variety of foci and
options to foster a better knowledge and use of the nature.

7 Conclusions

The four dimensions of the environmental awareness model used in this study were
identified across the cases. On the one hand, during the development of the diploma
course, the participants often displayed pro-environmental values and attitudes,
showing aspects of their environmental awareness that are relevant to the affective
and conative dimensions. On the other hand, despite the professional experience of
the participants in environmental management, their knowledge on the topics
studied, their decision-making and the actions taken in their projects are charac-
terised by a lack of depth and critical analysis. Therefore, the cognitive and active
dimensions of the participants’ environmental awareness revealed areas of
improvement, which here is believed are connected to their general performance in
environmental management and community participation. During the diploma
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course, the researchers identified the lower emphasis in the cognitive and active
dimensions involve:

• Lack of training in environmental education, environmental management, and
community participation;

• Little use of the course’s literature and ICT tools;
• Lack of support (financial and moral) in their workplaces and communities.

For example, the participants’ comments involving environmental education and
community participation included, mostly, claims about involving communities in
every day pro-environmental activities, yet failing to suggest how to operationalize
these claims in their context. The diploma course offered literature and contact with
experts on these matters, but there was little engagement of the participants with it.
Each participant faced significant challenges to involve their communities in pro-
jects of environmental management and environmental education; hence, they
identified a need to delve into decision-making and the inclusion of local com-
munities involved in environmental management programmes. However, those in
leading positions of community-level environmental management admitted that
their training in the social and/or environmental field was still insufficient. Overall,
these issues, especially related with the cognitive dimension, represented obstacles
to develop comprehensive and successful project proposals in the diploma course,
since it was constantly necessary to address ‘gaps’ in the participants’ knowledge
and skills.

It was also identified that the use of ICT, which was little valued in the first five
classroom sessions, supported cooperative work and contributed towards reflections
on situated professional practice (Wenger 1998). The participants’ attitudes favoured
an exchange of knowledge between municipal and private sector employees,
recognising the strengths of combining the support from public and academic sec-
tors. The ICT tools also helped creating links between the participants’ professional
practices, as demonstrated by the improvement of two specific skills: Increased
feeling of belonging and local identity; and, recognition of natural, cultural, eco-
nomic, social, and political conditions that characterise the place where they live.
Therefore, the ICT tools in the diploma course were a positive and helpful aspect of
the programme, yet insufficient in the face of other challenges from the cognitive and
active dimensions of environmental awareness.

8 Limitations

It is acknowledged here that these conclusions are limited to the small sample of
participants, the context and methods involved in this study; however, small scale
studies are useful to corroborate previous research results and contribute to
understanding and improving future research studies.
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9 Recommendations

In subsequent editions of the diploma course, learning tasks will be strengthened by
actions, techniques and management processes, as well as areas for further reflec-
tion and analysis of the actions planned for the projects. Regarding the development
of the diploma course, a future recommendation is to cut down on the hours of the
programme. A 120-h course proved difficult for the participants, albeit blended and
supported by ICT, wherefore it is preferable to offer three short consecutive courses.
In addition, the experience of using digital tools in educational platforms should
also be supported, and appropriate support offered if needs be. Furthermore, the
authors consider that in this type of education, future programmes would benefit
from considering the relevance of the following topics:

• Analysis of individual and collective participation;
• Reflection on social, cultural, and economic surroundings;
• Appreciation of natural diversity;
• Appreciation of social and cultural diversity;
• Situated learning.

It is fundamental for the institutions that offer environmental education
programmes to have an interdisciplinary team with experience in teaching, environ-
mental management, investigation and innovation, environmental communication,
assessment, and monitoring. This team should make consistent use of medium and
long term strategies. Some objectives might be the following:

• An alternative to adapting to climate change in the region studied;
• Guidance to lifestyle changes, aiming for responsible consumption;
• Creation of a state-level information system for environmental education;
• Providing training, refresher courses, and certification to environmental

teachers.

We recommend making new programmes of environmental education simpler
when it comes to communication between institutions and social sectors (fostering
cooperation between educational and environmental institutions at federal, local,
and municipal levels). They should also facilitate the improvement of participants’
critical purpose, theoretical and practical footing, demonstrate cooperation between
different sectors and organisations, and aim to use relevant available resources that
are adequate to participants’ areas of specialisation. Future studies could address
ways of project development strategies in the fields of planning, monitoring, and
assessment. At the same time, it is imperative that environmental education pro-
jects, such as the diploma course discussed in this study, help people understand the
global interactions on our planet, and encourage people to commit to direct envi-
ronmental actions. Since becoming aware of issues that afflict the world, such as
poverty, inequality and inequity, is the key to solving problems that compromise
the sustainability of the world.
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Green Areas and Environmental Justice:
Toward the Urban Sustainability of León,
Guanajuato

Jairo Agustín Reyes Plata, María del Carmen Villanueva Vilchis
and Arlene Iskra García Vázquez

Abstract Green areas help improve the living conditions for all inhabitants in
cities. This study contributes to clarify the relationship between environmental
justice and urban sustainability based on the analysis of the rate and distribution of
urban green areas particularly in the case of the City of León, Guanajuato, Mexico.
A systematic literature review related to the topic of study was conducted. In
addition, spatial analysis of the rate and distribution patterns of urban green areas in
the city was carried out and some of the basic principles that guide the planning of
green areas in the city were discussed. The results showed that there is a rate of
green areas in the City of León of 1.74 m2, which follows a dispersed pattern of
urban growth, characterized by a socio-spatial fragmentation of the city. The rate of
green areas in the priority polygons is about 1.86 m2, with unequal concentrations
on each zone and an influence range that restricts an equitable access to the benefits
of these areas. It has been identified that urban sustainability implies the habitability
of the public space, which involves the guarantee of a more equitable, equal, and
democratic use of the natural richness or of the one socially generated, where the
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green areas constitute a strategic element to reach the environmental, economic and
social benefits of the sustainability.

Keywords Green areas � Environmental justice � Urban sustainability

1 Introduction

Cities certainly offer opportunities for employment, education and other basic
services for human development; however, pollution, energy expenditure and
consumption of natural resources, exclusion, as well as inequality and socio-spatial
segregation that characterizes the cities, generate deficient living conditions and
environmental, economic and social vulnerability, affecting large segments of the
population.

The new approaches for sustainable development seek to understand and man-
age those factors that influence urban integration and well-being of the population.
Strategies and policies are focused on the importance of meeting the needs of the
inhabitants, their rights and aspirations, beyond the exclusive administration of the
physical, anthropic or natural components of the city. Thus, the presence of suffi-
cient and high quality green areas is one of the main variables that affect the
well-being of urban dwellers, as well as their distribution and equitable access.

Different researches have documented the environmental, social and cultural
benefits that green spaces provide for the improvement of the living conditions of
the population, (Reyes and Figueroa 2010; Vélez 2009; García and Guerrero 2006;
Chiesura 2004; Krishnamurthy and Rente 1997) particularly for sectors which are
in poverty or social backwardness (Wolch et al. 2014).

Given the benefits provided by the green areas, these spaces gain a strategic
relevance to generate sustainable urban environment, especially when considering
that according to the United Nations (2016) in 2014, 54.0% of the world population
lived in cities, and this number will continue to increase in the coming years. In
Mexico, the percentage is even higher, 8 out of every 10 inhabitants were con-
sidered urban in 2010 (INEGI 2016).

In 2015 the General Assembly of the United Nations proposed 17 objectives to
reach sustainable development, establishing the year 2030 as the deadline to
achieve it. The eleventh objective in the Agenda, agrees that the cities and human
settings should be inclusive, particularly for women, children, persons with dis-
abilities and older persons (United Nations 2016).

The Quito Declaration (United Nations 2016) on the New Urban Agenda calls to
promote the feeling of belonging to the cities, amongst other factors, through the
well-connected and well-distributed public spaces within the city. These spaces need
to be secure, inclusive, accessible, green and with high quality; contributing to the
improvement of the social interaction and intergenerational coexistence, as well as to
the free demonstration of the cultural expressions. The intention is to encourage the
creation of inclusive, safe, peaceful and plural cities, where the specific needs of the
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social vulnerable sectors are recognized. The equitable distribution and access to
green areas is a matter of environmental justice and therefore important for achieving
urban sustainability.

Given this panorama, the study makes a spatial analysis of the distribution of
green areas in León, Guanajuato, aiming to clarify the relationship between envi-
ronmental justice and urban sustainability. The research is based on the premise that
sustainability seeks to make the city habitable by generating a suitable environment
to fulfill the needs and aspirations of its inhabitants with the intention of improving
their quality of life and that the presence of green areas is a decisive element of
urban sustainability. For these reasons, this research also discusses some of the
basic principles that guide the planning of green areas in the city of León.

2 Equal Distribution of Green Areas: A Matter
of Environmental Justice

In the urban field, sustainability is often reduced to the search for balance between
the natural and built environments. If the city meets certain environmental criteria,
such as water savings, energy savings, waste recycling and efficient transport, it is
said to be sustainable. However, the concept goes beyond the conservation of
nature and its availability to meet the current and future material needs of the
population. Urban sustainability implies to make the city livable, regardless of its
size (Lezama and Dominguez 2006), meaning the quality of a place to meet the
people’s needs and aspirations (Castro 1999 cited by Moreno 2008). Thus, the
adaptation of the surrounding environment has a purpose: to improve the quality of
life. Pérez Maldonado (1999 cited by Moreno 2008) argues that the quality of urban
life involves the feeling of biological and psychosocial comfort of those who
inhabit and live in the city, by determining the degree of satisfaction in the use of
services and the perception of the urban space as healthy, safe and visually pleasing.
The presence of green areas is therefore a conditioning factor of urban livability,
resulting in the improvement of the inhabitants quality of life (Alcalá 2007).

An important principle of urban sustainability is undoubtedly social equity,
which has its foundations in justice, regarding the distribution of resources and
equal access to public services essential for development and enjoyment of life. In
urban contexts, equity is related to inclusion in two dimensions: social and envi-
ronmental. In a society, there will be social equity if there are no discriminatory or
exclusionary practices that prevent inhabitants from participating as citizens in the
economic, political and social spheres (Pierson 2000 quoted in Dempsey et al.
2011), and there is enjoyment of services and benefits of the ecosystem and a
healthy urban environment, which also promotes social and environmental justice.

Urban areas in a poor living environment and with limited or unequal access to
public services are areas of social and environmental exclusion and injustice. Key
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public services to which all urban dwellers must have equitable access, include
education, transportation, housing, infrastructure, spaces for culture, exercise and
recreation, as well as green areas (Dempsey et al. 2011). However, it is clear that
not all inhabitants have equitable access to these services, due to the social and
structural conditions generated by the phenomenon of globalization and, on the
other hand, to the accelerated process of urbanization that has taken place in many
cities. Social and territorial fragmentation has resulted in poorly articulated urban
systems, where a large part of the population lives in conditions of marginalization,
social exclusion and with no environmental justice.

Environmental justice involves the recognition of the fundamental rights to a
healthy environment, as well as the defense of human rights and prerogatives of a
social, economic and human development nature, that ensure fair distribution and
quality provision among all individuals and population groups to the environ-
mental, social and cultural benefits that an ecosystem provides (Ramirez et al. 2015;
Bonne and Fragkias 2013; Steward et al. 2013). A fair distribution means, that the
most vulnerable population groups receive the greatest benefits, a goal that requires
an equitable system in which public administration establishes compensatory,
corrective and guaranteeing strategies and policies for access to environmental
services, depending on the nature and context (Cancino 2014; Svara and Brunet
2005).

The provision of quality services, involves the ensuring of the long-term
maintenance of ecosystem functions, as well as the transfer and acquisition in
optimal conditions, under minimum standards, of the services and benefits for the
whole population. In this sense, some sectors may have their own means of
achieving a pleasant, dignified and valuable life, but others may not, unless the
public administration guarantees it (Svara and Brunet 2005).

In relation to green areas, it has been established that environmental justice is
given in the beginning, by the equal assignation of green area per inhabitant or by
funds or sources of recreation per capita by neighborhood or socioeconomic status
(Bonne et al. 2009). Other authors consider that, in addition, an equitable distri-
bution in the number of green areas throughout the city is necessary to avoid
socio-spatial segregation; however, proximity does not ensure itself equitable
access or translate into positive effects if people cannot freely experience the place
due to social factors in the environment such as crime or heavy vehicular traffic
(Jennings et al. 2016). The sociodemographic characteristics of the population, as
well as their needs, merits and choices, could also determine the opportunities for
equitable access to these spaces (Hay 1995).

To ensure universal access to safe, inclusive and accessible green spaces it is
necessary to have indicators that, through quantitative and qualitative variables,
evaluate their nature, quality and functionality in the urban fabric (Keng et al. 2015;
Haq 2011; Reyes and Figueroa 2010; Vélez 2009; Garcia and Guerrero 2006;
Chiesura 2004). For example, for the green area per capita, the World Health
Organization (WHO) established a minimum area of 9 m2 per inhabitant (Saz and
Rausell 2008).
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The sources available agree that there is a deficit of green areas for the City of
León. The ratio of green areas per capita is 1.7 m2, according to the “Diagnóstico
Ambiental de León (In English: “Environmental Diagnosis of León”) (IMPLAN
2015). However, the use of this indicator, based on the total concentration of the
surface in proportion to the population number, only covers one aspect of the
phenomenon, whose reality could vary throughout the city, and, thus, determine the
equal access different social groups have to the benefits provided by green areas.

3 Methodology

1. Study area and unit of analysis

The study area is located in León, one of the municipalities of the State of
Guanajuato. It has a population of 1,578,626 inhabitants, equivalent to 26.0% of the
state population (INEGI 2015); It is part of a metropolitan agglomeration of 1.7
million inhabitants, located to the northwest of the state, within the region known as
the Bajío Mexicano, which is characterized by a growing economic dynamism in
the automotive sector, which has favored the consolidation of an industrial belt that
seems to develop with some autonomy.

Geographically speaking, the municipality is characterized by the presence of
steep slopes and hills to the north, large expanses of plains and some hills towards
the center, a portion that comprises the urban area and of greater growth of the city
and by extensive plains towards the south, where different agricultural activities are
performed. The center portion covers about 22 thousand hectares, that is, 17.0% of
the total area of the municipality; it concentrates most of the population and pre-
sents average densities of over 50 inhabitants per square kilometer. Official data
shows that there are 685 green areas located in the urban area of León, between
parks and public gardens, covering an area of 228.98 ha. (IMPLAN 2015). In the
study area, there are 559 green areas totaling an area of 215.98 ha.

The unit of analysis for this study is the Basic Geostatistics Area (AGEB), which
gathers information on the characteristics of the population and housing according
to the Census of Population and Housing survey conducted by the Instituto de
National Institute of Statistics and Geography (INEGI) in 2010. In the study area,
there are 398 analysis units, with a total population of 1,237,418 inhabitants.

2. Analysis of the distribution of urban green areas

The analysis of the distribution of urban green areas in the city of León was
made from the classification of the study units into 9 classes, as shown in Fig. 1.
The classification obeys three conditions: the presence of green areas, the coeffi-
cient of green areas and the degree of urban marginalization. The coefficient
expresses the area (square meters) of green area per inhabitant, in two ranges: <9
square meters and � 9 square meters. The computing of the coefficient was
obtained from the population data of the Population and Housing Census 2010
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(INEGI 2010) and the total area of green area by AGEB, according to information
from the Environmental Map of the Municipality of León (DGGA 2017). The
degree of urban marginalization of the units of analysis was obtained from the
classification made by the National Population Council (CONAPO 2010), which is
a measure that expresses the shortcomings of the population in terms of income,
health, education and housing. The degree of marginalization falls into three cat-
egories: high, medium and low. Finally, a non-parametric test of chi square was
calculated at 95.0% confidence to evaluate the relationship between the degree of
urban marginalization and the coefficient of green areas per inhabitant.

3. Analysis of the regulatory framework related to green areas.

The analysis of municipal plans, programs and legislation included the revision
of the normative instruments in urban and environmental matters, in force in
December 2016, in order to know the conceptual and operational bases that assist
the planning of the green areas of León dealing with the endowment, maintenance
or conservation of the green spaces located within the urban area of the city.

4 Results

1. Planning and regulation of green areas

Planning and administration of green areas involve the departments of urban,
environmental and planning administration in the City of León. It is related to
problems in matter of environmental, territorial, landscape and institutional man-
agement. Public administration possesses four policy instruments to regulate the
management of green areas: “Programa Municipal de Desarrollo Urbano y de
Ordenamiento Ecológico y Territorial” (H. Ayuntamiento de León 2015),
“Reglamento para la Gestión Ambiental” (H. Ayuntamiento de León 2014),
“Programa Municipal de Espacios Verdes Urbanos” (H. Ayuntamiento de León

Fig. 1 Classification of the study units by classes
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2016) and “Código Reglamentario de Desarrollo Urbano” (H. Ayuntamiento de
León 2010).

The “Programa Municipal de Espacios Verdes Urbanos” (In English: “Municipal
Program of Urban Green Spaces) states that green areas are components of the
public space, which contains living elements that constitute the physical basis of
their environmental value and of the relationship that the community maintains with
the natural environment in the urban context. Operationally, the municipal green
areas are spaces with plenty of plants in stratification, with layers that go from trees
to low vegetation and with urban illumination equipment. Green areas are located
within urban land and possess the status of common property in behalf of all
citizens because of the environmental, recreational, cultural and educational ser-
vices they provide and the improvement of the urban image. Its typology includes:
urban park (when the surface is equal or greater to ten thousand square meters),
public garden (if its surface is less than ten thousand square meters) and landscaped
areas.

Strategies of urban policy are based on an environmental approach which
addresses two aspects: the increase of green areas surface and the maintenance of
the existing ones. Regarding the first aspect, the definition of the term “green area”
contains a key concept: “donation area”, which reveals the mechanism that is used
to promote the global increase of the surface of municipal green areas. According to
the “Código Reglamentario de Desarrollo Urbano” (In English: “Regulatory Code
on Urban Development”), a “donation area” is defined as: “the area of land that the
developer transmits to the Municipality, destined to the provision of urban
equipment and green areas of the subdivisions and condominium developments, in
the proportion established in the Territorial Code, with respect to the total area of
the authorized project;” (H. Ayuntamiento de León 2010, p. 8). In this context, the
creation of new municipal green areas, urban parks or public gardens, is subject to a
process of transmission of goods, from a private to a public one, linking the
increase of the green area of common use and public utility with the dynamics of
Housing Development market, which is marked by the times and practices between
the public administration and the real estate sector. For that situation, there is an
unequal access and distribution of the benefits that green areas provide throughout
the city and for different population groups.

2. Distribution of green areas along city

A crossing data analysis on the degree of urban marginalization and the coef-
ficient of green areas for each unit of study was held and the results of the spatial
analysis show an unequal, inequitable and deficit distribution of the green areas in
the study area.

The average coefficient of green areas per inhabitant in the study area was
calculated in 1.74 m2 (215.98 hectares of green area/ 1,237,418 inhabitants).
However, for 45.94% of the population there is an absence of green areas in their
living surroundings and for only 3.26% of the population, the surface of green areas
is higher than 9 m2 per inhabitant, which is the recommendation issued by World
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Health Organization (Saz and Rausell 2008). There is a significant association
between the degree of marginalization and the coefficient of green areas
(X2 = 95.27 p < 0.001).

Class 1 and class 9 represent the extremes in terms of the best and worst
conditions in the distribution of green areas along the city. 12.52% of the popu-
lation belongs to class 1, characterized by a high degree of urban marginalization
and absence of green areas. It is located in the periphery of the city, in areas of
recent urban expansion, as shown in Fig. 2. By contrast, only 2.55% of the pop-
ulation is within class 9, showing a low degree of marginalization and a provision
of green areas higher than 9 m2. This population is grouped in three blocks to the
northwest, northeast and south of the city.

The majority of the population (46.3%) belongs to classes 2 and 5; showing
medium levels of marginalization and a low or even an absent coefficient of green
areas. These classes are located at the center and western parts of the city.
Population with high levels of marginalization, classes 1, 4 and 7, constitute
17.41% of the total population. They are characterized by the lowest rates in the
provision of green areas, which denote inequity in the distribution of green areas for
the population that most need them. However, the absence of green areas affects all
population groups as shown in Table 1. 45–94% of the population does not have

Fig. 2 Distribution of units of study by classes
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immediate access to green areas. 24.93% and 8.48% in that condition show degrees
of marginalization classified in medium and high, respectively. It denotes an uneven
distribution in the green areas of the city for all population groups.

Regarding the urban zones with the highest poverty conditions or so-called
“priority polygons for human development”, the coefficient of green areas per
inhabitant was estimated in 1.86 m2. It is comparatively higher than the city
average rate, but still negative. As seen at Table 2, the distribution of green areas
among the polygons is unequal. For instance, five zones show low rates below the
municipal average and two of them rate at half of the municipal average.

Regarding the maintenance condition of existing green areas, the “Programa
Municipal de Espacios Verdes Urbanos (In English: “Municipal Program of Urban
Green Spaces”) points out that projects, measures and actions need to be developed
to ensure maintenance, conservation and improvement of green areas. That
requirement is evident, because of that 43.37 ha of green areas shown at Table 3
(20% of the total area of urban green spaces) are neglected, especially in poverty
zones as is the case in priority polygons for human development in León, which
contrasts with the good maintenance condition of green areas located in the middle
and high socioeconomic strata (IMPLAN 2012), reflecting inequalities and exclu-
sion in access to quality public services for the whole population and the need for
environmental justice.

Table 1 Population classes by the degree of urban marginalization and coefficient of green areas

Degree of urban marginalization
% of population

Total of
green areas
surface (%)

High Medium Low

Coefficient of
green areas by
inhabitant (square
meters)

0.00 Class
1 = 12.52
(154,972
inhabitants)

Class
2 = 24.93
(308,546
inhabitants)

Class
3 = 8.48
(104,920
inhabitants)

45.94
(568,438
inhabitants)

0.01
a < 9.00

Class
4 = 4.75
(58,764
inhabitants)

Class
5 = 21.44
(265,244
inhabitants)

Class
6 = 24.62
(304,665
inhabitants)

50.81
(628,673
inhabitants)

� 9.00 Class
7 = 0.04
(437
inhabitants)

Class
8 = 0.67
(8,349
inhabitants)

Class
9 = 2.55
(31,521
inhabitants)

3.26
(40,307
inhabitants)

Total of population in urban
marginalization

17.31
(214,173
inhabitants)

47.04
(582,139
inhabitants)

35.65
(441,106
inhabitants)

100.00
(1,237,418
inhabitants)

Information sources Elaborated with data from the Census of Population and Housing (INEGI
2010), the Environmental Map of the city of León (DGGA 2017), and the classification on degrees
of urban marginalization by the National Population Council (CONAPO 2010)
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Planning regulations assess the distribution of green areas along the city through
four indicators: surface for the use of green areas, improving surface of green areas,
number of linear parks and percentage of urban green spaces in use per year.

Indicators are intended to describe a specific process, condensing information of
several attributes, characteristics or important properties of a system, unlike the
strictly numerical information (Masera et al. 2000). The changes that occur can be
measured by means of qualitative and quantitative variables, which allow the full
evaluation of the achievement of an objective, a product or a project. In the case of
León, the indicators measure mainly quantitative aspects: the concentration of green
area surface in relation to the total urbanized area. This approach leaves aside other
variables both quantitative and qualitative that would serve to evaluate quality and

Table 2 Green areas within the “priority polygons for human development”

Name of the
priority
polygons for
human
development

Population
(Inhabitants)

Green
areas
surface
(Hectares)

Quantity
of green
areas

Surface of
green areas
per capita.
(m2/
inhabitant)

Negative
balance of
green areas
(Hectares)

Diez de mayo 127,952 23.62 45 1.8 91.53

Jacinto López 47,644 39.77 15 8.3 31

Las Joyas 70,400 8.27 35 1.1 55.08

Los Castillos 73,850 4.21 18 0.5 62.24

Medina 158,113 24.46 38 1.5 117.84

Piletas 43,357 4.85 9 1.1 34.16

San Francisco 74,275 5.88 61 0.8 60.95

595,591 111.08 183 1.8 42.49

Information source Elaborated with data from Diagnóstico del Municipio de León (IMPLAN
2015)

Table 3 Condition of urban green areas by class

Category Number of Green
urban spaces

Surface
(Hectare)

Number of Green urban
abandoned spaces

Surface
(Hectare)

Urban parks

Metropolitan
parks

6 45.22 0 0

Urban parks 41 67.46 16 26.20

Public gardens

Neighborhood
parks

53 35.48 7 5.13

Neighborhood
parks

545 73.48 79 12.04

645 221.63 102 43.37

Information source “Programa Municipal de Espacios Verdes Urbanos” (In English: “Municipal
Program of Urban Green Spaces”) (2016)
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functionality of green areas at multiple scales of the territory. Consequently, the
instruments that have assisted the urban planning in the city of León have provoked
an unequal distribution and access to the green areas, in terms of surface and
quality, which is a matter of environmental justice, and also limits the aspiration for
achieving urban sustainability in the city.

In recent years, new patterns of urbanization in León have been characterized by
the construction of different models of housing development. Some of them, under
a design pattern in controlled access clusters and the presence of private green
areas, where groups with a medium and high-income level reside. Other housing
complexes have a popular character with null or low provision of green areas and
are characterized by a population of low income level. In addition, irregular set-
tlements inhabited by a marginalized population have emerged, with less access to
essential public services for a better quality of life and better social well-being
(Suárez et al. 2015). Thus, the green areas have not been evenly distributed along
the city, so that the inhabitants do not have the same possibilities of accessing them
and therefore the benefits they offer.

The importance of green areas as a strategic element for achieving urban sus-
tainability is justified if we assume that they fulfill environmental, social and cul-
tural functions that improve the quality of life and social well-being, as illustrated in
Fig. 3. Green areas are therefore a strategic element to be considered within
planning or urban development programs, contributing to the achievement of the
goals set by the United Nations General Assembly and the New Urban Agenda,
which, however, until now have been rarely contemplated, as it is the case of the
City of León, Guanajuato.

Fig. 3 Importance of green areas for urban sustainability
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5 Conclusions

The recent incorporation of the concept of sustainability into the scientific field
requires clarifying of its theoretical and methodological implications. This article
aims to offer an insight that sustainability involves a multidisciplinary approach,
which holistically addresses problems of a complex nature. The reflection on the
concept of urban sustainability has led to the conclusion that it is necessary to
provide elements for a more equitable, egalitarian and democratic access to a
natural or socially generated wealth. This implies ensuring habitability, providing
environmental justice, equity and social inclusion. As it has been discussed, green
areas are a strategic element for the achievement of these objectives because of their
environmental, economic and social benefits that encompass all dimensions of
sustainability. Green areas have qualities that lead to improved living conditions, as
they contribute to the construction of inclusive urban environments with a healthy
environment conducive to coexistence, quality of life and social well-being. The
results of the study on spatial analysis based on variables related to the coefficient of
green areas per capita and the degree of urban marginalization showed an unequal,
inequitable and deficit distribution of the green areas in León. The challenge that
lies in this city, which is subject to processes of rapid and dispersed urbanization is
to achieve a fair and equitable distribution of green areas, as well as guarantee the
accessibility and enjoyment of the benefits they provide, particularly for socially
vulnerable groups. Future studies are needed to analyze the accessibility of these
groups to green areas and its contributions to the improvement of quality of life and
social well-being. The latter would help generate effective strategies and instru-
ments to achieve urban sustainability, with environmental justice.
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The Need for an Integrated Landscape
Management Approach Illustrated
by the Analysis of the Participation
in the Ecologic Spatial Planning of Benito
Juárez, Quintana Roo, Mexico

Anna Lena Di Carlo, Miguel Aguilar Robledo,
Carlos Alfonso Muñoz Robles and Pedro Medellín-Milán

Abstract This paper exposes the need to use an integrated landscape management
approach for sustainable development through the co-responsible participation of
all stakeholders based upon the analysis of the ecologic spatial planning of the
municipality of Benito Juárez, Quintana Roo, Mexico. The results of interviews
with stakeholders are integrated by a set of indicators and translated into four
participation levels and sustainability ranks. In Benito Juárez, most participation is
done by government stakeholders and through mechanisms of citizen participation,
such as public opinion polls, whereas the lowest result has been found in com-
munity participation. Furthermore, a high degree of social and economic devel-
opment within the municipality, principally due to Cancun tourism, contrasts with a
very low score for environmental sustainability. The paper seeks to achieve the
understanding of an approach that claims for nothing new, but rather integrates the
existing planning instruments and is based on inclusive and equitable
decision-making processes.

A. L. Di Carlo (&)
Universidad Autónoma de San Luis Potosí (UASLP),
Álvaro Obregón #64, Col. Centro, 78000 San Luis Potosí, SLP, Mexico
e-mail: lena.dicarlo@gmail.com

M. Aguilar Robledo
Social Sciences and Humanities, UASLP, Av. Industrias #101-A,
Fracc. Talleres, 78399 San Luis Potosí, Mexico
e-mail: aguilarm@uaslp.mx

C. A. Muñoz Robles
Desert Research Institute, UASLP, Universidad Autónoma de San Luis
Potosí (UASLP), Altair num. 200, Col. del Llano, 78377 San Luis Potosí, Mexico
e-mail: carlos.munoz@uaslp.mx

P. Medellín-Milán
Agenda Ambiental de la UASLP, Ave. Manuel Nava 201, 2do piso,
78210 San Luis Potosí, Mexico
e-mail: pmm@uaslp.mx

© Springer International Publishing AG 2018
W. Leal Filho et al. (eds.), Sustainable Development Research and Practice in
Mexico and Selected Latin American Countries, World Sustainability Series,
https://doi.org/10.1007/978-3-319-70560-6_19

297



Keywords Sustainable development � Spatial planning � Participation
Integrated landscape management � Cancun

1 The Local Ecologic Spatial Planning Programme:
Participation by All Stakeholders

The local ecologic spatial planning programme1 (hereafter “the Programme”) is a
public policy instrument that is based on a participation process involving different
governmental and societal stakeholders. The idea is that the participants decide
together how to use the territory of their municipality towards sustainable devel-
opment. The purpose is to attribute conservation, protection, preservation,
restoration and sustainable use policies to environmental management units, in
order to preserve the environment, incentivize the sustainable management of
natural resources and protect ecosystems.

The adoption of the Programme and its plan by the executive council, which is
made of representatives of the three administration levels—municipal, state and
federal—and a citizen representative, is supposed to be based on a consensus,
which is elaborated in the technical council. The latter reconciles different interests
of communities, civil society organisations, production sectors, and scientific and
technical experts. Together, the two councils constitute the committee of the eco-
logic spatial planning programme (hereafter “the Committee”), which is constituted
at the beginning of the planning process. In addition, the use of participatory
workshops and a public opinion poll should guarantee the participation of all of
these different stakeholders.

The approach that underlies the Programme is currently called integrated land-
scape management (hereafter “ILM”). The landscape is composed of a mosaic of
patches (rivers, lakes, wood land, agriculture, stock farming, protected areas,
industry, coast, sea, villages and cities etc.) that are interconnected and interde-
pendent. The approach searches to do justice to this connection by the integration of
planning and management decision-making in the landscape through the collabo-
ration between different sectors, the cooperation between stakeholders and the
integration between the planning and management instruments. With the common
objective of sustainable development, it is thereby possible to ensure the conser-
vation and sustainable use of natural and cultural resources when all parties adopt
the ILM approach.

In this context, the participative methodology of the Programme is promising
and the importance for sustainable land-use planning indisputable in a country that
consists of an exceptional variety of biological diversity in terms of ecosystems,
species and genes. However, since the adoption of this instrument of environmental
policy in the modification of the federal general law on ecologic balance and the

1In Spanish: Programa de ordenamiento ecológico territorial local.
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protection of the environment2 in 1996 and its regulation of 2003, of all 2446
existing Mexican municipalities, to date only 71 have published their Programme.

Obviously, no easy answer could explain why more municipalities have not
succeeded in the last 20 years in the adoption of Programmes at the local scale.3

One fact is that the decentralization process of the Mexican administration is not yet
complete and funds do not automatically arrive to the municipal level. Also,
municipal government periods are of only three years and, as authorities often still
lack a culture of responsibility, this does not allow for process continuity from one
government to the other (Cabrero Mendoza 2002). Finally, there are many more
endogenous and exogenous factors, depending on the territorial features of every
entity, which have colluded to the absence of Programmes in the overwhelming
majority of municipalities.

This paper seeks to point out one element of ILM that can determine the sus-
tainability of spatial planning: the substantial participation of stakeholders.
However, it is important to underline that it presents a selection of variables and
indicators, which are entirely based on the focus of the research and do not pretend
to be exclusive for evaluating the Programme or sustainability or ILM.

2 Case Study: Caribbean Tourist Paradise Cancun

This research is based on a Ph.D. thesis that is the first of its kind with regard to three
aspects: first, the evaluation of the Programme in general; second, in particular its
relation to participation; and, third, as based on real case studies. Here we present the
case study of Benito Juárez, Quintana Roo (Fig. 1), a municipality loaded with
conflicts due to diverging interests between, on the one hand, national and inter-
national developers of Cancun´s tourism sector and, on the other hand, environ-
mentalist non-governmental organisations and academic activists who defend the
conservation of critical ecosystems and endangered species. The fight for the con-
servation of ecosystem services struggles against an unsustainable and short-sighted
massive entertainment model that was designed in the nineteen-seventies.

Benito Juárez includes two RAMSAR4 sites -Parque Nacional Arrecife de Puerto
Morelos and Manglares de Nichupté- that comprise of 1,171,114 ha, which represent
14% of total RAMSAR surface of Mexico (Secretaría de Turismo SECTUR 2013).
Both are federal Natural Protected Areas and are undergoing problems of contamina-
tion and pressures caused by tourism activities. The Manglares de Nichupté are made
up of four lagoons that are surrounded by the so-called “Cancun Isle”, the main hotel

2In Spanish: Ley General de Equilibrio Ecologico y Protección al Ambiente.
3Apart from the local ecologic spatial planning programmes, there is the nationwide general
programme, the marine programmes and the regional programmes for one or more states.
4“Convention on Wetlands of International Importance especially as Waterfowl Habitat”, stipu-
lated in Ramsar, Iran on the 2nd of February 1971 by the United Nations Educational, Scientific
and Cultural Organization UNESCO.
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development facing the Caribbean Sea (see Fig. 2). Because of its proximity to the city
of Cancun with its exponentially increasing human population and the hotel zone, as
well as solid and liquid waste deposits, the wetlands suffer from water contamination
and its subsequent decline of biotic populations (Secretaría de Medio Ambiente y
Recursos Naturales SEMARNAT 2014).

Cancun is also an important income source for Mexico, representing 14.4% of
total tourist arrivals to Mexico in 2008 and 0.4% of world tourist arrivals the same
year (Dzul Huchin and Moncada Jiménez 2008). In fact, Cancun´s airport is the
second most important by means of arrivals of the country (Secretaría de
Turismo SECTUR 2013). Apart from the beaches, Cancun is also a good place of
departure for visits to numerous Mayan ruins, Chichén-Itzá and Tulum being the
most visited. In addition, Cancun is prepared for more tourism, given that there are
145 hotels—some of which are enormous- that totalled 30,608 hotel rooms in 2014,
to which has to be added a vast extension of residential condominiums (Secretaría
de Turismo SECTUR 2013).

Due to this pressure on natural resources, the Mexican Federal Attorney for
Environmental Protection5 has repeatedly declared that the capacity of Cancun´s
beaches had exceeded its limit and the excessive exploitation was threatening its
ecologic balance. The problem is so severe, that the recommendation by the same
authority in 2012 was the demolition of hotel rooms (Secretaría de
Turismo SECTUR 2013). However, the urban development programme6 (PDU) for

Fig. 1 Location of Benito Juárez, Quintana Roo, Mexico in Google Earth

5In Spanish: Procuraduría Federal de Protección al Ambiente PROFEPA.
6In Spanish: Programa de Desarrollo Urbano (PDU).
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2014–2030 updated the land uses in sites of high environmental value and increased
the development allowed in such areas (Secretaría de Desarrollo Agrario, Territorial
y Urbano SEDATU 2014). This means that Cancun´s PDU and Benito Juárez´s
Programme are not harmonized, although the first should theoretically take the
second into account. Nevertheless, it is not surprising that the two planning
instruments diverge in substance because their responsibility lies in two different
institutions that pertain to two separate sectors -one of development, the other of
conservation- and, thus, have distinct legal and operational bases.

3 Sustainability Actors or the Tragedy of the Commons

The tragedy of the commons that Garrett Hardin described in 1968 is precisely
about the limits of natural resources and the disastrous consequences of individual
decisions based entirely on an independent, rational and free position (Hardin
1968). The relevance of this classical text for our topic is based on two consecutive
aspects that the author mentions:

1. In a world were all people only pursue their own personal interests, based on
egoistic and short-sighted reasoning, ultimately all suffer the (irrevocable)
consequences.

2. Every time that the use of the commons7 is limited we are also limiting personal
freedom; however, decisions and laws taken collectively make the entire
humanity freer (Hardin 1968).

Fig. 2 Map of Benito Juárez Programme´s plan with environmental management units (Beige:
sustainable use; Light green: conservation; Medium green: protection; Dark green: preservation;
Brown: restoration), natural protected areas (red and italic shaded) and Ramsar sites (straight
shaded) (Secretaría de Medio Ambiente y Recursos Naturales SEMARNAT 2017)

7Hardin uses the “commons” for common property: goods and land that belong to all (or no one).
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Evidently, it is not possible to resolve the tragedy of the commons by leaving the
responsibility to the morality of individual public servants, given that the personal
eventually prevails over the public interest and makes those officials easily cor-
ruptible in return for personal benefits. Therefore, Hardin proposes a government
made of laws instead of humans (Hardin 1968). However, based on the experience
of the situation in Mexico, having a good legal framework, as well as excellent
planning and management instruments, does not necessarily mean that these will be
properly used.

In Mexico, the problem of violating or intentionally misinterpreting the insti-
tutional processes required by the law is generally linked to the limitations of the
democratic practice and attributed to structural problems, such as the lack of equity
and the absence of a political will (Blauert et al. 2006). But then, if neither the
governors on their own, nor the laws by themselves can resolve the tragedy of the
commons: what can be done to avoid it? Nobel prize winner Elinor Ostrom´s theory
on the organization of local individuals for a sustainable use of natural resources
(Ostrom 1990) is an alternative solution to central-power monopoly on planning
and management: the involved population has the best knowledge and the most
direct access to the resources they use and therefore are best at managing collec-
tively the commons dilemma.

Theoretically, citizens form a political community and pursue the aim of com-
mon wellbeing (Ochoa Arias and Petrizzo 2006). However, the transformation of
the free and egoistic individualist into an altruistic and committed citizen is neither
a miraculous transformation of the nature of human beings, nor something that
occurs automatically the moment people are given their democratic rights. Rather,
the construction of citizenship is a slow and non-linear process, since there can be
setbacks and discontinuity when the lack of quick results discourages the enthu-
siasm of participants (Cabrero Mendoza 2002).

Thus, it is important that citizen participation coexists and grows alongside with
state responsibility, resulting in the so-called co-responsibility between society and
government (Cabrero Mendoza 2002; Oseguera Ponce et al. 2010; García Barrios
2012). The outcome of co-responsibility is a cooperative relation between citizens
and their government rather than a fight for power. This implies that citizen par-
ticipation “claims at the same time the previous acceptance of the rules of the
democratic game and the free will of people who decide to participate: the rule of
law and the freedom of the people” (Merino 2001).

Some authors propose that environmental problems and territorial conflicts can
open up new spaces for participation, because they motivate citizens who are
affected directly or indirectly to formulate solutions that correspond to their
necessities and demands (Larraguibel Galarce 2002). To get back to the tragedy of
the commons, we have arrived at that moment in history when the consequences of
individual behaviour are affecting ourselves to the same extent as the rest of
humankind (and all other species). Therefore, rational behaviour does not neces-
sarily imply an antithetic position between personal and public benefit. Thus,
despite plenty of possibilities for action at the individual level, collective action
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nevertheless seems most effective for achieving visible changes that are reflected in
an improvement of the general conditions.

In order that this new social actor called “sustainability actor” (Larraguibel
Galarce 2002) is able to participate substantially, he/she must be part of an informed
and organised citizenry that is provided with its democratic rights and duties.
Thereby, communities will be capable of taking decisions on the design and
implementation of public policies that are relevant for them. Hence, a renewed or
new civil society, made of empowered citizens and communities in processes of
endogenous development organises new forms of participation and common action
spaces.

The State as the unique decision-maker is losing importance for environmental
governance in the twenty-first century (Agrawal and Lemos 2007). Rather, the
cooperation with new stakeholders and different sectors—as the private sector and
communities- substitutes the state monopoly in environmental decision-making.
Thereby power is not only exercised top-down as by the State, and in other theories
the Market, but other players who take decisions from the bottom up always gain
more importance: non-governmental organisations and locally organised civil
society—all sustainability actors—play a crucial role in the protection of natural
resources and the construction of sustainable development (Arts 2004; Bruch and
Czebiniak 2002). They have the capacity of pushing decision-makers by the use of
transnational networks (Jelin 2000) becoming important associates, together with
civil society, who complement the public administration at all levels (Bruch and
Czebiniak 2002).

4 Four Types of Participation

As early as 1969, in the framework of worldwide pacifist and anti-nuclear move-
ments, Sherry Arnstein underlined that participation is of no avail if it does not
come along with a real redistribution of power, given that otherwise it continues to
be found in the hands of a very small minority (Arnstein 1969). Furthermore, it is
important to note that in our societies, which adopted universal franchise, partici-
pation is not only an option but, paradoxically, even the lack of participation has a
participative impact. Because not participating means “giving a vote of confidence
to those who are making the decisions: a blank cheque for others to act” in one´s
name (Merino 2001).

In this context, not only is the right to participate in public matters a basic
principle of the social and democratic rule of law that has as its premise -citizen
participation- in the institutional and political structure of the State (Rio Fernandes
et al. 2015). But, furthermore, from the moment that this right exists it also always
transfers a responsibility to the citizens. In addition, the exercise of this right and
responsibility must be based on the citizens´ trust in the democratic institutions
(Serrano Rodríguez 2015). This is how co-responsibility between all stakeholders is
based on transparency and decentralization. And this is how it becomes an

The Need for an Integrated Landscape Management Approach … 303



expression of the recognition and appreciation of all participants, which gives
public policies such as the Programme legitimacy and leads to the viability of its
implementation.

Thus, only if the Programme is an expression of a consensus between all
stakeholders, with rational individual trade-offs and common benefits as a solution
to the well-known prisoner´s dilemma,8 can it contribute to the achievement of
sustainable development. What helps to overcome the dilemma in this case, beyond
the enforcement of the State and the contract between stakeholders, is the constant
participation of all sustainability actors based on co-responsibility.

According to the World Bank, citizen participation is a process through which
stakeholders impair and share control over development initiatives and the deci-
sions and resources that affect them (Crespo Flores 1999). In addition, starting with
a participation that was limited to the right to vote and other representative
instruments, citizen participation then became part of the public policy design
process to, finally, be claimed for during implementation and evaluation processes
too (Pacheco Vega and Vega López 2001).

For this purpose, citizens have different modes of participation, depending on
whether they wait for the State to require them to choose from a menu of options
(citizen participation) or they organise with other citizens around a mutual pro-
fessional or private concern (social participation). In addition, there is the partici-
pation of government representatives as part of their functions (public participation)
and the participation of community representatives (community participation), who
are either elected for that specific purpose or represent their community as members
of a distinct decision-making structure.9 Obviously, these four types of participation
are not mutually exclusive and only serve for the purpose of theoretical analysis.
They are defined in the table (Table 1).

5 Methodology: Interviews on Participation
and Sustainable Development

The process of the Programme is based on the assumption that successful spatial
planning relies on the substantial participation of all key stakeholders. The inter-
views, which were conducted for this research with 21 key stakeholders who have
participated in the Programme’s process in Benito Juárez, enquire how much each

8The prisoner´s dilemma is a classic game of game theory that shows why two isolated rational
individuals tend not to cooperate although it would lead them to the most advantageous scenario
for both.
9The first in Latin-America to distinguish four types of participation (social, community, political
and citizen) was Nuria Cunill Grau (Cunill Grau 1991; Cunill Grau 1997). However, the idea of
the four types used here for an instrument of environmental management was adopted from a
research on participation in the management processes of the river basin of Rio Valles, San Luis
Potosí, Mexico (Ferney Leonel et al. 2010).
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of the participation types has been used. Quantifiable data was obtained through
questionnaires, in order to calculate the participation rate for every participation
type.

The qualitative results (possible answers to questionnaire were YES, NO and
DON’T KNOW) obtained from the interviews were numerically codified in order to
work with the data in Matlab. For every questionnaire, the number of each possible
answer was counted per question and interviewee. In addition, we applied
Cronbach´s alpha to the results of our pilot study and thereby excluded questions
that turned out to be unreliable (Pérez-Tejada 2008).

Table 1 Types of participation as defined in this paper for the ecological spatial planning process

Type of
participation

Definition

Social The broadest category of stakeholders in the Programme is of those who
exercise social participation. It includes the private (production) sector,
professional councilsa, non-governmental and civil society organizations,
academia and the scientific sector. What all these stakeholders have in
common is that their members do not participate for the sake of their
individual interests. They defend the common interest of all members,
being a professional, economic, social or environmental cause that binds
them together. Social participation is exercised in the technical council of
the Committee and during the public opinion poll.

Community This type is the most organic because it is based on the assumption that
communities are directly -physically and culturally- linked to the territory.
Either rural or urban, they are the first in noting changes and the first to
suffer alterations. In Mexico, community participationb often responds to
distinct internal organisation mechanisms that are not legally stipulated.
Community representatives often have the most precious knowledge in
terms of every-day experience with the environment and specifically
defend the vision and interests of their communities. In the Programme,
participative workshops allow for this type of participation.

Public In Mexico, there are three legally stipulated levels of political
decision-making, which shall all participate and cooperate in the
Programme through government representatives: federal, state and
municipal stakeholders. In the case of environmental matters, in this group
of participation actors, all those civil servants who work for some
environmental government dependency are especially important. Public
participation is potentially present in both councils of the Programme’s
Committee.

Citizen This is a type of participation that the State convenes, thus where
government and society are in contact. Citizens involve themselves directly
into public actions within the limits of the legal framework. Elections are a
typical example of citizen participation, but also public opinion polls and
the representation of civil society by an elected member for example in the
two councils of the Programme´s Committee are expressions of citizen
participation.

a Typically, those who participate are biologists, civil engineers and architects
b Usually, and differently to the definition used here, community participation in Mexico is
interpreted as a claim for State assistance on the part of the community (Villarreal Martínez 2009)
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The participation index (Ip) is generated simply by the weighted sum of the
positive responses plus the weighted sum of the negative responses, divided by the
total of responses (N). Positive answers are assessed a weight of 1, whereas neg-
ative or uncertain answers obtain a weight of 0. This means that a final result of 1
would express a maximum level of participation and 0 would indicate its inexis-
tence. The formula that was used for the calculation of the participation index is the
following:

Ip ¼ 1
N

XN

n¼1

Rn

Finally, the results were translated into participation levels considering the idea
of the ladder by Sherry Arnstein (Arnstein 1969) as in Ferney et al. (2010) but with
five equal ranges10 as follows:

0.76–1 high
0.564–0.75 medium-high
0.376–0.563 regular
0.189–0.375 low
0-0.188 very low

It is important to note that the level of participation that results from our research
is based on the perception of the key stakeholders and, thus, goes beyond counting
register signatures in the Committees´ sessions, workshops and opinion polls. The
reason for this methodological choice is that we believe participation is not
restricted to being present, and therefore the level of participation of a group cannot
be only calculated by counting the number of signatures per event. To measure the
participation level, it is not sufficient to know about quantity, or how many
members of a group participated, but also about the quality or intensity of their
contributions. Furthermore, the perception by participants of ownership is crucial
for the success of managing the Programme, given that it determines acceptance or
refusal.

In addition to the quantitative results obtained through the application of
questionnaires, the interviews with key stakeholders of the ecologic spatial planning
process also included a section of semi-structured interviews with open answers.
The information that resulted from this part of the interviews helped in the process
of interpretation of both participation levels and the levels of municipal sustainable
development.

In the same way as for the measuring method of participation, also the indicator
set for measuring the level of sustainable development of the municipality has been
kept as simple as possible. This is because the idea behind the methodology is that
it should be simple to replicate and with easily, freely and constantly available data.
Thus, every one of the three classic dimensions of sustainable development (social,

10Ferney et al. use three ranges (low, regular and high).
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economic, environmental), in addition to the political dimension, which is partic-
ularly important in a research on participation, are measured by two indicators each
(Table 2). As with participation, also the perception of stakeholders on sustainable
development in their municipality was measured and combined with the results
from the indicator set. The calculation method for each sustainable development
dimension is the same as for the types of participation, as well as the distribution of
ranges.

However, given the complexity of all elements of a territorial unit, indicators
will always only reflect a small part of reality, and their choice depends on the focus
of each analysis. Therefore, here the indicators were exclusively chosen on the basis
of our theoretical framework and practical experience, and are not meant to be
perfect nor irreplaceable. Three main premises have shaped the methodology of this
research from the beginning:

1. Mexico has promising spatial planning and management instruments whose
application, however, needs to be evaluated.

2. Sustainable development indicators and indexes are mostly complex and diffi-
cult to use. Simple tools that offer a rough idea on the state of a territory within
the different dimensions of sustainable development are sometimes sufficient
and more viable.11

3. When it comes to substantial participation, it is important to include the per-
ception of stakeholders.

6 Results on Spatial Planning Processes

We defined five equally large ranges of participation in the Programme and sus-
tainable development from very low to high. The results from the case study of
Benito Juárez, Quintana Roo reported in Table 3, reflect medium-high participation
by government stakeholders (public participation) and the citizen representatives
(citizen participation) in the executive council of the Committee, as well as
medium-high participation by citizens in the public opinion poll (citizen partici-
pation). Social participation, mostly exercised in the technical council of the
Committee and during the public opinion poll, obtained a medium level and
community participation resulted to be very low. The latter implies an insufficient
or incorrect use of the participatory workshops, which are supposed to explore the
visions and priorities of the communities that form the municipality.

The results of the indicator set on sustainable development reproduced in
Table 4, combined with the information retrieved by the open answers of the

11This is obviously only true for the planning process. When it comes to the evaluation of the
results and impacts of processes that are based on the plan, programme or policy, a more complex
and specific set of indicators is needed.
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interviews, allows us to assume that Benito Juárez is an economically prosperous
municipality with excellent social conditions, due to business and work opportu-
nities offered by Cancun’s international tourist expansion. Also, the political
dimension shows a good performance, while environmental sustainability dramat-
ically lags behind. The reason for this poor environmental score is rather obvious,
considering the consequences in terms of contamination, destruction of ecosystems
and fragmentation of habitat that mass tourism implicates. In addition, the per-
ception of stakeholders on sustainable development in Benito Juárez -with a focus
on participation and the Programme- also represents a low level.

7 Interpretation of Participation and Sustainable
Development in Cancun

Of course, Cancun in the Northeast of the municipality of Benito Juárez is an ideal
international tourist destination, favoured by a warm subhumid (tropical) climate
with an average annual temperature of 26.6 C. Long white sand strips and turquoise
waters make Cancun particularly attractive for beach tourism. This is why, since the
seventies, tourism in Benito Juárez has been growing constantly and turned the
location into an important generator of income and an attractive destination for
work opportunities. Because of its visibility and an economically and intellectually
influential settlers’ community, political conditions have been improving for
citizens.

However, it is striking that this economic, social and political development did
not come about with the necessary precaution for what concerns environmental
outcomes, especially if considering that local ecosystems are known to be extre-
mely vulnerable. The vegetation of the municipality is predominantly composed of
medium and lowland forests, where emblematic mammals such as the jaguar and

Table 3 Results for
participation in the ecologic
spatial planning process of
Benito Juárez, Quintana Roo,
Mexico

Type of participation Result Level

Social 0.543 Medium

Community 0.295 Very low

Public 0.732 Medium high

Citizen 0.619 Medium high

Table 4 Results for the
dimensions of sustainable
development of Benito
Juárez, Quintana Roo,
Mexico

Sustainable development
dimension

Result Level

Social 0.796 High

Environmental 0.063 Very low

Economic 0.711 Medium high

Political 0.565 Medium-high
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reptiles like crocodiles are found. Furthermore, large portions of wetlands around
the lagoons facing the Caribbean Sea provide important environmental services,
such as being a shelter for reproduction of marine species, as well as to serve as a
buffer zone for hurricanes. In addition, Benito Juárez´s coral reefs are part of the
Mesoamerican Reef System,12 another ecosystem of unique beauty and
vulnerability.

One of the greatest environmental risks in Benito Juárez is that underground
water flows directly to the sea. Given the presence of irregular settlements that lack
a proper sewage system, wastewater is drained into the groundwater reservoir and
moves on to the wetlands and into the sea, facilitated by the subterranean hydro-
dynamic (Secretaría de Medio Ambiente y Recursos Naturales SEMARNAT 2014).
The contamination affects water quality, marine flora and fauna and contributes to
local coral bleaching. Furthermore, the connectivity of wetlands is often disre-
spected, leading to infrastructure built on top of ecosystems of inestimable value.

There are many open questions on the findings presented in this text. And
evidently the same amount of answers can be found to explain the complex rela-
tions between the infinity of variables that are somehow connected to each other
within a landscape. However, one assumption is that there could be a relation
between the very low community participation and a very low level of environ-
mental sustainability. Given the relative youth of the municipality and its original
design as a mass tourist destination, that gave work opportunities to a huge number
of settlers, there could be a relation between the lack of an organic belonging of the
population to the territory and their lack of interest in its development patterns
through spatial planning processes. This is especially true if we consider that most
people depend on jobs from mass tourism and fear that changes to this development
model could leave them jobless. In addition, confidence in political institutions and
participation processes evidently fall when people see that regulations and agree-
ments are not respected.

However, qualitative information from the interviews, which was triangulated
between different stakeholders, offers additional explanations to the much lower
community and social participation as compared to citizen and public participation:
participatory workshops were apparently not communicated with a sufficient
anticipation and frequently realized in the city centre instead of decentralized sites
that are more accessible to rural community representatives; and, since the first
Programme of Benito Juárez in 2005, social stakeholders noticed that their par-
ticipation in the form of recommendations and revisions of the proposal presented
in the public opinion poll had not been taken into account in the final document.
Both circumstances obviously lower the trust and motivation of participants.

Furthermore, from what has been mentioned above, it becomes clear that there is
a lack of integration of different management instruments; of natural protected areas
and cultural heritage; tourism development; ecologic spatial and urban development

12The research was realized in 2015 when Puerto Morelos was still part of Benito Juárez. Today
Puerto Morelos is a separate municipality.
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planning etc. This demonstrates that there is no common vision on the development
and management of the municipality between the stakeholders. Although the par-
ticipation of government representatives in the Programme was perceived as
medium-high, it seems that the Committee of the Programme nevertheless pre-
dominantly includes stakeholders from the environmental sector and thus does not
achieve a real integration, neither with urban planning nor with tourist
development.

8 The Need for Integrated Landscape Management (ILM)

The recent National Vision for ILM and Connectivity by the Mexican environ-
mental sector, together with stakeholders from other sectors of the federal public
administration—notably Tourism-, different non-governmental organisations, rep-
resentatives of academia and experts in the topic, which was presented by the
Mexican Secretary for the Environment during the COP13 of the Convention on
Biological Diversity in December 2016 in Cancun, is that

In 2030, on a quarter of Mexico´s surface, spatial management decisions are taken with an
articulated and adaptive approach from terrestrial and inland water landscapes –both rural
and urban- and seascapes. These are connected and managed integrally through negotiation
and collaboration processes that value and link the interests of all stakeholders. Hereby, the
conservation and sustainable use of natural and cultural resources are ensured for the benefit
of national development. (SEMARNAT, CONABIO, CONAFOR and CONANP, 2017)

The idea of adopting this approach is to overcome the division between con-
servation and development that has marked the country´s legislation, institutions
and public policy until the present day. In the case of Benito Juárez, this would
mean a common agenda between tourism, production, environmental and urban
sectors for the sake of a sustainable development of the municipality. This would
guarantee the conservation of ecosystem services and resources for the satisfaction
of the present and future needs of the populations of all species, and, at the same
time, allow the long-term economic development of the municipality and its con-
tribution in terms of the spread of wealth via tourism and other activities.

The ILM approach for Benito Juárez implies an example for the need of
diversifying tourist activities by the integration of sustainable tourism to the port-
folio. The spread of new sustainable work opportunities would quell people´s fears
for environmental protection and allow them to value and protect cultural and
natural heritage. Also, urban and ecologic planning have to be integrated and take
account of the interests and needs of communities, based on the respect for social
justice and human rights. The latter includes both the right to participate and the
right to a healthy environment, which State and society construct and implement
together by exercising co-responsibility.

ILM is not the explicit approach for the Programme, although it shares most of
its elements with the theory of spatial planning. The same approach has also
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different names depending on the sector, for example “sustainable territorial man-
agement” in the Mexican productive sector. However, the core of it is the same
belief of a need for effective planning, management and evaluation processes that
lead to coherence between, on the one hand, the Mexican compromise for sus-
tainable development positioned in policy, laws and planning instruments and, on
the other hand, its effective, transparent and inclusive implementation through
integrated management. Only when citizens perceive congruency between dis-
course and facts, between development and conservation, between participation and
decision-making, will the conditions be set for common objectives and shared
strategies.

9 Conclusions

Based on the assumption that the participation of all stakeholders in the process is
meant to be the foundation for its success, the case study illustrates that the
methodology for the local ecologic spatial planning programme is still perfectible,
considering that in Benito Juárez community participation is much lower than
public and citizen participation.

This may be, because in Mexico there is a predominating interpretation of
participation convened by the State to ratify decisions previously made and
determined by particular and sectorial (economic) interests. Therefore, it is crucial
to mainstream a culture of co-responsibility where State and citizens show mutual
trust and respect, based on transparency and subsidiarity, as well as processes of
empowerment and the internalization of the sustainable development paradigm as a
win-win option through mutual trade-offs.

Participation spaces, such as the local ecologic spatial planning programmes,
must be used without a sectorial bias in order to foster dialogue between stake-
holders with different interests. This is how the existing planning and management
instruments are to be integrated in an articulated and adaptive way from the terri-
tory. Conservation and development instruments are not in opposition; there is a
need for finally unifying them to allow for a path towards sustainable development.
Thus, there is a need for integrated landscape management, based on inclusive and
equitable decision-making processes among all stakeholders.

The general findings of this paper and the future prospects for its topic can be
summarized as follows:

1. Co-responsibility requires that community, public, social and citizen stake-
holders have recognized and accessible spaces to participate in decision-making
and that their participation is taken into account in a transparent way. If the State
“betrays” these terms, participation by all other stakeholders -especially com-
munity and social- will fall drastically and can become an opposition force that
makes future decision-making much more difficult.
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2. Citizen participation is the direct expression of the social and democratic rule of
law. However, participation spaces that are convened by the State are not suf-
ficient to guarantee sustainable development because they are too easy to be
manipulated. It is therefore crucial for an integrated process to continue
engaging interest groups and communities. Even if, because they have some-
times more radical positions -defending a special and direct cause- it can
complicate and slower decision-making, the effort is worth it because the dif-
ficulties only reflect the complexity of reality.

3. The legitimacy and viability of public policies lies within its acceptation and
appropriation by all stakeholders, who only participate in their implementation if
they share responsibility. It is necessary that more effort is spent on capacity
building and socialization of information and options in a dialogue between
scientific and traditional knowledges in order to obtain the expected results for
which these policies are formulated.
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Abstract This article reports the development and use of video materials for the
mediating of learning in relation to indigenous knowledge practices in southern
Veracruz, Mexico. The case study describes the production of a video on traditional
livelihood practices with youth and how sharing the video took participants back to
cultural experiences and environmental meaning-making. The dialogical work with
video enabled in depth insights that exemplified the knowledge within the context
of fishing practices in local wetlands, a practice done mainly by women that had
receded and was being lost in modern times. The study found that it was the
animated representations and dialogic education processes (discussions) amongst
learners in Mother Tongue that surfaced much of the rich detail that then articulated
into the local environment context and indigenous sustainability practices to
enhance human wellbeing.
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1 Introduction

This article is important because show the results of a research project that
demonstrates the pedagogical applications of the use of video cameras to document
and to disseminate traditional ecological knowledge practices (Grenier 1998;
O’Donoghue et al. 2013; Shava 2013). The potential of this method to promote
young people’s interest in their own culture and local identity was also explored.
An analysis was made of the impact and learning (Cundill and Rodela 2012)
generated through the process of audio-visual creation carried out amongst
indigenous youths in the municipality of Zaragoza in Veracruz, Mexico, a town of
around 18,000 inhabitants, over 70% of whom speak Nahuatl language.

The research was composed of two aspects which were carried out in parallel:
(1) the documentation and dissemination of traditional ecological knowledge
concerning ancestral fishing methods, and (2) an analysis focused on group
reflexion (De Zutter 1997) regarding the work that was done during this process.

This collaboration project (Rappaport and Ramos 2005) was aimed at tackling
the problem of the loss of knowledge, especially that pertaining to traditional
fishing because, as they themselves reported, young people today are not interested
in learning about, nor taking part in this activity. Rather, they prefer to study in
order to take up a professional career, instead of learning traditional local fishing
practices which are sustainable because they are effective, locally tested, inexpen-
sive, culturally appropriate and developed based on the patterns and processes of
nature (Grenier 1998; Gasché 2008).

Therefore, the project was developed as a participatory audio-visual production
as a means to awaken the young people’s interest in their own culture and their
community’s knowledge of traditional fishing in local wetlands.

2 Participatory Documentary and Ethnographic Video

Since this research was carried out as an educational project with indigenous
knowledge (Kincheloe and Steinberg 2008) using audio-visual media, in this sec-
tion we will define both participatory documentary as an educational process, and
ethnographic video as a research tool. By ‘participatory documentary’ We are
following the model proposed by Mosangini (2010) for this kind of collaborative
work in which the creation of audiovisual material focusing on participation in the
process attempts to transform a specific reality by proposing a horizontal and
negotiated methodology. Mosangini (2010) says that a documentary is participatory

[…] when people or social organizations create it collectively. [This] group carries out
every step of the production together (script, filming, editing, distribution) […]. The par-
ticipatory nature blurs the boundaries between the several roles required in documentary
making: writing the script, filming and distributing the documentary. Roles overlap as all
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the participants can take part in each stage of production, in contrast to the typical methods
of audiovisual production which are built on a strong division of labour (10).

The production process involved in a participatory documentary focusses more
on content and less on appearance, and the audiovisual material is created with a
specific audience and objectives in mind (Lunch and Lunch 2006). This manner of
tackling the creative and participatory creation of audiovisual material began to be
developed in the 1960s. Those who have promoted it, and the groups involved, as
well as the definitions and meanings that have been assigned to various experiments
with this type of documentary production, have varied according to the context and
the people or groups behind them (Mosangini 2010). The participatory documen-
tary can be seen as a process and not just a product. In such a process, participants
produce audiovisual materials based on negotiated strategies, in which the pro-
duction process is as important as the final product. A key component in the
production of a participatory documentary is its educational aspect. This can be
used to capitalise on and strengthen the learning acquired through each stage of the
project. In this way, a participatory approach can allow those involved to create
their own films, to decide which topics to cover in them according to their own
world-view, to choose their political goals, and to take control of how they are
represented (Smith 1999).

As for using ethnographic video as a research tool, this can be traced back to two
points of origin, one in documentary cinema, and another in anthropology. Uniting
these two fields gives rise to creative possibilities that transform the way in which
ethnographic audiovisual productions have traditionally been carried out:

[…] in ethnographic film-making and visual anthropology there is a shift in the focus of
interest to the analysis of the components of the communicative process. We could say that
attention shifts on the one hand from the process of production to that of reception of a film,
and on the other from the film-maker to the subject of the film. In […] previous models the
process came to an end with the product, and the subject was merely the object represented
but did not take part as a producer, neither was their active role in the processes of
production and reception of the film usually recognized. They lent their image, collaborated
with the ethnographic film-maker, but had no control over the product. This is one of the
demands of the participatory current: the role of subjects as active components in the
production of a film about themselves, and their participation as a co-producer at every
stage of the decision-making regarding the film (Ardèvol 1994, p. 107).

In this way, the participation of the filmed subject in the film-making process
implies that the final product is directed towards the subject participants themselves,
as they are in the end the first consumers of the material produced.

So, research using ethnographic video has two distinct levels: firstly,
self-description by local people comes to the fore because it is the very subjects
who express themselves in the film: “we want films to be made by the subjects
themselves, autobiography and self-reference, we want to film the members of the
cultural group talking in their own terms about themselves and what they think they
are doing (Ardèvol 1994, p. 108)”. Secondly, ethnographic video also implies
looking towards:
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[…] an examination of the form taken by the research and film-making process, the form of
ethnographic presentation, the change that occurs in the subject-researcher or ethnic
film-maker in the field. The researcher uses fieldwork methods to create an ethnography of
the research process. The ethnic film-maker films her or himself filming. The product
demonstrates the process by which it has been created (Ardèvol 1994, p. 108).

This self-observation process permits the generation of new levels of reflexion
concerning audiovisual production and ethnographic research, with regard to
debates concerning the objectivity or subjectivity of the work, since the researchers
are also observed during the production process that they themselves carry out.

3 Towards Relevant Research with a Social Impact

As mentioned earlier, this research focused on an analysis of the process of passing
on ancient knowledge (from older ladies to the youth) concerning nature in an
indigenous community. During the first phase of fieldwork it was noted that whilst
the elderly in the community possess this kind of knowledge, they no longer take
part in these activities due to their advanced years. At the same time, it was also
noted that most of the community’s youth was not interested in learning the tra-
ditional ecological knowledge of their grandparents and that it was becoming less
and less common to see youngsters approach their grandparents to ask about their
ancient cultural practices.

During the second fieldwork phase, we carried out thirty interviews with high
school students through a random selection process. We wanted to speak to them
because we had hoped that the youth would be interested in what their grandparents
knew and what they might learn from them, even if they gave more importance to
that which ‘modernity’ offers them. What we discovered as a result of these
interviews was something that we already suspected: these youths stated that they
were more interested in technology than in talking to their elders, and they would
rather go to university than work in the countryside in the manner of their
grandparents.

In interviews with ten elder women of the community it was found to be
important to them that their ancestral wisdom should be included in local educa-
tional systems in order to highlight at school the importance of this kind of
knowledge for their local culture. However, at school, at least at the official school,
this wisdom was seen to be completely marginalized and erased. The school
seemed to offer knowledge to give the children better opportunities in the future,
and knowledge from outside the school, such as that which we were trying to
document, was not seen as being relevant nor legitimate enough to make up part of
the curriculum. During these initial considerations, we realised that part of the
problem in the transmission from generation to generation of ancestral wisdom was
in fact due to the relationship between the community and the school. The problem
that this stage of the research identified was that the elders wanted to pass on their
knowledge, that this knowledge still exists, but what was missing was a means by
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which the youth could reconnect with that knowledge, by which it could be given
the value and importance that it has for their identity, for their culture, for an
understanding and conservation of their land and for the relevance of the traditional
ecological knowledge for local sustainability.

4 Using Video as a Means to Collaborate with Indigenous
Youth

In a meeting with indigenous fisherwomen from Zaragoza it was mentioned that
videos are an excellent way to connect with youngsters, as they love to watch films,
documentaries and television. It was suggested that they could use video to make
young people aware of, and teach them about, their local culture, what their elders
know, and what is happening in their community. In this situation, my specific
suggestion was that we could carry out a collaborative audiovisual production in
order to reach out to the youth. However, they were not best pleased with this idea.
The fisherwomen said that they did not feel capable of operating a video camera
and making a film. Whilst they said they could help by giving testimony and
showing us what they knew about their community’s culture, they were doubtful
that they would be able to take part directly in the design and production of the
documentary. They suggested making a video together with the youngsters to allow
them to see and experience directly what the fisherwomen do and know: “We can
support them, they can come to our houses or see us fish. In that way, the youth will
be involved, it could be more useful for them.” Making the most of the support
from the fisherwomen, we decided to ask for volunteers among the young people in
the community to take part in a documentary-making project. The way in which we
intended to create dialogue about knowledge and between generations in this
project was through the use of participatory documentary.

As a result, a workshop was held with the title ‘Traditional knowledge and
participatory video’ which took place over a total of 40 h, combining practical and
theory sessions, and 10 undergraduate youths from the community took part. The
topics to be covered in the workshop were decided collectively with the young
participants. They worked on aspects of planning and production, technical aspects
of video-camera operation, and cinematographic language. Themes of social and
political relevance of the use participatory video and the importance of docu-
menting local knowledge regarding land use in accord with the local world-view
were also incorporated.

In this framework, the youths taking part interviewed several members of the
community before collectively analysing the interviews. Three possible themes to
study were identified in this analysis: (1) the views of the youth regarding tradi-
tional fishing today, that is, to show how young people are no longer interested in
this traditional activity because their personal development goals involve studying
to take up a profession; (2) the transformation of traditional fishing methods over
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time, that is, to show how fishing was carried out before and how it is done today;
and (3) the relationship between fishing and crocodiles and local oral tradition.
Once the topics to be covered in the documentary had been established, the script
was planned and the storyboard structured to plan in detail each of the sequences
and how to shoot them during the filming stage.

During filming, material was shot to correspond to each planned sequence.
Interviews with fisherwomen and students from the community were filmed.
Locations around the town of Zaragoza were also filmed, as well as preparations for
fishing, and on the last day of filming a group fishing activity by women from the
town was recorded. Once filming was over, the material obtained was reviewed and
the contents analysed with regard to the topics addressed and the technical quality
of the video and sound recordings. Following this, in the post-production stage a
documentary called ‘The heirs of Achaneh’1 was created.

When the documentary was completed, the dissemination stage started. In this
stage, the documentary was screened in universities and in the high school of
Zaragoza. The methodology adopted in the dissemination of the documentary
consisted of presenting the production team to the audience, and explaining the
objectives of disseminating the documentary and the reasons that motivated us to
create it. After this presentation, the documentary would be shown. Following the
screening, the audience had the chance to ask questions about the film. Most
questions sought to go more deeply into, or to clear up, elements of the local oral
tradition, the production of the video, or the traditional fishing methods of the
women from Zaragoza.

At the end of the question and answer session we would thank those who gave
us a platform to screen the film and those who gave their time and attention to come
and see it and to ask questions. At every showing a copy of the film was donated to
the educational institution where it was shown, in order to distribute the material
and leave a copy for their video libraries, to be used by staff and students.

5 Results of the Experience

In these sections, we will present the ground of the analysis developed, the results
of the production and dissemination of the documentary and the reflections on the
educational potential of participatory documentary-making as an educational tool.

The analysis carried out is based on the proposal of Smith (1999) for educational
research projects with indigenous peoples. She proposes several guiding principles
which allow us to imagine indigenous aspirations and the importance of the
indigenous knowledge in the field of education. We took three of those principles,
which help us to analyse the results of the educational process for sustainable
development that unfolded during the experience narrated in this article. We would

1https://vimeo.com/126888373
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particularly like to underline with these three principles how the perceptions of the
young film-makers concerning their community, local environment, identity, and
ability to organise themselves to face community challenges were transformed.

The first of the principles proposed by Smith that we take up for the analysis is
‘intervening’. This implies that research is understood as a proactive process
concerning change. In this sense, the community itself invites the project in and sets
out its parameters. The researchers involved in local projects must be ready to
adapt, redirect strategies, design appropriate actions, and be able to work with
diverse groups in different ways. Intervening intends to change institutions that
manage projects with indigenous communities and not to change the indigenous
communities so that they fit the institutional structures (Smith 1999, p. 147). We
also observed an impact on the way the youngsters work and intervene in other
contexts, for example, with the group of youths who give extra classes to children at
primary school in the community. In this context, it was observed that the sensi-
bility developed by the young people who participated in the project does not just
influence them, rather they begin to pass it on to the children they work with as they
are teaching them to take care of the environment even if this topic is not part of the
objectives of these extra classes challenging the school as institution.

The second considered principle is ‘networking’. This principle is a process of
building relationships and disseminate knowledge and information (Smith 1999,
p. 157). This is a way to establish contact between marginalised communities. By
definition, their marginalisation excludes them from participating in the activities of
the hegemonic, non-indigenous culture that controls the ways and means of com-
munication. Networking has also become an effective way to stimulate the
co-creation of socioecological knowledge and to recognize its problems within
communities. The strengthening of local networks helped to build knowledge based
on relationships and connections. The documentary and their participation in its
creation allowed the young film-makers to widen their perspective regarding their
community and its problems, and to make them sensitive to what they see in it. This
is because, whilst they recognise activities that they do with their families, they
realise that this is not enough and that improving the living conditions of their
community requires action at the community level. Furthermore, this type of
comment about their role in the community allowed the youths to see that it is not
only important to propagate the knowledge of their community, but that it is
important for them to get involved in solving the problems that face their com-
munity such as the loss of local traditions and local language, as well as the
pollution of the local freshwater bodies.

The third principle is ‘creating’. This refers to transcending the basic means of
survival through the use of resources or abilities that the whole indigenous com-
munity has maintained since before colonisation: the ability to create and to be
creative. Indigenous communities have a lot to offer the non-indigenous world,
which is not precisely ancient or from pre-colonial times. ‘Creating’ is about how
collective indigenous creativity produces solutions to indigenous and
non-indigenous problems. Smith mentions that this creativity has been a charac-
teristic of indigenous peoples before, during and after colonialism: “Throughout the
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period of colonization indigenous peoples survived because of their imaginative
spirit, their ability to adapt and to think around a problem” (Smith 1999, p. 158).
The documentary production process that we analyse it is creative, and there is a
creative potential in intergenerational collaboration (fisherwomen and youths). The
youths’ statements demonstrated that they valued the opportunity to learn directly
from the fisherwomen, and that they also value the knowledge they discovered with
them. Similarly, it was seen that participation in fishing develops sensitivity and
connection with this activity, especially amongst young women since there is a
strong gender element involved, which is passed on from mothers to daughters.
New knowledge and practices of the indigenous peoples can be applied not only
within indigenous contexts, but also offer clues that may help to build sustainable
societies elsewhere.

6 Learning Through the Documentary Production: Voices
from Film-Makers and Fisherwomen

Based on the analysis we carried out we were able to identify, from the youngsters’
own declarations, learning outcomes that were developed through the experience of
creating the documentary. It is worth mentioning that much of the traditional lore of
indigenous communities is passed on by word of mouth, nevertheless, it is also
passed on during communal work such as, in this case, fishing, which the youths
took part in during filming:

One important thing I learned during the process was the values: living together, working
together, the human feeling that is employed. What I liked about the project was the
collaboration, the feeling of participation that everybody has, the way we coordinated to
make the project happen (Conrado, film-maker).

Other declarations help us identify a re-evaluation of the traditional teachings
and practices of the community. In the same way, the teachings that local legends
have for the community and especially their messages as community regulators of
local values, were recognised:

For example, I had heard that people went fishing, but my parents never took me. My dad
used to go fishing, but years ago, but, well I never went, and so I didn’t know how to do it.
[…]. Since I saw the video my opinion has changed because it’s a very beautiful practice
that makes up, or made up, part of our parents’ and grandparents’ diets. Zaragoza used to be
a very poor town, it’s still very poor, but they had to find a way to feed themselves. And so
in this way I can value my grandparents more because they made an effort to bring up their
children and, well I really identify with that because it’s part of my town’s past and I
identify with Zaragoza. And in the video, to see how the women organise themselves, how
they enjoy doing it, well that makes me identify with Zaragoza even more. […] And well,
also what the legends tell us, that you have to be faithful to your wife, and you think that
you do have to be faithful because if not you won’t be able to catch any fish, and that is why
it’s something that regulates; and you can believe it or not but just in case you don’t do it,
and if I did it, well I’d better not go now [laughter] (Irene, film-maker).

322 J. C. A. Sandoval Rivera et al.



The importance of the video as a point of reference for the transmission of oral
history is also reflected. The video brings a further representative element that
allows the transmission of knowledge not to depend solely on the oral tradition,
rather it can also be based on audiovisual material to pass on ancestral wisdom:

What sticks in my mind is not just what I have been told but also what you see in the video,
which is what I think I will tell my son; those are the versions that I have been told and that
I have seen myself. To be honest I don’t believe in the story but I do believe that it exists as
a legend (Mariela, film-maker).

An outside view, also from a lecturer at the university where the youths study,
who has worked with them for longer, allowed me to observe other aspects related
to the lessons that the young participants learned by collaborating on this project:

I can see they are more sure of themselves. They have become more critical when faced
with social problems. And I like that, I see them. Because now they organise themselves,
they say to me, “Hey, we have to arrange some activities so that the children aren’t left with
nothing to do in the holidays,” “How can we teach them but without charging them?” and,
“Let’s see how we can deliver the course.” They are innovating, based on the idea that in a
group, communally it’s better. I think that […] they are acquiring a kind of mentality and
sensitivity, and I think they are involved because they have the idea that they want to do
more things, they are not indifferent. I have told them that every group, at the end of the
day, is there to do something for, in this case for the environment, for education, even for
party politics (Antonio, university lecturer).

Another area of interest in the analysis of this work was a discussion with the
participants, both the documentary makers and the fisherwomen, about the rele-
vance of the use of video as a medium and as an educational process. We would
like to make it clear that this tool is analysed based on criteria that the participants
themselves came up with following different stages of the process. As points of
reference they took the planning of the documentary, the distribution process and
the film itself as an educational resource.

Through this analysis we picked up several points of view regarding this dis-
cussion. On the one hand, the use of video as a tool was related to the propagation
of community values and knowledge:

I think the video is useful because it teaches us about values. Because, for example, now the
young people can understand how things were organised in the past, know what the town
was like in the past. People say us young people should know our community. There are a
lot of people who don’t know, people who have no idea what Zaragoza was like in the past.
I think it is important to know what it was like in the past, because it is important to
preserve its essence, because that essence transmits values such as help and respect.
Because in the past people respected each other, but not anymore. Organisation was
important in the past, but not now, back then people organised themselves and I think that’s
something worth recovering. That’s what the video’s for (Lucia, film-maker).

The video was seen as a complementary tool to support the oral tradition, a tool
in which cultural processes can be observed which otherwise would only be
imagined:
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The way I see it it’s an excellent tool that goes beyond story-telling, because you see the
people working, organising themselves, what their ideas are, or what they do while they are
fishing, as in this case (Irene, film-maker).

It is also seen as an educational resource which can be used to connect with a
public that prefers audiovisual media to the written word:

A video is more fun for a lot of people, we don’t read books, rather we go to the cinema or
watch television. I think young people are more interested in a video than in reading, and
trying to record an idea in video was very fruitful, it gave results because many people have
seen it and been interested, but if we were to sell books about our topics, it would be more
difficult because the public reads less (Gustavo, film-maker).

In the declarations we also discovered an interesting debate concerning the
relationship between technology and culture. Here we analysed the way in which
technology has typically displaced traditional wisdom, and in this instance, we took
advantage of technological progress to re-evaluate culture and strengthen identity.
Thus we forged a new view of the role of technology in supporting cultures that
have historically been erased:

I think we created a useful link because we tried to unite technology with cultural
expressions. In many cases, technology pushes cultural considerations to one side, because
of stereotypes surrounding culture. But in this instance we are using it in order to preserve
culture. Technology shouldn’t come and push out the culture from a place, rather we should
use it to conserve our culture (Conrado, film-maker).

The youngsters who took part realised that the audiovisual tool can be used as an
educational resource:

From the educational perspective, I think there is a lot to be done with video; […] video
helps, for example, as an educational resource, because knowledge is being lost, it isn’t
being transformed, it is being lost (Alberto, film-maker).

Both the film-makers and the fisherwomen picked up on the idea that docu-
mentary making is a tool that can help strengthen identity, since it can be used to
show aspects that it would otherwise be difficult to show:

I think the video helps a lot to show our identity, especially to young people, because they
ought to know our traditional ways, our traditions, how things were in the past and how
they are now, that would help them a lot because that gives us our identity (Felícita,
fisherwoman).

Another interesting aspect that the youths identified regarding the importance of
documentary making and their experience in the project relates to using video as a
means to raise awareness in outsiders, such as teachers, with regard to aspects of the
community’s culture. They see that with a resource that they can show to teachers
who come to the community, these teachers could be more sensitive to the
knowledge and community practices that are important to local people and that are
often looked down on by teachers who come from outside the indigenous
community:
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A video can also raise awareness amongst teachers who are in an indigenous community
and show them that in these places, there is also knowledge, and that this knowledge, whilst
it is empirical, in the end agrees with science. It doesn’t have a scientific base, but it has a
base with a moral lesson. A video can help us greatly in training people who see the need to
care for the environment and preserve their traditions and customs, I think that in this way it
is very useful (Pedro, film-maker).

7 Conclusions

From an academic standpoint it is interesting to analyse the participatory process in
every aspect in order to identify the successes and failings in this kind of approach
to a collective building and generation of knowledge and audiovisual resources.
From the political and group collaboration standpoint, it is important to analyse
participation, because the way in which this is configured can show us the moments
and the ways in which decisions are taken. Similarly, it is important to analyse the
way in which a unilateral or hierarchical decision can affect both the success of the
process, and the final product.

During the dissemination stage it was interesting to discuss the film with those
involved in its screening. On the one hand, discussions with university students
allowed us to debate contrasting realities in neighbouring but little-known com-
munities. During screenings for students in Zaragoza, discussions between the
audience and film-makers were not as relevant as they were with university stu-
dents, rather on these occasions the screenings were marked by surprise and
admiration. It was a special moment for the documentary presenters to see the
curious looks on the faces of the spectators during the screening and the validation
of the documentary during the question and answer sessions between the audience
and the documentary makers.

As for the individual and group effects of taking part in the project, the positive
effects on the young film-makers of their participation in this project should be
highlighted. Of all the effects one of the most important was the political profile that
the youngsters managed to develop as a result of making the film. Similarly, the
knowledge generated during the collaborative production of the documentary
enabled some debate concerning traditional oral transmission within the commu-
nity, its relevance regarding local sustainability and how this contrasts with new
ways of showing traditional knowledge and recording local memory through video.
This research process allows us to visualize how this audiovisual production con-
stituted a methodological strategy for the strengthening of indigenous peoples’ own
cultural identities. Besides, the involvement in this process also helped to develop
and strengthen organisational and decision-making capabilities amongst the
youngsters. In future educational research projects, it would be relevant to explore
the use of audiovisual production such as visual and transmedia storytelling,
photovoice, shared ethnographic filmmaking, etc., as methodological strategies for
the achievement of the Sustainable Development Goals in the post-2015 agenda.
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Evaluation of Climate Change Impact
as a Tool for Sustainable Development:
A Case Study of a Mexican Basin

Rodrigo Dávila-Ortiz and Juan Alberto Velázquez-Zapata

Abstract Nowadays, the conservation of water resources is one of the main
challenges of sustainable development in Mexico. In the future, the expected cli-
mate change would increase the water supply issues in the country. This work
shows the evaluation of the climate change impact on water resources as a tool for
sustainable development at local scale. This research topic is important as the
assessment of the expected changes in temperature, precipitation and streamflow
provides valuable information for society and decision makers in order to be pre-
pared for this challenge, especially in such regions with water scarcity conditions.
The case study is the Valles River Basin, which is located in the Mexican Sierra
Madre Oriental mountain chain. The Valles River Basin is a region that is already
affected by water shortage and by the water stress caused by the inadequate man-
agement of its water resources. The methodology of this study includes the use of
climate simulations to feed a hydrological model in order to estimate future
streamflow. In this research, climate simulations were obtained from the Canadian
Regional Model under two representative concentration pathways (RCP4.5 and
RCP8.5) over a reference (1971–2000) and future (2041–2070) periods. The results
indicate an important decrease on future streamflow, especially during the wet
season. All in all, the estimation of the future conditions of the basin’s water
resources would help local water managers in order to prepare adaptation strategies.
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1 Introduction

Climate change is one of the most studied topics in recent decades; hence, inter-
national organizations, governments and research groups have joined efforts to
mitigate its effects. Climate, which is the average weather condition over long
periods, has been modified by the high concentrations of greenhouse gases
(GHG) in the atmosphere as a result of industrial activities. In consequence, the
global temperature has increased and the precipitation patterns have been modified;
in fact, such modifications are larger than the climate’s natural variability. For this
reason, the United Nations’ 2030 Agenda for Sustainable Development considers
climate change as one of the main threats for global sustainability in the 21st
century (United Nations 2015).

The Intergovernmental Panel on Climate Change (IPCC) brought together
experts on climatology, geosciences, economy and social sciences in order to study
the potential impacts of climate change. According to the IPCC Fifth Assessment
Report (IPCC 2014) it is expected with a high level of confidence, that the
hydrologic regime of rivers will be modified as a result of changes in the atmo-
spheric water content and precipitation, the increase of the temperature and evap-
otranspiration and the cryosphere reduction (Bates et al. 2008). Similarly, it is
estimated that such modifications in the rainfall runoff process will have negative
impacts in the future water availability; in addition to that, there will be possible
changes on the frequency of hydro-meteorological extremes in the future.

Arreguín et al. (2015) claim that sustainability should be the basic principle of
the Mexican Government Water Policy for ensuring water supply for future gen-
erations. In that aspect, the sustainability of Mexican water resources in the country
is threatened by climate change (RMCC 2015).

Vulnerability has a key role in the expected climate change impact on future
water supply. In particular, the IPCC (2014) considers vulnerability as the political,
economic and social conditions that predispose people to be adversely affected by
climate change. Vulnerability is a complex concept which is difficult to estimate, for
it requires the assessment of interactions between the climate change impacts on
water resources and the social actors (Conde and Saldaña 2007).

Several studies have evaluated the vulnerability in a climate change context. For
instance, Rivas (2015) performed a spatial analysis of the hydrological vulnerability
to climate change and proposed a vulnerability index that takes into account eco-
nomical and meteorological variables. Results show that those Mexican regions
which are currently under hydric stress conditions, such as the northern dry regions
and the largest cities, would be the most affected regions by climate change.
Therefore, water supply in a climate change context would be a challenge since the
Mexican population is expected to grow from 112 million in 2012 to 179 million in
2100 (INEGI 2017; CEPAL 2015).

Some studies have focused on climate change impact on the hydrological regime of
largeMexican rivers; for example, Rivas et al. (2010) evaluated the expected changes
on three large basins (Lerma-Chapala, Conchos and Grijalva); moreover, Velázquez
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et al. (2015) and Molina et al. (2016) assessed climate change impact on the water
resources of the Tampaón River basin and the Guadalupe River basin respectively.

The main scope of this study is the assessment of the climate change impact on
the hydrology of a small catchment located in central Mexico by using one climate
model under two representative concentration pathways which represent different
assumptions of the future society. The evaluation of climate change impact at
regional level is necessary, for it provides valuable information to local people and
decision makers about the possible future changes that would affect their sources of
water. Therefore, the information generated in this study can contribute to sus-
tainable management of water resources in the Valles River Basin.

The manuscript is organized as follows: first, the study area is presented,
including the context of the water use in the study basin; second, a description of
the methods and data is given; third, relevant results of the evaluation of the climate
change impacts over the hydrological regime are presented, and, finally, concluding
remarks close the manuscript.

2 Study Area

The Valles River Basin is located in the Huasteca region, mainly in the Mexican
state of San Luis Potosí (Fig. 1). The study basin covers an area of 3521 km2

(IMTA 2016), and it is a sub-catchment of the Pánuco River Basin (hydrologic zone
26; SIATL 2016) which discharges into the Gulf of Mexico.

The Valles River Basin is situated in the Mexican Sierra Madre Oriental
mountain chain (INEGI 2001), thus presenting a rugged relief with an elevation that
ranges from 69 to 1918 m. The complex topography is a natural barrier to the wet
sea winds from the Gulf of Mexico; for this reason, the region has an important
precipitation. The study basin has three main climatic zones (Fig. 2) according to
the climate Köppen–Giger classification (Peel et al. 2007): Cwa (Temperate, dry in
winter and hot summer), Am (Tropical Monsoon) and Aw (Tropical Savannah).

The study basin is formed mainly by sedimentary rocks of marine origin
(SEDUE 1986). In addition, there are geological faults in the Huasteca region, so
the basin presents underground water exchange (Santacruz and Ramos 2010).

Figure 3 shows the observed mean monthly precipitation, temperature and
streamflow in the study catchment for the 1971–2000 period. The mean temperature
ranges from 15 °C in January to 25 °C in June.

The rainy season presents itself between May and October, so July is the month
with the most important mean precipitation (280 mm per month); in the dry season
(from November to April), the monthly mean precipitation is below 50 mm per
month. The streamflow ranges between 6 and 92 m3/s, being July and September
the months with the highest discharges. Also, the midsummer drought, period in
which the temperature increases and precipitation decreases, occurs in August.
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Regarding water use in the basin, Santacruz (2012) claims that water con-
sumption is distributed as follows: agriculture uses 89.2%, the industrial activities,
mainly the cane sugar refining, use 7.5%, and the rest is reserved for water supply.

The current context of the water use has caused shortage in the Valles River
Basin, affecting the most vulnerable people. In that aspect, Jabardo and Padilla

Fig. 1 Location of study catchment

Fig. 2 Köppen–Geiger
climate classification in the
Valles River Basin. Based on
the work of Peel et al. (2007)
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(2016) argue that an inadequate management of water resources in the Huasteca
region has caused severe scarcity conditions. Water stress is also conditioned by
climate variability; for example, Algara (2009) identified drought conditions in
recent years in the region.

3 Methods

In this research, the evaluation of the climate change impact on the hydrological
regime followed several steps: firstly, climate simulations (daily precipitation and
temperature time series) were obtained from a climate model; then, they were
statistically bias corrected. Secondly, a hydrological model was calibrated and
validated with observed data for a historical period. Thirdly, the bias-corrected
climate simulations in reference (1971–2000) and future period (2041–2070) were

Fig. 3 Mean monthly observed temperature (a), precipitation (b) and discharge (c) for the Valles
River Basin over the 1971–2000 period
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used to feed the hydrological model. Finally, monthly streamflow averages were
computed and compared in order to evaluate the climate change impact on the water
resources of the study basin (e.g. Velázquez et al. 2015).

The daily time series of precipitation (P) and minimum and maximum tem-
perature (Tmin and Tmax) were taken from the three meteorological stations
depicted in Fig. 1. The daily discharge data come from the gauging station Santa
Rosa. The databases used in this research are CLICOM (CLICOM 2016) and
BANDAS (IMTA 2016), for meteorological and discharge data respectively, over
the 1971–2000 period.

The climate simulations were taken from the Canadian Regional Model
(CanRCM4, Scinocca et al. 2016). Moreover, two representative concentration
pathways (RCPs) were considered for this study, namely RCP 4.5 and RCP 8.5,
which are two possible radiative forcing values in future (2041–2070) period.
Therefore, there are two future scenarios which take into account different eco-
nomic, demographic and climatic conditions (Moss et al. 2010; Van Vuuren et al.
2011). Indeed, RCP 8.5 considers that future climate will face a higher concen-
tration of GHG than RCP 4.5, thus, leading to a greater climate change impact.

The climate simulations are affected by systematic biases (i.e., differences
between the simulations and observations) that preclude their direct use on
hydrological models (Troin et al. 2015). In this study, the statistical bias correction
method proposed by Lenderink et al. (2007) was applied to correct climate simu-
lations in both periods. This bias correction method has been largely used in climate
change impact studies (e.g. Levison et al. 2014; Troin et al. 2015).

The conceptual lumped hydrological model GR4J (Perrin et al. 2003) was
selected to conduct this investigation. The model requires mean daily precipitation
and potential evapotranspiration (ETP) as input data. GR4J was chosen for its
ability to reproduce observed streamflow. For instance, the GR4J performs well in
calibration and validation periods for the Valles River Basin in terms of the
Nash-Sutcliffe (NS, Nash and Sutcliffe 1970) efficiency coefficient (Table 1). Most
importantly, the model has been used in several climate change impact studies on
water resources (e.g., Seiller and Anctil 2014; Velázquez et al. 2015). The
hydrological model shows a good performance in the simulation of daily stream-
flow; nevertheless, Velázquez et al. (2015) report, for a Mexican catchment, that
GR4J slightly underestimates the mean monthly streamflow in the rainy season.

Table 1 The Nash-Sutcliffe (NS) coefficient obtained in calibration and validation periods for the
Valles River Basin. A Value of NS = 1 corresponds to a perfect match between observations and
simulations

Calibration Validation

Period NS Period NS

1989–1995 0.750 1973–1979 0.779
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4 Results and Discussion

The climate change signal (CCS) is the change in the value of a given variable
between the future period (2041–2070) and the reference period (1971–2000).
Figure 4 shows the CCS on monthly temperature and precipitation (computed with
the bias-corrected climate simulations) for the two RCPs. From this figure, it can be
seen that, for RCP4.5, the change in temperature ranges between 1.6 and 1.8 °C.
Moreover, the estimated change in precipitation for the rainy months (June to
September) is mixed with values that range from −10 to +10%; however, the dry
months show an increment in precipitation (e.g. +50% in March). Regarding
RCP8.5, Fig. 4 shows an increment of temperature that ranges from 1.9° to 2.4°. It
also could be noted that the warmest months in the historical period (April and
May) estimate the largest increment in temperature. The CCS in precipitation is
mainly negative, with values that range between −12 and −30% in the rainy season.

RCP8.5 considers a higher GHG concentration than RCP4.5; therefore, the
former RCP estimates a larger increment of temperature in the future period for the
study basin. Also, RCP8.5 evaluates a large negative CCS in precipitation, whereas
RCP4.5 estimates a smaller CCS with positive and negative values. The estimated
increment in temperature and evapotranspiration, combined with changes in pre-
cipitation, would lead to changes in the hydrological regime of the River Valles
Basin.

The bias-corrected climate simulations were used as input data for the hydro-
logical model GR4J in reference and future periods. Figure 5 shows the mean
monthly streamflow as simulated with GR4J. The figure depicts that, when con-
sidering RCP4.5, the hydrological model estimates similar values of discharge in

Fig. 4 Climate change signal for temperature and precipitation for the two considered RCPs
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reference and future periods from October to June; whereas a decrement of
streamflow is evaluated in the rainy season (from June to September) in future
period; for instance, the mean monthly discharge in July decreases from 82 to
67 m3/s. The results show that the decrease of streamflow in the rainy season is
related to the decrease in precipitation estimated with this RCP.

Regarding the results obtained with RCP8.5, Fig. 5 shows an important decre-
ment of the mean monthly discharge as a result of the general negative change in
precipitation and the increment of temperature. For example, the discharge in
September decreases from 82 to 28 m3/s. The decrease is also important in the dry
season. The results show that the changes in temperature and precipitation could
modify the hydrological regime. It is important to mention that the evaluation of
climate change impact is subject to several sources of uncertainty that arises from
the selection of the climate model, the RCPs, the hydrological model, and the bias
correction method. For this reason, the assessment of the climate change impact on
water resources as a tool for sustainable development should be taken with caution.

Fig. 5 Mean monthly discharges for the Valles River Basin obtained with climate simulations in
the reference (Qref) and future periods (RCP45 and RCP85)
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5 Conclusions

The potential impact of climate change on water resources needs more attention
from policy-makers, as the changes in precipitation and temperature could lead to
future water scarcity issues. In that aspect, the evaluation of the climate change
impact at local level is a tool that provides valuable information about the future
local conditions to generate water policies, and therefore, to achieve sustainability
in water resources.

This study aims to generate knowledge about the potential impacts of climate
change on water resources at local scale; in particular, the Valles River Basin, a
Mexican basin that is already affected by water shortage and by the water stress
caused by the inadequate management of its water resources (Jabardo and Padilla
2016). Our study shows that, for RCP 8.5, the increase in temperature is estimated
between 1.9 and 2.4 °C, and the change in precipitation is estimated between −12
and −30% for the period 2041–2070 compared with the period 1971–2000. As a
consequence, the decrease of streamflow in the basin is estimated from 82 to
28 m3/s in the rainy season. Therefore, the climate change impact would strongly
increase the water issues in the basin. In that context, the adaptation to climate
change can significantly reduce the adverse impacts, by planning water manage-
ment and, thus, having the potential to reduce vulnerability (Smit and Pilifosova
2003).

This work is focused on the climate change impact on the hydrological regime of
a small basin in central Mexico based on climate simulations from one climate
model. Future work should include simulations from several models in order to take
into account the variability in the estimation of future precipitation and temperature.
Therefore, the use of several models and climate scenarios will give us a more
complete perspective of the challenges that local society will face due to climate
change. In addition, this work evaluates only the changes on the hydrological
regime, so interdisciplinary work with social sciences specialists, decision makers
and water users is needed to reach the sustainability of water resources in a climate
change context.
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From Asset to Liability: The Sustainability
of Waterscape Transformations
in the Santiago River
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Abstract In Mexico and many other parts of the world, it is common practice since
the late 19th century to pave riverbeds for public health and urban growth purposes.
However, evidence suggests that costs associated with this practice outweigh the
expected benefits, hindering the long-term environmental sustainability of growing
cities. This case study undertaken in San Luis Potosí, Mexico, presents some urban,
social and environmental problems resulting from paving one of the city’s river, the
Rio Santiago, in the 1980s. We approached the Rio as a waterscape: a socially
produced landscape where the presence and management of water is central. From
this perspective, the paper’s main purpose is to analyze the Rio’s waterscape
transformations within the context of the Metropolitan Region’s accelerated urban
growth, including its watershed exploitation. We argue that the transformation of
the Rio reflects a historical change insofar as waterways are presently perceived as a
source of illness and pollution as opposed to a source of life and wellbeing. This
paper concludes that the River’s transformations not only spatialized the conflictive
relation society-nature but also the social inequities that yield from uneven urban
growth.
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1 Introduction

Paving riverbeds in the name of public health and sanitation became a common
practice under the hygienist paradigm in many parts of the world as of the late 19th
century. From this paradigm, the paving of riverbeds is considered an urban
management strategy that allows municipalities to hide rivers’ sanitary problems
while improving urban mobility (González et al. 2010). Examples of this strategy
abound in Mexico. For example, watershed draining throughout Mexico City began
in 1608, yet it was not until the 1930s that the social perception of rivers changed,
from being sources of fresh water to sources of risk and pollution. This social
change was spatially reflected on the waterscape: in 40 years 83 km of rivers were
“erased” (i.e. piped and paved) in the city (Musset 1996; González et al. 2010: 34).
Similar, close to 88% of Guadalajara’s rivers and water streams have been piped (El
Informador 2010), not to mention comparable interventions in Aguascalientes
(Arellano and El Cedazo water streams, SEMADESU 2011), San Luis Potosí
(Santiago and Españita rivers), Morelia (Boulevard Garcia León) and Puebla (San
Francisco river), among other Mexican cities.

Such river interventions as the ones mentioned before are done according to
specific discourses (e.g. hygienist and modernization) and agendas benefiting some
and affecting others unevenly. This research addresses these issues by analyzing
some of the urban, social and environmental consequences of the Santiago River’s
urbanization in the 1980s. We approach the Rio as a waterscape, a socially pro-
duced landscape where the presence and management of water is central. From this
perspective, the paper’s main purpose is to analyze the Rio’s waterscape trans-
formations in the context of the Metropolitan Zone San Luis-Soledad’s (ZMSLP)
watershed exploitation and its accelerated urban growth. In sum, the paper presents
some of the complex historical elements that tame society-nature relationships in
order to question the sustainability of our current urban growth patterns.

We argue that the transformation of the Rio reflects the way in which our society
currently deals with waterscapes by subordinating nature to urban and economic
growth. Covering riverbeds with concrete transforms natural landscapes into
domesticated urban spaces. As a corollary of this strategy, natural absorption along
rivers is sealed and the way for private vehicle users paved. This reflects an urban
investment trend, currently reproduced by planners and policy makers alike that
addresses the needs of the better off and leaves behind vulnerable communities and
low-income city dwellers.

To address some of the social, environmental and urban consequences of river
transformations, the paper first explores the notion of waterscape and its relation-
ship to broader urban phenomena. Under this framework, we then briefly analyze
the water history in the ZMSLP in order to understand the Santiago River’s
transformations as a socio-economic process. Subsequently, we analyze some of the
current social and urban consequences of those transformations. Finally, we con-
clude by highlighting the main lessons learned from the research and outlining
future research prospects.
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2 Waterscape Transformations

Paving and piping rivers is a common strategy in urban settings because it allows
for the management of water flows, particularly in the case of intermittent rivers
whose runoff is not constant along the year: “as our cities have grown, the risk to
life and property from flooding has increased. Engineering strategies for managing
runoff and preventing floods have centered on directing the water elsewhere as
quickly as possible, while largely ignoring the potential value of that water”
(Dallman et al. 1999: 3). These engineering strategies have nonetheless perverse
consequences on the natural ecosystem, on the water cycle and on the urban
context. Paving rivers seals the permeable soil which naturally allows the infiltra-
tion of water to both the shallow and deep aquifer. Paving a waterway also
accelerates the flow of water into flood-prone areas, pollutes runoff water, destroys
the riparian ecosystem and reduces biodiversity (Dallman et al. 1999). Finally, this
type of strategy disregards the potential ecological and urban benefits of rivers as
sources of clean water, landscape, identity and history artifacts, urban connectors
and linear axis of public spaces and facilities (González et al. 2010; Perlo 2010).

Several cases around the world have shown the possibility of rehabilitating
urban rivers in order to recuperate their social and natural functions. In Korea, the
Cheonggyecheon River was reconverted into a waterway after being a major
highway. The Tiete river in Brazil, Los Angeles River in the U.S, the Medellin
River in Colombia and Santa Lucia River in Monterrey, México are examples of
how a natural element can be integrated into the urban fabric for the public good
(Hernández Vera 2017; Perlo 2010). In these cases, land use changes, public space,
facility provision and mobility strategies were central to connect these rivers with
the urban encroachment around them and to promote the production of humanized
(walkable, legible, usable), democratic spaces. These interventions, however, are
costly and require a strong political will to take place, along with powerful dis-
courses to back interventions and the economic capacity to implement them.

What these cases show us is that urban rivers’ transformations are tightly linked
to specific social contexts, to political power and economic resources seeking to
transform and manage nature. The complex relationship between these factors has
been studied from different perspectives. From an urban fabric perspective, water
urbanism approaches the physical structure of the city in relationship with hydraulic
elements, in the words of Shannon (2009: 65): “Water urbanism is possible when
urban planning and design, civil and sanitary engineering and landscape architec-
ture are folded into one another as are concerns for mobility, health, recreation and
scenery”. This perspective, however, fails to integrate the role of power and social
relations into the equation, approaching the production of water landscapes from a
purely technical standpoint. Conversely, the concept of hydro-social territory looks
precisely at the way in which power plays a central role in understanding who has
access to water and how. This concept dates back to the 50s, and was used to
understand irrigation systems as means of production and social control (Valencia
and Héctor 2015). The concept, however, has been used to understand in more
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general terms the historical relation between societies, the use of water-related
resources and the transformation of natural landscapes. Valencia and Héctor (2015)
refer to this relation as the hydro-social cycle, defining it as “the complex and
diachronical way in which human action (and its inherent power) reconfigures
water’s natural cycle and vice versa” (p. 102, translated by the authors). The
hydro-social cycle has been used to study landscapes (visible characteristics of an
urban or natural space) and territories (socially and politically defined areas).

In this research, we adhere to the notion of waterscape, neologism used in the
Anglo-Saxon literature to approach both landscapes and hydro-social cycles. This
notion sheds light on the complex socio-political processes that shape nature and, in
an urban setting, the urban fabric. The intricate relationship of nature production
and society allows us to unveil the power relations at play that facilitate not only
specific spatial transformations but also the production of discourses, images and
symbols (Swyngedouw 1999).

According to Harvey (1989), in urban studies, we need to recognize that “…the
production of images and of discourses is an important facet of activity that has to
be analyzed as part and parcel of the reproduction and transformation of any
symbolic order. Aesthetic and cultural practices matter, and the conditions of their
production deserve the closest attention” (Harvey 1989: 355). Along these lines, we
ought to understand the intersection of discourse and space production, by paying
special attention to “structural relations of power” and the way in which these
produce discourses and the knowledge needed to control waterscape transforma-
tions (Mele 2000: 629; Foucault and Gordon 1980).

Through discourse, spatial transformations are framed as “normal and benefi-
cial”, the social externalities of transformations are justified and new place identities
are constructed (Mele 2000: 632). In the case of the Santiago River we argue that
practices and discourses around water exploitation, management and hygiene,
fostered the transformation of the city’s waterscape and benefited the population
selectively: “The material conditions that comprise urban environments are con-
trolled, manipulated and serve the interests of the elite at the expense of
marginalized populations”. (Mehta and Karpouzoglou 2015: 160). Socially pro-
duced natural environments do not scape these manipulations, conversely, they are
class-struggle arenas that show how power distribution shapes environmental
injustices, uneven access to resources and weak decision making power (Mehta and
Karpouzoglou 2015; Swyngedouw 1999).

This research analyzes the way in which the relationship society-nature has
changed over time. This relationship has been spatialized through waterscape
transformations, some of them more visible (e.g. Santiago River) than others (e.g.
wells) but all produce uneven geographies reflective of problems at a larger urban
scale.
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3 Methods

This research stems from an academic project called “A Motorway Called Rio”:
Liquid Urbanism in San Luis Potosí. The project started in 2015 with an interna-
tional workshop in which students and professors from the Oslo University and the
UASLP tested possible futures for the Santiago River and finally produced a wide
range of landscape and public facility projects to tackle some of the problems
found. Within this project a master’s thesis, a public exhibition, newspaper articles,
a discussion forum and a book in print were done. This paper develops part of the
project’s findings, focusing on how the relationships between society, environment
and urban growth change across time.

The project is qualitatively oriented and data was obtained from secondary
sources, public databases (i.e. census bureau INEGI), interviews with key infor-
mants from the municipal water company (INTERAPAS), neighbors and river
users, a photographic survey of the river and neighboring communities, on-site
observation and surveys applied to Boulevard users (n = 96; a detailed description
of the survey can be seen in Hernández Vera 2017). Descriptive analysis was used
to summarize quantitative results, content analyses to interpret documents and
interview data and spatial GIS analyses to cross-reference maps. Observation and
interview data were codified to understand how social problems are spatially dis-
tributed, how water flows through the city and how the natural landscape transforms
as the city grows. The Santiago River, as a case study, serves as a springboard to
understand city-wide urban phenomena.

Research limitations include the interview’s reduced sample size (n = 15) and
limited historical information on the river and its transformations. Further interview
research with a representative sample of neighbors, users and public officials is
needed to understand the River’s history, how different actors perceive it and its
role within the city.

4 Rio Santiago: From Asset to Liability

In this section, we will briefly review the history of the hydraulic systems in the
city, in order to understand how the socio-political context played a role in the
transformation of the River’s waterscape. The section highlights the changing
discourses that supported the material transformations of the waterscape, from the
Spaniards to current days. Paraphrasing Dallman et al. (1999) this journey shows
how the Santiago River changed from asset to liability. In other words, from source
of life and reason for the city’s foundation to a health and material risk that needed
to be paved and managed.
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5 Waterscape Transformations in San Luis Potosi

The history of the city of San Luis Potosi clearly reflects the tensions existing
between natural resources and urban growth, as well as entrenched urban problems
such as spatial inequality and segregation characteristic of many Latin American
countries. Accelerated urban growth, expansion and marginalization challenge
resource management including water as well as service provision: “…the use of
water in urban areas of countries from the region [referring to Latin America], is
more and more intensive and conflictive. Many cities exceed the capacity of their
‘economic’ water provision sources and have increasing economic, environmental
and social costs to attain new sources” (Dourojeanni and Jouravlev 1999: 11).

A case in point is the ZMSLP, the 11th biggest urban conglomeration in Mexico
with close to 1200 inhabitants in two municipalities: San Luis Potosi-Soledad de
Graciano Sánchez (Moreno and López 2016). As many other Latin American cities,
the ZMSLP has rapidly grown since 1960. San Luis Potosí alone multiplied its
population by 3.5 between 1960 and 2000 (from 193,670 to 670,532 inhabitants)
and Soledad by 14.3 (from 12,591 to 180,296 inhabitants) (Peña 2013) (Fig. 1).

In this context of accelerated growth, water access is at risk. In 1960, 60% of the
ZMSLP’s water supply was obtained from superficial sources (rivers and dams) and
40% from underground sources (shallow and deep aquifer). Nowadays, the per-
centages are reverted and more than 90% of the water for the Zone’s consumption is
extracted from underground sources (Peña 2013). According with the State’s Water
Authority, El Salado, the 2000 km2 endorheic watershed that feeds the ZMSLP is
over-exploited, with a deficit between recharge and extraction of 75.3 million cubic
meters per year (CONAGUA 2015). The main collector of this watershed is the
Santiago River, whose runoff floods into two lagoons and the “Tinaja” plains,
40 km east of the ZMSLP (Contreras and Galindo 2008).

In addition to overexploiting the watershed and as a result of an increasing
demand derived from demographic explosion and industrial uses, the city’s
development patterns are promoting changes to the hydrological cycle, depleting
the precious resource and polluting the shallow aquifer. Urban expansion for
example, promotes land use changes that accelerate deforestation and consumption
of the vegetal cover as well as pavement of infiltration areas. In fact, while the
population multiplied by 4.12 in average, between 1960 and 2000, the ZMSLP’s
area multiplied by 8, from 1760 ha to 14,000 (INEGI 2000; Contreras and Galindo
2008). In addition to these problems, failures in the management and water dis-
tribution system contribute to the over exploitation of the deep aquifer. Studies have
shown that the water consumed in the city is ancient which means it has been stored
for more than a thousand years and is not being refilled (Contreras and Galindo
2008). However, according with a study conducted by COTAS and the UASLP,
there are traces of modern water in proximity with the Santiago River which means
that before it was paved, the river infiltrated the runoff naturally into the deep
aquifer (Hernández Vera 2017).
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In sum, access to water in the ZMSLP is tightly linked to the political economy
of urban growth. In the same vein, the transformation of the Santiago River from
source of water and natural drainage into a source of pollution and risk can only be
understood in relation to economic, social and political changes, traced back to the
city’s early stages. These can be roughly divided in four key moments (Peña 2013;
Padron Moncada 2014):

1. Foundation of the city, mining industry and city growth: superficial water
consumption (1592–1870)

The Spaniards founded the city of San Luis Potosí in 1592, due to its superficial
water sources, needed to secure their subsistence and to facilitate economic growth
(Salazar 2010). Surface water was used to grind stone, wash the metals and, in some
cases, as a source of energy (Urquiola 2004). It was nonetheless until the 19th century

Fig. 1 Location of the Santiago River
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when several efforts to collect and manage runoff and surface sources of water were
undertaken. In 1828, for example, an aqueduct, fountains and a water tank (caja del
agua) were built to bring water into the city’s downtown from the south east. It was
also during this period that the San José damwas projected and started its construction
(Padron 2014). In 1888, works to avoid floods were done including the “Corriente”
channel that conducted the runoff excess into the Santiago River. In sum, surface
water was central for the subsistence of a newly founded settlement and a nascent
economic system, its management, however, was linear and followed an exploitation
mindset characteristic of the colonial regime (Musset 1996).

2. Water management and shallow aquifer exploitation (1870–1960)

During this period the first deep wells were dig but the main source of water
were shallow wells and surface sources. In 1960, 16 wells not deeper than 200 m
were dig. Additionally, important water works were undertaken to provide the city
with clean water such as the first piping system (1883) and a purification plant
(1938). In parallel, the San José dam, in the Santiago River’s basin was finished
(1905) and El Peaje dam was built (1949–1950). Finally, important management
changes also took place in this period: in 1894 the Water Anonymous Company
was founded and 44 years later, in the midst of a political turmoil due the city’s
1933 great flooding, this private company was acquired by the state government
and then municipalized in 1959. Currently, water supply is managed by
INTERAPAS, an inter-municipal organism that serves San Luis, Soledad and Cerro
de San Pedro (Padron 2014). In sum, during this period, the water administration
system was consolidated and water exploitation relied mainly on surface and
shallow aquifer sources.

3. Deep aquifer exploitation, paving and piping superficial sources (1960–2010)

Since 1960 the city expanded towards the north of the Santiago River. This
growth was facilitated by water access through well drilling. In fact, the number of
wells expanded from 16 to 370 in this period (CONAGUA 2015).

In parallel, in 1962, a presidential decree vetoed the exploitation of the San Luis
Potosí Valley’s water. This decree limited water extraction to domestic and
cattle-related uses and in 1985 an additional decree expanded the veto to cover
infiltration areas (CONAGUA 2015). As a result, records show that the larger per-
centage (67.7%) of water consumption from wells in the ZMSLP is domestic but in
fact, part of this water is employed for industrial uses (Contreras and Galindo 2008).

In addition to deep aquifer exploitation and control, in this period, both the
municipal and state water companies built two additional dams, “El Potosino”
(1985–1988) in the Santiago basin and “La Cañada del Lobo” (1986–1987) in the
Españita River basin (CONAGUA 2015), paved two important waterways
(Santiago River 1985 and Españita River 1995) and launched efforts to treat
wastewater, building seven plants since 1998. Currently, the construction of El
Morro plant is under way on the riverside of the Santiago River, in Soledad (Diaz
de León and Courjaret 2006) (Fig. 2).
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After the construction of the three dams on the Santiago river (San José,
Potosinos and el Peaje), the runoff significantly decreased, drying the Santiago
River’s bed most of the year. Urban growth, poor public services and lack of
maintenance further detonated the river’s deterioration since it became repository of
sewerage and trash. As a result, since the 50s, the state government intended to
transform the River under both hygienic and urban expansion discourses: “the
Communications and Public Works Ministry intends to take advantage of the
Santiago river by building on it a boulevard that will facilitate access to the Central
Road…By taking advantage of the river, the city avoids another garbage dump…”
(Sol de San Luis 1954). However, it was not until 1985, that the State, under
Governor Jonguitud Barrios, could afford the cost of such an expensive project. In
fact, parallel to the project that was implemented, the head of the Urban
Development Ministry at the time, presented an alternative landscape project that

Fig. 2 Water treatment plants in the ZMSLP. Adapted from Diaz de León and Courjaret (2006)
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included a linear park with public facilities, a central channel to carry runoff water
and vehicular lanes. This project however, was rejected in favor of a less expensive,
short-term engineering proposal.

The first stage of the “Santiago river regeneration project” covered 3.3 km of
paved road and included underground runoff collectors and sewage infrastructure
serving the northern part of the city (Hernandez Vera 2017). A second section was
paved in the 90s and the final Soledad section is still unfinished. Currently, the state
government is reinstalling a central runoff collector, given that the original quickly
overpassed its capacity and has recently announced it will subcontract a study to
evaluate the feasibility to build a “second story” to further “facilitate” private
vehicle circulation in the Boulevard Santiago (Ruiz 2017) (Fig. 3).

Five years later, the state government paved a branch of the Rio Españita in 1995
and transformed another branch into a linear park. Lack of maintenance, however,

Fig. 3 Santiago River transformation stages
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promoted the deterioration of this public space. To date, only the Paisanos River has
escaped urbanization and kept wild but its decline emulates that of the Santiago
River before its intervention.

4. New water frontiers: water import (2010)

Under current conditions, the watershed in the ZMSLP is over-exploited and the
resource is non-renewable. Therefore, the water frontier was expanded in 2012
when the state of San Luis started importing water from El Realito dam in
Guanajuato, 123 km west of the urban zone. Studies foresee that the dam will
supply 1 m3 per second, serving approximately 400,000 inhabitants, a third of the
ZMSLP’s current population (Peña 2013). According to Contreras and Galindo
(2008), repairing 40% of the system’s leeks could secure the same amount of water.

Importing water entails large costs and increases energy consumption. One liter
of El Realito water costs the INTERAPAS $15, $5 of which are paid by consumers,
and the remaining $10 are subsidized by the municipal government (interview with
INTERAPAS official, March, 2016).

In addition to El Realito and foreseeing future water scarcity, the CEA
announced last year, plans to import water from the Panuco river basin, 375 km east
of the ZMSLP (La Jornada 2016). This indicates that the city will continue con-
quering new territories by searching for natural resources in the name of urban-
ization and development. This trend is evidently a strategic response to industrial
and urban growth that relies on water availability to secure profits.

In sum, the transformation of the Santiago River is merged in a context of water
exploitation that seemingly has no territorial limits. In this context, underground
water sources have become essential suppliers and superficial waterways the city’s
backyards and recipients of waste. This water-use pattern however, is promoting an
unsustainable exploitation and river transformations that result in different urban,
social and environmental problems.

6 The Santiago River: From Asset to Liability and Source
of Urban Problems

Currently, the Santiago River is the main driveway that connects the ZMSLP from
east to west with an estimated traffic count of 45,000 vehicles per day (Hernandez
Vera 2017). Its 12.7 km of pavement link the municipalities of San Luis and
Soledad in approximately 20 min (Hernández Vera 2017). Access to the boulevard,
however, is restricted to pedestrians, non-motorized vehicles and public trans-
portation systems. As a result, around 30% of the privileged few that cover their
trips on a private vehicle are the only users of this key piece of infrastructure (ITDP
2017).

Restricted access to alternative modes of transportation is not the only urban
problem in the boulevard. Floods caused by runoff, as well as the San Jose dam’s
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overflow water released and channeled through the boulevard can shut the Santiago
River off during the rainy season for more than 15 consecutive days (interview with
INTERAPAS official, march, 2016). In addition to this, the poor design of the
boulevard (slopes, bridges, accesses and exit ramps) and lack of public lighting and
pavement maintenance, combined with high speed, promotes traffic accidents
(around 5% of the city’s total) (Hernández Vera 2017). Boulevard users take this
road because it is fast, except when it regains its natural waterway function. When it
floods, users take alternative routes that double or treble their traveling time
(Hernández Vera 2017) (Fig. 4).

While the boulevard was an urban border until the 70s, when the city grew
towards the north it became an urban divider. The surrounding built environment
reinforces this idea by turning its back to the River and by turning inwards through
gates. However, the River holds great potential to become a connector that stitches
together very dissimilar parts of the city through shared public spaces.

Fig. 4 Flooded river. Source Motorway Called Rio Workshop, taken by Femke Peters

350 L. M. López Mares et al.



Along its way, from west to east, the river puts on stage an urban patchwork of
social disparities. In general, the west is richer, better equipped and greener. This
contrasts with a dense, poorly equipped low-income middle as well as with a
semi-rural and also poor end. This social depiction of an urban setting is also
reflected on the water’s cycle: clean upstream and dirty downstream (Fig. 5).

Environmentally, and in line with the literature (Dallman et al. 1999), paving and
piping the boulevard reduced water infiltration into the deep aquifer, where modern
water was found (Hernández Vera 2017) and accelerated the flow of water, instead
of retaining it. This increased flooding in La Tinaja, one of the most affected
communities down east of the ZMSLP, where the works to avoid floods have not
been sufficient (Garcia 2016). This, of course, cannot be only attributed to the
River; the city’s accelerated growth largely contributed to increasing the amount of

Fig. 5 Where the paved river becomes a natural river. Source Motorway Called Rio Workshop,
taken by Kong Chin Wai
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impervious areas, reducing retention and infiltration in places such as the foothill of
the San Miguelito range (Moreno and Lopez 2016).

Paving and piping the Santiago River, as a strategy to deal with the public health
problems it caused, disregarded the potential urban and environmental benefits of
its preservation or transformation according with green infrastructure principles.
The media has criticized the Santiago River’s transformation since the 90s, and in
fact, climate changes, current urban growth and increasing number of automobiles
have further accrued its problems. These problems highlight an enduring conflictive
relation society-nature in the ZMSLP.

7 Conclusions

This research approached the reconversion of a river into a boulevard from a
hydro-social perspective, arguing that hydrological resources and social processes
are inseparable. The relationship between these two allows one to understand how
space transforms in particular ways and how discourses facilitate these transfor-
mations and justify their externalities.

This paper’s historical narrative shows how water-related natural resources
gradually absorbed urban growth’s externalities. Water exploitation has a long
history that first tackled superficial water sources and then the deep aquifer,
eventually drying both.

Different actors undertook efforts to control the resource from early water
exploitation stages. Nonetheless, these remain limited in the face of accelerated
urban growth. Strategies to bring fresh water into the city and get rid of the waste
fast and far are also old. However, strategies to treat and reuse water are recent and
still fall short. This shows how the colonial mentality of resource exploitation has
not changed radically, on the contrary, our urbanization and unsustainable water
exploitation patterns point to a short-term natural disaster currently pushing us to
search for clear water farther and farther.

Currently, the supply offered by the deep aquifer and the dam system is not
enough to cover the city’s demand. The industrial sector continues consuming
drinkable water for its processes and the shallow aquifer is full but polluted and
hence not suitable for consumption. This unsustainable exploitation of water is
further reinforced by system failures such as thousands of irregular connections and
leaks (Contreras and Galindo 2008).

Watershed exploitation paralleled waterscape transformations. However, while
surface source transformations such as dams, aqueducts, water reservoirs and river
urbanizations affect greatly the image and social imaginary of the city, shallow and
deep watershed exploitation is barely visible but devastating.

The history of the Santiago River reflects the contradictory relationship
society-nature. While society depends on water, it exploits, pollutes, hides under-
ground and disposes of the resource. From early stages, the Santiago River facil-
itated urban growth; however, from asset and source of water, it became a liability,
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more useful as a vehicular boulevard than as natural element. Water, however,
claims its presence in the city in unearthly ways, flowing quickly on paved surfaces,
conquering and flooding vulnerable areas and re-appropriating the spaces that once
hosted it.

In addition to flooding, the River reproduces different urban, social and envi-
ronmental problems found across the city such as exclusion of soft and massive
modes of transportation, uneven distribution of services and facilities, unequal
access to public space, segregation and lack of connection. Further, paving the river
reduced water infiltration into the deep aquifer and accelerated the flow of water
into flood-prone areas, not to mention the destruction of a riparian ecosystem that
citizens do not seem to remember. Currently, the River is mainly perceived as a
flooding road and not as a paved river. In sum, the River’s transformations not only
spatialized the conflictive relation society-nature but also the social inequities that
yield from uneven urban growth.

The future of the river and the watershed can only be sustainable if the
Metropolitan Zone points its efforts towards the New Urban Agenda that prioritizes
sustainable growth, preservation of water and ecosystems, alternative modes of
transportation, inclusion and urban resilience, among many other objectives (ONU
Habitat 2016). Adopting these objectives entails the sustainable management of the
watershed, instead of conquering new territories to supply the resource and pro-
moting sustainable mobility options instead of investing on private vehicle
infrastructure such as a second floor in the River. Future research will be necessary
to better understand how urban planning, water urbanism and social participation
and justice can be better aligned with urban growth and resource consumption.
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Children’s Perception to Environmental
Risks to Health, Key Element in the Design
of Environmental Health Intervention
Programs

Ana Cristina Cubillas-Tejeda, Alejandra León-Gómez,
Juan Carlos Torrico-Albino and Luz María Nieto-Caraveo

Abstract In San Luis Potosí, México, there is environmental contamination in
different places, produced as much by human activities, as by natural pollution. The
characteristics of susceptibility and vulnerability in children, as well as their
importance in Sustainable Development Goals, give them a priority in the con-
siderations for measures to protect the population. An intervention strategy to
improve children’s environmental health could be a Risk Communication (RC). In
order for RC to be successful, it is essential to know children’s opinions, percep-
tions and concerns; give them voice to express themselves and be heard by
researchers. Based on the above, the objective was to conduct an analysis of per-
ception of exposure to environmental risks to health, in children living in sites with
different risk scenarios, as a preliminary step for the design of RC programs
according to each site, in order to improve the environmental health of the popu-
lation. This study analyses risks perceptions using drawings as a data collection
tool; research was conducted with 170 children from 4 schools located in the study
sites. The activity was carried out during the “II Children’s Congress: Cuidando
nuestra gran canica azul”, held in April 2012. Results showed that there is
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awareness in children about the dangers to which they are exposed in their envi-
ronment; however, there was a lack of knowledge about some previously identified
risks. Children’s risk perception was different according to their place of residence.

Keywords Risk perception � Risk communication � Environmental health
Children � Health promotion

1 Introduction

The Sustainable Development Goals (SDGs) recognize that ending poverty must go
hand-in-hand with strategies that build economic growth and addresses a range of
social needs including health, education, while tackling climate change and envi-
ronmental protection (United Nations 2015). In the same way, the relationship
between the environment and health has been recognized by the World Health
Organization (WHO); it has been estimated that 23% of the total mortality burden
and 26% of deaths in children under 5 years of age, are attributable to environ-
mental factors (Prüss-Ustün et al. 2016). Environmental risks are all those physical,
chemical, biological and social factors that can affect health; these environmental
factors can be modified, so they can be approached in different areas, and a fun-
damental one is prevention through changes in behaviours and lifestyles that reduce
the risks to health.

The susceptibility and vulnerability of the population are two important elements
related to human health. Susceptibility is understood as the intrinsic individual
predisposition to environmental risks; the vulnerability of a person or population is
determined by extrinsic factors such as inequity, poverty, cultural practices, edu-
cation level, and effects by climate change, among others (Bolte et al. 2010). There
are different types of vulnerabilities (Wilches-Chaux 1993), among them, the
environmental vulnerability that is understood as the particular disadvantage that
some population groups have in face of chemical, physical or biological threats. In
environmental vulnerability scenarios, it is common that contamination, be due to
mixtures of toxic chemical and biological agents, affect several groups of a com-
munity (Díaz-Barriga et al. 2010). Due to their characteristic of being extrinsic
elements to individuals or population, vulnerability levels can be modified if all key
actors are involved, and the necessary resources as well as corrective measures are
applied (Prüss-Ustün et al. 2016).

Children, who are considered to be under 18 years of age (UNICEF 2006), are
susceptible to environmental risks, mainly due to their biological and physiological
characteristics; together with their mental development process, their limited
responsiveness to exposure to environmental hazards and their daily habits, such as
playing with dirt, poor hygiene or sucking toys (WHO 2006). Furthermore,
socioeconomic level has a direct influence on their vulnerability and, due to their
susceptibility children are one of the most affected strata of the population. The
characteristics of susceptibility and vulnerability in children, as well as their
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importance in SDGs, give them a priority in the considerations for measures to
protect the population (United Nations 2015; Prüss-Ustün et al. 2016).

Enjoying a healthy environment during childhood is a human right that is
essential for the full physical, mental and emotional development of people in their
adult years (UNICEF 2006). Ensuring healthy lives for all at all ages is essential to
sustainable development (United Nations 2015). It is imperative, therefore, that all
actors involved provide adequate conditions to maintain the environmental health
mainly of the child population. To achieve this, it is important to identify envi-
ronmental determinants of health and to combat environmental risks through
intervention strategies.

2 Antecedents

In México there are numerous sites with pollution problems caused by different
sources. In areas with high mining or metallurgical activity there is contamination
by metals and metalloids, such as lead (Pb), mercury (Hg), cadmium (Cd) and
arsenic (As), among others. There are also sites in which there are brickyards that
represent a serious problem of environmental contamination; other areas that
deserve attention are those located near municipal garbage dumps or sites where
hazardous waste is disposed. The burning of garbage is a common practice in
peri-urban areas, which causes great air pollution by a toxic mixture.

In the state of San Luis Potosí, México, there are localities with a long history of
mining, agricultural and industrial activities that promoted growth and economic
improvement; however, these activities had negative repercussions in the envi-
ronmental area and in human health. Within the state there are problems of natural
contamination of water with fluoride or arsenic, causing diseases in the population
such as fluorosis and osteoporosis (Ortiz-Pérez 2011). In all the above cases there is
a health risk in the exposed population, mostly in areas where there are several of
these problems at the same time.

Researchers from environmental health area of Programas Multidisciplinarios de
Posgrado en Ciencias Ambientales (PMPCA) from Universidad Autónoma de San
Luis Potosí (UASLP), have identified sites where the severity of environmental
risks is a priority for the application of intervention measures. Based on the pri-
oritization of sites in the state of San Luis Potosí, four sites were selected for this
research, three in the municipality of San Luis Potosí and one in the municipality of
Mexquitic de Carmona (Fig. 1, Table 1). At these sites, health risk assessment
studies have been carried out and it has been shown that the problems of envi-
ronmental contamination have a negative effect on the health of the population
(Carrizales et al. 2006; Ortiz-Pérez 2011; Bocanegra-Salazar 2011; Flores-Ramírez
et al. 2012, 2017; Zuki-Orozco 2012; Domínguez-Cortinas et al. 2013).

These scenarios represent a social problem that deserves to be addressed
immediately since generally the most affected people are children. In according to
goal 3 of DSGs, measures should therefore be established to reduce health risk by
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Fig. 1 Localization of the selected sites, San Luis Potosí, Mexico, 2012. Map modified by the
authors

Table 1 Selected sites and schools, San Luis Potosí, Mexico, 2012

Sites Environmental risks Pollutant
probable

Participating
children and
schools

Rincón de San José, municipality
of Mexquitic de Carmona

Use of tap water for drinking and
cooking
Use of firewood for cooking
Confinement of hazardous waste
Mercury recycling company
Asphalt manufacturer

Fluorine
PAHs
Benzene
Lead
POPs

Children: 35
Primary school
EEZ

Colonia Morales, municipality of
San Luis Potosí

Use of tap water for drinking and
cooking
Metallurgical mining company
High vehicular traffic

Fluorine
PAHs
Benzene
Lead
Arsenic

Children: 35
Primary school
IMM

Colonia Real de Peñasco-Las
Terceras, municipality of San
Luis Potosí

Use of tap water for drinking and
cooking
Presence of 148 brickyards that
use various fuels for the cooking
of the bricks

Fluorine
PAHs
Benzene
Lead
POPs

Children: 70
Primary school
PDRV

Colonia Bellas Lomas,
municipality of San Luis Potosí

Use of tap water for drinking and
cooking
High vehicular traffic
Car battery recycling companies
Paint and tinplate companies

Fluorine
PAHs
Benzene
Lead

Children: 60
Primary school
PFMR

Abbreviations: polycyclic aromatic hydrocarbons (PAHs), persistent organic compounds (POPs)
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decreasing exposure to contaminants (United Nations 2015). Therefore, alternatives
for intervention should be sought and one of them is the Risk Communication (RC),
aimed mainly at the most exposed and vulnerable population groups. The RC is a
process of collective and plural awareness to persuade, inform and to influence the
target population about those factors and threats that endanger the health
(Moreno-Sánchez et al. 2016). Our group has implemented RC programs
(RCP) (Cubillas-Tejeda et al. 2011; Coronado-Salas et al. 2012; Meza-Lozano et al.
2016), whose results have allowed us to propose the elements that can be articulated
in a model aimed at improving environmental health (Cubillas-Tejeda and
González-Mares 2015).

In order for RCP to be successful, it is essential to know the target population,
and if the target group are children, it is fundamental to know their opinions,
perceptions and concerns; give them voice to express themselves and be heard by
researchers (Payne 2012; Börner et al. 2017). Besides that, children are critical
agents of change and with great capacities for activism into a promotion of a better
environmental health. Likewise, people who are vulnerable must be empowered,
those whose needs are reflected in the SDGs, include children (United Nations
2015). Contextualization allows a better understanding of people’s reasons and
responses to environmental risks and helps to understand their risk perception. Risk
perception refers to the subjective appreciation of the characteristics and severity of
a hazard within a given socio-environmental context, based on the emotions, atti-
tudes and knowledge of a situation (Slovic et al. 2004; Moreno-Sánchez et al.
2016).

There are several strategies to analyse risk perception, its selection depends on
the target population. For example, working with children, short and simple
strategies are preferable (Piko and Bak 2006; Börner et al. 2015; Terán-Hernández
et al. 2016; Moreno-Sánchez et al. 2016). In this study, the target group was
children, so the technique selected was drawing, which has already been tested by
our group (Torres-Nerio et al. 2010; Coronado-Salas et al. 2012; Meza-Lozano
et al. 2016).

Based on the above, the objective of the present investigation was to conduct an
analysis of perception of exposure to environmental risks to health, in children
living in sites with different risk scenarios, as a preliminary step for the design of
RCP according to each site, in order to improve the environmental health of the
population.

3 Study Strategy

On April 19, 20 and 21, 2012, the “II Congreso infantil: Cuidando Nuestra Gran
Canica Azul”, was held at Laberinto Museum of Science and Arts in San Luis
Potosí, SLP, México. All the practical work of this research was done during this
event. The organization of the event was through the Consorcio Académico: Niño,
Casa, Ambiente y Salud (CANICAS), integrated by researchers and students of the
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Faculty of Chemical Sciences and the Faculty of Medicine of the UASLP. The
objective of the congress was to inform children about the risks of exposure to
environmental pollutants, risks associated with climate change, the relationship
between the environment and health, and about different forms of expression and
communication; so that through the knowledge the participants develop protective
behaviours, and learn to express what has been learned. The congress was a RC
strategy, which was designed based on the results of the health risk assessment
carried out at each selected site. The infantile congress had a participation of 200
children from 4 primary schools located at the selected sites (Fig. 1, Table 1). The
number of children participating was different in each school, due to the limited
capacity of resources to carry out the congress (Cubillas-Tejeda 2012).

4 Methods

4.1 Study Population

Of the 200 children who attended the congress, only 170 of the children made all
the drawings (age 6–12 years). The proportion of boys and girls could not be
controlled given the invitation procedure and inclusion criteria used. In Fig. 2
shows the percentage of children that were considered in the analysis of the
drawings, by age, school and sex.

4.2 Ethical Considerations

The study was approved by the Bioethics Committee of the Medicine Faculty at the
UASLP. Written consent was provided by the involved educational authorities and
by the parents of each participant. When presenting the project, we stressed that
participation was voluntary. Apart from the parents’ written consent, students had
to give their oral consent in order to take part in the study. We also communicated
clearly that they were allowed to withdraw from the study at any time.

4.3 Risk Perception Analysis

The selected tool was the drawing technique, which was carried out on the first and
last day of the children’s congress. This technique has been used by our group in
different scenarios of risk (Torres-Nerio et al. 2010; Cubillas-Tejeda et al. 2011;
Coronado-Salas et al. 2012; Meza-Lozano et al. 2016; Terán-Hernández et al. 2016;
Börner et al. 2017). The purpose of this activity prior to the beginning of the
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congress was to know the risk perception and concerns of children before providing
any kind of information. At the end of the congress, the aimed was to find out what
were the main topics of interest related to the environmental problems of their

0

5

10

15

20

25

30

35

6 7 8 9 10 11 12

%
 C

hi
ld

re
n

Age of children

EEZ n=35 IMM n=35 PDRV n=70 PFMR n=60

0

10

20

30

40

50

60

70

80

EEZ n=35 IMM n=35 PDRV n=70 PFMR n=60

%
 C

hi
ld

re
n

Men Women

Fig. 2 Distribution of the children by age, gender and school, San Luis Potosí, México, 19 April
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localities, and to identify which were the themes of the congress that had the most
impact on the participants.

Based on the previous risk assessment of the children’s health in the study sites,
two exposure scenarios were defined: At home and Outside home. Each child was
asked to answer the following questions, by developing drawings: (1) What is good
for you at home? (2) What is bad for you at home? (3) What is good for you outside
your home? (4) What is bad for you outside your home? The words Good and Bad
were included in the questions to know their positive and negative perception of
their environment.

Each child was given sheets, pencils, colours and rubber. The instructions for the
activity were: (1) respond with drawings to the questions, (2) the drawing is free,
(3) it is not a test, (4) there are no correct or incorrect answers, (5) this is not a
drawing competition, (6) the activity is individual and (7) the time to perform it is
one hour. At the end of the activity, was checked with each of the children, what
meant the elements they drew (especially the abstract and symbolic drawings).
Their responses were recorded on the back of the sheets, for further analysis.

Data analysis was conducted using a mix-method approach combining quanti-
tative and qualitative content analysis (Álvarez-Gayou 2003; Curry et al. 2009;
Torres-Nerio et al. 2010; Börner et al. 2017), to this purpose, elements in each
drawing were observed, and on the basis of them, inductive and excluding cate-
gories were established. Drawings generally contained several elements; therefore,
the individual elements were coded and assigned to the different categories. The
categorization was carried out separately for each question. We conducted the
coding as a peer-based process which included peer-feedback by a second
researcher on the coding framework and the assignation of the different elements to
the respective categories. After the classification of elements, frequencies were
counted for each category and the respective community. Frequency analysis was
carried out per individual without considering the total number of drawings per
participant in each category.

To compare frequencies of children from each study site that drew elements in
established categories, a multiple comparison was made in contingency tables of
2 � k and the value of v2 was obtained, the value of k was 4 (study sites). In the
cases of the categories where statistical significance was found, independent
comparisons were made in 2 � 2 tables, for the level of significance Bonferroni
correction was used, whereby the level of significance was p � 0.0125. To
compare the frequencies before and after the infantile congress, the obtained fre-
quencies were submitted to v2 test with a level of statistical significance of p
0.05. The software JMP® 10 was used for this analysis.

4.4 Limitations of the Study

Regarding the technique of drawing, a limitation was the inability of some children,
both motor and cognitive, to answer with drawings to the questions asked. In this
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sense, it is recommended that the drawing technique be complemented with other
methodologies for obtaining information, such as questionnaires or interviews that
help to deepen and understand the children’s risk perception, knowledge and
concerns. Another limitation was the lack of equal numbers of children for the four
study sites, as well as an equal number between male and female.

5 Results

For issues of relevance in terms of environmental risks to health, the present
document only presents the results of the scenarios At home, Bad and Outside
home, Bad.

5.1 Results from Scenario At Home, Bad

For this scenario, twelve categories were stablished (Fig. 3), and quantitatively no
statistical differences were found between the children’s perception according to the
place of residence. Qualitatively, in this scenario most of the children of all schools
drew in the Activities category, the drawings referred mainly to sedentary activities,
such as watching television, playing video games and using the internet (Fig. 4). In
the category of Risk of fire or burn, the drawings showed a negative perception
towards the kitchen environment and highlighted the stove ignited as the main
element of risk. They also perceived several flammable items as negative for their
well-being, for example boilers, gas tanks, gas lighters, matches, firecrackers, and
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Fig. 3 Percentage of children per school that drew in the categories established for the scenario At
home, Bad; San Luis Potosí, México, 19 April 2012
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candles (Fig. 5). In the Food category many children drew; the drawings referred to
“junk” food as fried foods, candies and soft drinks.

5.2 Results from Scenario Outside Home, Bad

In this scenario most of the children drew in the Contamination category (Fig. 6).
Qualitatively most of the drawings indicated contamination of water, air and soil,
but the contaminant was not specified. However, in some cases the contaminant,
source, route of exposure and even health effects were indicated (Fig. 7). Although
the children from distinct sites perceived contamination as negative, there is a
higher percentage of children who drew in this category in the community of

Fig. 4 Drawing of a 10 year old girl. EEZ school, scenario At home, Bad, 19 April 2012

Fig. 5 Drawing of a 12 year
old girl. PDRV school,
scenario At home, Bad, 19
April 2012
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Rincón de San José in Mexquitic (EEZ) compared to the children of the colony
Bellas Lomas (PFMR) (p = 0.0035).

Qualitatively, in the Abiotic elements category, children drew items such as rain,
clouds, storms, and the sun. Some children perceived as negative to get wet in the
rain, because it can cause illnesses such as flu, cough and fever (Fig. 8). The
negative perception of the sun can be related to the high temperatures that are
registered in dry climates and that can be a reason for sufferings like insolation,
burns of first degree, headaches, heatstroke, among others. In this category, we
found significant differences in the frequency of children who drew depending on
the place of residence (Fig. 6), mainly among the children of the colony Bellas
Lomas (PFMR) and the Morales children (IMM) (p = 0.0102).
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Fig. 6 Percentage of children per school who drew in the categories set for scenario Outside, Bad;
San Luis Potosí, México, 19 April 2012. Activities v² = 13.93, p = 0.0031; Contamination
v² = 9.75, p = 0.0208; Abiotic Elements v² = 9.43, p = 0.024; Biotic elements v² = 10.32, p = 0.016

Fig. 7 Drawing of a 10 year
old girl. EEZ school, scenario
Outside home, Bad, 19 April
2012
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Regarding the Food category, qualitatively the drawings referred to “junk” food
and food that can be purchased on the street; some children also referred to alco-
holic beverages and soft drinks. In the Constructions category, children’s drawings
showed a tendency to relate urban spaces with negative places for their well-being;
the elements drawn were mainly industries, houses and roads. In the Activities
category, a difference in the frequency of children who drew was found, in relation
to the area of residence (Fig. 6). For this category 4 subcategories were established
(Fig. 9). In the subcategory Risky activities the drawn elements were related to the
negative perception to be alone in the street, to cross streets or roads, and to interact
with strangers. The schools that had the highest percentage were PDRV and PFMR,
both located in peri-urban zones. In the subcategory Addictions and crimes, chil-
dren from IMM, PDRV and PFMR schools drew elements that express violence
and insecurity in the streets, for example gangs, assaults, guns, fights, use and sale
of drugs, among others (Figs. 10 and 11).

5.3 Comparison of Risks Perceived Before and After
the Children’s Congress

The objective of the perception analysis after the congress was to assess whether the
information provided was captured and understood by the children, as well as to
know the main environmental health issues that interested them. It was not sought
to evaluate the change of knowledge and habits of the children from the information
that was given in the congress, since for this a longer period of time must pass.

In the four study scenarios no statistically significant differences were found
before and after the congress in any of the established categories. However, qual-
itative changes were found as new elements appeared in the drawings. On the At
home, Bad scenario, after the congress elements appeared that refer to the risk that
children see on contact with toxic substances and cleaning products such as chlorine
(Fig. 12). In the scenario Outside home, Bad, elements appeared related to the

Fig. 8 Drawing of a 9 year
old girl. EEZ school, scenario
Outside home, Bad, 19 April
2012
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contamination of rivers, to take water of rivers, to drink tap water (Fig. 13) and the
air pollution by burning trash and companies.

5.4 Comparison of Environmental Risks Identified
by Researchers and Perceived by Children

In order to design an effective RCP, it must be adapted to the audience to be
addressed. Therefore, it is necessary to know if the children perceive the risks
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Fig. 10 Drawing of a
12 year old boy. PDRV
school, scenario Outside
home, Bad, 19 April, 2012
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Fig. 11 Drawing of an
11 year old boy. PFMR
school, scenario Outside
home, Bad, 19 April, 2012

Fig. 12 Drawing of a 9 year
old girl. PFMR school,
scenario At home, Bad, 21
April 2012

Fig. 13 Drawing of a 9 year
old girl. PFMR school,
scenario Outside, Bad, 21
April 2012
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identified by researchers, if they have knowledge about what measures to take in
order to reduce risks; or if they perceive other risks that were not identified by
researchers (Cubillas-Tejeda and González Mares 2015; Moreno-Sánchez et al.
2016). This is important because the way of approaching the RC will be very
different.

Table 2 summarizes the risks previously identified by researchers, and the risks
that were perceived by children. It was found that there is awareness in children
about the dangers to which they are exposed in their environment. In particular,
children perceived the risks of contamination by bricklayers, the burning of gar-
bage, pollution with garbage, exposure to animals and pests, as well as social
problems, such as alcoholism and addictions. However, there was a lack of
knowledge about some previously identified risks, including water contamination
with fluoride. On the other hand, the children perceived some risks that had not
been analyzed by the researchers, such as those related to the use of new tech-
nologies and sedentarism, among others. These risks identified by the children are
relevant so in the RCP for each site these will be considered.

Table 2 Comparison of risks identified by researchers with risks perceived by children; San Luis
Potosí, México, April 2012

Schools

Risks EEZ IMM PDRV PFMR

I P % I P % I P % I P %

Risks at home

Indoor air pollution

(a) Smoke
generated by the
use of firewood for
cooking

Yes No – ND No – Yes No – Yes Yes 1.8

(b) By smoking Yes No – Yes Yes 2.9 Yes No – Yes No –

Use of glazed
earthenware for
cooking

Yes No – Yes No – Yes No – Yes No –

Consumption of
contaminated
water

Yes No – Yes No – Yes No – Yes Yes 1.8

Noxious wildlife Yes No – Yes No – Yes Yes 17.0 Yes Yes 3.5

Malnutrition Yes Yes 4.0 Yes No – Yes Yes 1.9 Yes No –

Poor hygiene
measures

Yes Yes 8.0 Yes No – Yes No – Yes Yes 1.8

Sedentary
lifestyle

NA Yes 44.0 NA Yes 54.3 NA Yes 52.8 NA Yes 36.8

Soil contaminated
by waste

Yes No – Yes Yes 8.6 Yes No – Yes Yes 8.8

Alcoholism Yes Yes 4.0 Yes Yes 5.7 Yes No – Yes Yes 1.8
(continued)

Children’s Perception to Environmental Risks to Health … 371



6 Conclusions

Due to their high vulnerability, children are strongly affected by the interplay of
social inequality and environmental risks. Therefore, it is important to recognize
children as key actors in environmental health interventions based on their everyday
interaction with their environment.

In the present study it was confirmed that the drawing technique was useful to
know the risk perception, knowledge and concerns of the children about the
environmental health risks of the places where they live. It is also a tool that
allowed them to express themselves in a free and fun way, and be heard so that their
contributions are taken into account by the researchers for the design of the RCP.

The results showed that there is awareness in children about the dangers to
which they are exposed in their environment; however, there was a lack of
knowledge about some previously identified risks. Children’s risk perception was
different according to their place of residence. It was also found that the information
provided in the children’s congress did have an impact on them, and although the
differences were not quantitative, qualitative changes were found, since in the
drawings new elements appeared related to the information that was provided.

Table 2 (continued)

Risks outside home

Outdoor air pollution

(a) By burning
trash

Yes Yes 4.0 ND No – Yes Yes 1.9 Yes No –

(b) By industrial
activities or
brickworks

Yes Yes 12.0 Yes Yes 5.7 Yes Yes 30.2 Yes Yes 8.8

Water
contamination

Yes Yes 16.0 Yes No – Yes Yes 3.8 Yes Yes 5.3

Street animals Yes Yes 8.0 Yes No – Yes Yes 5.7 Yes Yes 8.8

Meteorological hazards

(a) Rain or storm NA Yes 16.0 NA Yes 5.7 NA Yes 28.3 NA Yes 35.1

(b) High
temperatures/
effects of the sun

NA Yes 12.0 NA Yes 5.7 NA Yes 17.0 NA Yes 19.3

Soil pollution

(a) By domestic
waste

Yes Yes 24.0 Yes Yes 22.9 Yes Yes 11.3 Yes Yes 12.3

(b) From
companies
residues

Yes No – Yes No – Yes No – Yes Yes 1.8

Social risks

(a) Addictions Yes No 4.0 Yes Yes 2.9 Yes Yes 5.7 Yes Yes 7.0

(b) Delinquency Yes No – Yes Yes 8.6 Yes Yes 11.3 Yes Yes 10.5

Abbreviations: identified by researchers (I), perceived (P), not analyzed by researchers (NA), not detected
by researchers (ND), Percentage of perception by the children of each school (%)
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The information provided by the children, the contextualization of each site and
the risk assessment by the researchers, are the basis for the CPR design that will be
implemented in each site, according to each problem and scenario.
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Abstract Children are the most vulnerable group to certain environmental risks,
which is why this project focused on those children living in a marginalized area
located north of the city of San Luis Potosí. It was found that in that area, children
were exposed to multiple environmental health risks. The objective of this project
was to design, implement and evaluate a Risk Communication Program (RCP) to
improve children’s environmental health. Based on the health risk assessment and
risk perception analysis, an RCP was designed. The topics of healthy eating and
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hygiene were addressed, as well as the risks of exposure to fluoride and lead. In the
first stage, the target audience was made up of 62 parents and 10 teachers from two
schools. The second stage, which had support and participation of parents and
teachers, involved working with 338 students (3–15 years of age). Upon con-
cluding the implementation of the program, knowledge integration and decrease in
exposure to fluoride and lead were found in children in the area; as well as changes
in habits in the participating families.

Keywords Environmental risks � Environmental health � Child health
Health communication � Vulnerable groups

1 Introduction

The conditions and lifestyles in which people grow, live, work and grow old,
determine their quality of life and health; those who live in rural areas or
marginalized peri-urban communities face scenarios of greater inequality and social
injustice (Díaz-Barriga et al. 2010). Because of a variety of factors, boys and girls
are in a greater state of vulnerability. Such is the case of those who live in
developing countries, where they lose, on average, eight times the amount of
healthy life years per inhabitant because of diseases caused by the environment
(Chelala 1999; Prüss-Üstün and Corvalán 2006). This is why programs which focus
on prevention and improving children’s health must be improved, contributing to
decreased morbidity due to modifiable environmental factors.

As such, this project was aimed at boys and girls from “Las Terceras” neigh-
bourhood, a marginalized area located at the north of the city of San Luis Potosí, in
turn located in the state by the same name, in México. According to previous
studies conducted by researchers in the area of Salud Ambiental Integrada (SAI),
Programas Miltidisciplinarios en Ciencias Ambientales (PMPCA) from the
Universidad Autónoma de San Luis Potosí (UASLP), children were exposed to
multiple risks, including exposure to fluoride in the water used for drinking and
cooking, exposure to pollutants generated by burning waste and different material
such as wood, sawdust and plastic, which are used to produce brick. They are also
exposed to lead found in pots or glazed clay containers which are used for cooking
or storing food. Because of the absence of some hygiene related behaviours, as well
as lacking paved roads and drainage, there is an increase in the probability that
children in the area will develop parasitism and inadequate dietary habits in the
families which are associated with the heredofamilial factors of Type 2 Diabetes
Mellitus.
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2 Antecedents

Risk Communication (RC) is a strategy which can be used as a way to approach
vulnerable groups, with the goal of contributing to decreasing population morbidity
and mortality, communicating messages to community members in a planned,
sensible manner throughout the risk management process (Moreno-Sánchez et al.
2010; Cubillas-Tejeda et al. 2011; Coronado-Salas et al. 2012; Meza-Lozano et al.
2016). Because of the previously exposed information, designing an intervention
strategy to decrease risk exposure in the area was considered necessary.

For this reason, a RC program (RCP) was designed to tackle different envi-
ronmental risks to which children are exposed, focused at improving children’s
environmental health of the population. Parents, teachers and school officials from
two learning centres in the area of focus were involved in this project. They were
selected because of the role they play in the health of their children and students,
and in order to increase work in community education. An agreement was reached
with the population in the area of study about the topics which would be addressed
in this project; it would be focused at decreasing exposure to lead and fluoride
because of the effects it has in boys’ and girls’ development and the irreversible
consequences it brings. Hygiene and diet would also be addressed transversally
throughout the implementation of the RCP. The goal of this work was to design,
implement, and evaluate a RCP aimed at improving children’s environmental health
in a locality facing multiple health risks in the city of San Luis Potosí, México.

“Las Terceras” is a marginalized zone located in the north periphery of the city,
there are small unpaved streets and passages, and in some areas, it resembles more
rural areas than urban ones. Also, there are clandestine dumps and brickwork that
work without regulation, houses built of sheet and wood, some others with bricks or
concrete block. Besides, some parts of the land are used for cultivation and breeding
of livestock (Erbe 2011).

In 2009, in the metropolitan area of San Luis Potosí, a study was carried out by
researchers from the SAI of the PMPCA, whose main objective was to compare and
identify different health problems associated with environmental injustice, for
which a comprehensive health assessment was carried out through the application
of 36 social, environmental and health indicators. “Las Terceras” showed evidence
of the complex health problem faced, due to the comprehensive diagnosis of health
and vulnerability, expressed in a “Community Health Index”. Among the indicators
that were found, the prevalence of dental fluorosis, malnutrition, anemia, exposure
to lead, exposure to fluoride and polycyclic aromatic hydrocarbons; social and
environmental risks such as low schooling, lack of access to health services,
burning of garbage and smoking, high rates of violence, alcoholism, drug addiction,
child labor, among others (Domínguez-Cortinas 2009).

In the study area, work was done in two schools, the municipal preschool
“Salvador Nava Martínez” and the federal primary “Profra. Dolores Reyes
Velázquez”, in both schools, the population was exposed to different environmental
risks that affected their health, being children the most affected.
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3 Methodology

Mixed methods were used; the qualitative methodology in this case was useful, as it
allowed for a better approach and understanding of the problems, as well as the
perceptions, knowledge, and habits that the people involved in the project had (Flick
2002; Curry et al. 2009). On the other hand, the quantitative research gave us the
opportunity to generalize the results from a numerical perspective and assess the
magnitude of these numbers, analyzing and studying the data through statistical
procedures. The study complied with the ethical principles of the 2008 Declaration of
Helsinki, andwas approved by the Bioethics Committee of the Faculty ofMedicine of
theUASLP.Written consentwas provided by the involved educational authorities and
by the parents of each participant. When presenting the project, we stressed that
participation was voluntary. Apart from the parents’ written consent, students had to
give their oral consent in order to take part in the study.We also communicated clearly
that they were allowed to withdraw from the study at any time.

3.1 Design and Implementation of the RCP

Based on the health risk assessment and the risk perception analysis previously
conducted (Domínguez-Cortinas 2009; Domíngez-Cortinas et al. 2013; Börner
et al. 2015; Flores-Ramírez et al. 2017), the RCP was designed; the approach
followed was that of self-managed, participatory, adaptable and collective educa-
tion; and the principles of the Universal Design for Learning (Gronneberg and
Johnston 2015) which propose the elaboration of a design which seeks to achieve
meaningful learning.

Risk Communication as an intervention strategy seeks to involve the people in
the community throughout the process (Cubillas-Tejeda and González Mares 2015),
so the first step involved working with parents and teachers, due to the role they
play in habit, knowledge and attitude acquisition in their children and students, and
to give continuity to the program so it can be extended to include their families and
future generations. As such, the target audience in this first stage was made up of 62
parents and 10 teachers who were part of two learning centres. The risks to which
the children are exposed and which would be the focus of the RCP were selected by
parents and teachers through the Health Risk Evaluation tool, as well as their own
opinions and needs. Lead and fluoride exposure and child parasitism were chosen as
the targets. In order to approach the risks chosen by the population, the following
topics were selected: personal hygiene, hygiene in the household, hygiene in public
spaces, hygiene in schools and healthy diet. The implementation of the RCP was
through the Consorcio Académico: Niño, Casa, Ambiente y Salud (CANICAS),
integrated by researchers and students of the Faculty of Chemical Sciences and the
Faculty of Medicine of the UASLP.

To better communicate the messages to parents and teachers, different tools and
strategies were utilized. The channels used to transmit messages were: Power Point
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presentations, presentations using flipcharts and markers to write with, debate and
reflective groups, videos, games, images, didactic material, role-playing games,
drawing pictures, and reflective writing. In the meetings, we had the support and
participation of the parents, since the workshops built upon what teachers and
families knew about the topics, and their knowledge, perceptions, beliefs, habits
and desires were later studied, reaching a favourable exchange of information. Once
the first stage of key message transmission to adults was achieved, we worked in the
construction of communications of the PCR aimed at the children.

The second stage, which had the support and participation of parents and
teachers, involved working with 338 students (3–15 years old). To design and
implement the PCR directed at children, work was conducted with teachers,
authorities in both schools and parents. Experts in the reviewed topics were also
consulted, considering work in community education and the characteristics and
needs of the neighbourhood and school. The messages designed for the RCP aimed
at students were built with the help of parents and teachers, based on the premise
that each student learns differently and that, in the same group, there are different
learning paces. As such, the first challenge the team had was to design activities that
the teachers could tailor to a students’ needs and grade, i.e. to achieve a contex-
tualized and meaningful learning. The result was a RCP manual composed of over
35 activities to work through with the children at both schools. The means of
communication used were tailored to the students’characteristics and care was taken
to make them appealing so they could reach proper transmission of the key mes-
sages. The channels of communication used were theatre, movies, videos, images,
pictures, stories, experiments, specific material, games, posters, leaflets, drawings,
thermoses so they could drink water, tablecloths and refrigerator magnets. The
application of the RCP began in October 2013 and concluded in May 2014.
Each teacher, considering the characteristics of their group and students, chose
and adapted the activities to be conducted based on the RCP manual. Each activity
was video recorded and later, with the group of teachers, was revised and made
changes that were included in the manual, also result non-participant observation
notes were taken.

3.2 RCP Assessment

The assessment was conducted throughout the process systematically and contin-
uously; formative, process and outcome assessments were used. With regards to the
formative assessment, the topics and subtopics were evaluated so adjustments could
be made if necessary, the designed activities, materials and teaching resources were
verified. For this kind of evaluation, the particular characteristics of each teaching
centre, grade and group in which the strategy was implemented were considered. In
terms of the process evaluation, each teacher’s compliance with programed activ-
ities was evaluated, as well as the participation of everyone involved in the process.
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In outcomes assessment, the population of children were evaluated through three
different strategies: drawings before and after RCP to compare changes in knowl-
edge and perception surrounding the topics which were worked on; focus groups
before and after the RCP to compare knowledge, attitudes, perceptions and habits;
and lastly, observations conducted at different times in the school day (arrival,
during class, before lunch, during recess, after physical education, end of school
day). The observation was conducted throughout the entire process, with the goal of
identifying any change in students’ habits. Through these evaluations, a triangu-
lation of the obtained data was made through the design and implementation pro-
cesses. Another way to evaluate program effectiveness was through obtaining
children’s levels of fluoride in urine and lead in blood.

3.3 Drawings Before and After the RCP

The procedure followed consisted of asking a question, which children had to answer
with a drawing. Once the drawings were finished, each child was asked about the
elements in the drawings, and notes were taken when necessary. Afterwards, the
drawings were subjected to content analysis (Álvarez-Gayou Jurgenson 2003).

Content analysis is a useful technique to analyse several communication pro-
cesses in different contexts. First, all the drawings were reviewed and, based on the
elements uncovered, thematic categories were established. Afterwards, the ele-
ments in the drawings were classified in the established categories and they were
tallied to get the frequency with which elements were drawn in the established
categories (Sánchez-Aranda 2005; Meza-Lozano et al. 2016). The categorization
process was conducted in a Microsoft Office Excel spread sheet. Figure 1 is an
example of a drawing which can help to explain how the categorization of the
elements was done.

To determine if there was a difference in the proportion of children who drew in
the different categories, before and after RCP, Chi squared test or Fisher’s exact test

Element drawn: bucket. 
Category: Cleaning item 

Element: dustpan. 
Category: Cleaning item 

Element: dustpan. 
Category: Cleaning item 

Fig. 1 Drawing made by a boy in preschool about what he thinks hygiene means
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were used. Significance level was set at p � 0.05. The software JMP® 10 was used
for this analysis.

3.4 Focus Groups Before and After RCP

Focus groups were conducted which were directed at the topics worked through by
the RCP, before implementation of the program and after, so results could be
compared. In elementary school and preschool, each focus group was made up of
10 students, trying to keep the same children engaged in both sessions. The esti-
mated time spent was 20–30 min. To analyse the information, each meeting was
recorded so that the most relevant information could later be transcribed
(Onwuegbuzie et al. 2011) Notes were taken in the session as well, which helped to
complete the information in the recordings. The questions were the same during the
two times that the focus groups were applied, and looked for all participants to
share their opinions and points of view.

3.5 Observations

Observations conducted at different points in the program were an element which
provided valuable information regarding how the RCP was working. After each
visit or activity, notes were taken regarding events considered important, obtaining
an overall picture of the participants, children and adults, involved in the RCP.

Observations before, during and after the CRP were made during recess, taking
notes of the products they sold at the school store, the food the students consumed
most frequently, and also what the teachers consumed during their recess. Also,
hygiene habits related to hand washing before consumer foods or after going to the
bathroom were noted. In addition to the notes on these moments already described,
photographs were taken. Another important moment was after the physical edu-
cation class, since it is a time of physical activity, the children sought to hydrate
themselves, so it was noted if the students had a bottle to drink water or went to the
bathroom to take water from the tap.

Observation was also carried out within the classroom, mainly in the execution
of the didactic activities of the RCP, to take note of the effectiveness or failure of
the activities. During observation within the classroom, consideration was given to
whether the materials were ready, if the teacher knew the development of the
activity and knowledge on the subject, and the students’ response. Observations of
the activities were accompanied by photographs and videos or audios.

The annotations were written in a notebook, taking special care in identifying
data, such as date, place of observation, observed moment and participants, so that
data could be systematically analyzed throughout the process.
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4 Results

4.1 Knowledge Integration

In preschool, the instruction “Draw everything you think hygiene means” (Fig. 2),
assessment prior to the RCP revealed that only 31% of children drew elements
related to hygiene; after the RCP, 95% of the children drew more than one element
which corresponded to one or more categories, with a statistically significant dif-
ference (p < 0.0001) (Figs. 3 and 4). After the program, subcategories like tooth
brushing, hand washing using soap and not eating toothpaste (Fig. 4).

With regard to the instruction “Draw everything you think a healthy diet means”,
(Fig. 5) new categories and elements were found after the RCP. “Drinking/cooking
with bottled water”, “Eatwell plate”, “Not eating junk food” “Super protein
(Legume + cereal)”, and “Handwashing before eating”. After the RCP, no chil-
dren drew in the “Sugar and Fats” category, associating them with healthy food, in
comparison with 12% who did before the RCP (p � 0.05). The percentage of
children who drew “bottled water” in association with healthy drinks, went from 24
to 83% before and after the intervention (Fig. 6), with a statistically significant
difference of (p < 0.0001).

In the elementary school, when instructed to “Draw everything you think hygiene
means”, the children drew elements associated with the concept 67–98% before and
after the program respectively, with a statistically significant difference of
(p < 0.0001) (Fig. 7). Other categories that had a statistically significant difference
(p � 0.05) before and after the program were “Personal hygiene”, “Hygiene inside
and outside the house” “Bottled water consumption”, “Washing and disinfecting
food” (Figs. 7 and 8). When asked to “Draw everything you think a healthy diet

BEFORE RCP AFTER RCP

Fig. 2 “Draw everything you think hygiene means”. Description: Drawing made by a girl in the
third grade of preschool before and after RCP
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means”, new categories after the RCP appeared, “Exercising” and “Avoiding cooking
in glazed clay pots”. Elements like “super protein”, “handwashing before eating” and
“Drinking and cooking with bottled water” also appeared.

Fig. 3 Percentage of children who drew in the established categories regarding hygiene.
“Salvador Nava Martínez” preschool (*p � 0.05)

Fig. 4 Percentage of children who draw in the established subcategories regarding personal
hygiene. “Salvador Nava Martínez” preschool (*p � 0.05)
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4.2 Focus Groups

To analyse the information categories were formed for each of the questions, in
which the answer was compared before and after the RCP. Here, we note the
answers a child in preschool gave before and after the RCP to the question: What
does Hygiene mean to you? Hygiene Focus Group Before (HFGB): “Hygiene
means to sweep, mop, clean, being clean, changing your clothes, cleaning your
shoes”. Hygiene Focus Group After (HFGA): “Washing your hands and show-
ering, brushing our teeth, washing your face, washing your hands with soap,
showering using soap, scrubbing our heads, showering every day” “not sucking on
things because they are dirty”. Another question was: Why is personal hygiene
important? The answers the children gave were the following: HFG1B: “So we
aren’t dirty, if we are dirty they will not let us into school or they can kick you out of
school… if you don’t shower, you will look like you are homeless” HFG2A: “If you
don’t take care of personal hygiene, you will have microbes in your hands because
you don’t wash your hands and you eat like that and then the microbes go into your
stomach and that is why it hurts, that is why you wash with soap, so the microbes
fall off”, “if we shower we will look very pretty and smell nice and you will not be
itchy”, “we have to wash our hands and shower so our stomachs won’t get sick
because we ate microbes”.

In elementary school, results obtained before and after about “Healthy diet” were
as follows. The groups were asked the same questions before and after; what do you
think a healthy diet is? Their answers were: HFG1B: “Eating a little bit of
everything”, “eating fruits and vegetables”, “if you eat a lot of junk food, you can
get obesity and that will kill you” HFG2A: “Eating fruits and vegetables, and less
fats” “eating a variety of foods, a bit of everything and not eat meats in excess”,

BEFORE PCR AFTER PCR 

Fig. 5 “Draw what healthy eating means”. Description: Drawings of a 3-year-old preschool girl
before and after RCP
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“eating a lot of beans, bean ‘taco’ because when there is no meat, beans and
tortilla have vegetable protein, the super protein”, “not putting so much salt or
sugar in food” “watching what you eat”, “not eating so much ‘churro’, soda,
potatoes, candy, ‘valentina’ sauce, ‘salchipapas’”, “drinking less soda”, “eating
well to avoid some diseases like diabetes, because then you have to get injections
and that person has to take care of themselves too much, we have to take advantage
of our health or you have to take a lot of medication”, “not using glazed clay pots”.
The children in preschool and elementary school could understand the relationship
that exists between hygiene and health.

4.3 Observation

A change in habits was observed in some children during and after the program and
a fundamental factor in acquisition and maintenance of new behaviours was dif-
ferent in those children who had the support of an adult who was important to them,
teacher or parent, being much more positive and lasting (Fig. 9).

It was also noted that at the conclusion of the PCR application during recess, the
students included in their lunches beverages such as natural water or flavoured
water, there were still pupils who drank juice or soda, but they were less students
once the intervention was finished. Also, teachers during the implementation of the
program began to carry other types of food, more varied and healthy since some of
them said that by example was also modeled, and that they could not talk about
healthy eating to their students if them owns habits were not healthy. Although not

Fig. 6 Percentage of children drawing in the subcategories established in the Beverages category:
Preschool “Salvador Nava Martínez” (*P � 0.05)
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everyone and not always the teachers were carrying healthy food, there was an
important difference. Another point in favor was that the school store began to offer
other foods at the request of students, such as fruits or chopped vegetables and
natural water.

As for hand washing, it was also observed in most of the participating families
that children were washing their hands correctly and with soap. The most important
observation is that those families who participated actively during the whole
intervention had better results, observing more personal hygiene in their children
and greater care in the food they took to eat during the recess (Fig. 9).

Fig. 7 Percentage of children who draw in the established categories for Hygiene “Profra Dolores
Reyes Velázquez” Elementary school (*p � 0.05)

BEFORE RCP AFTER PCR 

Fig. 8 Draw everything you think hygiene means. Eight year old student
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4.4 External Evaluation of the Project

In the preschool, the assessment prior to the RCP was conducted in 2011 with 22
children. After the RCP, 23 children were assessed in 2014 (Table 1). Results
showed that a statistically significant decrease in mean level of fluoride after RCP
(p < 0.001). In terms of levels of lead, the mean and concentration range decreased
as well. The percentage of children above the limit also decreased, however, this
difference was not statistically significant. In the elementary school, 13 children
participated (Table 2) and the results showed a statistically significant decrease in
mean level of fluoride after the RCP (p = 0.003). In terms of lead levels, a statis-
tically significant decrease in mean after the RCP was also found (p < 0.001).
A parasitical stool test was conducted on the children who participated in biological
monitoring before and after the RCP. Forty five percent of children in the preschool
tested positive before the RCP and 43% tested positive after. In the elementary
school, percentage of infected children went from 40 to 22% after the program.

Fig. 9 Child and his mother practicing the washing of teeth; Girl in front of the mirror brushing
her teeth (Photo Claudia Monsiváis)

Table 1 Descriptive statistics of neurotoxic levels before (2011) and after the RCP (2014).
Salvador Nava Martínez Preschool

Parameter N Mean and
SD

Range Reference
value (RV)

% > RV

Before Fluoride in Urine (mg
fluoride/g creatinine)

22 1.72 ± 1.11 0.60–
4.40

1.5 12 (55%)

After 23 0.85 ± 0.30 0.32–
1.45

1 (4.3)

Before Lead in blood (µg Pb/dl
Blood)

23 5.41 ± 3.32 <3.0–
17.79

50.0 12 (52%)

After 23 3.98 ± 2.29 <3.0–
9.8

7
(30.43%)
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4.5 Risk Exposure Questionnaire for Parents

When parents were asked about the use of glazed clay pots, before the RCP, 60%
didn’t use them, after the RCP, 89% of parents mentioned not using them. When
asked about the use of purified water for drinking, there was a difference of 67–91%
before and after RCP. The use of purified water for cooking also had a difference of
18–66% before and after RCP.

4.6 Limitations of the Study

One of the limitations of the present study was that the PCR didn’t integrate aspects
that are also important to address, for example, the violence that exist in this area
urban-marginalized, or child labour, among others. However, this work was a great
help for further works in the same study area, helping the prevention of different
environmental and social risks and thus, contribute to the best quality of life of
children in the “Las Terceras” neighbourhood.

5 Conclusions

Based on the results obtained an education model based on risk communication was
designed to improve environmental health. It can be easily adapted to different
learning centres and health risks. This model, which is directed at children, can be
contextualized at different learning centres and levels, from preschool to high
school, aiming to improve environmental health in populations exposed to similar
risks as those in the studied population in this project.

The model used in this RCP can be adapted at different contexts, keeping in mind
economic, political, social and environmental factors in each learning centre. Within

Table 2 Descriptive statistics of neurotoxic levels before (2011) and after the RCP (2014).
Profesora Dolores Reyes Elementary School

Parameter n Age
range

Mean and
SD

Range Reference
value
(RV)

% > RV

Before Fluoride in Urine
(mg fluoride/g
creatinine)

13 6–9 1.64 ± 0.83 0.34–3.53 1.5 6 (46%)

After 13 8–11 0.75 ± 0.25 0.4–1.4 1 (7.6%)

Before Lead in blood
(µg Pb/dl Blood)

13 6–9 5.13 ± 3.27 <3.0–13.41 5.0 7
(53.8%)

After 13 8–11 2.71 ± 2.21 <3.0–7.8 2
(15.38%)
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the necessary components of this model is a previous diagnosis of the school and
locality in which it is found, it is also advised that the characteristics of the families
and the teachers which integrate this learning centre are assessed. In the target
audience evaluation, it is important that the habits and risky and protective behaviours
which themembers of the school undertake are known, as well as their beliefs and risk
perceptions. The evaluation must be continuous and systematic throughout the whole
process. In this particular project, formative, process and results assessment were
used. To establish goals for the RCP, the opinion of all those involved were con-
sidered; this was also the case for the content elaboration and communication con-
struction, relying on different inclusive, constructivist teaching strategies in order for
participants to achieve meaningful learning. Additionally, because it is self-managed,
there is a bigger chance that the RCP can continue through the years, being imple-
mented in the different education centres and in the participating families.

One of the biggest contributions the work conducted has is to have achieved
work in community education through schools, where parents can bring forth their
proposals and solutions to other problems. In terms of teachers who actively par-
ticipated throughout the process, a significant achievement was that they could take
initiative in approaching topics regarding the immediate context, make their stu-
dents engage in reflective thinking, propose new contextualized activities and notice
differences in their students, know that, aside from working in the assigned con-
tents, they can approach topics with a more relevant impact in their students’ lives.
And in terms of parents, they had the satisfaction of having worked in a team, and
living the differences in terms of habit change in their children and families.

The situation in the neighbourhood is complex, and despite working with some of
the risks identified by the population, there are still significant problems in the area that
need to be addressed. However, by getting parents, children and teachers to work in the
community and by living the positive changes that this project had, afirst stepwas taken
towards working for the place that most children, families and teachers want.
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Abstract This paper contributes to the current debate on sustainability and inter-
culturality, supported on practices carried out in community linkage, practices that
were based on the model of intercultural education in Mexico, in which students
and research teachers take part, building a dialogue of scientific knowledge and
traditional insight, which converge towards a project that integrates communities
and identities. We talk about a theoretical-methodological strategy that converges
themes, approaches and problems related to return migratory processes, sustainable
management of pests and diseases in coffee crops, and traditional medicine prac-
tices of native peoples (Totonac). The results include learning, strengthening of
cognitive capacities and positions committed to provide answers that would benefit
both the rural community environments and the generation and application of
knowledge conducive to possibilities of social, scientific and humanistic
transformation.
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1 Introduction

In the processes of learning and mastery of capacities from different education
levels, new information and communication technologies (ICT) have been intro-
duced so that groups of students acquire skills and improve their skills. However,
alongside the inclusion of new technologies, current models of education and
development of science and technology are incorporating the revaluation of tradi-
tional insights, whose most significant component is the rescue of local capacities,
the value and use of traditional knowledge existing in different communities.

With the development of educational policies presently, and the advance of
knowledge in Mexico and Latin America, institutions of elementary, middle and
higher education often have to expand the spaces that may yield in fertile ground
for scientific and technological innovation. This requires that the scientific com-
munities have a dialogue of both technological competencies and sciences towards
a much more integrative and inclusive proposal.

As a possibility of advance in scientific knowledge, it is taken into account that
what is constructed from the social and political must contemplate the commitment
to the cultural and identity contexts, and of course to involve the being (or subject in
the process) and its meaning in the world in which s/he participates as a producer
and as a product of the new knowledge, derived from teaching and learning.

This paper contributes to the current debate on how to build an integrative
project of converging knowledge that includes social sciences, natural sciences and
traditional insight, which brings together themes and methodological designs,
which is based on a specific intercultural educational model.

The work is structured in sections. The first, “Convergent knowledge and the
dialogue of knowledge with a perspective of sustainability and interculturality”,
addresses the theoretical and methodological framework that is built directing the
reflection towards the so-called “integrative project of communities of practice”.

The second section, “Participation in the construction of communities of con-
vergent practices: the academic field, linkage and the community” advances in the
contextualization on the integrative project from the different knowledges, with
pedagogical practices oriented to exploratory and mainly participative activities that
are based on the Intercultural Educational Model.

In “social learning dialogues and nuances of sustainability and interculturality:
about migratory processes, pest management and practices of traditional medi-
cine”, from three research projects that were developed in municipalities that
established an agreement with the University, which are also related to lines of
generation and application of knowledge, cultivated by researchers, the process of
constructing meanings and identities is explored and explained, taking as a model
the intercultural community linkage in which teachers, students, social actors of
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communities, governmental and non-governmental institutional agents and com-
munity in general take part.

The three research projects mentioned as examples are based on the intercultural
educational model, which with the presence of students of native languages and
cultures in the communities of practice incite their commitment in these places,
stimulating the participation of residents, fomenting social commitment and pro-
viding a fruitful exchange of knowledge.

The sub-section “Research-action in the integrative project: practices about
migratory processes, pest management and traditional medicine practices”,
describes the types of learning that are intended to be stimulated with the university
linkage; in addition, a configuration is structured, which relates the scope on what is
learned and what results in/from a community linkage.

The presented results contain an approximation of the set of practices that is
gathered in those three cases and subjects of study, according to their specific
objectives and methodological designs, conforming the universe of intervention
experiences produced by the stays of linkage in communities of the region of Sierra
Norte of the state of Puebla, Mexico.

2 Converging Knowledges and the Dialogue of Insights,
with a Perspective of Sustainability and Interculturality

The scientific community on which knowledge is built from social practice and the
dialogue of science and insights at present, has reached a greater potential to
generate answers which are closer to the everyday reality, although the imple-
mentation of certain techniques or technologies may result in a low or no incidence
when results take a course far away from everyday life, and said results do not
return to social issues.

The theoretical construction of the integrative project that seeks the convergence
between knowledge and dialogues of insight requires to be approached from dif-
ferent perspectives, derived from theories of social practice and that are constructed
from the intentions of producing and reproducing ways of participating in the
world, in the conformation of daily life scenarios.

Alongside the organization and coordination of groups based on their knowl-
edge, we find identity, cultural interpretation, creation of belonging and the use of
affiliation to a thematic line or area of scientific and technological knowledge that
guide them in the development of practices.

The integrative project as an ontological strategy is, therefore, the space for
dialogue between scientific knowledge and traditional insight that, precisely, sup-
ports the collaborative and participatory work.

Another theoretical perspective that is taken into account are the concepts of
sustainability and interculturality. It is about a strategy that contains in its genesis a
progressive philosophy based on values and principles on the grounds of the
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constructing a fair, equitable global society, open to dialogue amongst cultures.
Contemplating these concepts and bringing them into the practice of community
linkage becomes crucial, since both concepts are related to ways of life and the
scope of “good living”; and it is essential to teach and learn how to lead to over-
come the human needs by means of objectives sustained generationally.

The integrative project also promotes a methodological and epistemological
change, since in social relations, which are simultaneously material (between
things) and semiotic (between concepts), there are personal and idea interactions,
skills, techniques and technologies; all of this, associated, manifest the way of
acting and put societies and communities closer, resulting in synergies of
knowledge.

Methodologically, the universe of an integrative project is designed from the
construction of actor-network and participatory research (Latour 2008); in addition,
the acting parties must be involved in a network of associates, and be open to
identify, during the progress of the process, what is relevant to continue being taken
into consideration and/or to produce decolonizing ruptures of concepts and insights
(Santos 2014).

To a large extent, Wenger (2001) indicates that commitment processes in the
construction of knowledge gained through participatory research activities result in
a “mutual commitment in a shared practice”, although the scope of results is subject
to “an intricate process of constant adjustment between experience and compe-
tence.” Of course, this is not an easy task when the different communities enter into
a practice of “social participation as a process of learning and knowing”; however,
the possibilities for converging dialogues become greater.

The integrative project between the community of practice and the social
learning dialogue contains a theoretical framework that conceives “learning as
social participation”, whose action and interaction is given “in an active way in the
practices of social communities”, which leads to construct “identities in relation to
these communities.” Such participation, as the author points out, not only shapes
what we do but also shapes who we are and how we interpret what we do (Wenger
2001).

To the theoretical framework is added the epistemology of inter-scientific dia-
logue that “starts from the principle that all systems of knowledge in the world are
sciences” that are developed within their own dynamics of interaction and learning,
with exchange of methods and research results (Haverkort et al. 2013).

In this search for answers to adapt their own paradigms and jointly create what
would be a “plurality of sciences”, the author points out, it is generated a meaning
of complementarity which is, at the same time, “a previous step to an inter-sci-
entific dialogue”; that is, the construction of intercultural dialogue is based on the
revaluation of local insights and the ancestral wisdom of the native indigenous
nations and it is then a pillar that gives meaning to what would be another scale:
intraculturality.

On the other hand, opening up to the dialogue of social learning also means to
enter into a relational process that includes practices associated with concepts such
as interculturalism, which are linked to the understanding of the other from beliefs,
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insights, norms, aims and values (Olivé 2004; Arguetta et al. 2012). This con-
ception finds place in other notions such as plurality, transcendence, criticality,
consequence and temporality, as Paulo Freire (1996) points out. In this way, paths
to dialogue are open and ways of facing old and new paradigms strengthen.

In the development of the project to construct community practices, academic
and everyday life are linked, which makes that the different actors and the realities
of their places interact, activating important elements such as tongue, language and
culture. This connection occupies a very significant dimension in the process of
approaching the identities of native peoples.

What is the purpose and who are we? The configuration of the integrative project
is related to a multi-community clustering system (Fig. 1).

• Interdisciplinary and multidisciplinary scientific community: in this context, it is
formed out of the development of dialogues of inter and multidisciplinary
knowledge, which has to do with belonging to a identity or specific subject area,
but also enables an approach towards the generation of scientific alliances of
different disciplines and epistemologies allowing, in a more precise way, the
realization of what we are calling an integrative project of converging
knowledges.

• Student community of cultural and linguistic identity linked to native peoples: it
contains a double identity (specific cultural and linguistic identity), and
belonging (university and disciplinary); it incorporates into the system by

Integrative 
project 

(communities 
and knowledge)

Interdisciplinary 
and 

multidisciplinary 
scientific 

community 

Student community 
of cultural and 

linguistic identity 
linked to native 

peoples

Institutions that 
take parti in the 

Linkage 
Agreement: 

University and 
local government

Society/

Local community 
receiving the 

practice

Fig. 1 Configuration of the integrative project of practice communities
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integrating on the one hand, with what it brings as a baggage of traditional
knowledge, culture and native tongue that becomes, of course, a significant tool
when linking; and on the other, the learning acquired in a classroom that
becomes social when carrying the knowledges (theoretical and practical) to the
receiving society, the rural areas, the agricultural fields, and the daily life.

• Institutions that take part in the Collaboration Agreement between the
University and local government: they join the project by opening roads or paths
that make it possible to materialize knowledge, relationships and exchange of
learning from the political, operational, strategic management and collaboration
with local governments (Municipalities and localities).

• The local community and/or society receiving the practice: rural or product of
the changes derived from the new rurality, local societies and communities take
an extraordinary importance in favoring particular elements of its historical,
social, economic and cultural construction, its modes of production, crop
management, worldview and demographic singularities; it is the place of the
simultaneity for the production of relations of social learning, exchange and
possibility of hegemonic ruptures of insights and knowledges.

The development of an educational model based on these new paradigms of
inter-scientific dialogue and traditional intercultural insights is what would promote
the creation of other ways of avant-garde learning, by making possible the inclusion
of contents, concepts and ideas like bridges amongst practice communities, sci-
entific and social as well, organizational, institutional-educational, pedagogic. All
the above, grounded on traditional insights with a sustainability perspective and an
intercultural approach.

3 Participation in the Construction of Communities
of Converging Practices: The Academic World, Linkage
and Community

The project of building knowledge and dialogues focus the interest in participation
because it manifests deep repercussions for what it means to understand, support
and live the moment of university-community linkage; that is to say, for the dif-
ferent actors, to participate and contribute to the practices of their communities
acquires a real meaning.

For the scientific communities, on the other hand, to valuate and take advantage
of the space-temporary exchange of knowledges and insights is the most significant
thing since it guarantees participation, interest and commitment from the new
generations of members (students and teachers).

For organizations (institutions, local governments and civil society of the
receiving places), to produce ways of interconnecting with communities of practice,
through which an organization knows what it knows and, consequently, makes the
experience effective and valuable within the integrative project.
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Mexico, as one of the pluricultural countries in Latin America, has required
actions by the government educational sectors in favor of the development and
strengthening of intercultural education. This approach, of course, constitutes a
mechanism for opening up and expanding spaces for linguistic inclusion of a young
population of indigenous origin, allowing among them, the promotion of a taste for
scientific research related to intercultural education, as pointed out by the Programa
Especial de Educación Intercultural (the ‘Special Intercultural Education
Program’) (2014–2018) in its diagnosis.

The Intercultural Universities are institutions attached to the state governments
and are born linked to autonomous educational institutions; those are product of
various social processes, as well as of specific educational policies, both national
and international (Jablonska 2010; Bastida Muños 2012; Dietz and Mateos 2013).

They constitute a substantive part of the Intercultural Education Model; its
pedagogical proposal, with an exploratory and participative orientation, whose
principles are based on the establishment of relationships and formative activities of
teaching and learning, involve internal and external social actors in actions of
knowledge exchange and practices to promote community development, in all its
areas.

Based on the Model of Intercultural Education to enrich the integrative project, it
is sought to establish a relational channel between university education and
learning, enabling capacities to interact with community social actors. Practices
provide the possibility to participate in a moment where the student and teaching
communities carry out didactic-pedagogical actions and exchanges of knowledge
such as: approaches to problems that can stimulate studies, exploration and gath-
ering of information to generate community diagnoses and training to become a
manager or consultant in the community.

The practice contains specific objectives such as: developing areas of synergy
with the community, supporting organizations through the implementation of
training activities, thematic workshops, etcetera; that is to say, the academic work is
addressed to the receiving communities, with the aim of giving them attention in
certain problems that may require knowledge that comes from the scientific aca-
demic environment; this, in fact, enriches the trajectory of the student community.

As a methodological tool in the teaching-learning process, the project offers the
opportunity for an advance and/or maturity in the development of critical thinking
of students, and a thoughtful look at everyday practice.

In addition to the theoretical framework based on the dialogue of knowledge and
converging knowledge, the integrative project has required a methodological design
based on the Research-Action-Participation (Teppa 2012), where the IAP (for its
acronym in Spanish) is applied as a strategy committed to the social context in
which the practice is carried out.

In this context, the development of activities are directed to knowledge and
exchange of capacities and insights, including, among other things: contributing to
the search for possible solutions to problems related to daily life and according to
the competencies of students, resulting in the strengthening of the intercultural and
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multidisciplinary identity within the community of practices in the group and
collaborative environment.

4 Dialogues of Social Learning and Nuances
of Sustainability and Interculturality: The Origin
of the Integrative Project

The process of development and maturity of the community integrative project and
practices of knowledge, which has been theoretically and methodologically
grounded, keeps a direct relationship with the creation of knowledge generation and
application lines (LGAC, for its acronym in Spanish), that consists of grouping
thematic fields in which the trajectories of a community of researchers that integrate
a certain basic academic core of an educational program converge, as well as work
done by students, from a systemic perspective.

From a perspective of sustainability and interculturality, projects are elaborated,
focused on different themes such as those taken as examples in this reflection that
deal with: “migratory processes”, “management of pests and diseases in coffee
crops” and “practices of traditional medicine”. The form of convergences of
knowledge and learning is reflected precisely in the results of an institutional project
called Community Linkage, developed by all intercultural universities.

In general, the view of an integrative project is constructed by relating it to the
project of linkage given the similarity in some stages that can be defined as:
(a) exploratory, (b) falling in love, (c) commitment and participation, and (d)
construction of identities; all above strengthened by two significant frameworks that
are sustainability and interculturality.

What is sought? To be a dialectical process of knowing-acting; that can generate
enough synergy to achieve the commitment with the community to implement
transformative actions in a short time; to promote sustainable processes, that is, that
contacts that are made become satisfactory, and the follow-up so the present gen-
erations and those that will become incorporated in a future to the university,
remain in love with the practices; it is also expected to sensitize the different social
actors on the importance of establishing productive dialogues and co-responsible
between university and social environment.

To learn by means of participating in an interactive process involves teachers,
students and social actors who receive in their places and homes, the brigades that
perform the linkage. At this moment, the practice becomes the means by which is
explored and falls in love with a learning that each community contributes to the
project. It is also the transforming moment, in which affiliation or rejection are
manifested, the incorporation of an identity, commitment, action and reaction since
the experience is built day by day over two weeks per semester.

In the execution of the integrative project, the methodological design that is
prepared in advance, albeit strategic as a guide, takes second place when faced
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significant questions of relevance, time, space and power; because, as Wenger
(2001) points out: “learning cannot be designed: it can only be facilitated or
frustrated.”

To linkage processes join different actors: government, who sign the agreements
and provide the availability of its infrastructure to carry out the work, civil society,
other actors (of security, of health, etc.) that allow the coming together with the
resident population. But, it is the towns with their customs, knowledge of its
bio-cultural, gastronomic riches, and the warmth with which it receives the
grouping of communities what contributes to the dialogue of intercultural learning.

In the search for dialogue, much more than elements to build an institutional
response, the origin of the integrative project is, therefore, in the construction of
identities and learning that are strengthened with interdisciplinary commitments and
benefits communities in which intercultural practices are performed, with new and
revitalized fragments of knowledge, in which the student groups have participated.

Together and through different disciplinary paths, the groups are shaping sci-
entific identities in the integrative project of social learning, whose main commit-
ment is to return knowledge to the social milieu and to communities of traditional
knowledge.

4.1 Configuring the Social University Linkage
with Practices on Migratory Processes, Pest
Management and Traditional Medicine Practices

For the purposes of this work, we have called the Integrative Project a
didactic-pedagogical strategy that, by conforming and putting into practice themes
and dialogues developed by social and natural scientists under a model of higher
education in an academic environment, whose mission and vision are based on the
axes of sustainability and interculturality, are constructing socially, culturally and
linguistically committed interventions in rural, semi-rural and indigenous popula-
tions and communities.

Material and symbolically, the project contemplates the promotion of educa-
tional practice and intercultural dialogue between the communities that emit and
receive knowledge. It is spatially-temporary configured in an environment of
exchange of insights, which is called community linkage, in which, periodically,
groups of students put into practice their proficiencies based on aptitudes and
values, knowledge and skills acquired in the classrooms that should be applied in
specific subjects and problems of the social and cultural reality of the places.

The intercultural educational model is deeply related to joint efforts (govern-
ment, local and community) to promote a quality higher education, with cultural
and linguistic relevance, as it was from 2004 the creation of a Subsystem of
Intercultural Universities (SUI by its acronym in Spanish).
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The purpose of the UIs has been to constitute themselves as an advance in the
decolonization of a university system that does not reach to include a part of the
population, in its majority with diverse linguistic origin; in that context, bringing
higher education institutions closer to or relatively close to their places of residence,
to regions and communities with high levels of poverty, marginalization and vul-
nerability, would represent an historic effort to include indigenous language
speakers.

The project of community linkage that is carried out within the Intercultural
Education Model (MEI, by its acronym in Spanish) is, as Casillas and Santini (2006)
points out, “both a formative space, and a permanent interaction tool with surrounding
communities”; it contains different forms of both elaboration and understanding as of
execution of the project, as required by the Subsystem of Intercultural Universities,
when putting into practice the dialogue of insights and cultures.

The Model of Linkage with the Community constitutes a substantive part of the
Intercultural Universities and in the different local governments where they are
located. Its pedagogical proposal is based on principles and the establishment of
relationships and formative activities of teaching-learning that involve the diverse
actors in actions of investigation, systematization, formulation of programs and
projects; all with the aim of promoting community development in many areas.

Within the curriculum map, the linkage is considered as the methodological axis
of the MEI to be carried out with theoretical classes and specific practical work-
shops since all IUs have to be taken into account, although each institution develops
it under its own pedagogy and the purpose to carry out the extra college stays.

Community linkage is important because of the research approach that serves as
a framework to be carried out under the methodology of Research—Participatory
action; its purpose is to improve the capacities of the actors involved, especially
through a continuous process of analysis, reflection and action.

Another significant aspect of the linkage is that it promotes horizontal relations
among the project members and the community, promoting and strengthening
attitudes of solidarity and collaboration among the participants, within a framework
of inclusion and respect; thus, the students function as facilitators of the processes
of change, feed backing the experience, which is product of the dialogue of insights
with the actors and their disciplinary tasks.

Based on three topics related to generation and application of knowledge lines,
the experience of community linkage is made known, taking into account that what
strengthens the integrative project of practice communities and converging
knowledge, is also reflected in the educational programs in which they are inserted,
such as Community Forestry Engineering, Sustainable Development, Alternative
Tourism, Language and Culture, Law with an Intercultural and Nursing approach,
as an educational offer of the UIEP.
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4.1.1 Research-Action in the UIEP Integrative Project: Practices
on Migratory Processes, Pest Management and Traditional
Medicine Practices

The research-action, as the methodological axis that underlies intercultural educa-
tion, is strongly worked both in the training field of students and, above all, in the
practice of linkage, which, in the case of the Intercultural University of the State of
Puebla (UIEP, for its acronym in Spanish), is carried out in the municipalities and
rural, semirural and indigenous communities of the Sierra Norte region of the state.

The pedagogical model contemplates the development of practices through two
types of intervention:

I. Linkage Projects;
II. Dissemination and University Linkage.

These types of intervention are subdivided into two categories:

1. Formative Projects of Research-action;
2. Collaboration Projects

The Research-action Training Project is the first stage of an approaching
between the community and the student linkage brigade whose objective is to
develop interest in research as a form of learning and, at the same time, to promote
actions or tasks implemented in the same community of students, which shall be a
product of the skills obtained in the classroom.

The Collaboration Project basically comprises the coverage of students in two
aspects: (1) the training needs of students in different levels or academic cycles and
(2) the needs of the community concerning some demand in specific, either by the
institutional agent who signs the collaboration agreement with the university, or the
sectors of the communities in the municipality.

In addition to these categories, with the promotion to the generation and
application of knowledge that the university’s teaching community has developed,
taking advantage of the moment of community linkage becomes important for the
production of studies and information gathering for research projects. This is
specifically the case of studies carried out on “return migration”, “sustainable
management of pests and diseases in coffee crops” and “traditional medicine
practices in Tutunakú indigenous peoples.”

Regardless of the issues that are under study in the realization of community
linkages, the specific objectives of each proposal in all their dimensions and pro-
jections unify actions such as:

• The development of activities related to the issues
• The generation of specific attention strategies related to demands of problems

corresponding to each community, in both sustainable development and inter-
cultural issues

• The delivery of possible solutions built along the linkage practices.
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The studies are grounded on aptitudes to be developed, which are:

• Apply acquired knowledge to solve problems in new or little known environ-
ments within broader (or multidisciplinary) contexts related to the object of
study.

• Perform a critical analysis, evaluation and synthesis of new and complex ideas.

In the research projects carried out in the municipalities of the Sierra region of
the state of Puebla that have signed agreements with the Intercultural University,
whose approaches are: (a) Return migration processes and social-work reintegra-
tion, (b) Dialogue of knowledge from the Tutunakú medicine, and (c) Sustainable
management of pests and diseases in coffee crops, the scope in the development of
aptitudes by the participants are addressed to:

1.To know: Understand,
analyze and apply in the
practices, the basic concepts
approached in the thematic
units of the classes

2.Knowing how to do: A
critical and synthetic
analysis of the development
of the issues and problems
that are faced in the daily
practices of the communities
receiving the linkage

3.Being: Capable to propose
actions and interventions in
the environments
experienced in the practices
of community linkage

In this context, is presented the matrix about what is learned and what results
from an integrative project in the community linkage, for the three experiences, that
within the results contemplate, as a whole:
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• Main results summarized in the three experiences

In the three researches, the methodological design contemplates actions and
strategies such as: (a) realization of a diagnosis as a first approach to the practice of
daily life of the peoples, (b) later, the application of pedagogical strategies with
approaches of scientific or technological intervention as required by the problem or
situation to be solved.

A point of intersection in all three cases is that practices are based on the
epistemological pluralism that recognizes the knowledge system of said peoples
(Olivé 2009; Zambrana 2014) and contributes to the collection and exchange of
traditional and scientific knowledge.

Another common aspect that is expected is that the capacities of the groups of
students be strengthened so that they recognize the accumulation of insights that
have generated historically the native peoples, and that in the future they, by
themselves, be those who would carry out research and interventions based on their
professional formation, valuing their belonging to rural and native communities,
thus allowing them to become native researchers (Bertely 2011).

In the learning process interaction-experience, identities, cultures and native
tongues are articulated and these elements become significant to detect the strengths
of some practices that coexist in the community linkage concerning agriculture,
food preparation, health care, education, conservation of the environment, among
others.

In all three cases, it is possible to promote learning through the provision of
service in community contexts or learning based on a specific service (Díaz Barriga
2006), or sector that is related to the profile of the graduate of its educational
program.

The projects include training in certain tools such as the application of interviews
conducted by the student community that make up brigades, especially from the
mother tongue (Tutunakú or Nahuatl) and the methodological designs previously
studied, that will be applied in the practices to social actors, receptors of the places
where the linkage is carried out, who share their experience.

The way in which the practices are carried out modifies the understanding of
many students in terms of knowledge and insights about what they perceive as
meaning by establishing intercultural and interdisciplinary dialogues that positively
affect their social, professional and human performance in the future.

In all three cases, it is perceived the concern for the fact of no longer reproducing
in the young generations the custom of keeping their traditional practices in
operation. This represents an important pedagogical intervention gap for the sci-
entific community.

Derived from the tools applied during the stays of university linkage in the social
aspect, it is evident that, at each period, there is a greater interest from the resident
population to know the techniques and technologies that are being taught in the
courses, reason why a didactical strategy that is validated in this process is giving
workshops, where the academic community, from its different areas of scientific
knowledge, together with the university learning community, can share with the
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resident population, in different spaces, the knowledge that they possess on the
different topics approached.

The main motivating aspect is the constant search for dialogue with community
actors that contribute to the construction of knowledge, to the promotion of actions
that result in possible solutions to local problems and needs, making possible for
native and non-native youth a spirit of interculturality and open to the dialogue of
insights.

The linkage stays foster the integrative project and allow establishing important
and significant ties to carry out collaboration works directly with the community,
and to give continuity to the findings derived from the many activities, with the
purpose of generating a proposal for the improving of their problems and their
empirical responses within the production of converging knowledge, according to
the socioeconomic, linguistic and cultural conditions of those who are relevant
elements in the configuration of an integrative project.

5 Conclusions

Based on the main elements that give form and content to the integrative project, we
recover the main dimensions that go through the theoretical construction of what
would be said project and the methodology that takes advantage of problematic
issues and is enriched with a model of intercultural education.

Since it is an epistemological proposal that requires dialogues of insights, it
effectively feeds on both pedagogical and empirical strategies, which is why it
involves joint actions and greater participation of social and institutional actors and,
above all, the contribution of the receiving peoples of the social learning com-
munity and their research projects.

The experience that is developed in the localities of the northern range of the
state of Puebla, for all the groups, has the purpose of reaching an integrative project;
however, it has resulted in important events such as the rescue of traditional
techniques and technologies, and the construction of university identities committed
to provide answers to rural communities, which are their places of origin, of course.

In fact, what is developed as a commitment to issues and problems of the rural
communities visited during linkage becomes truly integrative in its execution,
above all by what it contributes to the beneficiaries and residents that participate.

As a precision, and illustrating the particular case of the three experiences, we
have that from the different knowledge that are integrated in a dialogue of social
learning, there have been identified important levels of development of the iden-
tities and strengthening of the research groups that, because of the same peda-
gogical dynamics of the project, are moving the insights, the doing and the task of
educators and learners.

In the interaction between the young students of the university institution, the
population as well as the scientific community, mediated by the relations with the
municipal authorities, are carrying out possibilities of changes in the local
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governmental agendas that, as decision makers, may open ways to envision the
academic community as an actor with a certain degree of social influence.

Through this exercise of integration, students approach to reality of situations, to
the phenomena and problems that are contained in a specific social community.
That is why each participation especially enhances the dialogue of social learning.

It is considered that to the extent that the participation of the students within the
university brigade becomes constant, assuming their belonging as a product and
producer of knowledge committed to the native peoples, the possibilities of con-
tinuing to generate research processes addressed towards the problems of their own
rural communities get increased.

As it is a set of strategies, the integrative project seeks, basically, that during the
teaching and learning process, the field of study focus on the reality where students
are inserted from their community contexts.

Last, but not less important, we highlight the importance of the relationships that
occur within this process of convergence of tasks that lead to a multiplicity and
manifestation of efforts (teaching, researching, collaborative and reciprocity), on the
one hand, and on the other, reinforces the recognition of plural epistemic thought in
which the insights of the original peoples, that historically have generated the
reflection and understanding of the world from its own cultural references, espe-
cially in places and regions where interculturality acquires special importance from
their linguistic, normative, world vision, etc. systems, awarding daily senses and
meanings the conception of the world and the richness of its natural social
environment.
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Water-Worlds: How to Research Under
the Umbrella of Sustainable Development
Being Aware of Its Multiple Ambiguities?

Javier Taks

Abstract The United Nations definition of Agenda 2030 re-launched sustainable
development as a planetary horizon for eradicating world poverty while at the same
time preserving Earth life-support processes. Since the 90s many scholars, activists
and politicians have critically assessed sustainable development and considered it
an oxymoron in the context of current global capital accumulation. This paper takes
the matter seriously and explores the limits and possibilities of researching water
management towards Sustainable Development Goal 6: “Ensure availability and
sustainable management of water and sanitation for all”. The analysis will touch
upon three main fields of enquiry, namely the creation of a world water crisis
regime, the encounter of diverse water ontologies while dealing with water man-
agement, and the raising of the human right to water and sanitation as a
counter-point to the privatization of water resources. Sustainable development
requires a stronger inclusion of human rights principles to become a more inspiring
narrative for theoretical analysis and transformative interventions. It is argued that
embedding sustainable development together with the political and cultural strug-
gles of the human rights idiom, as exemplified in the case of the human right to
water and sanitation, could provide a better framework to make sustainable
development a useful tensional concept to reflect upon for building more equali-
tarian societies, and thus to care for life and the environment, within and outside
universities.
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1 Re-Launching Global Sustainable Development

In 2015, countries adopted the 2030 Agenda for Sustainable Development and its
17 Sustainable Development Goals (SDGs). Paragraph 7 of the UN Declaration
reads as follows:

In these Goals and targets, we are setting out a supremely ambitious and transformational
vision. We envisage a world free of poverty, hunger, disease and want, where all life can
thrive. We envisage a world free of fear and violence. A world with universal literacy.
A world with equitable and universal access to quality education at all levels, to health care
and social protection, where physical, mental and social well-being are assured. A world
where we reaffirm our commitments regarding the human right to safe drinking water and
sanitation and where there is improved hygiene; and where food is sufficient, safe,
affordable and nutritious. A world where human habitats are safe, resilient and sustainable
and where there is universal access to affordable, reliable and sustainable energy. (United
Nations Organization 2015; the italics are mine)

Many believe that this declaration is just a list of good intentions, with the
pasteurized idiom of sustainable development as coined and used in mainstream
developmental discourse since the Bruntland Report in 1987 (Pierri 2005). Back in
the early 90s, Sachs (1993) stated that the Bruntland Report of 1987 “incorporated
concern for the environment into the concept of development by erecting ‘sus-
tainable development’ as the conceptual roof for both violating and healing the
environment”. He pointed out that sustainable development was another example of
a conceptual stretching strategy from those who promote unlimited economic
growth as the only viable path to wellbeing: when the destructive effects of eco-
nomic development were recognized, “the concept was stretched in such a way as
to include both injury and therapy” as in the case of growth and poverty, or growth
and gender equity, and so on. In sustainable development the aim is, he added,
to continue boosting the GNP but at the same monitor and manage water, soils, air
and energy utilization to warrant their availability to increase production and
consumption and “contain the environmental disaster for the generations to come”.
This line of thought believes that sustainable development, and sustainable
economic growth as one of its main dimensions, is actually an oxymoron
(Guimaraes 2003).

More recently, anthropologist Jason Hickel from the London School of
Economics, critically assessed Agenda 2030 in similar manner, indicating that it
does not recognize the need for the substitution of the current global economic
model, with its trend to unlimited growth and deep concentration of wealth, as part
of the causes behind unsustainability, and thus the main constraint for achieving the
SDGs (Hickel 2015). Moreover, in Latin America and elsewhere there are
increasing numbers of scholars and activists who contest the Sustainable
Development paradigm with other conceptualizations centred on Buenvivir (the
Good Life), Degrowth Theory or Ecosocialism.

Nevertheless, the current UN special rapporteur on the human rights to safe
drinking water and sanitation, hydrologist Leo Heller (Brown et al. 2016), and
many other international water activists (see Joint Statement 2015) celebrated,
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though with caution, the inclusion of the human right to water and the right to
sanitation (HRtWS) as integral parts of the SDGs, as expressed in SDG 6 “Ensure
availability and sustainable management of water and sanitation for all”. Despite
the many ambiguities they acknowledged, they also showed hopeful advances in
Agenda 2030 as compared with the Millennium Development Goals (see also
Unceta 2015).

In this article, I wish to explore the limits and potentialities of the relation
between sustainable development and the HRtWS for a real betterment of life for all
human and non-human becomings (Ingold 2012). In order to do it, I highlight three
aspects of water management and governance that became an arena for epistemo-
logical and conceptual debate: namely, the water crisis, the different place allocated
to water in diverse ontologies, and the increasing consideration of water as a
fundamental human right. I suggest that these debates might shed light on the
manner how we may still understand and use the concept of sustainable develop-
ment, not only in our environmental research and teaching projects at University,
but also in our more general awareness of modern science as both cause and
solution of (un)sustainability. In other words, I want to demonstrate theoretically—
using the example of water—that sustainable development requires a stronger
inclusion of human rights principles to become a more inspiring narrative. Yet,
both, the definitions of sustainability and humanity need to be open-ended to be
inclusive of all cases of current human-nature configurations preventing the risk of
a one sided imposed hegemony.

My methodological approach is based on a critical review of recent UN docu-
ments on the SDGs and the HRtWS in the light of public debates mostly, although
not exclusively, in Latin America among scholars and water justice activists con-
cerning the management and governance of water mainly for human consumption.
In other words, how the perspectives of sustainability and human rights might
establish a dialogue regarding better educational and research practices aiming at a
transformational vision and action in our common planetary home. It must be said,
that this article does not contrast sustainable development against other already
mentioned alternative currents in the region. Furthermore, to take into account only
the Latin American debate might occlude other realities.

2 World Water Crisis Regime

The Agenda 2030 for SD is clear about the manifestation of a water crisis of
planetary scale: “fresh water scarcity [exacerbated by climate change] is part of the
most relevant challenges which humanity faces” (United Nations Organization
2015). In the new agenda, governments are therefore “determined to conserve and
sustainably use freshwater resources” and “tackle water scarcity and water pollu-
tion” (United Nations Organization 2015). It is thus not just by chance that one of
the targets to meet SDG 6 is “[b]y 2030, substantially increase water use efficiency
across all sectors and ensure sustainable withdrawals and supply of freshwater to
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address water scarcity and substantially reduce the number of people suffering from
water scarcity” (United Nations Organization 2015).

Freshwater sources are unevenly distributed in Earth, and for millennia humans
have tried to counter this fact through social organization, technological ingenuity,
resource investments and the use of power. Nevertheless, the idea of scarcity of
water in a modern sense, according to Vandana Shiva, gradually developed together
with a two-stage process of commoditization of natural resources. The first during
colonial capitalism, when, faced with an abundance of resources, colonizers
exploited natural resources in a predatory manner, appropriating as much as they
could. This resulted in a physical limitation for production and consumption that led
to the second stage: natural resource management to respond to the scarcity of
fodder, water, minerals, and so on. In Shiva’s words: “It was this violation of
nature’s limits that then brought forth the most recent phase in the ever-changing
development recipe—the notions of ‘sustainable development’ and ‘sustainable
growth’. New limits are now to be imposed on nature’s processes in order to sustain
development and growth. The crisis of scarcity is now being formulated in the
language of sustainability” (Shiva 1993). In the same year that sustainable devel-
opment became hegemonic in the Rio Summit, the Dublin Statement on Water and
Sustainable Development declared that “Fresh water is a finite and vulnerable
resource” (Principle 1) and that “Water has an economic value in all its competing
uses and should be recognized as an economic good” (Principle 4) (The Dublin
Statement 1992).1 Following Polanyi (2001), there we can recognize a significant
step in the establishment of water as a “fictitious commodity”, a resource to frag-
ment, manage and economically speculate with. Water scarcity might therefore be
resolved with more technology, market mechanisms and better governance.

Against the idea of a global water scarcity crisis, researchers and activists
involved in the Water Justice social movement have declared “that the principal
form of the water crisis is not a shortage of water, nor failures of government, but
the many injustices in access to, the allocation of, and the quality of water. The
global water crisis is not likely to be resolved by the provision of more water.
Redressing injustice is a more promising approach. That requires a critical
rethinking and transformation in how water, water rights and authority are dis-
tributed” (Santa Cruz Declaration 2014).

These ideas according to which (in)equality and allocation of water rights are the
basis of the current water crisis should be more seriously approach by research on
sustainable development, and this means politicizing the debate on sustainability.

1The other principles are, on the one hand, the need for a participatory approach to water man-
agement and, on the other, the need to recognize the central role of women in the provision,
management and safeguarding of water.
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3 The Encounter of Diverse Water Ontologies When
Dealing with Water Management

The Agenda 2030 for SD envisages “a world of universal respect for human rights
and human dignity, the rule of law, justice, equality and non-discrimination; of
respect for race, ethnicity and cultural diversity; and of equal opportunity permitting
the full realization of human potential and contributing to shared prosperity”
(United Nations Organization 2015). Moreover, signatories acknowledged “the
natural and cultural diversity of the world and recognize that all cultures and
civilizations can contribute to, and are crucial enablers of, sustainable development”
(United Nations Organizations 2015). Though the Agenda 2030 affirms the more
traditional three dimensions of sustainable development, namely the economic, the
social and the environmental, cultural diversity certainly appears in the literature as
a fourth dimension of sustainable development (Guimaraes 2003; The Hangzhou
Declaration 2013). Cultural diversity is a challenge for a paradigm with clear
normative observations.

Anthropologists have shown that there are numerous collective attitudes to and
representations of “nature” and “humanity”. It is therefore problematic to define
“people”, “planet” and their relations in singular forms. On the other hand, how to
walk together towards global sustainable development if different human groups
might comprise diverse natures and multiverses (as opposed to a singular universe)?
(Escobar 2016).

The water question cannot be excluded from this dilemma. There are different
ontologies that place water in many diverse domains, sometimes contradictory. For
many people, water is a live entity not just a natural physical and chemical resource
that sustains human life and more. Even in modern contexts, a river can be con-
sidered as a relative, and is thus included as an extension of the social rather than
the natural realm. Moreover, the idea of water as separated entity already denotes an
ontologically fragmented realm of natural resources against a more holistic or
integrated vision of life and the environment. Many water conflicts arose due to
differing manners of appreciating water, particularly in its sacred or non-sacred
substantiation (Hassan 2004), and the possibility of conceiving water as separate
from the land, as expressed in the more neoliberal legal frameworks (Ávila-García
2016).

Research on sustainable development needs to consider the diverse ontologies
based on human-nature co-evolution and promote space for negotiation between
them, parting from the principle of general recognition and respect, but also facing
the challenge of conflict transformation, which in turn acknowledges cultural and
ethnic politics. The human right to water has, for example, been contested by
Aymara and other South American indigenous scholars and activists, who see it as
an anthropocentrically imposed perspective, whilst they consider water as a need,
and sometimes a right, for all creatures and landscapes, according to a trans-human
epistemology (Diego Quispe 2016, personal communication). While it is important
to collect, register and compare different water ontologies, it could be argued that it
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is equally important to reflect upon how to transcend the idea of
non-commensurable world-views without imposing any particular local vision of
what water is and how we should deal with its many challenges. The following
debate about the need to overcome the Western liberal definition of human rights
might shed light on how to find cosmopolitan answers to our current water
dilemmas in the face of the various and diverse existing water-worlds.

4 The Raising of the Human Right to Water
and Sanitation

In 2010 the General Assembly of the United Nations Organization recognized “the
right to safe and clean drinking water and sanitation as a human right that is
essential for the full enjoyment of life and all human rights” (UN General Assembly
2010). The adoption of this resolution was the output of a long process that lasted at
least three decades when governments, social organizations and social movements,
legal experts and scholars found the theoretical and legal bases to advance towards
a more socially and environmentally just water management model, where each
human person might realize his/her right to access clean and safe water and to live
with water to be able to realize his/her other rights as individuals and communities,
in agreement with the human rights paradigm.

The HRtWS is a bridge between the second generation of economic, social and
cultural rights (égalité) aimed to satisfy the so called basic needs, and the third
generation of solidarity or group rights (fraternité), more concerned with the right
to peace, the right to a clean and healthy environment, and the right to humanitarian
disaster relief (Weston 2014).

As in all other human rights’ definitions, the HRtWS includes the guiding
principles of non-discrimination and equality; free, active and relevant participation
in social life; transparency (i.e. access to information), and the required progressive
advancement in its realization. But the HRtWS also promotes normative contents,
namely: (i) the universal right to water for personal and domestic uses; and (ii) the
fact that water must be physically accessible, safe, culturally acceptable and
affordable in all domains of a person’s daily life (home, work and study spaces,
public spaces and elsewhere).

According to Conka (2005) the HRtWS is the outcome of a global partnership
between norm entrepreneurs and social movements. Undoubtedly, the HRtWS is
part of a symbolic framework promoted by anti-commoditization forces and
anti-privatization of water and sanitation utility networks since the 90s to date. In
this regard, I suggest that while the HRtWS functions as a critique of neoliberal
principles and policies, the SDGs generally remain neutral, when not in favour of
private sector empowerment. This tension seems to be more present in SDC6 than
in any other Goal.
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Many Latin American governments, mainly Bolivia, Ecuador and Uruguay,
were quite influential in relation to the General Assembly resolution regarding the
HRtWS. Water conflicts and the transition to formal democracy at the beginning of
the twenty-first century showed an articulation between the experience of civil
society’s defence of human rights during and after the military regimes, and
environmental justice theories and insights regarding the importance of water to
meet basic needs and for the continuation of human life. The above mentioned
countries pioneered the inclusion of the HRtWS in their Constitutional Laws.

The region nevertheless shows hugely unequal progress towards the realization
of the HRtWS. A recent study highlights that only half of the Latin American
countries count with a legal framework recognizing these fundamental rights, and
the right to sanitation is the most neglected. Furthermore, in most countries, the
HRtWS dimensions, have actually been reduced solely to physical access to potable
water, leaving aside the other intrinsic components (affordability, cultural accep-
tance, social participation, non-discrimination, and so on) (Portuguez and Dubois
2015).

Despite an increasingly consensual narrative of the obligations and benefits to
states and citizens when pursuing the HRtWS, the Latin American experience
introduces a relevant debate over the possibility of the HRtWS to contribute to
address sustainable development. On the one hand, the HRtWS has been seen by
many critical authors as part of a process that disembeds water from its immediate
geographical, social and cultural relationships, as shown for instance in the current
privatizing water law in Chile (Ávila-García 2016), in line with the current trend to
create “modern water” (Linton 2010), an abstract entity known as H2O, or a natural
resource to be managed, as the only ways of conceiving this world wide fluid; this
in turn brings up the discussion about the Western expansionist claim for a human
rights paradigm and the relativist-universalist debate.

A possible derivation of this disembedding trend is the previously mentioned
focus on the warrant for accessing potable water as equivalent to the whole human
right to water which has allowed water corporations, mainly transnational, to pre-
sent themselves as HRtWS promoters while stressing that states and local com-
munities, mainly in poorer countries, are unable to comply with the need to expand
utilities to meet the goal of water for all. Experts and activists contest this view,
stating that the HRtWS is part of the definition of water as a common good, and that
its defence is part and parcel of the protection of all other common goods (such as
knowledge, land and labour, among others) from private property and
profit-seeking organizations. The latter, they argue, would not guarantee a com-
prehensive vision of the HRtWS involving access to relevant information,
accountability, participation, and so on (Portuguez and Dubois 2015). The question
regarding the role of different agents (state, community, private corporations) in the
realization of the HRtWS is part of the work towards the achievement of SDG 6. On
the other hand, several states in Latin America have limited and even forbidden
non-state water management systems such as customary indigenous systems
(Dwinell and Olivera 2014) in the name of the HRtWS. According to state repre-
sentatives, these non-statutory systems cannot meet quantity and quality standards
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as stated by international organizations, for instance the World Health Organization;
they therefore believe that a more centralized state intervention is needed, leaving
aside the search for alternatives based on local knowledge, cultural heritage and the
peoples’ expertise developed when the state was oblivious of those territories. Once
again, this contested arena will also arise with the advances in the implementation
of SDG 6.

5 Binding Sustainability and Human Rights in Our
University Practices

How can we at University help to continue with the necessary task of changing
paradigms and meanings for SD while including the human rights perspective?

First, by avoiding the defence of cultural relativism in its extreme expression. In
the case of the HRtWS we must recognize the values of cultural diversity, but at the
same time take into account a universal intercultural definition of who is entitled to
claim these rights: every human becoming, men and women, communities, future
generations. We don’t need an essentialist definition of humans, and must create an
increasingly inclusive open-ended definition of human becomings, with their huge
variations. Human rights should be defined through an exercise of what Santos calls
diatopic hermeneutics towards an intercultural reconstruction of human rights
(Santos 2010).

Second, by recognizing the contradictory nature of human engagement with
other living and non-living entities, meaning that “sustainability” requires massive
efforts to continue, and these may never end. Yet, this ambiguity, this consciousness
that SD would not be achieved for once and for all, cannot veil the fact that some
social groups work towards unsustainability while others do not accept that we will
live forever in a degraded, unhealthy, ruined Nature.

Finally, we must consider the HRtWS as a means to impact on the SDGs with
less expertocracy. The process of emergence of the human right to water in Latin
America and elsewhere was democratic, from bottom up, linking indigenous peo-
ple, urban inhabitants, workers unions, politicians and researchers. In this dialogue
of knowledges, we should not view science as evil. We need to analyse scientific
knowledge as situated as any other form of knowledge. As anthropologist Tim
Ingold puts it:

Far from abandoning science (…) or opposing the knowledge of inhabitants to scientific
knowledge, we need to find ways in which they can work together. This calls for both a
revaluation of the environmental experience and creative interventions of lay practitioners
and an acknowledgment that science and technology, too, are grounded in practices of
habitation. (Ingold 2013)

In our University activity we should keep our feet on the ground without
refusing the enjoyment of enskilled abstraction and universal thinking to contribute
to sustainable futures.
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6 Conclusion

Sustainable development has been re-launched into the international arena. It could
have served to contest the more economicist Green Economy vision that disputed
narrative centrality to deal with the environmental and social challenges of our time.
Carbon bonus, the commoditization of water and financing nature, seem opposed to
the necessary political and cultural motivation to create alternative models of
production and consumption, a post Anthropocene era. By now it seems that there
is no other “big enough story” (Haraway 2015) than Sustainable Development to
lead diverse actors like “scientists, entrepreneurs, politicians, labourers for
humanity… governments, institutions, the private sector, workers and societies”
(United Nations Organization 2015) to work together towards a different earth for
people “to live and die well” (Haraway 2015).

The SDGs must be understood as a moral imperative rather than, or at least not
only, a rational guideline. In this way, the oxymoron can become productive in a
transitional stage. People all over the world cannot stop production and
consumption-as-usual from one day to another, but need to realize that they must
work in this direction, while inventing new production and consumption relation-
ships to generate different motivations to act in society and in the environment.
I would suggest that this is the main reason why many of us, who have been
teaching long years a critical approach to the hegemonic definition of sustainable
development, are still hopeful that it is worth giving battle for the appropriation of
meaning. A new lexicon should be used to talk about sustainability: sufficiency,
responsibility, and care, instead of infinite growth, natural capital and
competitiveness.

In this sense, the idiom of human rights, as exemplified in this chapter with the
case of the HRtWS, provides “a normative basis and constitutes a source of
authority and legitimacy for realizing universal and fair access to [water]” (The
Pontificial Academy of Sciences 2017); a binding legal obligation for all, ranging
from the state to private transnational corporations, in order to prevent water supply
—and other socio environmental services—from falling under the influence of
powerful and pro-profit minority groups.

Further theoretical and empirical research would be needed to see how the
HRtWS are realized within SDG6. Moreover, an intercultural human rights per-
spective should be use to measure the advance of all other SDGs.

References

Ávila-García P (2016) Hacia una ecología política del agua en Latinoamérica. Revista de Estudios
Sociales (Colombia) 55(18–31):2017. doi:10.7440/res55.2016.01 Accessed 27 March

Brown C, Neves-Silva P, Heller L (2016) The human right to water and sanitation: a new
perspective for public policies. Ciência & Saúde Coletiva 21(3):661–670

Water-Worlds: How to Research Under the Umbrella of Sustainable … 419

http://dx.doi.org/10.7440/res55.2016.01


Conka K (2005) Governing water contentious transnational politics and global institution building.
MIT Press, Cambridge

Dwinell A, Olivera M (2014) ¡El agua es nuestra, carajo! Agua bien común en Bolivia. In Santos C
et al (ed.) Las canillas abiertas de América Latina III. El agua como bien común y derecho
humano. Luchas y desafíos a 10 años del Plebiscito del Agua en Uruguay. Casa Bertolt Brecht,
Montevideo, pp 49–56

Escobar A (2016) Desde abajo, por la izquierda y con la Tierra. http://blogs.elpais.com/
contrapuntos/2016/01/desde-abajo-por-la-izquierda-y-con-la-tierra.html. Accessed 27 Mar 2017

General Assembly of the United Nations Organization (2010) The human right to water and
sanitation. Resolution 64/292. http://www.un.org/ga/search/view_doc.asp?symbol=A/RES/64/
292. Accessed 27 Mar 2017

Guimaraes R (2003) Tierra de sombras: desafíos de la sustentabilidad y del desarrollo territorial y
local ante la globalización corporativa. CEPAL, Santiago de Chile, Serie Medio Ambiente y
Desarrollo Nº 67

Haraway D (2015) Staying with the trouble: anthropocene, capitalocene, chthulucene. In:
Moore JW (ed) Anthropocene or capitalocene? Nature, history, and the crisis of capitalism. PM
Press, Oakland, pp 34–76

Hassan FA (2004) Water and ethics: a historical perspective. UNESCO, Paris
Hickel J (2015) Five reasons to think twice about the UN’s sustainable development goals. http://blogs.

lse.ac.uk/southasia/2015/09/23/five-reasons-to-think-twice-about-the-uns-sustainable-development-
goals. Accessed 19 Feb 2017

Ingold T (2012) Ambientes para la vida. Trilce, Montevideo
Ingold T (2013) Designing environments for life. In: Hastrup K (ed) Anthropology and nature.

Routledge, London
Joint Statement (2015) Joint statement from amnesty international, human rights watch, and wash

united on UN general assembly resolution 70/169 on the human rights to water and to
sanitation. https://www.hrw.org/news/2015/12/17/joint-statement-amnesty-international-human-
rights-watch-and-wash-united-un-general. Accessed 11 Mar 2016

Linton J (2010) What is water? The history of a modern abstraction. UBC Press, Vancouver
Pierri N (2005) Historia del concepto de desarrollo sustentable. In: Pierri N, Foladori G

(eds) ¿Sustentabilidad? Desacuerdos sobre el desarrollo sustentable. Universidad de Zacatecas/
Porrúa, México, pp 60–81

Polanyi K (2001) The great transformation. Beacon Press, Boston
Portuguez JM, Dubois V (2015) Implementación del derecho humano al agua en América Latina.

Buenos Aires: CAF. https://www.caf.com/media/2630071/implementacion-derecho-humano-
agua-america-sur-caf.pdf. Accessed 22 Mar 2016

Sachs W (1993) Environment. In: Sachs W (ed) The development dictionary: a guide to
knowledge as power. Zed Books, London, pp 26–37

Santa Cruz Declaration on the Global Water Crisis (2014) Water Int 39 (2):246–261
Santos B (2010) Para descolonizar Occidente. Más allá del pensamiento abismal. CLACSO/

Prometeo, Buenos Aires
Shiva V (1993) Resources. In: Sachs W (ed) The development dictionary: a guide to knowledge as

power. Zed Books, London, pp 206–218
The Dublin Statement on Water and Sustainable Development (1992) http://www.un-documents.

net/h2o-dub.htm. Accessed 27 Mar 2017
The Hangzhou Declaration (2013) Placing culture at the heart of sustainable development policies.

http://www.unesco.org/new/en/culture/themes/culture-and-development/hangzhou-congress.
Accessed 27 Mar 2017

The Pontificial Academy of Sciences (2017) Final statement of the workshop on the human right to
water. http://www.pas.va/content/accademia/en/events/2017/water/final_statement.html. Accessed
27 Mar 2017

Unceta K (2015) De los ODM a los ODS. http://www.otromundoestaenmarcha.org/lanbroan/?p=
33. Accessed 25 Mar 2017

420 J. Taks

http://blogs.elpais.com/contrapuntos/2016/01/desde-abajo-por-la-izquierda-y-con-la-tierra.html
http://blogs.elpais.com/contrapuntos/2016/01/desde-abajo-por-la-izquierda-y-con-la-tierra.html
http://www.un.org/ga/search/view_doc.asp%3fsymbol%3dA/RES/64/292
http://www.un.org/ga/search/view_doc.asp%3fsymbol%3dA/RES/64/292
http://blogs.lse.ac.uk/southasia/2015/09/23/five-reasons-to-think-twice-about-the-uns-sustainable-development-goals
http://blogs.lse.ac.uk/southasia/2015/09/23/five-reasons-to-think-twice-about-the-uns-sustainable-development-goals
http://blogs.lse.ac.uk/southasia/2015/09/23/five-reasons-to-think-twice-about-the-uns-sustainable-development-goals
https://www.hrw.org/news/2015/12/17/joint-statement-amnesty-international-human-rights-watch-and-wash-united-un-general
https://www.hrw.org/news/2015/12/17/joint-statement-amnesty-international-human-rights-watch-and-wash-united-un-general
https://www.caf.com/media/2630071/implementacion-derecho-humano-agua-america-sur-caf.pdf
https://www.caf.com/media/2630071/implementacion-derecho-humano-agua-america-sur-caf.pdf
http://www.un-documents.net/h2o-dub.htm
http://www.un-documents.net/h2o-dub.htm
http://www.unesco.org/new/en/culture/themes/culture-and-development/hangzhou-congress
http://www.pas.va/content/accademia/en/events/2017/water/final_statement.html
http://www.otromundoestaenmarcha.org/lanbroan/?p=33
http://www.otromundoestaenmarcha.org/lanbroan/?p=33


United Nations Organization (2015) Transforming our world: the 2030 agenda for sustainable
development. https://sustainabledevelopment.un.org/post2015/transformingourworld. Accessed
27 Mar 2017

Weston BH (2014) Human rights. Encyclopaedia Britannica. https://www.britannica.com/topic/
human-rights#ref742089. Accessed 27 Mar 2017

Water-Worlds: How to Research Under the Umbrella of Sustainable … 421

https://sustainabledevelopment.un.org/post2015/transformingourworld
https://www.britannica.com/topic/human-rights#ref742089
https://www.britannica.com/topic/human-rights#ref742089


Public Policy to Promote Sustainable
Tourism in the State of Veracruz, Mexico

Ingrid Patricia López-Delfín, María Ángeles Piñar-Álvarez,
Jorge Alejandro Negrete-Ramírez, Astrid Wojtarowski-Leal
and El Colegio de Veracruz

Abstract This research focuses on the search for sustainable touristic services
through the design of a participatory public policy proposal that prioritize business
requirements and their social and environmental responsibility in the territory. The
proposal goes for the municipalities of Xalapa, Xico and Coatepec, in order to
enhance their tourism competitiveness under a sustainable framework, by using
management systems based on the ISO 9001: 2008 and 14001: 2004 standards, to
certify the processes under which tourism services are provided. The purpose of this
is to encourage the tourism entrepreneurs to take on their involvement, in inter-
national quality standards, and commitment to adopt environmental oriented care
protocols. Methodologically, the establishment of quality and environmental
management systems based on ISO standards underwent testing by using three
measurement tools, quantitative and qualitative, applied to the tourism industry in
the three priority tourist destinations in central Veracruz. Findings show the inputs
needed to create a touristic and sustainable public policy proposal that affects
beneficially in the competitiveness and sustainability of the target region in the
Ecological Corridor of the Sierra Madre Oriental of Veracruz, Mexico.

Keywords Sustainable tourism � Management systems of touristic quality
Tourism competitiveness � Touristic public policies

1 Introduction

The promotion of tourism is key to the development of Veracruz, it brings with it
numerous benefits such as job creation and economic growth (Datatur 2015). With
that in mind, public policies should ensure that activities related to tourism do not
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affect the environment; furthermore, it is also vital that this industry has to set the
conditions and quality services for national and international visitors.

The feasibility of developing a public policy under a focus of sustainability,
entailing management systems based on the regulation ISO 9001:2008 and
14001:200 to certify tourism services and thus promote the provision of competitive
high-quality services with environmental management protocols, requires a priority
study area already consolidated as a tourist destination in the federal entity. This
concerning Xico and Coatepec (Pueblos Mágicos “Magical Villages Program”), as
well as Xalapa (state capital) See Fig. 1.

In the state of Veracruz, 5173 companies provide tourism services. For the study
region—Xalapa, Xico and Coatepec—145 hotels, 578 restaurants and 84 tourism
companies are located in areas of “other tourist establishments” (travel agencies,
spas, car rental companies, golf courses and convention centers). However,
according to the information provided by the state of Veracruz (Secretaría de
Turismo y Cultura or Secturc), in these three municipalities are only 64 tourist
companies, 7.8% of the total, with quality certifications aimed at quality services
provision, customer service and protocols follow up that minimize environmental
impact due to the provided services (GOEV 2011; GOEV 2012; Secturc 2016).
These companies will be our subject of study.

In this context, the collaboration between El Colegio de Veracruz and the
Secturc approached those few companies who provide services, under a
high-quality scheme and management in order to investigate the elements that can
increase business, structured through public policies aimed at meeting the most
pressing needs of the productive sector in the municipalities that are the subject of

Fig. 1 Study area (Xalapa, Coatepec, Xico)
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study. These are nature destinations established in Veracruz (Piñar-Álvarez 2012),
with a vast variety of natural, cultural and historical-monumental attractions, which
counteracts with the weak environmental leadership of their companies and the
strong weaknesses in terms of competitiveness measured by nine factors, especially
supply, infrastructure and destination management (Piñar-Álvarez and Arredondo
2014). This encourages to analyze how the quality standards of tourism services
should be enhanced, underneath a scheme that promotes sustainability in its three
dimensions: social, economic and environmental. This allows us to shed light on
the potential of urban-rural tourism as the key element for the biocultural preser-
vation, in the Ecological Corridor of the Sierra Madre Oriental of Veracruz (Fuentes
2013; Negrete-Ramirez and Piñar-Álvarez 2015).

1.1 Research Goals

The main goal of sustainable development research was to design a proposal for the
implementation of environmental and quality management systems based on the
ISO 14001:2004 and ISO 9001:2008 standards. The specific goals were three:

1. Analyzing the quality and environmental management systems in the public and
private market, so that the aim is boosting sustainable tourism policies.

2. Diagnosing the status of those companies who are certified with the quality and
environmental management systems in Xalapa, Xico and Coatepec.

3. Designing a public policy based on the implementation of the quality man-
agement system under the ISO 9001:2008 standards, and the environmental
management system under the ISO 14000:2008 standards, in the tourism sector
of the studied municipalities.

1.2 Methodological Approach

The methodological approach of the research was a crossover of quantitative and
qualitative instruments with descriptive and explorative nature.

For the first goal, the quality and environmental management systems in the
public and private markets, focused on promoting sustainable public policies for the
tourist sector, were described in an analytical way. The used technique was an
content analysis and the applied instrument was a guide of content analysis through
which a bibliographic review of the literature. It was related to the following
certified systems, regarding environmental management and quality of the public
institutions, was carried out: Certificado Calidad Ambiental Turística
(SEMARNAT), the certification Acreditación de Guías de Turistas, Sello de
Calidad Punto Limpio, Programa de Calidad Tesoros de México, Programa de
Calidad Distintivo S, Programa de Calidad Moderniza, Programa de Manejo
Higiénico de los Alimento Distintivo H, Distintivo Moderniza, all of them
belonging to the Ministry of Tourism (Sectur 2015) as well as to the private quality
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systems of the company EarthCheck (2015) and the NGO Rainforest Alliance
(Rainforest Alliance 2014).

Concerning the second goal, the conditions of the certified companies with quality
and environmental management systems in Xalapa, Xico and Coatepec were diag-
nosed through an analysis of their strengths and weaknesses. The approach of this goal
is mixed (qualitative-quantitative) and was carried out through three instruments:

a. Semi-structured interview guide: applied to 23 key informants of certified
companies that have environmental certificates or quality management systems
in Xalapa, Xico and Coatepec, in order to know the opinion of the managers of
these companies regarding the operation of the quality management system
enforced in their company;

b. Likert Scale: applied to 60 clients, 30 of them of companies with quality cer-
tifications, and the other half were companies without quality certifications, in
order to know their awareness regarding the services that are offered to them in
companies with quality management systems;

c. Non-participant observation guide: applied in 40 certified companies of the
study area, in order to inquire into the circumstances in which these companies
are and the terms in which they render their services.

With regard to the third goal, an analysis of documentary information, opinions
of entrepreneurs of the tourism sector was carried out, contrasting the application of
the management systems with the practice of the companies. With this information,
a public policy design model was applied to promote a sustainable and touristic
public policy in the municipalities of study, based on the implementation of the
Quality Management System (QMS) in the study area.

2 Results or Findings

2.1 Quality and Environmental Management Systems
in the Public and Private Market

Tourism is an activity of great significance for Veracruz, and various elements are
needed to develop its potential. These factors have much in common with the
competitiveness of tourism enterprises and the provision of services under quality
standards and protocols for environmental protection, because otherwise the
operation of these organizations wouldn’t be sustainable.

The supply of quality and environmental management systems in the public
(SEMARNAT-SECTUR) and private market (Earthscheck, Rainforest) is sufficient.
They also are an ideal way to achieve this combination since its implementation
requires the adoption of official quality standards, although rigorous exercise from
the company is implied, that will be worth the effort when evolving into the
continuous improvement of the provided services. In addition to this, all of the
quality distinctives were analyzed in this research demand respect to multiple
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environmental laws. The quality distinctives are focused on the visitor’s attention,
to the improvement of a company’s processes and they include provisions to reduce
the environmental impact of certified tourism companies. With the Moderniza
Program, the most driven one in Veracruz, it has been able to encourage the
participation of micro, small and medium-sized enterprises in the tourism sector to
thereby implement the Moderniza Quality Management System in their com-
panies. With a contribution of the federation and the state (65–80%) and another
contribution on the part of the entrepreneur (20–55%) who invests 6500 pesos
(micro), 12,075 pesos (small) or 16,425 pesos (medium company), with a 3-month
program of training, a simplified Quality Management System starts to be imple-
mented based on the requirements of ISO 9001 and 9004 standards. This affects
organizational and economic performance of enterprises. Being directed to the
senior management of companies (owners, directors and/or managers), the suc-
cessful implementation is guaranteed. At the country level, it suffers from mea-
suring the impact of programs in companies. The impact of the Moderniza Quality
Program has been measured that much, which recognizes the improvement of the
management of the companies, that there are 10 measure indicators:

1. greater customer satisfaction,
2. higher productivity,
3. further staff training,
4. greater innovation in product and services design,
5. increase in the number of customers,
6. sales growth,
7. increased profits,
8. less waste,
9. lower costs,

10. less staff absenteeism.

All this is happening in companies with Distinctive “M” at a national level. In
other words, it is not about creating new distinctives but to push decisively (by the
federation and the state) that what is already known: Moderniza is an excellent tool
that meets the requirements of ISO 9001 and ISO 9004 standards, which are the
ones that affect organizational and economic performance of enterprises the most.

3 Diagnosis of Certified Companies with Quality
and Environmental Management Systems

3.1 Interviewing Entrepreneurs in Municipalities

Xalapa. From the application of the interview in the municipality, the following
results are obtained:

• Motivation and commitment of the members of the organization are appreciated,
as well as from those responsible for maintaining the GSC.
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• No company in Xalapa gave a figure of what is spent, but they said it was
expensive.

• For interviewees, distinctive “H” is a strict SGC, in terms of its processes, and it
translates into better services for the customer.

• Interviewees are considered included within the organization, and their work
contributes to the achievement of quality policies of the certified company.

All the interviewed companies considered that their SGC contributes great value
to the organization, so they are interested in preserving it. A 94% of respondents
expressed their interest in renewing their certificate, 6% no, because of the cost.

The interviewees showed abilities to be environmental leaders, just as being
aware of the influence exerted by their company on the territory, but only two
companies in this municipality support sustainable local production projects. All the
interviewees indicated that the main challenge they have faced in the implemen-
tation of their QMS is the human factor or internal customers. As for the expec-
tations they had in implementing their QMS, all respondents were satisfied.

Xico. With regard to the interviews results, the following elements are highlighted:

• Regarding companies motivation to implement and maintain their certificate,
75% said that competition drives them, and 25% of them need to improve their
processes.

• All respondents believe their customers appreciate their efforts to maintain their
QMS. A great environmental care, as well as commitment of the certified
companies towards the community in which they are immersed, is appreciated.

• Those in charge of implementation are members of the organization with sup-
port from external consultants.

• The cost of the QMS in all 40 certified companies is $1000.00 pesos per month.
• As to benefits of the GSC, 75% consider it very positive and 25% think that it

avoids rigorous inspections for them.
• As for the challenges that companies have faced, they also expressed the human

factor or internal clients; likewise, the amount of time that has to be invested in
the maintenance of the system.

• Expectations of all respondents are satisfied, so they are interested in renewing
their certificate.

• As to the corporate social responsibility and the company’s influence in the
territory, 75% consider themselves environmental leaders and socially respon-
sible companies and 25% of them consider that they do make efforts for the
environment, but insufficient.

Coatepec. The findings of the municipality, according to the interviews, show
the following:

• The respondents’ motivation is: facing the great competition that exists in the
municipality.

• All interviewees stated that their QMS is very expensive and not one company
gave a figure of what it spends on implementing or maintaining its SGC.
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• There were complaints about the process by which they implemented the dis-
tinctive M, that is, through the invitation from the city council.

• The interviewees pointed out that their SGC is useful for the organization, but
they consider that the client does not perceive a difference because of the quality
services they offer.

• As for the challenges they face to implement their QMS, 75% said that it is the
human factor and 25% training new staff, who eventually will go work for
another company in the same municipality.

• All the certified companies of Coatepec have the distinctive M, however, it is
appreciated as partially implemented and without the strictness that a SGC must
have.

• The implementation managers, as members of the organization, complain about
the lack of support from external consultants.

• Concerning the benefits of SGC, all respondents said they are positive. Although
their expectations have been met in the case of 75% of the companies, 25% are
not satisfied.

• A 50% wants to renew the certificate and a 50% doesn’t.
• As for the companies influence and social responsibility in the territory, 75% are

not considered environmental leaders, but they are socially responsible because
they provide local employment. A 25% of these companies have environmental
care protocols.

• None of the interviewed companies of the municipality reported their efforts to
protect the environment and the visitors.

3.2 Xalapa, Xico and Coatepec: Common Elements After
Interviewing the Companies

• The “H” and “M” distinctives, as well as the Sello de Calidad Turística
Veracruzana (Touristic Quality Seal of Veracruz), are directed towards customer
service, to the improvement of the business processes, containing provisions to
reduce the environmental impact of certified tourist companies.

• 91% of the interviewed companies considered that its QMS brings value to the
organization and are interested in keeping it. The rest of the companies (9%)
have no interest in keeping the distinctive.

• Certified companies, by regulations, follow guidelines in their activities towards
environmental sustainability, however, only 23% or nearly one in four, shares it
with the visitors.

• 74% of the interviewed companies acknowledged that their day-to-day opera-
tions did not include protocols to reduce the environmental impact of their
activities, until they began implementing their QMS.

• In Xalapa a greater commitment to process quality and customer satisfaction
was observed, while in Xico greater commitment to the community and the
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environment was appreciated. In Coatepec, the implementation of the distinctive
“M” is not consolidated for appreciation nor for the rigor that QMS requires.

• Interviewees in Xalapa and Xico are considered to be included in the organi-
zation and are aware of their work contributing to the quality policy of the
certified company. In Coatepec companies on recognized that the SGC does
improve their processes, but they don’t believe that the customer perceives it.

• In Xalapa and Coatepec no figures of the cost of the QMS were provided, but
stated that it was expensive. In Xico, the interviewed companies said they spend
$1000.00 pesos per month in maintaining its QMS.

• In Xalapa and Xico all of the interviewed companies were satisfied with their
certification and consider that the SGC meets their expectations.

3.3 Observing the Companies and Surveying Their
Customers in Xalapa, Xico and Coatepec

The application of the observation guide shed light on the situation that the
observed companies face, before applying interviews with their managers and/or
responsible for management which have quality certifications (Distinctive “H”,
Distinctive “M”, Distinctive “Clean Point” and Sello de Calidad Turística
Veracruzana), they had agreed to being interviewed. There are five aspects that
stand out in the study region:

1. 97.5% of the companies exhibit their governing documents and/or quality cer-
tificates to the visitors.

2. In the 100% of the companies, compliance with the Civil Protection Guidelines
(signage, extinguishers and evacuation routes) is observed.

3. 77.5% of the companies have customer satisfaction surveys (via print or elec-
tronic). Other companies verbally inquire about the quality of the service
(22.5%).

4. In 100% of the companies there is order, cleanliness and generally adequate
conditions of all facilities.

5. Only 5% of the certified companies in the three municipalities communicates its
efforts towards the environment.

In general terms, it stands out that customers are satisfied but not aware with the
social and environmental responsibility within the sale of services because com-
panies do not report them (Table 1).

3.4 Representative Features of the Quality Management
Systems (CGCMA) of the Region

Hereunder, a table with the representative features of the SGCMA implemented in
the study area is presented. It should be noted that the level of implementation of
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the SGCMA was measured according to the following Assessment Matrix, with
three levels of implementation, shown below

• 3 or High implementation level
• 2 or Medium implementation level
• 1 o Low implementation level.

To measure the level of implementation of the SGCMA in the company, the
Table 2 shows the differences.

Under this assessment, according to the aforementioned assessment, the level of
implementation of the SGCMA in the municipalities of Xalapa and Xico is at a
High level, while in Coatepec it is seen at a Low level.

Piñar-Álvarez and Del Castillo (2014) demonstrated how leading towards sus-
tainability by the design of public policies starts off with a diagnosis that weighs the
productive and environmental needs, prioritizes the problems and the effects of each
of them to solve others issues, establishes the aims and the strategies, and allows to
program concrete measures and specific management and performance indicators.

4 Design of Public Policies that Leads Towards Touristic
Sustainability

A public policy project that stems from a participatory and inclusive process of the
productive and social actors muss be involved in the territory (García-Falcón 2010).
The failure of public policies is due to using the wrong method and the frivolity of
raising government actions that aren’t planned based on the most pressing needs of
the community, without analyzing the impacts a problem can have for the resolu-
tion of others.

The preparation of the diagnosis was based on the diagnosis of the Plan
Veracruzano de Desarrollo (GOEV 2011), the Programa Sectorial de Turismo
(GOEV 2012) and the municipal plans of the municipalities of Xalapa (City
Council of Xalapa 2014), Xico (City Council of Xico 2014) And Coatepec (City
Council of Coatepec 2014). With this information, alongside the results of the
prepared measurement instruments, a SWOT analysis was carried out. It yielded the
necessary inputs to conduct the participatory public policy proposal.

Only in the case of Xalapas’ City Council a municipal development plan,
elaborated with the participation of the productive sector (hotels, restaurants,
guides, civil society), can be cherished. This is thanks to workshops of strategic
planning and forecast of the possible scenarios, performed within the framework of
the Agenda de Competitividad Turística of Xalapa (Piñar-Álvarez and Arredondo
2014; SECTUR-GEMES 2013).

Already in this case it is possible to assess the design (Corzo 2013), the planning
for competitiveness (Deming 1999) and the public policy management carried out
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Table 1 Features of the quality and/or environmental management system

Town/
City

Features of the quality and/or environmental management
system (SGCMA)

Implementation
level

Xalapa – Motivation and commitment of the members of the
organization and responsible for maintaining the SGCM is
appreciated

– The implementation of the SGCMA is expensive but it
rewards in customer satisfaction and benefits

– The SGCMA is rigorous in its requirements, which
translates into better services

– The interviewees are considered included within the
organization and their work contributes to the achievement
of quality policy of the certified company

– The clients value the effort of the organization to maintain
the SGCMA

– The interviewees consider themselves environmental
leaders and are aware of their company’s commitment to
the community

High

Xico – There is motivation of the members of the organization to
maintain the SGCMA

– The implementation of the SGCMA is accessible
– The SGCMA is rigorous in its requirements, but it is based
on the quality of the services offered to the public

– The certified companies show commitment with the
community in which they are immersed and with the care
towards the environment

– The clients value the effort of the organization to maintain
the SGCMA

– The interviewees consider themselves environmental
leaders and are aware of the company’s commitment to
their community, although they consider that they could do
much more

High

Coatepec – Those responsible for implementing the SGCMA are
motivated solely by the competition

– The interviewees consider that the SGCMA is rigorous in
terms of its requirements but those in charge of
implementing it did not fulfill their commitments

– Respondents stated that their SGC is very expensive
– The interviewees are not considered included within the
organization

– The interviewees pointed out that their SGCMA is useful
for the organization but consider that the client does not
perceive the difference

– The clients do not perceive the effort of the organization to
maintain the SGCMA

– The interviewees are not considered environmental leaders
and are not aware of the company’s commitment to its
community

Low
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for over 4 years, as Mejía (2004) points out, given that there are indicators of
management and performance.

In the case of Xico and Coatepec we find desktop documents where social and
business participation is the great absentee.

An overwhelming majority of those who have theorized about public policies
indicate the importance of the diagnostic and evaluation phase of a public policy
(Villanueva 1993; Tamayo 1997; Parson 2007). In terms of public tourism policy,
the participation of the tourism sector in the diagnosis and planning phases enables
the corporate responsibility with the quality of the services it offers and also within
the community where the company is inserted (Buades 2010; Wojtarowski-Leal
et al. 2016).

If there are no indicators to measure planned actions, a public policy cannot be
evaluated. At this point accountability is essential, and part of the established goals
of the public policy, on a participatory basis since the diagnosis and the planning
stages. Meaning, the management based on the results of a public policy must start
from a point of social dissatisfaction or weaknesses in economic, social, environ-
mental and institutional matters. Quality management within a company also
requires a decisive drive from those responsible for a tourism public policy, a drive
that leads to sustainability. In our view, the quality label Moderniza is an excellent
tool oriented to quality planning inside the company (Juran 1990). The results of its
implementation since 2004, for more than a decade (Canaco 2016), and the results
of the present research show the need for a more determined impulse by the
SECTUR—federal and state. Moderniza gives the benefits shown in the satisfaction
of internal and external customers, improving productivity and increasing sales and
profits, reducing staff costs and staff absenteeism, decreasing time and processes
waste as well as the innovation of products and services in the state of Veracruz.

5 Conclusions

Tourism is an activity of great importance for Veracruz State, generating jobs and
large scale income, however, it still needs various elements to develop its potential.
These factors have much to do with the competitiveness of tourism companies and
the provision of services under quality standards and environmental protection
protocols, otherwise the operation of these organizations would not be sustainable.

Therefore, quality certificates seem to be an ideal way to achieve this combi-
nation since its implementation requires the adoption of official quality standards,
although rigorous exercise from the company is implied, that will be worth the
effort when evolving into the continuous improvement of the provided services to
internal customers (personal) and external customers (visitors). In addition to this,
all of the quality distinctives that were analyzed in this research demand respect to
multiple environmental laws. It is encouraging to know the findings of the appli-
cation of one of the measurement instruments where information was collected,
which shows that the quality distinctives are oriented towards the public eye and the
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enhancement of the processes of a company, as well as having provisions to reduce
the environmental impact of certified tourism companies in the involved
municipalities.

Likewise, nine out of ten interviewed companies (91%) considered their SGC to
be of great value to the organization and are interested in keeping it. On the other
hand, seven out of 10 interviewed companies (74%) acknowledged that their
day-to-day operations did not include protocols in their activities to minimize the
impact on the environment, until they began implementing their Quality
Management System. The fact that certified companies admit that they began to
follow environmental care protocols as a result of starting with the implementation
of their quality certificate is a big plus in favor of these quality distinctives.
However, in each analyzed destination (close to each other) a different commitment
with socio-environmental quality and sustainability was observed: in Xalapa a
greater commitment to process quality and customer satisfaction, while in Xico a
stronger involvement with the community and the environment was appreciated,
and in Coatepec the tourism quality certifications were partially implemented.

This may be linked to the certification companies and their lack of resources. In
the case of the Distinctive Moderniza, the certifying companies complain about the
resources lack of continuity provided by both the federation and the state.

There is also a lack of control by the Secturc in these companies workability,
companies that are dedicated to the implementation of their quality distinctives.
Any organization, large or small, is susceptible to adopt the quality philosophy as a
management method, all that is needed is effective leadership on the part of public
institutions by public policy decision-makers and the companies’ owners. To take
on a quality management system represents hard work for the company that pays off
organizational and productivity results, to which is added the benefits that come
along with the achievements in terms of environmental management. Leading
towards the sectors sustainability in the territory is possible. With this aim in mind,
when the use of quality and environmental certification based on ISO standards is
considered, it emanates on a credibility ethic of the companies accredited by the
International Organization for Standardization, same which verifies the compliance
with the requirements of this standard within certified organizations. As for the
fulfillment of the processes, this verification is carried out by an external agent to
the organization that will test if the company complies with the international
standards of quality. A collegiate body belonging to the International Organization
for Standardization shall thereafter recommend the certification of a company.

The common thread among the interviewed companies’ owners was to point out
that their distinctive was expensive because of the investment made in training and
physical structure of the organization. Naturally, the company has to invest in its
Quality Management System (QMS): quality costs, but it costs more not to have it.

The proposal made here is that the members of the organization—through public
policy and a proper training—shall be responsible for deploying their QMS based
on the ISO standards, which will allow them to reduce costs in order to obtain their
certificate.
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It should be noted that not all tourism companies will be candidates to obtain this
ISO certification. Smaller organizations can start with the processes reengineering
to improve their day-to-day operations and gradually obtain ongoing progress,
which will lead them on the way of certified quality. The companies that are
candidates to use SGC, based on ISO standards, are those that have 30 members or
more. With these it is necessary to work with the processes reengineering that will
lead them to systematize the provision of their goods and services, towards ISO
based certification. In general, it is a question of all companies in the study area
being able to boost their tourist activity, move towards improving their processes
and offer quality services to the customer, in order to be competitive.

Meanwhile, competitiveness is substantive but it is not the only aspect that needs
to be considered: sustainability in its three dimensions (social, cultural and envi-
ronmental), associated with corporate social responsibility, is fundamental. During
the interviews it was observed that few organizations consider themselves to be
environmental leaders, even if they are making laudable efforts to take care of the
environment. Furthermore, all companies certified by regulations have to follow
environmental sustainability guidelines in their activities and yet one in four
companies (23%) communicates their efforts in environmental improvement to their
customers: there is an opportunity for companies providing tourism services in the
region and the entity.

It is essential to make tourism companies aware of the role they play in their
community and of the important management they have over the territory in which
they operate: these provide employment for the benefit of the community and take
care of the environment. Clients prefer a tourist company immersed in an envi-
ronment free of poverty and social and cultural marginalization, as well as of
employees displeased with their work. During the interviews, the behavior of
dissatisfied employees became evident in certain tourist companies: the external
customer or visitor notes the discontent shown by a worker who does not feel
included in an organization.

In that case, in pursuit of sustainability, the role of the client and its transforming
power is essential: each of us must be conscious and responsible when choosing a
company to stay, to spend a recreational day or to consume food. It is the external
clients who choose or not socially responsible companies that are making efforts to
offer quality services and whose operation is carried out under processes that do not
contaminate the environment, immersed in improving their community in
socio-cultural terms within a model that leads to a sustainable territory. The cus-
tomer has the final say and the power to consume both goods and services that take
care of their own health and of the environmental health.

As we have seen within the social, cultural and environmental dimension of
sustainability, the institutional dimension must be added. While there is a legal
structure that requires care and access to a healthy and balanced environment,
compliance with environmental laws is often a fallacy at municipal, state and
federal levels. Two clear examples: weaknesses in the treatment of all municipal
wastewater and in the integrated management of municipal solid waste of the three
municipalities. At this point public policies, such as the translation of legal
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obligations and the decisions of the authority to address the satisfaction of social
and environmental needs, are included.

Indeed, Mexico has a long and sad history of failed public policies. This requires
searching for the causes and finding the creators of the issues in order to prioritize
and decide which ones the economic, social and environmental needs are. The
failure of designing public policies is due to using the wrong method and the
frivolity to elaborate government plans and programs, which see social participation
in diagnostics, and planning as a threat rather than an opportunity to glimpse at the
primary needs in economic, social, environmental and institutional matters in the
territory to transit towards sustainability.
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Development of Sustainable Agriculture
Through Protocols of Organic Fertilization
and Its Comparison with Traditional
Method Applied to the Cultivation
of Radish (Raphanus sativus)

Baltazar Vera Juan Carlos, Méndez Valencia Dellanira,
Ramos García Alondra, Martínez Rodríguez Olga Karina,
Morales López Gladys, Salas Galván Ma Eugenia
and Torres Arteaga Iovanna Consuelo

Abstract The development of farming technologies that allow the obtaining of
agricultural products free of chemical compounds that are harmful to the agricul-
tural environment as well as the consumers is a challenge that several research
groups have addressed. In several case studies the effect of various treatments of
organic fertilization on quality variables of the agricultural product to be produced
has been analyzed. It is for this reason that the development of fertilization tech-
niques that allow the obtaining of harmless agricultural products and of friendly
production for the agricultural environment is very important for the sustainable
development of a community. In this work a comparative study was carried out
between two fertilization protocols (traditional/organic) in order to observe the
effect of these on parameters of radish quality and in this way generate organic
fertilization proposals for the development of sustainable agriculture in Mexico.
The analysis of the effect on variables related to the quality of production of radish
(Raphanus sativus L) which occurs in the northern region of the Guanajuato state
was carried out. Treatments of traditional fertilization, organic fertilization and
mixing of these were analyzed in ratios 1/0, 0.9/0.1, 0.8/0.2, 0.7/0.3, 0.6/0.4, 0.5/
0.5, 0.4/0.6, 0.3/0.7, 0.2/0.8, 0.1/0.9, 0/1 (Traditional/Organic), the results show
that in terms of yield, root length, equatorial growth, of the product of interest
(bulb) there are significant differences in the treatments with greater fraction of
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organic compound. In terms of the difference between root length and equatorial
growth, the control was the experiment that showed the lowest value. Regarding the
number of true leaves and stem height of the radish plant the results show that there
is no tendency towards traditional or organic treatment. The study revealed that
when fertilization tends toward the organic protocol, the most adequate results are
obtained in terms of quality parameters.

Keywords Fertilization � Organic � Sustainable � Radish

1 Introduction

The use of synthetic chemical fertilizers as soil improvers has generated harmful
side effects in the agricultural environment, the above is due to the ionic character
of the species that make up these products (Laines and Hernández 2017). In
addition to the above, the effects of risks to human health produced by the protocols
of nutrition and pest control in crops have increased considerably in recent years
(Souza 2009). It is for this reason that the development of protocols for fertilization
and pest control that is environmentally friendly and without negative effects on
human health is of vital importance.

The vermiculture was developed in the 19th century with Charles Darwin who
dedicated 40 years of his life to the study of the worm. In 1881 published the book
called “The formation of the vegetal earth by the action of the earthworms”, in this
sense it is considered that from this period begins the study of vermiculture and
Charles Darwin is considered as the pioneer of the same (Quintero 2004).

Vermiculture as an agro-technological alternative was born in the United States
in the late 1940–1950, but moved to Europe and established in Italy where it was
well developed and subsequently spread to other European countries (Ramírez
2002). At the beginning of the decade of the eighties it returns to America,
establishing itself in Chile and for 1986 they had near 900 producers distributed
throughout the country, which allowed to establish a market for the commercial-
ization of earthworm fertilizer to European countries such as Holland, Belgium and
Germany, among others (Delfín 2007).

Vermiculture begins its development in Mexico, with the introduction of a
medium-scale project in the State of Mexico for rural areas, almost at the same time,
projects were developed in Veracruz at the Institute of Ecology of Jalapa, but it
does not reach the expected magnitude, even though our country has all the con-
ditions to achieve a good development. Due to the above the vermiculture in
Mexico has had the support of the private enterprise and the government (Delfín
2007).

The Hummus of Worm is one of the fertilizers that began to be used in the last
years, both in the crops to improve its production and also for the regeneration of
the soils that have been affected by the use of chemical fertilizers that have dete-
riorated it. It is important to note that the profitability of the crops has been
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increased with the use of hummus compared to the action of other organic fertil-
izers, this because hummus has a very rich composition and nitrogen is considered
as the most essential component to improve the quality and profitability of crops
(Suquilanda 1996). At present the Eisenia foetida is the most cultivated species in
the whole world, given its rusticity, tolerance to environmental factors (pH, tem-
perature, humidity), reproductive potential and grouping capacity (Rodríguez
2016).

The Californian red worm (Eisenia foetida) has the ability to recycle organic
matter to produce hummus (vermicompost) used as fertilizer for agricultural use
and earthworms added to the gardens or farms improve soil conditions as well as
being used as a protein supplement for animals (Díaz 2002).

The vermicompost is an organic fertilizer bioregular and corrector of the ground,
is biostable, which means that it does not give rise to fermentation and therefore of
fast assimilation, is of blackish color, homogenous and with smell of forest mulch.
Worm hummus has a high beneficial microbial load and a mineral rich source
containing a high percentage of humic and fulvic acids, produces hormones that
stimulate the development of plants, improves the physical-chemical characteristics
of the soil, protects it from erosion and regulates the activity of nitrites, Finally,
hummus neutralizes the presence of chemical contaminants (Ruiz 2011).

Radish (Raphanus sativus L), are from Asia (Casseres 1980), generally require a
medium climate, although the high temperatures can give rise to spicy flavors in its
roots, its productive cycle is short and can vary between 20 and 70 days, according
to the variety.

The radish is an annual or biannual herbaceous plant with a flowering stem that
reaches 80 cm in height; Its leaves are rough, large, trimmed in the shape of a tooth
and green; Its flowers are white, yellow or violet and are grouped in clusters and its
fruit is a silica in whose interior has several round seeds of reddish color. The root is
about 3.5 cm in diameter, fleshy sometimes round or somewhat elongated, white or
red according to variety and spicy taste (Gómez 2001). The radish plant has
between 2 and 3 pairs of true leaves and a stem size that can reach 100 cm (Gómez
2001).

The appropriate temperature ranges from 18 to 22 °C, requires soil rich in
organic matter with abundant moisture (Casseres 1980), can be adapted to any type
of deep, clayey and neutral reaction soil (Montero et al. 2006). Radishes become
hollow and spicy depending on the nutrients available in the substrate and usually
crack if there is little moisture. The characteristic red color is given by antho-
cyanin’s in pericyclic cells.

In Mexico, about 6 million tons of radish are produced per year, of which 50,000
tons are produced in the state of Guanajuato, is for this reason and due to the
importance that this crop has in Mexico and in the region, the development of
sustainable alternatives in terms of fertilization to obtain crops free of harmful
agents for man and the environment is attractive.
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2 Methodology

The development of this project was carried out in the experimental field belonging
to the Polytechnic University of the Bicentennial. In the first instance the field was
prepared in a traditional way using a hand tool to carry out the conditioning of the
land for the sowing (see Picture 1). Said treatment consists of removing the sub-
strate from the field to decompress it as well as the manual removal of stones that
prevent the homogeneous development of the crop. For the removal and leveling of
the terrain, agricultural tools of the Truper brand were used.

Seeding was carried out in the field considering 350 cm rows and 25 cm spacing
between grooves, taking a total of 12, in each groove were planted 15 radish seeds
of the Geneseeds brand, in the sowing a heavy irrigation of 10 L per groove was
applied to start with the sprouting process (see Picture 2). The distance between
seeds seeded was 23 cm and as a measuring instrument was used a
Truper ± 0.5 mm flexometer of 5 m maximum length. The volumetric flow of the
water supply hose (20 L/min) was used to calculate the amount of water per groove
and the irrigation time per groove was calculated, which was 30 s.

Once the field was conditioned by means of a heavy irrigation to favor the
germination, we proceeded to design the protocol of fertilization by means of the
proper nutritional calculation for the cultivation of radish, This nutritional
requirement was carried out by scaling the standard demand of Nitrogen,
Phosphorus and Potassium (N, P, K). The standard N, P, K standard of the radish
crop is 80, 120, 80 kg/ha, respectively (Gómez 2001). The amount of nutritive
compounds was divided as follows: 1/0, 0.9/0.1, 0.8/0.2, 0.7/0.3, 0.6/0.4, 0.5/0.5,
0.4/0.6, 0.3/0.7, 0.2/0.8, 0.1/0.9, 0/1 (Traditional Fertilization/Organic
Fertilization). As traditional fertilization was used fertilizer N, P, K brand fert-
iberia and as organic fertilizer was used worm hummus brand Multiagro. The
mixtures corresponding to the aforementioned fractionation were prepared using a
Uline brand digital scale H-1116 with a capacity of 14 kg ± 0.0009 kg and applied
2 days after heavy irrigation in cultivation of radish (see Picture 3).

The crop progression was followed by light irrigation of 5 L per grooves every
third day, additional fertilization was applied to the 22 days of planting (half of the

Picture 1 Preparation of the
experimental field of the
Polytechnic University of the
Bicentennial
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production cycle) And the growth of the plant was constantly monitored in order to
prevent diseases and/or pests. The desired product was harvested after completing
the sowing, growing and maturation cycle, which was 46 days and proceeded to
take the measurements of product quality reported in this study (yield, root length
and equatorial size). For measurements a Vernier brand Truper model 14,388 with a
capacity of 160 mm ± 0.06 mm was used. Statistical analysis was performed using
the Statgraphics Centurion 2014 software using multi-range analysis to determine
whether there is a significant difference between treatment, this analysis was per-
formed by taking 10 replicates of each treatment with a total sample of 120
elements.

In order to determine if there is a significant difference between the two fertil-
ization protocols and their respective mixtures, a discussion of results was carried
out based on a statistical analysis of the case studies. In this sense the open-field
environmental conditions in the city of Silao were 24 °C with a relative humidity of
55%.

Picture 2 Application of
heavy irrigation in the field
planted

Picture 3 Application of
fertilization mixtures in the
field planted
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3 Results

3.1 Yield

The product of interest was cultivated on day 46, the yield obtained for each
fertilization treatment is shown in Table 1.

Table 1 shows that for the cases 0/0, 0.9/0.1, 0.8/0.2, 0.7/0.3, 0.6/0.4
(traditional/organic) yield is 70%, for cases 1/0, 0.5/0.5, 0.4/0.6, 0.3/0.7 is 80%, for
relation 0.2/0.8 is 90% and for 0.1/0.9 y 0/1 yield is 100%. The above is indicative
that the greater quantity of product obtained tends towards the treatments where the
nutritional contribution to the crop is contributed mainly by the organic fertilizer.

3.2 Root Length

Table 2 shows the average results of root length concerning the various fertilization
protocols.

The results corresponding to root length of the radish root (product of interest)
show that the best results are found in the relationships where the organic fertilizer
fraction is higher, having that for the relations where it has predominance of the
traditional fertilizer 1/0, 0.9/0.1, 0.8/0.2, 0.7/0.3, 0.6/0.4 (Traditional/Organic) has a
root length of the product of 4.97, 5.46, 5.72, 5.83 y 6.01 cm respectively, which
indicates that as the traditional nutrient fraction decreases the root length of the
radish increases, for the relation 0.5/0.5 (Traditional/Organic) root length of radish
is 5.96 which is superior to the cases previously exposed except for the relation 0.6/
0.4. For the cases with greater fraction of organic fertilizer 0.4/0.6, 0.3/0.7, 0.2/0.8,
0.1/09, 0/1 (Traditional/Organic) values of root length of 6.36, 6.38, 6.87, 7.13 y
6.93 cm respectively, which shows that the organic nutrition element fraction

Table 1 Yield (%)
depending on the different
fertilization protocols

Fraction of fertilization (traditional/organic) Yield (%)

0/0 70

1/0 80

0.9/0.1 70

0.8/0.2 70

0.7/0.3 70

0.6/0.4 70

0.5/0.5 80

0.4/0.6 80

0.3/0.7 80

0.2/0.8 90

0.1/0.9 100

0/1 100
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increases the root length increases, experimentation showed that the best relation is
0.1 of traditional fertilization with 0.9 of organic fertilization. It can be observed
that all cases of fertilization obtained results above that reported by the control,
which was 3.47 cm. In this sense, all the products presented values of root length
superior to the value reported in the literature which is of 3.25 cm (Gómez 2001).

The statistical analysis performed for the various treatments indicates the fol-
lowing: The ANOVA table when decomposing the variance of repetitions into two
components, an inter-group component and an in-group component. The F-ratio,
which in this case is equal to 145,247, is the quotient between the estimated
between-groups and the estimated within-groups, which is higher than the theo-
retical value (Montgomery 2014) therefore it can be elucidated that there is a
significant difference between treatments. In this sense, because the P-value of the
F-test yielded a value of 0.01321, which is less than 0.05, indicates that there is a
statistically significant difference between the mean of repetitions for one level of
treatment and another, with a level of 95.0% confidence. To determine which
means are significantly different from others, we performed the multiple-rank test,
the result of which is shown in Table 3.

The results of the multiple range test indicate that the treatments: 0/0, 1/0, 0.9/0.1
and 0.6/0.4 (Traditional/Organic) present a significant difference with respect to the
other treatments. The treatments that have statistical homogeneity according to the
study can be located in three groups, the first one corresponds to the treatments: 0.8/
0.2, 0.7/0.3 and 0.5/0.5 (Traditional/organic); the second group corresponds to 0.4/
0.6 and 0.3/0.7 (Traditional/organic) and the third group corresponds to cases: 0.2/
0.8, 0.1/0.9 and 0/1 (Traditional/organic). The study shows that there is a homo-
geneous group with a trend towards traditional fertilization and two with a trend
towards organic nutrition, in this sense it is worth mentioning that the best values of
root size correspond to the group with greater tendency to organic treatment, which

Table 2 Root length according to the various fertilization protocols

Fraction of fertilization (traditional/
organic)

Root length
(cm)

Standard
deviation

Variance

0/0 3.47 0.094 0.009

1/0 4.97 0.096 0.008

0.9/0.1 5.46 0.217 0.047

0.8/0.2 5.72 0.154 0.024

0.7/0.3 5.83 0.131 0.017

0.6/0.4 6.01 0.145 0.021

0.5/0.5 5.96 0.177 0.031

0.4/0.6 6.36 0.189 0.036

0.3/0.7 6.38 0.091 0.008

0.2/0.8 6.87 0.182 0.033

0.1/0.9 7.13 0.175 0.056

0/1 6.93 0.141 0.02
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is indicative that this parameter tends to its best value when applying this treatment
and according to the statistical analysis there is a clear significant difference with
respect to the cases where the fertilization tends to be mostly traditional.

3.3 Equatorial Growth

Table 4 shows the average results of the equatorial growth concerning the various
fertilization protocols.

The results corresponding to the equatorial growth of radish root show that the
best results are found in the relations where the organic fertilizer fraction is higher
having that for the relations where it has predominance of the traditional fertilizer 1/
0, 0.9/0.1, 0.8/0.2, 0.7/0.3, 0.6/0.4 (Traditional/Organic) there is an equatorial
growth of the product of 4.02, 4.46, 4.94, 5.01 y 5.18 cm respectively, which
indicates that as the traditional nutrient fraction decreases the equatorial growth of
radish root increases, for relation of 0.5/0.5 (Traditional/Organic) Equatorial growth
of radish root bulb is 5.5 cm which is superior to cases previously exposed. For the
cases with greater fraction of organic fertilizer 0.4/0.6, 0.3/0.7, 0.2/0.8, 0.1/09, 0/1
(Traditional/Organic) values of equatorial growth of 5.54, 5.67, 6.00, 6.2 and
5.75 cm respectively, which shows that as the organic nutrition element fraction
increases the equatorial growth of radish, taking that for all experiments the best
relation is 0.1 of traditional fertilization with 0.9 of organic fertilization. In these
schemes of experiments, it can be observed that all cases of fertilization obtained
results above that reported by the control, which was 3 cm. In this sense all the
products presented values of equatorial growth superior to the value reported in the
literature which is of 3.25 cm (Gómez 2001).

Table 3 Statistical summary of homogeneous groups and significant difference between
treatments for root length

Fraction of fertilization (traditional/
organic)

Repetitions Average
(cm)

Homogeneous
groups

0/0 10 3.47 X

1/0 10 4.97 X

0.9/0.1 10 5.46 X

0.8/0.2 10 5.72 X

0.7/0.3 10 5.82 XX

0.5/0.5 10 5.96 X

0.6/0.4 10 6.01 X

0.4/0.6 10 6.36 X

0.3/0.7 10 6.38 X

0.2/0.8 10 6.87 X

0/1 10 6.93 XX

0.1/0.9 10 7.13 X
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The statistical analysis performed for the various treatments suggests the fol-
lowing: The ANOVA table when decomposing the variance of repetitions into two
components: an inter-group component and an in-group component. The F-ratio,
which in this case is equal to 217.31, is the quotient between the estimated
between-groups and the estimated within-groups, which is higher than the theo-
retical value (Montgomery 2014). Therefore it is possible to infer the existence of a
significant difference between treatments. In this sense, because the P-value of the
F-test yielded a value of 0.008303, which is less than 0.05, indicates that there is a
statistically significant difference between the mean of repetitions for one level of
treatment and another, with one 95.0% confidence level. To determine which
averages are significantly different from others, we performed the multiple range
test, the result of which is shown in Table 5.

The results shown by the multiple range test indicate that the treatments: 0/0,
1/0, 0.9/0.1 and 0.6/0.4 (Traditional/Organic) present a significant difference with
respect to the other treatments. The treatments that have statistical homogeneity
according to the study can be located in three groups, the first one corresponds to
the treatments: 0.8/0.2 and 0.7/0.3 (Traditional/organic), the second group corre-
sponds to the cases: 0.5/0.5, 0.4/0.6, 0.3/0.7 and 0/1 and the third group corre-
sponds to the treatments: 0.2/0.8 and 0.1/0.9 (Traditional/organic). As in the
previous case, the study shows that there is a homogeneous group with a trend
towards traditional fertilization and two with a tendency towards organic nutrition,
in this sense it is worth mentioning that the best values of equatorial size correspond
to the group with the highest tendency to Organic treatment, which is indicative, as
in the previous case that this parameter tends to its best value when applying this
treatment and according to the statistical analysis there is a clear significant dif-
ference with respect to the cases where the fertilization tends to be mostly
traditional.

Table 4 Equatorial growth according to the various fertilization protocols

Fraction of fertilization (Traditional/
Organic)

Equatorial growth
(cm)

Standard
deviation

Variance

0/0 3.00 0.194 0.037

1/0 4.02 0.131 0.017

0.9/0.1 4.46 0.189 0.036

0.8/0.2 4.94 0.236 0.056

0.7/0.3 5.01 0.255 0.065

0.6/0.4 5.18 0.257 0.066

0.5/0.5 5.50 0.176 0.031

0.4/0.6 5.54 0.126 0.016

0.3/0.7 5.67 0.141 0.02

0.2/0.8 6.00 0.151 0.022

0.1/0.9 6.20 0.187 0.035

0/1 5.75 0.184 0.033
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3.4 Number of True Leaves

Table 6 shows the results corresponding to the number of true leaves of the har-
vested product.

The results corresponding to the number of true leaves of the radish plant show
that there is some homogeneity in the number of leaves average, due to that the
average of true leaves in all cases oscillates between values close to 4 and 7, The
above agrees with the values reported in the literature (Gómez 2001). In this sense,
the average values of 3.8, 6.7, 4.3, 5.7, 4.6 and 5 are obtained for the relationships
0/0, 1/0, 0.9/0.1, 0.8/0.2, 0.7/0.3, 0.6/0.4 (Traditional/Organic) respectively. In
relation to 0.5/0.5, 0.4/0.6, 0.3/0.7, 0.2/0.8, 0.1/09, 0/1 the values obtained were:
3.5, 6.2, 5.9, 3.8, 3.8 and 6.1 respectively.

The statistical analysis performed for the various treatments indicates the fol-
lowing: The ANOVA table by decomposing the variance of repetitions into two
components: an inter-group component and an in-group component. The F-ratio,
which in this case is equal to 6.97817, is the quotient between the estimated
between-groups and the estimated within-groups, which is higher than the theo-
retical value (Montgomery 2014), therefore it is possible to infer the existence of a
significant difference between treatments. In this sense, because the P-value of the
F-test yielded a value of 0.00593, which is less than 0.05, indicates that there is a
statistically significant difference between the mean of repetitions for one level of
treatment and another, with one 95.0% confidence level. To determine which means
are significantly different from others, we performed the multiple-rank test, the
result of which is shown in Table 7.

The results shown by the multiple range test indicate that the treatments: 0.5/0.5,
0/0, 0.2/0.8, 0.1/0.9, 0.9/0.1 and 0.7/0.3 (Traditional/Organic) form a homogeneous

Table 5 Statistical summary of homogeneous groups and significant difference between
treatments for equatorial length

Fraction of fertilization (traditional/
organic)

Repetitions Average
(cm)

Homogeneous
groups

0/0 10 3.00 X

1/0 10 4.02 X

0.9/0.1 10 4.46 X

0.8/0.2 10 4.94 X

0.7/0.3 10 5.01 X

0.6/0.4 10 5.18 X

0.5/0.5 10 5.50 X

0.4/0.6 10 5.54 XX

0.3/0.7 10 5.67 XX

0/1 10 5.75 X

0.1/0.9 10 5.98 X

0.2/0.8 10 6.00 X
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group where there is no difference Significant (A), the cases corresponding to:
0.6/0.4 and 0.8/0.2 (Traditional/Organic) make up a homogeneous group (B). The
treatments 0.3/0.7, 0/1, 0.4/0.6 and 1/0 (Traditional/Organic) form another group
that does not present significant difference (C). The table shows that there is a
relationship between the boundaries that separate the groups A, B, C, which sug-
gests that the significant difference between groups is small and that for this
parameter the total sample tends to homogeneity.

Table 6 Number of true leaves for various fertilization protocols

Fraction of fertilization (traditional/organic) True leaves Standard
deviation

Variance

0/0 3.8 1.751 3.066

1/0 6.7 1.888 3.564

0.9/0.1 4.3 1.159 1.343

0.8/0.2 5.7 2.359 5.564

0.7/0.3 4.6 0.699 0.488

0.6/0.4 5.0 0.942 0.887

0.5/0.5 3.5 1.269 1.611

0.4/0.6 6.2 1.032 1.065

0.3/0.7 5.9 0.737 0.543

0.2/0.8 3.8 1.229 1.518

0.1/0.9 3.8 1.229 1.518

0/1 6.1 0.875 0.765

Table 7 Statistical summary of homogeneous groups and significant difference between
treatments for the number of true leaves

Fraction of fertilization (traditional/
organic)

Repetitions Average Homogeneous
groups

0.5/0.5 10 3.5 X

0/0 10 3.8 X

0.2/0.8 10 3.8 X

0.1/0.9 10 3.8 X

0.9/0.1 10 4.3 XX

0.7/0.3 10 4.6 XXX

0.6/0.4 10 5.0 XXX

0.8/0.2 10 5.7 XXX

0.3/0.7 10 5.9 XX

0/1 10 6.1 XX

0.4/0.6 10 6.2 X

1/0 10 6.7 X
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3.5 Stem Height

Table 8 shows the results corresponding to the stem height of the harvested
product.

The results corresponding to the stem height of the radish plant do not present a
well defined trend of this parameter with respect to the treatments. In this sense it is
observed that the average height of the stem of the product oscillates between
values close to 11 and 16 cm which is below the reported (Gómez 2001). This can
be a consequence of the time of the harvest cycle, which was lower than reported,
but yielded adequate values of yield, root size, equatorial size and number of leaves.
In this sense we have for the relations 0/0, 1/0, 0.9/0.1, 0.8/0.2, 0.7/0.3, 0.6/0.4
(Traditional/Organic) we have average values of: 10.8, 14, 14.5, 15.75, 12.5 and
12.2 cm respectively. In relation to the values 0.5/0.5, 0.4/0.6, 0.3/0.7, 0.2/0.8, 0.1/
09, 0/1 the values obtained were: 10.05, 10.25, 13, 11.25, 13.6, 12.53 cm
respectively.

The statistical analysis performed for the various treatments indicates the fol-
lowing: The ANOVA table by decomposing the variance of repetitions into two
components: an inter-group component and an in-group component. The F-ratio,
which in this case is equal to 12.13, is the quotient between the estimated
between-groups and the estimated within-groups, which is higher than the theo-
retical value (Montgomery 2014). Therefore it is possible to infer the existence of a
significant difference between treatments. In this sense, because the P-value of the
F-test yielded a value of 0.00430, which is less than 0.05, indicates that there is a
statistically significant difference between the mean of repetitions for one level of
treatment and another, with one 95.0% confidence level. To determine which
averages are significantly different from others, we performed the multiple-rank
test, the result of which is shown in Table 9.

Table 8 Stem height for various fertilization protocols

Fraction of fertilization (traditional/
organic)

Stem height
(cm)

Standard
deviation

Variance

0/0 10.8 1.7029 2.8998

1/0 14.00 1.0540 1.1109

0.9/0.1 14.50 0.9718 0.9443

0.8/0.2 15.75 1.2304 1.5139

0.7/0.3 12.50 1.5092 2.2777

0.6/0.4 12.20 1.7738 3.1464

0.5/0.5 10.05 1.0124 1.0250

0.4/0.6 10.25 1.3794 1.9027

0.3/0.7 13.00 0.7071 0.5000

0.2/0.8 11.25 2.8698 8.2358

0.1/0.9 13.60 2.6749 7.1551

0/1 12.53 2.3754 5.6425
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The results shown by the multiple range test report that there is some degree of
homogeneity among the different treatments among which 3 groups can be eluci-
dated: (A) conformed by the treatments 0.7/0.3, 0.8/0.2, 0.1/0.9, 0/1 (Traditional/
Organic), group B consists of cases: 0.6/0.4, 0.5/0.5, 0.9/0.1/Organic) and group C
conformed by treatments: 1/0, 0.2/0.8, 0.3/0.7, 0.4/0.6 (Traditional/Organic). The
table shows that as in the previous case there is a relation between the boundaries
that separate the groups A, B, C, which suggests that the significant difference
between groups is small.

3.6 Comparison Root Length and Equatorial Growth
of Radish for the Different Fertilization Protocols

Figure 1 shows a comparison between root length and equatorial growth of radish
for the different fertilization protocols.

Figure 1 shows that the root length is greater than the equatorial growth for all
products taking that for cases where there is a larger fraction of the traditional
fertilizer 1/0, 0.9/0.1, 0.8/0.2, 0.7/0.3, 0.6/0.4 (Traditional/Organic) the difference
between equatorial growth and root length is 0.95, 1.00, 0.78, 0.82, 0.83 cm
respectively, for the relation 0.5/0.5 the difference is 0.46 cm. In this sense for the
cases in which the fraction of organic fertilizer is higher 0.4/0.6, 0.3/0.7, 0.2/0.8,
0.1/09, 0/1 (Traditional/Organic) differences are 0.82, 0.71, 0.87, 0.93 y 1.18 cm
respectively taking the case with the greatest difference was the ratio 0/1
(Traditional/Organic) with 1.18 cm and the case that presented less difference was
the control with a value of 0.47 cm. According to the reported, the equatorial
growth and the root length should be very similar, so that the difference between

Table 9 Statistical summary of homogeneous groups and significant difference between
treatments for stem height

Fraction of fertilization (traditional/
organic)

Repetitions Average Homogeneous
groups

0.7/0.3 10 10.05 X

0.8/0.2 10 10.25 X

0.1/0.9 10 10.80 XX

0/1 10 11.25 XXX

0.6/0.4 10 12.20 XXX

0.5/0.5 10 12.50 XX

0.9/0.1 10 13.00 XX

1/0 10 13.60 XXX

0.2/0.8 10 14.00 XX

0.3/0.7 10 14.50 XX

0.4/0.6 10 15.75 X
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both parameters should be 0. In this sense the results show that the greater dif-
ference was obtained between the products that presented bigger dimensions which
can be explained that to have greater mass and area receive greater compression by
the substrate which may lead to an elongation in the product.

The products presented acceptable qualitative characteristics (color, without
signs of stress and healthy aspects in stem and leaves) which allows to elucidate that
the obtained product has quality conditions, together with the parameters measured
in this research indicated that the best results are found in the treatments with the
greatest tendency towards organic fertilization, which can be seen in Pictures 4 and
5 which show the products with only traditional fertilization and only organic
fertilization respectively. Regarding the number of true leaves, the study did not
show a tendency towards a type of treatment, showing that for all the cases there are

Fig. 1 Comparison between root length and equatorial growth of radish for the different
fertilization protocols

Picture 4 Fertilized radishes
with traditional compound

Picture 5 Fertilized radishes
with organic compound
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between two and three pairs of these. In what corresponds to the height of stem we
have that as in the number of true leaves cannot be elucidated some tendency
towards some treatment having that the average of height oscillates between 11 and
16 cm.

4 Conclusions

Radish was successfully cultivated by applying traditional and organic fertilization
protocols and various mixtures of these. The results indicate that for all the fertil-
ization protocols yield percentages were obtained between 70 and 100%, since the
experiments with the highest amount of organic fertilizer had the best results in this
parameter Being the relation 0/1 and 0.1/0.9 (Traditional/organic) those who
reported the highest value which was 100. In this sense with regard to root length of
bulb also for organic fertilization the highest results were obtained by observing
that the best value is for the relation 0.1/0.9 (Traditional/organic) whose value is
7.13 cm. For the equatorial growth of bulbs, it can be observed that, as in the
previous cases, organic fertilization showed the best results, again having the
relation 0.1/0.9 (Traditional/organic) reported the best result being 6.2 cm. With
regard to stem height, the best ratio was 0.8/0.2 (traditional/organic), reporting a
value of 15.75 cm, For the number of true leaves the best treatment was 0.8/0.2
(Traditional/Organic) with a total of 7 leaves. The analysis of results of number of
true leaves and height of stem indicates that the various treatments do not generate a
trend of improvement towards one case or another. When analyzing the difference
between root length and equatorial growth, it was found that the control showed the
smallest difference and the organic treatments showed the greatest difference. This
can be attributed to the compression exerted by the substrate on the product which
is higher in the cases where there is greater weight and area. In this work it can be
observed that the best quality parameters were obtained in the products that were
fertilized mainly with organic compound (worm hummus), which may be due to the
fact that said protocol generates a greater mechanical affinity between the fertilizer
and the substrate as well as greater retention of water which favors the absorption of
nutrient by the crop. In this sense this work generates an alternative proposal to
develop crops with high competitiveness replacing chemical compounds that have
harmful side effects for man and his environment.

This work was carried out in open field conditions, which allowed the testing of
fertilization protocols proposed in conditions close to large scale agricultural pro-
duction methods, in this sense the project presents future work options, among
which we can highlight the carrying out of bromatological and microbiological
studies for the various case studies and make a comparative analysis to determine
which protocols provide the best product.
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The Communal Assets of Santo Domingo
Huehuetlán as an Example of Sustainable
Community Development

María Concepción López-Téllez, Antonio Fernández-Crispín,
Hugo Rodolfo Molina-Arroyo, Gonzalo Yanes-Gómez,
Valeria García-Loza and Valentina Campos-Cabral

Abstract In contrast with its biological and cultural wealth, the community of
Bienes Comunes de Santo Domingo Huehuetlán is characterized by high levels of
poverty and marginality. The aim of this study was to analyze the history, orga-
nization and strategies which have enabled this community to defend and make
sustainable use of its common pool resources. Participatory methodologies were
used to create meeting and socialization spaces for the exchange of experiences and
the documentation of the decision-making processes applied for resource man-
agement and social, cultural and economic activities. The processes of govern-
mental intervention were observed, giving insight into the communal management
of common pool resources, as well as traditional knowledge-based community
organization, in which common pool resources are regulated by local rules and
agreements. The community’s spatial planning takes into account areas of pro-
duction, conservation, and use, and the defense of its land against multinational
mining projects. While community development has its limitations, it is a viable
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and participatory guidance model which responds to unfavorable factors and
secures the common pool resources for the community.

Keywords Environmental and social sustainability � Communal management
Governance

1 Introduction

Sustainable development can be viewed from the perspective of various schools of
thought. In The Tragedy of the Commons, Hardin (1968) considers that the selfish
behavior of a group of social actors sharing common resources leads to
over-exploitation until deterioration or even exhaustion. Thus, he advises that
natural common pool resources must be either privatized or nationalized (control
from above) for their adequate management and use. However, this position is not
shared by other authors, such as Ostrom (2005), Agrawal and Chhatre (2006) and
Tetreault (2007). There are, around the world, many examples of the adequate
management of natural resources by local communities. These communities have
developed solid institutions that generate equitable benefits and costs from the
exploitation of their common pool resources, to which no threat is generated by said
exploitation. The social actors in these communities have the capacity to establish
local institutions that enable them to control the mechanisms for the use of and
access to natural resources, establishing rules and agreements designed by the
collective. These are understood and accepted by all the actors involved, enabling
the creation of cooperative strategies for the maintenance of common pool
resources and, thus, achieving an efficient process of exploitation known as “in-
stitutional focus” (Ostrom 2005; Larson and Sarukhán 2003; Tetreault 2007;
Poteete et al. 2010). Critical humanism, which centers on social and environmental
sustainability, proposes a change in the use of natural resources with the objective
of reducing poverty and establishing a new society (Pierri 2005). In this school of
thought, the analysis of social sustainability is used as a bridge to the analysis of
environmental sustainability by analyzing the social relations that determine
interactions over the use of natural resources (Foladori and Tommasino 2005).

Ownership of the land, water and common pool resources susceptible to
appropriation has a social function that must be regulated on a national level in
order to guarantee fair and equitable distribution and, thus, develop and improve the
life conditions of the population (Pina 1970). Due to this social function, the owner
must make rational use of the goods and services provided by a territory (Sánchez
2012).

In Mexico, ownership of the land, water and common pool resources is regulated
by Article 27 of the constitution. This article indicates that said ownership corre-
sponds to the nation (DOF 2016). The state has the authority to transmit dominion
to private individuals at the convenience of the public interest, recognizing four
types of ownership: original; private; public; and, social (Sánchez 2012).
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As a result of the Mexican Revolution (1910–1917), agrarian rights were
renewed and established at a constitutional level. Thus began the agrarian reform
whose central objective was to regulate the land-sharing and common pool resource
procedures, redistributing large hacienda properties into small plots for a greater
number of agricultural workers (Sánchez 2012). Rural land used for subsistence
farming and destined for protection and agrarian production is considered agrarian
property. Thus, the ejidos (traditional community-owned farmland in Mexico) and
communal assets, whose territories are divided into land for human settlement for
both common and parceled use, are established under constitutional protection. The
community assembly is charged with resolving any type of disagreement related to
the exploitation of the uses made of the resources. Common use lands are con-
sidered important for the environmental sustainability of the community, given that
they are inalienable, imprescriptible and unseizable. Moreover, the rights to them
are conceded in parts equal to the number of the members of the agrarian nucleus
(Durand Alcántara 2005). The ejidos and communal assets have legal personality
and proprietary rights that are regulated by agrarian law (Sánchez 2012).

The rural communities of Mexico live in a state of constant crisis. Recently,
globalization and the neoliberal model, both of which concentrate and centralize
capital, have led to a crisis in agrarian law, which is overseen by a legal system that
does not attend to social need and which has enabled the intervention of both small
producers and large multinational companies in agricultural production. To this is
added the policies of the State, which are not congruent with the social reality of the
country. The consequences of this are the fragmentation and disorganization of the
agrarian nuclei, which has generated rural desertion and migration as former
agricultural workers search for an alternative source of income (Durand-Alcántara
2005).

In recent years, the Mexican State has implemented structural reforms for the
expropriation of formerly agrarian land, conceding it to foreign companies for the
development of mining activity. Much of this land is characterized by biological,
cultural and social wealth, as well as an abundant water supply. Water is funda-
mental for the extraction of minerals, a process which causes the pollution of the
flora, fauna and the water itself, further to rupturing the social fabric and generating
social unrest (Cárdenas 2013).

Located in the Sierra del Tentzo, in the central region of the State of Puebla,
Mexico, Bienes Comunales de Santo Domingo Huehuetlán (BCSDH) is an example
of a community with a high level of biodiversity and cultural wealth, in contrast
with its elevated levels of poverty and marginalization. The community is currently
under threat from the intention of the federal government to expropriate 700 ha of
communal land to benefit a foreign mining company.

This study used a participatory methodology which aimed to systemize local
knowledge on the biophysical factors of the environment, as well as the forms of
community organization and the management of its resources. This information
enables the empowerment of the community in response to attempts to establish
unsustainable projects and enables the critical reflection on some of the strategies
used for the management of its communal resources, and their associated problems,
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raising awareness on how to help solve these problems, and actively work towards
their resolution.

The aim of this study was to analyze the community history, organization and
community strategies of which have enabled Bienes Comunales de Santo Domingo
Huehuetlán to defend and make sustainable use of its common pool resources.

2 Study Area

This research was undertaken in BCSDH, which is found in the municipality of
Huehuetlán El Grande in the state of Puebla, Mexico, and presents a warm
sub-humid climate with rains in the summer. The average temperature ranges from
17 to 23 °C, while precipitation is recorded at 700–900 mm (INEGI 2016a). The
municipality forms part of the River Atoyac sub-basin in the Balsas hydrological
region (Fig. 1), and has perennial and intermittent water flow, such as that found in
the River Huehuetlán.

Fig. 1 Polygon of BCSDH, in the municipality of Huehuetlán El Grande, Puebla
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The predominant vegetation is tropical dry forest, associated with secondary
bushy and arboreal vegetation. Soil use comprises rainfed and irrigated agriculture
(42%), rainforest (33%), forest (18%), pasture (5%) and urban areas (2%) (INEGI
2016b). There is a high level of diversity in the flora and fauna. To date, 20 reptile,
25 mammal and 55 bird species have been reported in the study area (López et al.
2015).

The population living in a state of poverty is recorded at 80.7%, of which 44.4%
are found to be in moderate and 36.3% in extreme poverty, while educational lag is
recorded at 44.2%. The percentage of people living in homes without the avail-
ability of basic services is 82.9% (SEDESOL 2010).

3 Methodology

This study was attributive in nature. It is based on participatory investigation, which
is complemented by the application of document analysis techniques, field visits,
and in-depth structured interviews. Its aim is to identify and understand, from local
actors, the processes for the spatial and temporal appropriation of their territory and
their methods for managing their common pool resources, considering, from the
historical perspective, the community’s origins, and its organization, characteriza-
tion, culture, infrastructure, and productive and problematic activities. This enables
solutions to be established by means of a plan for the defense, conservation and use
of the community’s territory.

This study was carried out from 2014 to the present day with the participation of
professor-researchers and students from the Faculty of Biological Sciences at the
Benemérita Universidad Autónoma de Puebla (Meritorious Autonomous
University of Puebla).

The research was developed over four stages:

(a) Initial Stage—from January to April, 2014. This consisted in the compilation
of bibliographical information with the objective of gaining an understanding of
the social, environmental, economic and cultural context of the community.
The documents were obtained from the government departments that hold
official information related to the decree on the agrarian nuclei, among which
are the following: the Agrarian Law Office; the Secretariat for the Environment
and Natural Resources; and, the Government of the State of Puebla.

(b) Planning—from May to July 2014. Carried out using a participatory approach,
the work plan was designed to include a total of nine workshops undertaken to
document knowledge on the following: origin and history; organization;
identification of the social actors; traditional festivals; description of services
and education; the community’s natural resources; and, the ordering into a
hierarchy of the problems associated with the different aspects considered, thus
identifying the type of necessities and potentialities that enable the formulation
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of alternative solutions. In-depth meetings and interviews were conducted with
key actors in order to analyse in greater detail some aspects of the community.

(c) Field work was divided into two phases. The first was applied from August to
November 2014. Between 110 and 130 men and women of various ages and
fulfilling various roles in the community attended nine workshops. The
workshops enabled the compilation, systematization and exchange of the par-
ticipants’ (both young and old) traditional knowledge of the area’s natural
resources, the origin, history, and organization of the community, and the
community’s traditional festivals, basic services and education. They also
facilitated the identification of the community’s social actors, both within and
without, and its common pool resources. Using maps of the community,
workshop attendees identified the rivers, landmarks, small ravines and paths, as
well as identifying soil, flora and fauna use, and environmental problems. The
workshops were complemented with structured interviews with those com-
munity members who had attended the workshops. The information obtained
was used to calculate both the indices of cultural importance and use of the
fauna (Turner 1988). The second phase (January to July 2015) comprised field
visits with two or three key informants from the community at its principal
landmarks in order to verify the presence of resources in the forest, fauna and
agricultural systems. Aside from the field visit, profiles of the forest vegetation
were prepared, in which the landmarks, soil use, associated problems and their
possible solutions were characterized (Morales Mendoza 2003).

(d) Systematization, triangulation and analysis of the information (October to
November 2015). The information obtained from the workshops, interviews
and field work was organized in tables and diagrams, and was presented to the
community assembly in order for it to be verified and validated. The final report
containing the community diagnosis and the management of its common pool
resources (soil, water, flora and fauna) was then prepared. The report forms the
basis for the proposed actions to be undertaken, in the short, medium and
long-term, with regard to the management of the community’s territory and
common pool resources.

4 Results

4.1 History

4.1.1 Legal Origin of Bienes Comunales de Santo Domingo
Huehuetlán

A presidential resolution is a specific decree emanating from a unilateral decision of
the President of the Mexican Republic. It is definitive in nature and cannot be
modified, except at a constitutional level. Thus, BCSDH, pertaining to the
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municipality of Huehuetlán, Puebla, was created by means of the act of agrarian
award by presidential resolution on 27th August 1986. It comprises a total of
1300.37 ha dedicated to common use, while a low percentage is dedicated to
livestock, and has bodies of water classified as rivers, streams and irrigation
channels, the latter being of fundamental importance for seasonal agriculture, as the
lands used for this lie outside the territory of the decree. Within this territory is a
5 ha area occupied by the Atotonilco water park cooperative. Seven hundred hec-
tares of the territory has been subject to dispute for four years, principally involving
the multinational mining company Australian Minerals Group, the stated intention
of which is to extract minerals from the common pool resource area.

4.2 Social Organization

4.2.1 Identification and Characterization of the Social Actors

BCSDH comprises 150 community members, mainly farmworkers dedicated to
agriculture. They are also engaged in other activities such as trade and livestock.
The majority of the informants provided a warm welcome, showed interest in
visitors, and were pleased to discuss both their community and the region. In
general, the social actors identified in BCSDH are people, groups or institutions
who have been involved in the modifications to the territory, as well as the com-
munity and municipal environment. Through collective work and thought, the
social organization of BCSDH, as described here, has contributed to its establish-
ment as a community. A fundamental aspect in the organization of the community
is the faenas, or jornales, which are a type of service or duty fulfilled by community
members in the undertaking of administrative tasks and work of collective benefit
(the maintenance of paths, and school, church, guard duty, etc.).The faenas are
determined by family ties, as well as community festivals and celebrations. They
are of great importance given emerging threats such as insecurity, violence, drug
trafficking and the mega-projects proposed by external actors, in the face of which
the community has organized itself to implement security measures, pursue legal
action and establish local resistance.

4.3 Community Organization

In order ascertain how the community is organized, in-depth interviews were
conducted with key informants, such as local authorities and leaders, among whom
are Commissioner for BCSDH, the Security Committees and Representatives from
the Atotonilco water park cooperative.

BCSDH community members recognize community action groups with influ-
ence at a local and regional level, whose institutional representation is based on
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political and administrative authority. The highest authorities at a community level
are the agrarian authorities, committees and specific work groups. The
Commissioner for BCSDH, along with its respective security committee, is elected
every three years and is charged with the management activities related to land
tenure and common pool resource projects. The committees and specific work
groups are temporarily appointed to undertake various actions related to community
life and production. The majority of these groups are promoted by the institutions of
local government.

The most important work groups or committees are those of the administration
of the Atotonilco water park cooperative, and the administration of the local shop
and tractor.

The above described aspects reflect the complex structure of the organizational,
historical and traditional life of the community, in the civil, political, administrative,
religious and agrarian contexts. The community works collectively, undertaking
faenas for the benefit of its members, the school and the church, holding meetings
in which it is decided which tasks are to be undertaken. In general, those interested
have a short, medium and long-term vision, reinforced with training programs for
the sustainable organization and self-management of common pool resources.

It should be noted that the welfare support received from government programs
has provoked the fragmentation of the habitat, principally for the opening of the
agricultural frontier. These have also generated tensions and conflicts among those
interested in the conservation of flora and fauna, sustainable soil use and an eco-
nomic rationale supported by the demand for the development of rural tourism.
These problems are reflected in significant environmental problems.

4.4 Festivals and Historical Monuments

BCSDH is located close to the municipal capital and is regularly visited by the
residents of the neighboring communities, the city of Puebla, the various states of
Mexico and the United States of America. The highest visitor numbers occur
principally during religious festivals, the most important of which is that of the
patron saint Domingo de Guzmán (4thAugust), which is celebrated with mass,
prayers, processions, fireworks and live music, followed by the Holy Week fes-
tivities, the commemoration of All Souls’ Day and holiday periods.

The municipality is home to the parish church dedicated to Saint Domingo de
Guzmán (built by Dominican friars in the 16th Century), the temple of the Holy
Child, the Candelaria (dating back to the 19th Century), and the temple of the
Assumption (also built in the 16th Century), all of which are tourist attractions.
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4.5 Atotonilco Water Park Cooperative

The establishment of the Atotonilco water park cooperative provided infrastructure
for the refurbishment of the public swimming pools visited by people from
neighboring communities and the city of Puebla. While the establishment of the
cooperative has generated employment for the members of the community and
other citizens, it has also generated conflict, principally around the maintenance of
the swimming pools. The pools must follow the stipulations of Official Mexican
Standard NOM-008-SCFI-2002 for the prevention of risks to health due to contact
with pathogenic agents or chemical substances, for which reason their physico-
chemical parameters must be monitored constantly.

The thermal swimming pools of Atotonilco, Huehuetlán, are built on the stream
from the hypothermal spring, with telluric-type filtration and an average tempera-
ture of 33.2 °C. With a continually refreshed water supply, the pools are exempt
from complying with the disinfection requirements and the other actions stipulated
in the official health standards. However, community members do apply sanitary
procedures in order to maintain the water quality according to the regulations,
which, moreover, generates employment.

4.6 Description of the Community

4.6.1 Services and Education

Basically, the community has the following services: running water, electricity,
wood and gas stoves, earth and cement floors, septic tanks, satellite telephones,
medical services and education up to high school level. Public transport is available
from the city of Puebla to the municipal capital.

4.6.2 Forest Resources

In order carry out an inventory of the forest species, three transects were undertaken
with the community members at representative landmarks. Throughout the tran-
sects, ecologically and economically important species of the Bursera, Polylepis
and Parkinsonia genus were registered. Like the tepemezquite (Lysilomadivaricata)
and pochote (Ceibaaesculifolia), these species can be harvested as timber. The most
abundant species are tepemezquite, and cubata (Acacia cochliacantha). Other
abundant non-timber species are the agaves and cat’s claw. The community
members identified three types of soil: clayey, tepetate and rocky. The forest species
are principally used for medicine and food, and as materials for the preparation and
maintenance of fencing and forage (Fig. 2).
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4.6.3 Fauna Resources

A great wealth of fauna species was identified, principally 19 amphibians and
reptiles, 35 birds, and 19 mammals, on which knowledge is held about their eco-
logical, cultural and economic benefits. However, given the proximity of BCSDH
to the municipal capital, pressure was observed on the fauna and vegetation due to
hunting and illegal logging.

The Cultural Importance Index (CII) was calculated from the questionnaires
applied. The most important mammal (CII = 20.13) was the coyote (Canislatrans),
which was identified principally as a damaging species. Considered an ornamental
species, the chachalaca (Ortalisvetula) was the most important bird (CII = 11.15).
Of the reptiles, the rattlesnake (Crotalusculminatus) was given a value of 20.5. It
was considered a beneficial species in that its meat has medicinal uses and its skin is
used in leatherwork for the production of shoes, hats and belts etc., with economic
income generated from the sale of these products.

The most frequent use of the fauna is as a foodstuff, with the white-tailed deer
(Odocoileusvirginianus) highlighted for the consumption of its meat. Although the
deer is a species key to the undertaking of any management and use proposal for the
area, there are species that should not be ignored in the ecogeographical scenario
which they inhabit.

Fig. 2 Vegetation profiles in the principal landmarks of Bienes Comunales
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4.6.4 Agrosystems

The inhabitants of BCSDH place great importance on the agrosystems they use, in
that food production depends on them, as well as their economic income. The
products are sold in both Huehuetlán and the city of Puebla. Agriculture is of great
importance, given that it is considered part of the cultural heritage that is being lost
as young people prefer to dedicate themselves to trade or to emigrate to either the
city or abroad.

The agrosystems host a great diversity of fauna species, as well as crop diversity
comprising avocado, cilantro, beans, guava, jicama, lime, maize, papalo
(Porophyllumruderale), pipicha (Porophyllumlinaria), and sapote, among others.

For the members of the BCSDH community, it is important to establish
strategies that enable the commercialization of the continued cultivation of fruit,
grains and vegetables fundamental to the diet of the local population. They are also
concerned about maintaining the biodiversity of the fauna associated with these
crops. They consider that the use of chemical products should be reduced and
substituted for natural products for pest control and improving soil fertility.

4.7 Environmental Problems

4.7.1 Environmental and Territorial Problems

Currently, the high numbers of people visiting BCSDH are causing a great number
of threats to the diversity found there. The commercial activity undertaken in the
town center (the sale of food, groceries, and alcoholic beverages, as well as the
provision of public toilets, etc.), both by street and established vendors, is highly
disorganized, with the majority of products sold in plastic bags, polystyrene con-
tainers or tin cans. This generates a large amount of solid waste, which is deposited
in an illegal open air refuse dump found in the community’s area of common use.
The tourists visiting the water park also contribute significantly to the generation of
refuse.

Rather than being recycled, the refuse is burnt, causing both atmospheric and
soil pollution, and diseases in local inhabitants and fauna, both wild and domes-
ticated. In order to attend to the problem, the community authorities have held
meetings with the municipal government in order to relocate the refuse dump, a
process which is currently subject to negotiation at a management level. The
community members have requested a training course for the management of solid
waste, which would allow them to control and reduce the quantity of refuse found
in the area.

Other environmental problems are the illegal logging and hunting undertaken by
both tourists and the inhabitants of neighboring towns and the municipality itself.
To control these problems, the community members have organized themselves in
order to carry out guard duty.
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The National Forestry Commission has supported the community members in
their efforts to reforest the degraded areas and detain the illegal logging.

The most significant problem that BCSDH has had to confront over the last four
years is the plan of the multinational mining company, Australian Minerals Group,
supported by the federal government, to extract manganese from 700 ha within the
BCSDH territory. In order to defend itself, the community has sought recourse in
national law, which enables it to preserve the area in dispute, and has been rep-
resented at various forums to defend the territory against megaprojects.

In general, the municipality supplies running water for use in agricultural and
domestic activities. In this semi-dry region, irrigated crops are very important for
the production of vegetables, fruit and basic grain. There is well-established con-
cern over the negative effects that the proposed mine will have on the area’s natural
resources and water-dependent economic activities. The contamination of the water
may also poison the fauna and flora of the region.

In 2011, the Government of the State of Puebla decreed the Sierra del Tentzo an
Área Natural Protegida (ANP, or Protected Natural Area) under state jurisdiction.

This ANP comprises a surface area of 57,815 ha, which includes 13 munici-
palities, including Huehuetlán el Grande. This has generated discontent and
resistance in the BCSDH population, as it was not consulted over the ANP pro-
posal. The new regulations imposed by the state government, which are indepen-
dent to those to which community members are held as an agrarian nucleus, have
generated dispute and tensions with the government.

To the insistence of the installation of the mine and the challenge posed by the
implementation of the ANP by the government, BCSDH has responded in the form
of resistance based on the rules and agreements it has established as a community.
This has enabled the community to ensure that the mine is not installed, as well as
the establishment of certain agreements with the departments and agencies at a state
level for the conservation of its resources. One of the strengths of the community is
its organization, which has enabled the maintenance, despite the current disputes, of
traditional knowledge and the traditional forms of organization for the management
and exploitation of its resources.

4.7.2 Actions Undertaken for the Conservation of the Common Pool
Resources

The inhabitants of BCSDH have a strong interest in the exploitation and conser-
vation of their common pool resources. They also have a special interest in the
development of ecotourism and the conservation of biodiversity. They believe that
hiking would be an appropriate activity through which tourists visiting the water
park would be able to experience the local fauna and flora and learn about the
decreases in the populations of local species. They have also formed links with
university students for them to carry out their obligatory social service, period of
professional practice or research for their dissertation, which would enable them to
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undertake projects related to the conservation and management of their pool
resources.

The community maintains great interest in conservation as it would enable the
exploitation its natural resources, generate income and, thus, improve quality of life.
It also maintains an interest in forming associations and support groups, such as the
water park cooperative. This cooperative has functioned as a community organi-
zation, thus enabling the development and generation of employment and economic
resources. Guarantees for the security of the common pool resources are required
with regard to illegal hunting and logging, the management of solid waste, the
reforestation of fragmented areas and the conservation of the territory in resistance
to megaprojects such as mining.

Currently, 1000 ha have been submitted to the program of payments by the
environmental authorities for the conservation of biodiversity, the administration of
which has been supported by the National Forestry Commission (CONAFOR) for
the next five years. Further to the reforestation program, signs have been posted
which prohibit illegal hunting and logging and, most importantly, the security
committee provides constant security for the area of common use.

5 Discussion

The results of this study indicate that the inhabitants of BCSDH have a wide
collective and traditional knowledge of their natural resources. Moreover, they are
able to identify landmarks, small ravines, the availability of water, types of soil and
vegetation, as well as the presence of important fauna and flora for their use and
conservation. This knowledge is reflected in the manner in which they occupy
and transform their land and manage their common pool resources. They classify
the territory in areas intended for conservation, forestry, restoration, agriculture,
human settlements, tourism and leisure.

Based on this ancestral knowledge, the inhabitants of BCSDH have developed a
series of strategies, applied through community organization, for the conservation
and sustainable management of their common pool resources. While these
resources are freely accessible, in that they are considered a means of sustenance,
their use is regulated by standards, regulations, and the agreements put in place to
avoid their over-exploitation. The tradition of community work (faenas) and the
organization of and participation in religious festivals are fundamental to com-
munity cohesion and organization.

The creation of the Atotonilco water park cooperative has developed the tourism
which, in turn, has converted the thermal waters into a source of income. The
economic importance of the water has encouraged the community to take care of
the local vegetation, as the water supply depends directly on it. Despite the eco-
nomic benefits, tourism has generated new environmental problems that require the
support of experts, both inside and outside the community.
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Human activities generate changes to the physical environment and the biota,
with notable negative effects observed in the composition, recuperation and pro-
ductivity of natural ecosystems, such as the loss of species, the size and genetic
variability of wild populations and the irreversible loss of habitats and ecosystems.
Furthermore, alterations to the functioning of socioeconomic systems, and the
health and human welfare of the community are observed. The principal threats to
the conservation of the common pool resources are the proposed projects admin-
istered and managed outside the community, especially the installation of the
manganese mine. Moreover, the members of the BCSDH community perceive as a
threat the APN status decreed for the Sierra del Tentzo, and the refuse produced,
principally by tourists and traders, and its mismanaged disposal. The inhabitants of
Huehuetlán and neighboring areas also affect the flora and fauna through illegal
hunting and logging.

To counteract these impacts on the environment, the community has organized
itself in the attempt to reconcile the interests of the various actors involved. As,
however, in many cases, this is not possible, it is necessary to seek legal recourse,
leading community members to participate in forums for the defense of the land
against megaprojects and commence acts of resistance. In other cases, community
organization has enabled them to obtain governmental support in order to resolve
specific problems, as seen in the reforestation programs. The community also
knows how to seek external allies, such as university professors and students, which
reflects its determination, as an agrarian organization, to conserve its common pool
resources and safeguard the welfare of its members. It is, thus, of fundamental
importance to incorporate outreach and environmental education processes that
involve all social actors, in order that alternatives can be found to the prejudicial use
of the community’s common pool resources.

Recent land policies, which enable the government to expropriate communal
lands in favor of foreign mining companies, constitute a threat to sustainability. Due
to the idea that economic growth resolves poverty of its own accord, which envi-
ronmental problems have demonstrated as erroneous, it is necessary to document
and stimulate equitable development policies that close the poverty gap (Fisher and
Erickson 2007).

6 Conclusions

The action-research strategy used in this study enables us to conclude that sus-
tainable development depends on the social, cultural and political aspects that
define people’s actions in a historical context.

Contrary to the opinion expressed by Hardin (1968), the principal strengths of
the BCSDH community are its community organization and traditional knowledge
which have enabled it to develop a series of strategies, through agreements and
regulation, mechanisms of self-regulation and self-management for the sustainable
management of its common pool resource for their conservation and sustainable
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management as well as for confronting external threats. The main challenge for the
participants in this project is the management of spaces for participation and
inclusion in both state and national policies that affect daily life and the common
pool resources of the BCSDH and their organization and territory.
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Communal Tourism Proposal
in a Common Assets Wildlife Use
and Management Unit of the Mixteca
Poblana as a Sustainable Development
Strategy

María Concepción López-Téllez, Valentina Campos-Cabral,
Gonzalo Yanes-Gómez, Antonio Fernández-Crispín,
Hugo Rodolfo Molina-Arroyo and Berenice Ramírez-Vera

Abstract The aim of this work is to evaluate and detonate the sustainable tourism
potential of the Wildlife Use and Management Unit, of the common assets of San
Mateo Mimiapan, in the Mixteca Poblana (Puebla, Mexico, tropical lowlands)
region, through a rural tourism development strategy. Participatory Workshops and
field trips were done, as well as experience exchanges with other rural communities
which engage in communal tourism in order to make an analysis of the potential for
the development of rural sustainable tourism activities. The communal assets
contain a high biological, cultural and territorial diversity, with tree and seed fossils
which reflect the geologic and historical processes of the region. Therefore
infrastructure was established for the creation of a community museum, flora and
fauna interpretative tracks, as well as camping services for local public and students
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of different levels. Strategies are proposed for the development of tourist products
in the rural environment, to be operated by local associations. It allows the creation
of a business venture through promotion and commercialization plans in order to
guarantee a market.

Keywords Rural tourism � Community development � Mixteca poblana

1 Introduction

Tourism, through the United Nations Conference on Environment and Development
(UNCED) in Rio de Janeiro and the Agenda 21, has been established as a mechanism
to achieve sustainability, because it is evidently a primordial economic activity for
many countries to acquire foreign currency, create employment, and its horizontal
impact on activities and various sector which directly or indirectly result in the
creation of infrastructure which benefits local populations (OMT 2004; Vidal and
Márquez 2007; Wearing and Neil 2009; López and Palomino 2011).

According to Pastor et al. (2011), rural community tourism is an alternative to
traditional tourism because its aims are to preserve the environment and local
culture, drive participatory community processes in the management of the terri-
tory, and obtain financial assets.

What matters is that rural communities share their natural resources, culture,
work and production ways (farming, fishing, forestry and handcrafts), all of which,
through the reassessment of the rural environment and the need to diversify eco-
nomic activities, takes shape as a rural territorial development strategy from their
economic, social, cultural and environmental assets (Pérez 2010).

This perspective transcends the traditional farming point of view of rural peasant
communities, identifying them in their multifunctionality, integrity and complexity
(Trejos 2000). In its tourist vocation, the rural environment conforms itself as a
product which does not remove, but actually complements and invigorates the
income obtained from primary activities through the rooting of the people, creates
jobs, reassess the cultural elements and at the same time promotes the preservation
of the environment (Vidal and Márquez 2007; Pérez 2010; Palomino et al. 2016).

From this perspective, rural tourism is an ally for local development from the
valuation of the territory and the articulation of multiple actors. It is fundamental
that the territories do not become artificial or lose their essence, and that rural
tourism identifies itself as a force of territorial development, but not the only one.
Likewise, negative consequences must not be ignored, such as pollution, biodi-
versity and local identity degradation and the desertion of other activities upon
facing economic dimension over importance, among others (Burgos 2016).

The definition of rural community tourism is not homogenous, but it involves,
according to Chávez and Andrade (2010: 19) “…an economically profitable tourist
activity, environmentally responsible and inclusive, generator of income and dig-
nified and qualified employment… tourist products respectful of the environment,
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the local people and their culture, …an alternative for local economic develop-
ment”. Among its main features are: “…the participation of the local people… the
distribution of economic benefits through agreements…respect for the environment
and valuation of biodiversity… and for the cultural identity of the people…
strengthening of local societies… under the need of a common aim…”. It neces-
sarily implies that the “local community has a substantial control of the territory,
participates in the development and management of its resources… the proportional
distribution of the benefits in the community assumes collective responsibility…
collective rights over land and resources… and the sustainable use and collective
responsibility of them”.

In Mexico there are many examples of communal tourism of indigenous and
rural communities with social regimes of land ownership, with high biological and
cultural diversity, where tourist activities are established in a collective and par-
ticipatory manner, driven by the rightful social actors; they are also characterized by
being based on a principle of local organization which has a bearing on the origin
and history of the community, based on rules and local agreements. The communal
tourism experiences at a national level are diverse, and they have established
themselves mainly through the capacity to organize and strengthen their communal
institutions, where a logic in the collective use and usufruct of the territory and its
resources is observed (Palomino et al. 2016).

The Common Assets of San Mateo Mimiapan, from the municipality of
Zacapala in the state of Puebla, Mexico, are typified for possessing a large social
property territory, with a high cultural and biological diversity standing out, con-
trasting with margination and poverty. The implementation of alternatives for
socio-economic development are required, to allow the people to have a higher
standard of life, increasing the production without harming the environment. An
economic—productive alternative is the sustainable and diversified use of their
natural resources (flora and fauna), delivering ecological and financial benefits for
the people.

This work has two purpose, one is to allow us to evaluate the possibilities of a
methodology between research activities and intervention in a participatory process
to link the interest, work and responsibility of the population, in an alliance with the
academic sector, which engages in concrete and limited activities. The second one
is to evaluate sustainable tourist potential of the BCSMM to strengthen the eco-
nomic activities of the population, inserted in the territorial possibilities, in the
practices and habits of the organized population.

The objective of this research is to identify the tourist potential of the Wildlife
Use and Management Unit (UMA acronym in Spanish) of the Common Assets of
San Mateo Mimiapan (BCSMM acronym in Spanish), located in the Mixteca
Poblana region, through the development of a communal rural tourism strategy.
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2 Study Area

The BCSMM are located in the southwest of the state of Puebla, Mexico, with an
area of 4600 ha and an uneven relief (Fig. 1). The highest altitude is 2000 masl in
the northeast, and 1250 masl in the southwest. The territory falls within the South
Puebla Sierras physiographic subprovince, of the Neovolcanic axis province, and
the Atoyac river basin; the climates are temperate, semi-warm and warm, all sub-
humid, from east to west (INAFED 2016).

Six soil groups are present: Regosol, Feozem, Rendzina, Castañozem, Vertisol
and Litosol; they are soils with less than 10 cm thickness on rock, not suitable for
any kind of crop and only suitable for cattle. The main vegetation type is tropical
deciduous forest, associated with secondary bush and arboreal vegetation, some
induced grassland and a few patches of oak forest (INAFED 2016).

3 Methods

This work has a qualitative focus, and was done through a participatory action
research method and the development of techniques such as documentary analysis,
interviews, participatory observations and field trips. The team was assembled by
the peasants of the BCSMM, students and professors of the Biological Sciences
Faculty and the Law and Social Sciences Faculty of the Goodwill Autonomous
University of Puebla (BUAP, acronym in Spanish), establishing the fundamental
recognition of social actors as subjects of their daily live, with their own ways of

Fig. 1 BCSMM polygon, in the municipality of Zacapala, Puebla
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apprehending their reality, their meanings, perceptions, decisions, intentions,
motivations, ways and expectations. It was undertaken from March 2012 to
December 2016 in the following stages:

3.1 Preparation Stage

From March to July 2012 the available information on the research problem and the
study area was identified and organized, and the methodological and theoretical
framework began to be established. The aim was to contextualize the situation of
the community in the region and the development of communal tourism consid-
ering as the analytical model Ostrom’s perspective (1990, 2005) on collective
action and institutional systems which control the access and management of
common goods. Bibliographic information was compiled in order to understand the
social, environmental, economic and cultural context of the community. Official
information was also obtained from government sources such as the Agrarian
Public Office, Tourism Ministry (SECTUR), Environmental and Natural Resource
Ministry (SEMARNAT) and the Government of the State of Puebla (Morales 2003;
Giraud et al. 2005; Jalda 2008), in order to understand the organization of tourist
activity, of commercialization, existing cooperation and possible supports, which
would allow to understand positive and negative aspects of the territory for the
development of the project.

3.2 Design Stage

From July to October 2012 methods, techniques and research instruments were
established. The guideline in both stages was a constructivist view of the work and
the research question on the potential for the development of rural tourism activi-
ties. An activities timeline was designed in order to recover, register and organize
their knowledge and practices of the territory and their natural resources, as well as
the exchange of experiences with other rural communities in the development of
tourism, allowing for a joint construction of a proposal of rural community tourism
strategy.

3.3 Field Work Stage

In this stage, from November 2012 to December 2013, it was fundamental to have
knowledge of the features of the territory, of the social field and of power rela-
tionships between actors, as well as the working and formal and informal regulation
principles of the place. Key informers were identified as those which possessed
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pertinent knowledge and expertise relating to the work, but also those willing to
participate actively in it, for example, communal authorities, surveillance com-
mittee and older people. Thus, key informers were chosen intentionally, intensively,
heterogeneously, dynamically and continuously. Through them information was
registered with field diaries, photographs and tape recordings. The implementation
of participatory workshops (one each month lasting two to three hours), field trips
and natural resource inventories (Ayales 1991; Geilfus 1997; Brenner 2010), were
accomplished with registered peasants in the agrarian census (90 people, male and
female of different ages with different roles in the community). This works was
interrupted once a certain information saturation level was achieved.

Systematization and analysis of information stage. Data were organized and pre-
sented to the assembly of peasants for verification and validity, obtaining in different
meetings precisions and additional information which increased the value of the work
on biological richness and diversity, specialization of biodiversity, practices for the
management of natural resources and formal and informal institutionalization for the
management of natural resources. With this information, a diagnosis of the ejido
(communal property figure) and of the diversity of natural resources was obtained.
Experience exchanges (January–July 2014) and training activities (August 2014–
March 2015) were made, in order to allow the peasants to know the pros and cons of
other experiences of rural tourism development; cases of rural communal tourism
were visited. In order to generate and fortify capacities of self-government in the
alternative sustainable tourism proposal, training of the peasants from SECTUR and
BUAP professors was engaged. This stage was supported by the fulfillment of three
workshops, by establishing contact with the main actors involved in the commer-
cialization of communal rural tourist services, to establish business meetings and
agreements for the acquisition communal rural tourist services.

A tourist activities proposal was prepared (April–August 2015) and finally the
information was coordinated and presented to the peasants, and in workshops and
meetings, different activities were defined, emphasizing mainly on natural, cultural,
social and economic resources, presenting the final proposal in January 2016.

4 Results

Potential analysis for the development of rural community tourism.
The BCSMM have eight important landscape sites: El Huizache, El Timbre (a

population center), El Algodón, El Pochote, El Pelado, the fossil area and the
Cantera (quarry). Several gullies, ravines, streams and rivers are also present (Agua
de León, La Presa, Bordo Nextepetl, Agua Nanche and Atoyac river) (Fig. 2).

The community uses wildlife flora and fauna widely, 69 species of plants are
used, 30 of which are medicinal (for kidney, stomach and pancreas ailments), 20 are
edible, 12 are used for cattle fodder, nine for construction materials, and the rest as
firewood and others. Fauna is used as food (eight species) and medicine (seven
species).
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The most representative species of flora are: tepehuaje (Leucaena pueblana),
poppy (Pseudobombax palmeri), colorín (Eritrina spp.), pochote (Ceiba parvifo-
lia), palo blanco (Conzattia multiflora), cuajilote (Acacia acatlensisi), copal
(Bursera bipinnata, B. excelsa), cueramo (Cordia spp.), cuachalalate
(Amphiterygium adstringens), guaje (Leucaena glauca), huizache (Acacia farene-
siana), cubata (A. cymbispina). Other secondary species are: maguey (Agave spp),
cazahuate (Ipomoea spp), biznaga (Ferocactus spp y Mammilarria spp.), mezquite
(Prosopis juliflora) and prickley pear (Opuntia spp).

The most representative species of fauna are white-tailed deer (Odocoileus vir-
ginianus), rabbit (Sylvilagus floridanus y S. cunicularis), jackrabbit (Lepus spp),
raccoon (Procyon lotor), gray fox (Urocyon cineroargenteus), skunk (Spilogale
putorius), coati (Nassua nassua) and coyote (Canis latrans). Some edible species
of bird are quail (Colinus virginianus), dove (Zenaida macroura), chachalaca
(Ortalis poliocephala). Among the reptiles are rattlesnake (Crotalus spp.), Gila
monster (Heloderma horridum) and black iguana (Ctenosauria pectinata).

Several fossil deposits are also present, mainly large mineralized tree trunks
from the Jurassic and Oligocene, several meters apart, as well as fern impressions
from the Jurassic. These findings contribute to the enrichment of paleontological
knowledge in Mexico, and increases the number of fossiliferous localities.

The BCSMM owners also have a quarry where marble extraction is licensed to a
mine company.

The community took the agreement to register as a UMA having interest in
preserving the common use resources and in reforesting. Financial resources would

Fig. 2 Territorial representation map of the BCSMM, Zacapala, Puebla
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be obtained through controlled deer hunting, as part of a tourist project which also
involves scientific research and environmental education.

As any other community, there are problems with land and common use
resources use. The origin seems to be the population and demographic structure of
both sections of the community, since the El Timbre population is younger, being
the sons of BCSMM owners, which therefore have no agrarian rights.

They cannot participate in decision making, whereas in Mimiapan the population
is older and they will not or cannot get involved in activities which are no longer
their responsibility. This has hindered social development and the opportunity of
integration and production between both sections. In spite of this, the community
raises proposals through collective solutions and agreements to maximize the
available resources and strengthen the agrarian unit.

In the workshops and field work, community strength and potential were evi-
dent, to develop tourist activities through natural and human resources, infras-
tructure to develop security, habitat management, camping services, hiking and
plant production.

Additionally, as a product of the relationship with the University, white-tailed
deer population monitoring is being done to allow for hunting authorized by
SEMARNAT, as well as obtaining funding from the UMA promotion program of
the same ministry in 2013 for infrastructure development and training.

4.1 Diagnosis of Communal Tourist Potential

The BCSMM have a Popoloca ethnic origin, from the records of some relics.
However there is a loss of traditional ceremonies and of the dialect, because of the
interruption of intergenerational transmission mechanisms, as a result of homoge-
nizing national projects which led to sanction and embarrassment of adults and
youngsters when trying to speak and teach it to new generations.

The origin of the community dates to the seventeenth century; evidence comes
from the church and remains of a country estate. The present-day inhabitants do not
know their exact origin, however one of the most traditional festivities is the “Toro
Calabacero”, which remits to 1800, when ranchers arrived with animals from Santa
Inés Ahuatempan to brand the cattle.

As a farming unit, the origin remits to July 2, 1965, when a surface of 4682 ha
was assigned to them. This land is classified in terms of farming, environmental and
socio-economic development. They possess common-use land to obtain everyday
economic sustain; the human settlements are established in two sections, Mimiapan
and El Timbre, where daily activities take place. This land is not transferable or
reduceable, unless the people or the law establish it. It is included the national
system of Wildlife Use and Management Units (UMAs) since 2005; this has
allowed the preservation of the tropical deciduous forest in the almost 4600 ha
which they possess.
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The prevailing guild organizations are community oriented: the Vigilance
Council, the Communal Land Council (“ejido”) and the Auxiliary City Hall Major.
Other organized sectors are migrants which participate in the development of
constructions and cultural activities, the church post system and the saint’s cele-
bration, the parent-teacher association, the livestock producers association (regis-
tered in the government), a group responsible for the extraction of marble in the
local quarry, and finally the UMA committee.

Most of the people of the BCSMM are native of the region, therefore, as a
statutory agreement, women are not allowed to be land owners so that land would
be lost through marriage.

Both sections of the village, Mimiapan and el Timbre, belong to the same farm
unit, however productive and daily productive dynamics are maintained. The total
number of inhabitants in is 370 people, 267 of which live in Mimiapan, where 128
are male and 139 female; 86 are under aged and 181 are adults; most are over
60 years of age. In el Timbre 103 people live, of which 57 are male, 46 female, 45
underaged and 58 adults, of which 13 are over 60.

The main economic activities are rain-dependent and mechanized subsistence
farming. Corn, pumpkin, bean and sorghum are mostly grown. They rotate their
crops and use organic fertilizer; the livestock is mainly goat and cows, but also
donkeys, horses, pigs and chicken. Livestock is free to roam in the wilderness,
foraging a great variety of plants. The people use natural flora and fauna for their
subsistence.

As in many other towns in the country and the state, financial remittances are
sent from the family living in the United States, which are an important source of
domestic income; there is also migration to other parts of the country. In both cases
migrants return to the town’s saint festivities and for Christmas.

Federal government programs which exist in the region are from SEDESOL
(social needs), CONAFOR (forestry), and SEMARNAT (environment). Of the
latter, reforestation, conservation, watchtowers, wildlife monitoring and temporary
employment programs have been applied.

4.2 Experiences Exchange

Experiences were exchanged with rural communities which have developed com-
munity tourism:

1. San Juan Raya. This community belongs to the Tehuacán Cuicatlán Biosphere
Reserve (RBTC). They engage in communal tourist activities in the “Centro
Ecoturístico de San Juan Raya”, offering hiking, cycling, horse riding, marine
fossil and dinosaur footprints sightings, as well as the observation of a high
diversity of cacti and local fauna. They offer accommodation in rustic cabins
and regional food.
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2. Tlayúa Regional Museum and Pie de Vaca in Tepexi de Rodríguez, the former,
in charge of the N.A. University of Mexico (UNAM). The latter is administered
by local people, who offer hikes to explain the origin of different fossils in the
quarries which are exploited in the municipality of Tepexi.

3. Santa Cruz Achichipilco UMA in Teotlalco. They offer legal hunting services,
accommodations and hikes in interpretative tracks.

This allowed the owners of BCSMM to visualize the experiences of other
communities and to propose tourist activities matching the characteristics of their
territory.

4.3 Training

To choose the training themes, the BCSMM owners reflected upon the workshops
and exchanges, giving priority to themes such as client attention, hiking, admin-
istration and environmental legislation. During training, the following questions
were asked: What do you want and expect from your land? How do we do it? How
to represent the territory and the common use resources? How to identify tourist
service supply potential and problems? How to solve these problems?

Issues related to the measurement of environmental values from an economical
perspective were considered. This implied the analysis of concepts such as eco-
nomic value related to direct use value, indirect use, option, existence, territorial
legacy and common use resource value, to do a cost-benefit analysis of the possible
services to offer. SECTUR offered training in entrepreneurial organization, business
administration, visitor attention and legal aspects. The University offered themes
such as responsible hunting, identification and conservation of fossils, tree nursery
maintenance and cactus propagation, solid waste management, hiking, furniture
construction and wildlife monitoring for hunting.

4.4 Marketing of Communal Rural Tourist Services

Three experience exchange workshops with the social actors involved in the
marketing of communal rural tourist services were done, where business meetings
and agreements for the acquisition of these services with alternative tourist oper-
ators were established, as well as with hunting clubs and educational institutions of
the state, such as public and private universities (BUAP, U. Iberoamericana,
UDLA, U. Mesoamericana, etc.).

One of the main agreements was with Produce Foundation (Fundación Produce
Puebla A.C.), which made a commitment to give support for the development or
lináloe tree (Bursera linaloe) use, as well as giving publicity. The participating
academic institutions commited to establish agreements to visit the community in
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order to do field work, as well as support in training and scientific disclosure.
Hunting clubs El Sable and Los Halcones commited to give disclosure to the tourist
and hunting services, as well as to the yearly hunting permits. SECTUR commited to
arrange financing to continue with the training program to strengthen the communal
technicians, tourist service guides, marketing of tourist products and administration.
Finally SEMARNAT established a commitment to support the disclosure of the
program and to continue with the actions to preserve the common use resources.

4.5 Proposals

The owners of BCSMM established several opportunities for the development of
tourist activities. One of them was to develop a rural community tourist program for
eco-paleontological and wildlife use, to contribute to the integral development and
improvement of the quality of life of the people, through the rational use of
common use resources.

The proposal was delivered to and approved by the UMA promotion program of
the SEMARNAT. Resulting from this, the necessary infrastructure for the creation
of a community museum was established, as well as two cabins, paleontological
interpretative pathways, biocultural flora and fauna pathways, as well as camping
service for local public and students of different levels.

5 Discussion

The rural community tourism Project which has begun in the BCSMM represent an
option of use and value of the territory, stemming from the organization system
presented. The limitations which were identified relate to unlawful hunting and
forestry, however the peasants mention that they can control it through their
organization. This highlights the existence of an organization and an institutionality
that, in spite of its contradictions, manage their territory collectively, and hereby
search and produce projects where tourist activities represent an income opportunity
and the conservation of the environment through the use of common resources and
the establishment of alliances with external actors, in order to improve the standard
of life of the population. The external factors have promoted the diversification and
increase of income, as well as the creation of employment, the ingrainment of the
population, the display of the role of women and youth (although much remains to
be done in this dimension), the revaluation of cultural, architectural,
paleo-archaeological and environmental patrimony, notwithstanding that in this
process, an acting capacity as subjects in projects which feed confidence and
community cohesion has been developed. The community proposal of the BCSMM
includes developing medium and long range strategies to develop tourist products
with identity and originality, operated by local organization; these products focus

Communal Tourism Proposal in a Common Assets … 481



mainly on natural, cultural and landscape richness. The diagnosis has allowed to
know the reality of the community, identifying their needs and problems, and
proposing strategies to allow the improvement of their life standard through these
proposals. Rural communal tourism is considered as an alternative to mass tourism.
In Mexico these are recent and highly heterogeneous experiences with different
levels of consolidation which respond to external and internal factors. In spite of
this, it is an important alternative option, in the sense that they are projects where
their construction stems from local assets and from the participation of the owners
of communal goods and as owners of the territory and its resources, who as a
function of this and their knowledge, take decisions about the project and distribute
the gains among themselves. It is clear that the future of these kind of projects faces
challenges mainly because of the complex organization system, where power
relationships prevail even on a community level. These exercises are important to
allow for the structuring of local governance, as well as to cover the needs to
improve the administration of tourist activity, and to have market projection in
order to establish an internal and external position.

6 Conclusions

This work pertains to three types of conclusions. The first is on the possibilities of the
method. This work is an example of a positive result of the link between research
activities and intervention in a participatory process, as well as of the operational
advantages that bring a better prediction of the project when it is a result of interest,
work and responsibility of the population, in an alliance with the academic sector,
which engages in concrete and limited activities. The second one is on tourist
potential of the BCSMM, established initially by local resources, be they natural or
human, as well as the kind of activities-products-services proposed, which will be
inserted in the territorial possibilities, in the practices and habits of the organized
population, and that, overall, allow to strengthen the economic activities of the
population. And last but not least, the basic conditions for success are the mainte-
nance of a horizontal, respectful and inclusive participation, and the limitations of the
exercise must reside in the respect of reproductive cycles and maintenance of the
ecosystem through authorized permits for hunting activities to look after the territory.
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Transhumance: Sustainable Strategy
for Human and Ecological Conservation

María Isabel Mora Ledesma

Abstract Transhumance is the seasonal migration of livestock in search of pas-
tures and water. This migration allows for intensive, rotational, diversified and
optimal use of the land. The functional value of this mobility is not exempt from
certain confusion arising from a lack of knowledge of this thousand-year old sys-
tem. Transhumance, as a livestock management system, has therefore generated
debate due to the interest and controversy it provokes, particularly with respect to
the environment, geography and cultural aspects of arid and semi-arid areas. The
purpose of this presentation is to demonstrate how the goat herders of the San Luis
Potosí highlands plan their grazing practices based on a cyclical migration between
two points with ecological complementarity: the mountains and the valley. The
difference between these two points is caused by the cyclical combination of each
point, which involves the climate, season, type of vegetation and topography. This
system, called transhumance, has allowed the area’s goat herding families to sur-
vive, persist and resist. Due to the relationship between ecological complemen-
tarity, planned practices, and the tie between the animals and the land, there is a
society and culture of sustainable transhumance in the region.

Keywords Transhumance � Territory � Grazing � Sustainability
Ecology

The dictionary defines the term transhumance (Latin trans- and humus earth) as a form of
pastoralism consisting of the seasonal movement of livestock to make better use of grazing
grounds and water based on the physical and climatic characteristics of the land. This concept is
discussed throughout this article.
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1 Introduction

This article is part of the results of the project: La ganadería trashumante en el
desierto Chihuahuense. El sistema de reproducción de cabreros en el Altiplano
potosino: Territorio, diversificación y ecología. (Livestock Transhumance in the
Chihuahua Desert. The Goat Reproduction System in the San Luis Potosi
Highlands: Territory, Diversification and Ecology), sponsored by the Basic
Sciences section of the National Board of Science and Technology (CONACYT).
The general objective of this project was to study the historical, social and symbolic
configuration of the land as a reproduction system by the transhumant farmers of
the arid north of San Luis Potosí. Based on the results of the first stage of the
project,1 the purpose of this article is to demonstrate how the transhumant system
implemented by the goat herders of the region is a sustainable system given its
conditions of conservation and reproduction based on the orderly planning pro-
duction implemented by the transhumant livestock farmers. This sustainability
allows the inhabitants of the San Luis Potosí desert to create a territorial identity.
First, we will address the concepts of territory and transhumance with respect to
resources, work, social organization and livestock. We will then describe the pro-
ductive grazing system of the region and analyze the transhumant system based on
the seasonal cycles that define the activities of the herders. Lastly, we will address
certain problems faced by the herders in carrying out their activities that place the
sustainability of this system at risk.

2 The Environment—Society Relationship

The notion of space and territory has been addressed in anthropological literature to
explain, from different perspectives, the relationship between nature and society.
The classic Evans-Pritchard study on The Nuer (1977) is a pioneering work that
explains how the Nuer society organizes life, and movement of livestock and
residency based on the ecological timeline, which is cyclical. Mauss (1979), who
studied the Eskimos, also stressed how ecological and environmental conditions
affect the social conditions related to hunting, forms of residence and annual sea-
sonal cycles. Steward (1972) of the American school founded the theory of cultural
ecology, indicating that population density, sedentary lifestyles and division of

1Los caminos de la trashumancia: Territorio, persistencia y representaciones de la ganadería
pastoril en el altiplano potosino. (The Paths of Transhumance: Land Persistence and
Representations of Pastoral Livestock Grazing in the San Luis Potosi Highlands) (Coord. Mora,
María Isabel, Colsan 2013). The National Board of Science and Technology (CONACYT) sup-
ported the continuity of the project under the title: Sistema pastoril, conocimientos locales e
identidad territorial. Alternativa alimentaria para el desarrollo regional en el desierto. (Grazing
System, Local Knowledge and Territorial Identity: Feeding Alternative for Regional Development
in the Desert).
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labor follow the influence of this aspect. Harris (1994), the founder of cultural
materialism, also established the relationship between material and spiritual well-
being and the cost/benefit of various systems for increasing production and con-
trolling the population growth. Although Harris takes ritual factors into
consideration, this does not arise from ecological determinism, since, as indicated
by Tomé (1996), his reasoning of the cause and effect is based on generalizations,
considering a conjectural ecology without explanatory value.
From another perspective, Descola (1996), in his studies on the Achuar of Ecuador,
indicates that the relationships that a society has with the environment are not
unambiguous and cannot be exclusively reduced to adaptive responses, meaning
that the contribution of an ecological approach consists of demonstrating the cre-
ativity of each culture in the way they socialize their nature (22). From this same
perspective, Viveiros de Castro (1996), with his study on the Amazonian Arawete,
together with the work of Descola, opens up another perception of nature, where
animals and plants possess attributes of social life, thus avoiding the disassociation
of the natural sphere with human action. For example, for Viveiros, hunting among
the Arawete has a significant value in their cosmology, establishing a relationship
with nature, giving favor to social and symbolic interactions between the animal
world and shamanism, the central institution of this group. We have taken these last
perspectives as the starting point for our research.

3 Transhumant Territory: Appropriation
and Representation

Turning first to the characterization of Godelier (1989) of territory as:

A portion of nature and therefore space over which a given society lays claim and ensures,
for all or some of its members, stable rights of access, control and use regarding all or some
of the resources found there, and which it is desirous and capable of exploiting (107).

For this author, space is considered to be an extension of land, water, exploitable
resources, and resources for the production and reproduction of a society, based on
two conditions:

The first, that it can directly or indirectly satisfy a human need, and the second, having the
technical means to separate it from the rest of nature and use it for its purposes. This implies
a society with a certain interpretation of nature that combines its intellectual representations
with the material means for acting with nature for physical and social reproduction” (ibid.)

Godelier indicates in this regard that all societies require a social organization
that determines behaviors that are socially visible and accepted by all, both in the
material aspects and as symbolic aspects for intervening with the intangible. To
appropriate a territory, in terms of access and control, it is necessary to establish
rules that make it possible to have a code of social order that guarantees the
reproduction conditions of man and the resources they depend on. From this per-
spective, for grazing societies, livestock is not just a production material

Transhumance: Sustainable Strategy for Human and Ecological … 487



(meat, milk, leather), but also the content of what the environment and resources
represent for the production and reproduction of the society itself. Giménez (2005:
430) considering the proposals of new geography conceives territory as: “the space
appropriated by a social group to ensure its reproduction and satisfaction of its vital
needs, whether material or symbolic.”

With reference to these authors, we analyze the transhumant territory in the case in
question as the space where the herders engage in their transhumant practice, the
appropriation of which occurs in two ways: (1) in the functional sense, regarding
exploitable resources, land, water, pastures, as indispensable flora for maintenance of
the livestock and themselves, and (2) in the social historical sense as the location and
method by which the herders have carried out these practices for generations. A space
rich with history, landscapes and symbolism, tattooed by the livestock paths, with
local technologies, affection and loyalty (“without the land, we are nothing”), soli-
darity and reciprocity (with humans and non-humans) and natural heritage. These
appropriations function as elements that allow them to identify themselves as being
“goat herders”: “we who live from this”, namely, as a territorial and regional identity.
In this way,we can indicate that it is symbolic-cultural appropriation. These two forms
of appropriation define the limits of the transhumanist territory, which we can define
as the portion of space appropriated by the herderswho claim it as the placewhere they
have found the ecological and functional resources to live that are in turn significant
due to the symbols and typical features required to maintain their conditions of
existence and reproduction over several centuries.

Goat herding is fundamental to the economies of arid and semi-arid societies that
practice it due to its use of xerophytes and shrubs. Gutiérrez (2009) mentions the
importance of this production, which attributes value to certain types of land not apt
for typical agricultural use. The environmental conditions of this arid environment
(scarcity of water) make it difficult for the herders to have a sedentary lifestyle. In
this context, the production of life is subject to the climatic conditions determined
by the annual cycles of rainy and dry seasons that appear in these torrid climates,
with rain precipitation of less than 500 mm per year. The mobility required to
endure in the desert marks the rhythm and social representations related to the
transhumant life of the San Luis Potosí herders.

4 Production and the Grazing System in the San Luis
Potosí Highlands

The zone under study is located in the northern portion of the San Luis Potosí
highlands, in the great Chihuahua desert, and it covers 11 municipalities2 and 225
areas of commonly held land (ejidos), consisting of communities of less than 500

2The municipalities are: Vanegas, Cedral, Catorce, Matehuala, Villa de Guadalupe, Charcas,
Venado, Villa de Arista, Guadalcázar and Villa Hidalgo.
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inhabitants. These settlements have a mixed economy based on seasonal activities
such as grazing, agricultural scarcity (corn and beans), hunting and gathering. The
size of the herds is determined by the number of members, particularly the young,
available to care for them. Production consists of the seasonal production of goat
meat and milk to prepare cheeses for sale.

Historically, since the Spanish brought goats to Mexico in the 16th century,
San Luis Potosí has been one of the country’s main producers of goats.3 Mexico
was also recognized as one of the main producers of goats at the global level,
with an average production of 10,439,000 in the nineties, ranking as the fifth
location with the highest production at the global level. This ranking has been
pushed downward due to the effects of neoliberal policies: in 2013 production
dropped to 4,000,000 with this area ranking 20th on the global scale (FAOSTAT
2009–2013).

Most of the production of goats in the state of San Luis Potosí is located in the
north, in the San Luis Potosí highlands. It is in this area that we find the highest
number of exploitations, characterized by family productions with herds of between
20 and 500 animals, with a small amount of infrastructure.

3Goat herds were brought into the country in 1521 and were herded to the northern lands in 1492
(see Mora 2013).
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In parallel to the national trend at the end of the nineties, the state of San Luis
Potosí ranked first in production in Mexico, with 1,074,276 heads (11.2% of the
national total). In 2009, the number of heads produced in San Luis Potosí dropped
to less than half (FAOSTAT 2009–2013). See graph.
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This is a significant decrease and it owes to the change in ownership structures
established in the Agricultural Law Reform in 1992, under the Program for
Certification of Common Land (Ejido) Rights and Titling of House Plots
(PROCEDE), a legal instrument aimed at the regulation and privatization of land.
This new standard reduced the territory of common use available for grazing and
circumscribed it to the limits of the common land (ejidos), affecting the practice of
annual transhumance, which is of vital importance to the herders and their herds,
particularly in seasons of drought and low water levels. The inhabitants, unable to
carry out the transhumant work needed for herds larger than 100 heads, have had to
sell and gradually reduce the numbers of their herds. This has affected the condi-
tions for their reproduction, both the vital conditions, and the social and symbolic
conditions as well. It has limited the conditions and possibilities of living within the
common land (ejidos) and domestic units and it has driven the new generations to
leave these areas. This dynamic has caused the predominant lifestyle option to be
the emigration of the young, and the result has been a depopulation of the region.
This agricultural policy has affected not only the economy of the region, but has
also resulted in the loss of a society with a system based on thousands of years of
knowledge in the handling of livestock and the territory that had allowed this
activity to be sustainable.
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5 Transhumance as a Sustainable System

Transhumance has been observed in different times and spaces throughout history.4

Various authors in different contexts have studied this grazing system. Sánchez
Moreno (2007) defines these movements as the alternative and periodic migration
of herds of livestock between two environmental regions in order to make better use
of the vegetable complementarity throughout the seasonal cycle to which the
economies, cultures and biological cycles of these territories are tied. Bendini et al.
(2004) have contributed to the interest in knowing and understanding these systems
in Latin America, which have been relatively unstudied. Their studies on the
Crianceros of northern Patagonia were recognized by the Ministry of Agriculture of
Argentina, resulting in a new Goat Law regulating the use and control of the
territory for the corresponding transhumant work. Based on their observations, the
authors defined transhumance as a recurring, pendulous and functional movement
tied to the climate, altitude and receptiveness of the fields, separated into two
climatic periods: “summer” and “winter”, contributing to the use of different eco-
logical levels (24). We can confirm that the transhumant work extends beyond
merely the exploitation of the land, as documented by Cassigoli (in Salas 2004:
163) with respect to the cases of the Colla transhumant families from northern
Chile, where he explains how the life of the group is based on their seasonal
transhumance. These are people who follow transhumant movements between
gullies and waters and organize their world view based on the contrast of
mountain-water-origin on the one hand, and valley-land-harvest on the other.

The functional, social and cultural value of the transhumant work has been
subject to very little study and recognition, but it has generated controversy related
to the deterioration of the environment generated by grazing. The players of an
ecosystem can consciously act within the limits imposed by the medium. This is the
framework in which transhumance make sense (Sánchez 2007).

6 The Grazing Societies of Northern San Luis Potosí

As indicated above, the grazing of goatherds is fundamental for societies situated in
arid and semi-arid regions since it allows for the use of xerophytes and shrubs
(Gutiérrez 2009).

4There is evidence of transhumance in the Bronze Age, in the Mediterranean era in the IV and II
century A.C. In the XII and XIII centuries in Spain it was of great importance for controlling the
pastures formed by the first groups of livestock farmers. Livestock paths have generated cultural
heritage in Europe; however, in recent decades, between 20% and 40% of these livestock paths
have been lost, which has contributed to the progressive abandonment of these paths by livestock
farmers (Ambientum 38/2001).
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For the case under study, the livestock territory is comprised of 1,607,968
hectares that belong to the vast region of the Chihuahua Desert, replete with
grasslands (bushes) and a wide variety of cacti and fibers (lechuguilla and catkin),
with reliefs that range from flatlands to mountains with altitudes from 2000 to 3000
meters above sea level, wells, berms and watering troughs, minerals, caves and pens
with great significance and value to the transhumant herder, which to those on the
outside signify nothing. It is common to hear people say things like “How do
people live there, if there is nothing there?”

The transhumant work of the herders of San Luis Potosí is based on what
Giménez (2005) defines as targeted and internalized forms. The former are tied to
the mountains, the valleys, the pastures, sources of water, flora, paths and elements
that are used and appropriated based on certain functional rules of the arid nature
that the herders know and understand. These factors are internalized by abstract
rules (Godelier 1989) based on knowledge, its transfer and reproduction, which are
seen in the society’s rituals, seasonal cycles, food, myths, language, whistles, and
systems of reciprocity. All of this forms a territorial livestock herding identity
through a shared symbolic system based on a historical grazing activity with
standards, values and knowledge that are both acquired and inherited.

Based on these factors, we can define the transhumant work of the herders of the
San Luis Potosí highlands as a pendulous (leaving and returning) and seasonal
migration between two points with ecological complementarity: the mountains and
the valley. The migration between these two points is due to the climatic cycles
based on the rainy and dry seasons. By paying attention to these elements, the
herders plan their practices and sync them to the reproductive cycles of the animals.

The drives up the mountain begin in October, and the descents to the valley take
place in February, when the low water levels can be surmounted, with this period of
uncertainty in wait for rain (May and June) representing a period for the herders that
is just as important and vital as the journey up the mountain. Remaining at the
valley location out of season is not viable. It is important to reach the range lands of
the mountain in time before the pastures and water in the valleys become scarce.
A sedentary lifestyle is not viable in these societies, so transhumance becomes a
vital demand.

7 The Mountains and the Valleys as Complementary
Spaces

The sierra is the mountainous zone where, due to its altitude, the pens are located,
and there are rangelands at altitudes above 2000 meters above sea level. It is in this
area that the type of substrate, water sources and pastures are found that can best
nourish the goats. The pens are seasonal settlements built as refuges for the herders
and as locations for gathering the livestock during the fall-winter season that runs
from October to February. Some permanent pens have been built where family
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groups congregate and create settlements far from urban centers and without access
to electricity, water or schools. This settlement pattern marks the landscape of the
highlands as geo-symbols related to toponymies such as: The pen of Chon, the
hairy pen, the dappled pen, the little ranch pen, the goat berm, the crowned herder
(Hernández in Mora 2013:101).

On the other hand, the valley is a flatland area where the ranches of origin are
located and where the social, cultural, economic, religious, educational, political,
family and out-of-family lives of the herders are led. The families often stay at these
locations, particularly those with school-age children.5 The centers of the common
land area (ejidos) and parcels are located in the valley, and the work of returning the
transhumant movement to the mountains begins. It is important to note that some
herders also make shorter movements (10–15 km), which are carried out on a daily
basis from the flatlands to the mountains, either during the rainy season, or
throughout the entire year. These herders usually have herds of less than 100
animals. With larger herds it is necessary to carry out long transhumant movements
to keep the herds healthy, particularly in the dry months. That is why those who
make short transhumant movements have to limit the size of their herds.

Alternating between spaces allows the pastures in one territory and the other to
recover from their use during the season. There is clearly environmental and social
complementarity between the two spaces, since the ecological characteristics of
each contribute different resources. However, the balance depends on being able to
access the mountain and valley areas in the corresponding periods in order to carry
out the transhumance.

Based on a planned activity, the herders establish the seasonal periods based on
the reproductive cycles of the animals, and plan most of the births for the
summer-winter months with the most abundant pastures to ensure the health of the
does and their kids, which helps ensure that the kids are not lost before or after their
birth. This relationship is also affected by the other rhythm the goat herders are
exposed to, which is that of the market, since they also have to plan the births to
ensure availability of product during the droughts, so as to have kids and cheese in
the months with the highest demand due to their scarcity. More than just the
interaction of the livestock, sometimes transhumance also defines the rhythm of life
of the herders, particularly with regard to the birth of children during the rainy
season, so they can be born on the flatlands.

The breeding of goats is also complemented by other activities, such as the
seasonal planting of crops on steep land, where the pens are placed above the fields
of corn, using a terraced system that makes use of the “sirri” or droppings of the
goats to fertilize the crops below. These types of technologies allow the herders to
make use of steep land that would be very difficult to make agricultural use of in
any other way.

5Previously, the entire family followed the migration, but currently, because of access to schools
and health and other services, only the father and the older children follow the fold to care for the
livestock.
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In addition, the goats act as reserves for other types of needs or activities:
education, illness, procedures, contributions, parties and ceremonial events, or as a
platform to enable migratory travel. When economic resources are needed, the
families can sell some goats to get money.

8 Use of Geographic Space

Based on the geographic study we performed as part of our research (see Mora
2013), we found a close relationship between goat farming, vegetation and the type
of soil. Our starting point was that this type of livestock farming is generally carried
out in spaces where sheep and cattle farming are unsustainable. Goats eat plants
located on the scrublands at the base of mountains, such as thickets, and they also
must be moved with extreme care, which involves daily work that affects the daily
life of the herders, which is why the herding families base their lives on “goat time”
(Hernández in Mora 2013: 92).

As a result of the reform to Article 27 of the Mexican Constitution, these
activities are carried out in the agricultural centers, even though not all of the
common lands (ejidos) have the conditions required to handle transhumance. There
is a close relationship between transhumance, its ecological handling, the patterns
of settlement and animal density (ibid.). This relationship shows a pattern of spe-
cialization in the different ecological niches. When the topography has inclines and
mountains, it is more likely to find the type of vegetation located at the foot of the
mountain, such as thickets or forests, which are made use of in transhumance, so
this movement between the different ecological niches can be explained, since the
fact that there is no particular ecosystem but instead a transhumant area means that
there is interaction between various ecological niches, unlike in the valleys where
the composition is more homogenous in terms of semi-desert vegetation, pastures or
agriculture, which is why these areas have the least dense occupation of goat
livestock, although as indicated above, transhumance also allows for recovery of
the high areas and avoids overgrazing. In contrast, the higher areas are more apt for
grazing due to the type of vegetation, and reciprocally speaking, this occurs at the
times when the foliage and pastures are depleted in the valleys (Mora 2013: 96).
The study considered elevation to determine the different activities:

At the first level, which is the valleys or the plains, dry land or watered agri-
culture is carried out to make use of the runoff from the mountains. The second
level is the area at the base of the mountain or range for goat herding, which, due to
the vegetation or topographical conditions, does not make it difficult to bring in
cattle or sheep. This area is predominated by bushes and thickets, both of which are
used by the goats. The third level is the Meseta de Catorce (plateau) with an altitude
of 3000 meters above sea level, which allows for a proliferation of high-mountain
grasslands for breeding cattle and sheep (Mora 2013: 97).

The figure below shows the different ecological levels and their use in different
activities.
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9 Conclusions

What we want to communicate in this document is a description of a
thousand-year-old system that, because of unawareness, has not captured the
interest of the policies of regional development for Mexico’s rural areas. As has
been demonstrated throughout this article, the perspective of maintaining the
transhumant system as a productive space for the reproduction of families in the
desert is uncertain as a result of neoliberal reports regarding ownership. For the past
two decades, there has been an exponential abandonment of the transhumant sys-
tem, caused by factors such as: private ownership of the land based on the
amendment to Article 27 of the Agricultural Law, which limits the rangeland
available to the common land boundaries and also allows for the sale of common
land (ejidos). The effect of this has been that, through limiting the territory available
for extensive livestock farming and transhumance, many goat herders have had to
sell their livestock because they have insufficient space for transhumant grazing,
with visible consequences in the form of emigration, particularly of the young
population, with the domestic units remaining conformed solely of older people and
children, which, given the work required for grazing, restricts the possibility of
having flocks of more than 20 goats.
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The lack of knowledge, appreciation and prejudice against this activity (com-
pared to larger livestock and its profitability) have interrupted a transhumant system
based on hundreds of years of experience that prevents overgrazing of the valleys in
the fall-winter cycle and that makes it possible to leave and process the reproductive
germination (in the sirri) with an elevated reserve of seeds, contributing to the rapid
and abundant recovery of the plants when the rains come. We consider that
extensive and seasonal grazing contributes significantly and sustainably to the
diversification and conservation of habitats with a very high environmental value in
these desert areas. We therefore consider that it is necessary to recover the eco-
logical and cultural productive basis of the transhumant work and conserve these
societies and this system.

The transhumant practice is also tied to making use of common land (ejidos),
which, in many cases has now become private property or is restricted to the
common land holders, and there are now fences that impede and make it impossible
to maintain the routes and paths that the goats have followed for hundreds of years
for the sustainable reproduction of the livestock and the region. Government
involvement via the Ministry of Agriculture, Livestock, Rural Development, Fishing
and Food (SAGARPA) has established a limit on the number of heads each herder
can maintain. Although this is necessary, in some cases the experience the herders
have acquired over generations on how to handle the territory and the common land
is not taken into consideration. Some common land areas have their own standards
agreed on at common land meetings where they determine the number of animals the
land can maintain, particularly in times of drought. One example is the case of the
Cerro Gordo common land (ejido) in the municipality of Charcas, where the goat
herders agreed on a strategic plan to face the severe drought experienced in 2012.
They decided that they could only maintain a maximum of 100 heads per producer
due to the conditions of the common use rangeland. As a reference, they considered
that each unit of goats, corresponding to six animals (equal to on cow), required an
average minimum of between 15 and 20 hectares. The results of this strategy were
very favorable for this ejido, which suffered very few losses. The ejidos that did not
plan their animal burden and instead followed the indications of the government
agencies experienced significant losses.

The sustainability of goat herding culture is that it can be carried out under even
the most adverse conditions, provided the herders have the knowledge and social
culture required to handle it, based on local knowledge that is tied to technological
innovations. We consider it to be a mistake to assume that the herders are indi-
viduals incapable of having an environmentalist culture, and to consider transhu-
mance to be a predatory activity with low economic value and significant
uncertainty, as certain government agencies and environmental groups have
claimed. Even in the face of these perceptions, herding continues in spite of the
attacks of these policies that, far from fostering a sustainable activity (based on
history, knowledge and experience), instead encourage abandonment of the goats
and promote a restructuring of production. Neoliberal policies and profitability have
driven this change from herding activity to livestock production of larger livestock,
which, as demonstrated above, is ecologically incorrect for the region.
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This scenario has become much more complex and adverse with the granting of
mining concessions, mega solar plant projects, agro industry and toxic waste dumps
in areas with extensive livestock and transhumance.

Lastly, we consider that the transhumant livestock processes of the region under
study is a technique that has had strong historical roots of sustainability since the
arrival of the goats and that, in addition to protecting the biodiversity of the desert,
maintains ties to cultural values that would be lost if transhumance were to dis-
appear in the region.
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Urban Sprawl, Environmental Justice
and Equity in the Access to Green Spaces
in the Metropolitan Area of San Luis
Potosí, Mexico

Adrián Moreno-Mata

Abstract The objectives of this research are: to analyze the effects of the urban
sprawl on spatial distribution and social accessibility to green spaces in the
metropolitan area of San Luis Potosí, México and to assess the level of environ-
mental justice in the Metropolitan Area of San Luis Potosí, Mexico. The study
evaluates the equity in the distribution of public green spaces and their accessibility.
The research questions are: how accessible are public parks or green spaces to
different social groups? and, which socio spatial areas need more public green
spaces or parks? The methodology relies on the environmental justice approach,
through a system of indicators which allows to assess the distribution, disposability
and accessibility of the population to the green spaces. The analysis of this infor-
mation allows to determine the extent to which the population of the metropolitan
area of San Luis Potosí, benefits from equal access to the parks of the city, through
its distribution, surface, disposability and accessibility. The paper concludes that the
current distribution of green spaces in the city studied presents an unequal spatial
distribution pattern, which benefits population of high-income brackets and
excludes the population of lower income brackets. In Mexico there are few urban
studies that analyze the problem of green areas and urban parks from the per-
spective of environmental justice and the connections between their spatial distri-
bution and accessibility in time and distance, and the quality of life of the
population. The contribution of this work is to advance in this line of research and
to propose a methodology that could be applied in other Mexican cities. One of the
limitations of the study is that it was not possible to analyze the interaction between
the indicators and other concepts, like biophilic cities. This could be a line of future
research that would allow to delve into the complex relationship between the human
being and the environment.
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1 Introduction

Loss of natural landscape and green spaces due to rapid urbanization is occurring
which might be detrimental to human health (Andrews 2014). The increase of the
physical urban expansion is not produced in a balanced proportion between free
areas, public spaces and green areas, concerning the areas urbanized and the pop-
ulation needs. This can oppose the same urban development, since the presence of
green areas represents one of the major actives of the social and individual welfare.

In addition, most public urban green space is not distributed equally and fairly.
Access to public green space is often stratified based on class, socioeconomic status
or income level. Many authors hypothesized that socioeconomically deprived
neighborhoods or those areas with concentration of population with low income
levels were underexposed to parks and green spaces as “environmental goods”,
testing the suitability of the environmental justice framework for positive envi-
ronmental outcomes. Empirically, environmental inequality research has focused
heavily on exploring disproportionate burdens on low-income and minority groups
by residential proximity and exposure to environmental hazards, and less research
has been conducted to investigate spatial inequalities of underexposure to “envi-
ronmental goods,” such as green spaces and urban parks (Miyake et al. 2010).

In Mexico there are few urban studies that analyze the problem of green areas
and urban parks from the perspective of environmental justice and the connections
between their spatial distribution and accessibility in time and distance, and the
quality of life of the population. The contribution of this work is to advance in this
line of research and to propose a methodology that could be applied in other
Mexican cities. One of the limitations of the study is that it was not possible to
analyze the interaction between the indicators and other concepts, like biophilic
cities. This could be a line of future research that would allow to delve into the
complex relationship between the human being and the environment.

With this aim, this paper, proposes an integrative theoretical framework to better
illustrate the relationship between green spaces accessibility, and use, within the
context of urban open space such as parks. The objectives of the research are: (i) to
analyze the effects of urban sprawl on spatial distribution and social accessibility to
green spaces in the metropolitan area of San Luis Potosí, México and (ii) to assess the
level of environmental justice in the Metropolitan Area of San Luis Potosí, Mexico.

1.1 Theorical Approach and Analytical Framework

The environmental justice framework offers a useful conceptual paradigm for
studying the spatial distribution of green spaces and urban parks. In short, the
environmental justice framework embraces the principle that all people and com-
munities, regardless of their sociodemographic background, are entitled to equal
distributions of environmental amenities, and no group should be disproportionately
affected by environmental hazards (Zhang et al. 2009). As in other social sciences,
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inquiries related to place, class, socioeconomic status and income level occupy a
central position in theoretical and empirical investigations of uneven distribution of
environmental “goods” or “bads” across social groups (Boone et al. 2009).1

The approach to environmental justice constitutes a valuable analytic category to
assess the conditions of equity in the access to green areas in cities. This line of
thought considers that the distribution of the natural resources and therefore its
benefits must be equitable among all of the groups in the society (Hervé Espejo
2010). Following this idea, the concept of environmental justice has been incor-
porated into the study of the urban green areas, with the same importance as the
classic indicator of quality of life.

1.2 Data and Measures

In green spaces literature two classical measures are used: disposability and acces-
sibility. The first is relatedwith green area and vegetation covers (Shlomo et al. 2012).
From a regulatory perspective, green space disposability refers to the international
standards stablished by the World Health Organization (WHO), which recommends
between 9 and 12 m2 of green area by inhabitant (WHO 2012). But the urban green
space coverage index is too general and not entirely consistent with the environmental
justice framework. Other factors or variables commonly considered in assessing the
equitable distribution of green areas are the size, the quality and the distance between
the population and these spaces (Omer 2006; Sotoudehnia and Comber 2010).

For evaluating the green space disposability, a useful instrumental element can be
the degree of accessibility that the population has to parks, understood as a public
urban good (Omer 2006, 2005; Dai 2011). Commonly, green spaces accessibility
refers to physical distance or travelling time from a residential house to green spaces
(Sotoudehnia and Comber 2010). Some complementary measures to the classical
concept, widely used in the researches of accessibility to green space, are the dis-
tance and travel time from the origin of the user to the parks (Boone et al. 2009).2

The United Kingdom benchmark standard recommends that to make the best of

1An emphasis on class or socioeconomic status as possible antecedents of environmental
inequalities is consistent with Weber’s notion of “life chances” addressing race and class dynamics
leading to individuals’ life circumstances and social mobility trajectories (Weber 1946). In addi-
tion, this emphasis on class or socioeconomic status accords with a fundamental cause theory,
which contends that race and class are both fundamental causes of health disparities because they
are closely bound up with a wide range of resources that promote health and hazards that harm
health (Phelan et al. 2010).
2In the case of Mexico the standard of green spaces accessibility was established in 1976 by the
extinct Secretariat of Human Settlements and Public Works (1976), and updated by Social
Development Secretary (SeSoDe 1999), regarding the location, equipment, coverage and size of
urban green areas, which must not be found to a maximum distance of 500 m as regards the
location of the areas of residence of the population.
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green spaces, no-one should live more than 300 m from nearest green area of at least
2 ha in size.

Other authors (Sotoudehnia and Comber 2010, 2011) show the relationship
between the distribution of green spaces and the spatial networks (road systems,
travel routes, accessibility and economic importance linking them with residential
neighborhoods) as well as how the ease of access to a particular site can be mea-
sured by the cost of the trip or its duration. De Vries et al. (2003) has focused on the
ease of access to green spaces, researching residents’ needs and their selection of a
neighborhood which is close to services for easy access.

On the base of that criterion, several studies had applied different qualitative and/
or quantitative methods to measure accessibility to green spaces (Barbosa 2007;
Omer 2006). Their findings show inequality in the provision and access to green
spaces for different social groups. This means, that another complementary indi-
cator of accessibility to green spaces is the social distance, established by the spatial
location of the population and its level of population income (Byrne et al. 2011).
This indicator also considers the issue of differential density of the population at
Metropolitan level, neighborhoods, districts and sectors.

Following the theoretical approach and analytical framework described, in this
work evaluates the environmental justice depending on the accessibility differential
of the residents in the different sectors or areas of metropolitan area of San Luis
Potosí (MASLP) to the green spaces of the city depending on their spatial distri-
bution, disposability and accessibility. In order to quantify physical access to green
spaces, a network analysis was applied to measure -bias road distance-, in the
hinterland or cover zone of the main green spaces. This was done within 3 distance
constraints: (i) distance up to 300 m (“good access”); (ii) distance between 300 to
1000 m (“average access”), and (iii) distance more than 1000 m (“poor access”).
Using the census tract information about urban marginalization levels (NACOPO
2010), also evaluates differentiated accessibility to urban parks by intra-urban
distribution of the population according to socio-economic strata.

2 Results

The metropolitan area of San Luis Potosí (MASLP) is located in the Centre—West
region of Mexico. It covers parts of the area of the municipalities of San Luis Potosí
and Soledad de Graciano Sánchez (see Fig. 1). Recent studies locate the MASLP in
the 14th place, within the classification of the more competitive cities at the national
level, and the 207th at the global level, thanks to its capacity of attraction of
investments in the industrial sectors—in special, because of its automotive industry
—and services sector (Sobrino 2012; Moreno Mata and Parra Rodríguez 2017).

The city of San Luis Potosí was founded in 1592, in the colonial era. During the
first three hundred years, the city grew under the classic urban model of the New
Spain cities, practically unchanged in all that time, and in which the old Center
established the limits of it city space. From the 20th century, this model began to

502 A. Moreno-Mata



turn slowly and in the middle of that century it adopts a growth pattern of the
concentric type, combined with other sectoral radial patterns produced by the
growing of the road system and the use of the automobile as the main way of
transport (see Fig. 2). Since then, and particularly in the last five decades (1960–
2010), this growth has become expansive, messy and unsustainable, either for lack
of a planning system, or by the lack of respect to the reservation or mandated
protected areas, and the ignorance of the effects that the prevailing urban models
can produce. With an expansion of the space and the growing population, by 2010
the MASLP reached 1,040,443 inhabitants (NIEGI 2010).

Between 1960 and 2000 the MASLP multiplied four times its population and
almost eight times its surface. The acceleration of population growth together with
urban sprawl and fragmentation, occurred predominantly during the second half of
the 20th century (see Table 1).

2.1 Urban Green Space Accessibility and Environmental
Justice

Environmental justice and accessibility to green spaces in the MASLP the
socio-spatial inequality described in the preceding paragraph is also expressed in a
historical pattern of inequity in access to green spaces. Towards 1959, the unique
urban parks, gardens or green areas of the city were concentrated in traditional
neighborhoods and in the Central Alameda (1653), located in the historical Center,

Fig. 1 State of San Luis Potosí: principal cities, 2010. Source Own elaboration based in Moreno
Mata and Villasis Keever (2015)
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and the Juan H. Sanchez Park (1924) located to the West of the urban spot. Until
1972 the surface of green areas of the city was 33.4 ha (Leyva and Segura 1995;
cited by Rodríguez Rangel 2010), see Fig. 3.

It was until 1982, during the State administration of Carlos Jonguitud Barrios
(1979–1985), when on the expropriated land of the Garita de Jalisco, the most
important urban parks of the city were built: the parks Tangamanga I and II with
450.0 and 215.3 ha, respectively (Rodríguez Rangel 2010). The first is located in
the southern—west sector of the city and the second in the northern sector. Since
the creation of these areas, so far there hasn’t been built another city park of this
dimensions (see Fig. 4).

Fig. 2 MASLP. Historical evolution & urban structure, 1959–2005. Source Own elaboration
adapted from GCC/AHO/UASLP (2016), after modification by Alva (2017)
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Accordingly, at the beginning of the 1980s the total number of green areas in the
MASLP reached a surface area of approximately 746.56 ha.

It is worth mentioning, that by 2012, the Mining Company Mexico began to
rehabilitate contaminated areas by it’s over one hundred years of operation, through
the project of the urban Bicentennial Park, which is a small linear urban park with a
surface of over 5.5 ha located in the vicinity of the company. However, this green
space has little accessibility to the open population because its location and the
private access control (see Fig. 4 again).

Also, there is a partially enabled linear urban park known as Paseo de la Presa
located in the Western periphery, with a planned total area of 344.03 ha—
(Sandoval Mendoza 2007) and several failed projects promoted during the states
administrations of Fernando Silva Nieto (1997–2003) and Marcelo de los Santos
Fraga (2003–2009), as the purported Parque Tangamanga III, started in 2000 that
would had been be located on the eastern part of the city, and the urban park named
Ejido of San Juan de Guadalupe referred in the Plan of Strategic Center of

Fig. 3 MASLP. Green areas and historical evolution to the city, 1959–2005. Source Own
elaboration adapted from GCC/AHO/UASLP (2016), after modification by Alva (2017)
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Population San Luis Potosi—Soledad de Graciano Sánchez (PSCPSLP 2003), with
a total area decreed from 1200.00 ha, and whose implementation has been slowed
down several years by the interests of different groups -social, community and
private-, who oppose his execution (see Fig. 4 again).

Thus, by the year 2010 the total area of urban parks and green areas has reached
1062.8 ha, and the projections to the year 2025, assuming the consolidation of the
projects in process, would reach a total of 1623.7 ha (Rodríguez Rangel 2010).

2.1.1 Disposability to Green Spaces and Urban Parks

Finally, several studies on the inventory and coverage of green areas in the MASLP
(Leyva and Segura 1995; Rodríguez Rangel 2010), reveal that, according to the
international standard (9–12 m per inhabitant), at a general level, the rate of green
areas per capita in the period 2000–2025 will range from 10.08, 11.78 to 12.83 m2

by inhabitant, for 2000, 2010 and 2025, respectively (see Table 2).
In a retrospective of the historical evolution of the surface of urban parks and

green areas in the MASLP, there can be seen a point of break in the trend of
physical growth of green spaces built starting in 1982, with the construction of the
urban parks Tangamanga I and Tangamanga II. Thereafter, the total surface has
stabilized, and stays in a range that goes from 10.0 to 12.8 m2 of green area per
inhabitant, during the period 2000–2015. According to these data, in a first
approximation, arguably the surface of effective green area per capita required to
meet the international standard and the quality of green spaces and urban parks in
the MASLP is satisfactory. However, if the area of areas is related to the total

Fig. 4 MASLP. Green areas: metropolitan location, 2015. Source Adapted from Municipal
Planning Institute of San Luis Potosí (2012)
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urbanized urban area, the actual green area coverage index (AGACI) is obtained,
whose behavior is different from the traditional index established by the interna-
tional standard. The AGACI goes from 6.2% in 2000 (the highest level) to 5.56% in
2010 and finally to 5.94% in 2015. If these values (in bold in Table 2) are compared
with those of the traditional index for the same years (10.0, 11.7 and 12.8,
respectively), the proportions obtained show marked differences (see Graphic 1). If
this operation were carried out at the level of sectors, neighborhoods or Basic
Geostatistical Areas (BEAs), the effective coverage of the green areas obtained
would also be much lower than that established by the international standard.

2.1.2 Spatial Inequalities in Access to Green Spaces

On the basis of the information in Table 1, but analyzed at the level of each urban
sector in a recent period, there are marked disparities in the rate of green areas per
capita (see Table 1 again): in 2015, sector 2 named Lomas—Tangamanga, located
at southwest of the metropolitan area, had the best rate of green areas per capita
(123.8 m2 by inhabitant), while the sector 5, named Satélite—Progreso, had the
lowest rate with 1.6 m2 by inhabitant. Thus, 85.9% of the total metropolitan pop-
ulation did not have great access to public green space, in respect that they have
access to only the 16.5% of total green areas. Meanwhile, 14.1% of total population
had access to 83.5% of total green spaces and parks of the MASLP.

The retrospective and prospective approaches of cover of green areas during the
period of 2000–2025 confirms the observed tendencies: Sector 1 has a descending
and well below the standard behavior (2.41, 2.67 and 1.74 m2 per inhabitant in
2000, 2010 and 2025, respectively). The sectors 3 and 5, have a similar behavior

Graphic 1 MASLP. Greeen Areas Surface versus Metropolitan Surface, 1972–2025. Source
Own elaboration adapted from Lárraga Lara et al. (2015), Leyva and Segura (1995), Rodríguez
Rangel (2010)
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(top-down and well below the norm); sectors 7, 8 and 9 have a slight increase, but
in all cases and years fall below 6 m2/inhabitant, far away from the national and
international standards. Only sectors 2 (Lomas—Tangamanga) and 4 (Saucito—
Terceras), presented a favorable behavior of the index, passing in the first case of
84.9, 78.3 and 123.8 m2 per inhabitant in 2000, 2010 and 2025, respectively. In the
second case, the index went from 35.91, 28.1 and 24.0 m2 per inhabitant in those
years. It should be noted that, in both cases, their closeness with the parks
Tangamanga I and II, increase its index of coverage and accessibility to green
spaces. Together, these parks concentrated 718.6 ha, representing 67.6% of the total
number of green areas of the MASLP. It is also important to note that the sector 2
has concentrated the most affluent suburban population.

Now, if it is considered in the analysis the variable density of areas—that is the
relationship between population over the urban surface- to level of BGAs), the existing
differentials are evenmore notorious, regardless of the general level, in that theMASLP
expresses a very low coefficient of the density of green spaces. We can appreciate how
the bigger urban parks of the city—and almost the only ones-, are concentrated in the
areas or sectors with the lower population density. So, while in Soledad Sur sector the
green area per capita is 1.83 m2 per inhabitant in 2010, in the Satélite—Progreso sector
it is of 2.19 m2 per inhabitant, even though both are urban settlements with the highest
rate of urban marginalization in the MASLP. The same indicator of demographic
density, in relationwith the index of green areas by inhabitant, reveals that the areaswith
better coverage, sectors 2 (Lomas—Tangamanga) and 4 (Saucito—Terceras) corre-
spondwith two of the areas with lower population density: 36.8 and 35.1 inhabitants by
hectare, respectively (see again the Fig. 5).

These variations and differences in the spatial distribution and disposability of
green spaces and parks at the intra urban level of MASLP allows, in a first analysis,
to note a great number of urban sectors that does not have the access to public green
space than other sectors do. On this matter, 5 urban sectors are below of the
international standard (12 m2/inhabitant) while 2 urban sectors are above the
standard. The measure of the physical disposability of public urban green space for
the nine urban sectors reveals a certain level of spatial inequality on this
metropolitan area.

2.2 Social Inequalities in Access to Green Spaces

To analyze the green areas and urban parks under the perspective of equity and
environmental justice, there are some factors that must be known such as the
distribution in the MASLP, its quality according to the vegetation cover and
equipment presented and measure that caters to the population of these services; at
the same time, it is necessary to know the relationship between the distribution of
green spaces and: (i) residential location of socio-economic groups; (ii) physical
distance or (iii) travelling time from a residential house to green spaces, and
(iv) spatial networks (road systems, travel routes and spatial connectivity).
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Using Basic Statistical Areas (BEAs), the analysis of income levels by
socio-economic strata and average level of education, in relation with conditions of
habitability (grade of overcrowding and deterioration of the housing), the endow-
ment of basic services (water drinking and drainage) and educational levels (access
to knowledge society and technologies) shows that practically none of sectors of the
MASLP observed a complete homogeneity (see Fig. 6).

In some cases, this phenomenon produces a differential of residential consoli-
dation, that reveals, to this time, at least five levels: very high, high, medium, low,
very low (NaCOPO 2012).

Nevertheless, if analyzed, the pattern of spatial accessibility to green structure
depending on the socioeconomic strata of the population and its physical distance
over three distance constrains (good access, average access and poor access) in
respect to the location of existing urban parks it is possible to observe a clear
difference in the urban sectors of the MASLP. For example, for the Southern West
sector (sector 2), the accessibility has a maximum of 3 km for the majority of
population. The same situation is observed in the Northeastern, Northern and Central
sectors (sectors 3, 4 and 1). In general, those urban sectors have a level of acces-
sibility to green spaces between good and regular. However, the most notorious in
this analysis is that the rest of the residents in the metropolitan area (about 421,702
inhabitants), that is, 53.24% of the population, have poor or no accessibility to green
spaces, in terms of coverage radius or physical distance (see Fig. 6 again).

Fig. 5 MASLP. Spatial distribution of urban parks and demographic density by Basic
Geostatistical Areas, 2010. Source Adapted from Lárraga Lara et al. (2015)
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Similarly, if you insert the time factor for the accessibility indicator, using the
spatial networks and level of connectivity of road system (high, medium, low) it is
possible to evaluate the accessibility of green spaces in the city, in terms of time and
distances of traveled with respect to the location of the existing urban parks and
residential location of social groups (see Fig. 7 again). For example, for the
Southern West sector, the relative accessibility has a maximum of 15 min for the
medium and high, socio-economic groups, in addition to availability to different
means of transport. In contrast, much of the population of the city—especially the
residents of the peripheral areas (located at Northwest, North, Northeast and
Southeast) are located in a ratio that exceeds far from the norm of 500 m, with 1–
5 km to distance and 20–45 min of travel time to be able to move to the few green
spaces available (see Fig. 7).

It should be noted that accessibility based on ratio distance and travel times
might also have to do with the differences observed in relation to the availability of
public transport or the privilege of owning a private automobile. This situation
reinforces the spatial disparities in the distribution of green spaces and urban parks
in the MASLP. The urban sectors best served in terms of coverage and space

Fig. 6 MASLP. Residential stratification by income level and habitability and accessibility to
Green Areas, 2010. Source Own elaboration adapted from GCC/AHO/UASLP (2016), after
modification by Alva (2017)
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accessibility are those that also have the best levels of connectivity of the mobility
and transportation system, and greater availability of different modes of trans-
portation. In contrast, much of the population of the city—especially the residents
of the peripheral areas (located at Northwest, North, Northeast and Southeast)—are
located in a ratio that far exceed widely the norm and these areas are also char-
acterized by low connectivity levels of the mobility and transport networks and,
therefore, the time and cost to move to green spaces and urban parks is greater.

3 Conclusions, Main Lessons and Future Prospects
of Research

The analysis of this information allows to determine the extent to which the pop-
ulation of the metropolitan area of San Luis Potosí, benefits from equal access to the
parks of the city, through its distribution, surface, disposability and accessibility. It´s
concluded that the current distribution of green spaces in the city studied presents

Fig. 7 MASLP. Residential stratification by income level, accessibility to Green Areas and
connectivity of road system, 2010. Source Own elaboration adapted from GCC/AHO/UASLP
(2016), after modification by Alva (2017)
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an unequal spatial distribution pattern, which benefits population of high-income and
excludes the population of low income.

On the other hand, the larger green areas are more accessible to a small sector of
the population with high socioeconomic status. The social groups, which are
located in the suburban residential areas over the peripheral urban fringe in the
southwest of the city, are those who possess the best levels of endowment and
accessibility to green spaces in their own residential spaces, and most of them are of
the gated residential type.

In consequence, the indicators of environmental justice and equity in the spatial
distribution and accessibility of the green areas are not satisfactory. In general, we
see a significant shortage of urban parks and green areas in most of the sectors of
the city. At the same time, an uneven distribution of green areas can be seen with
marked differences in accessibility to them.

The preliminary assessment in this study is that the planning and creation of
green spaces in the city should be a matter of public policy and urban land man-
agement. It recommends for the creation of more green spaces, the renewal and
maintenance of the already existing ones under a vision of long term for the
metropolitan development, and a strategic location of urban parks depending on its
universal accessibility and social equity at the neighborhood scale. The more
affluent social groups already have enough urban parks and green spaces; now it’s
up to the population with greater shortages far away—physically, socially and
economically—of those spaces. A study in depth, with a finer scale, could provide
additional elements to be exposed, such as strategic axes and criteria suitable for the
planning of green areas in the case study.

One of the main lessons of the study refers to the need to use mixed indicators,
incorporating the quantitative and qualitative dimensions in the measurement of
equity in the spatial distribution of green spaces. A second aspect has to do with the
complex character of environmental justice, so it is recommended the combined use
traditional indicators such as surface, distance, time of transfer, with nature, social
and demographic indicators, this would apply a more integrated methodological
approach, and most attached to the urban reality analysis. A third aspect is related to
the need to conduct deeper studies in urban space, with a more fine scale (as the
bringing the basic geostatistical Areas), which generate information in greater
detail, in order to support plans and strategies to improve the social and spatial
equity in the allocation and distribution of green spaces in the city. These three
elements constitute both the future prospects of research, which are considered
indispensable support in future work on the topic.
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Sustainability Skills for High School
Graduates; Case Study in the University
of Guadalajara

Ruth Padilla Muñoz and Teresita Serna Enciso

Abstract In the context of the Comprehensive Reform for Higher Secondary
Education, and the creation of a High School National System in Mexico, the
establishment of a Common Curriculum Framework was decided, within which
basic characteristics that secondary education graduates should achieve, outlined by
eleven generic skills, are gathered together. One of these skills, aims for the
graduate to be able to combine knowledge, abilities and attitudes in order to con-
tribute to sustainable development. With the purpose to measure the achievement
level of this skill for high school graduates, and if such skills are trasfered to the
surrounding where students are growing, a group of new students to the University
Center of Tonala of the University of Guadalajara, located in Jalisco, Mexico was
taken as a case study and a 62-question survey took place. In this article, we show
the results of the survey. Results show that these young scholars have enough
knowledge for a sustainable development, however, shifting knowledge to action is
differentiated according to each student intrinsic characteristics and their
surroundings.
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1 Introduction

For the past few years Higher Secondary Education (HSE) in Mexico has had great
enforcement, all in a constant search to make this education level more effective and
a high quality one. For that matter, the Comprehensive Reform for Higher
Secondary Education (CRHSE), implemented in 2008, created the bases for the
establishment of the High School National System (HSNS) and the development of
a skills based Common Curriculum0 Framework (CCF). The February 9th, 2012
reform would result in a legislative recognition of enforceability and universal-
ization for all Mexicans, which demands the Mexican government to look for
alternatives in order to comply with the responsibility of the State to educate the
population between 15 and 17 years of age, which pressures the support capacity of
educational institutions.

The 2013 reform, aims to guarantee an efficient administrative design with the
appropriate educational personnel. The last proposal for changes points out as an
objective, to “teach students to think on their own and facilitate what they need to
learn in order to move with a sense of security and trust in a changing and diverse
environment” (SEP 2016, p. 8). In this frame, the educational institution is rec-
ognized as only guarantor of educational training, so the school is expected to
interact with the environment, as mentioned in Roegiers (2016) “with the local and
regional environment, but with the global environment as well” (p. 7); at the same
time it encourages for a permanent participation with international movements and
a better understanding of the world’s political, economic, social and cultural
functioning, with a local vision, but never losing the perspective of sustainable
development.

Perspective that has its records in the school curriculum greening ever since the
end of the seventies of the XX century, this approach was described in a synthe-
sized way in González (2012), as education for life, with a strong ethical component
and an active participation of problem prevention and solution that starts with “a
vision of the environment as a whole (natural, human, ecological, political, eco-
nomic, social, legal, cultural and esthetical); that will affect all areas of knowledge
(transversality); with an interdisciplinary perspective and of the complex systems as
well” (p. 17).

All along the path travelled by the consecutive education reforms, the concern
has always been present to add an environmental component in the school cur-
riculum. In the framework of CRHSE (2008), it is given a specific emphasis when it
was announced as one of the eleven generic skills that all graduates of HSE should
have. In the lights of the evaluation as a methodological tendency and mandatory
action, in order to measure the scope of the project and to present results, this article
aims to represent the level of achievement in this skill, within a group of students
that have finished high school and are continuing with their school career. The case
study was on a group of new students of the University Center of Tonala of the
University of Guadalajara, because this is the only public education multidisci-
plinary center located in Guadalajara’s urban area in the state of Jalisco, Mexico.
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2 High Secondary Level in Mexico

The transformation process of the national education system, initiated in 2007–2012
of the federal administration, had as some of its basic goals for the HSE: an increase
of quality, improvement of relevance, and to provide organization, articulation and
consistency.

The above lead to a series of actions, like the creation of the High School
National System (HSNS) among others, that continue to have repercussions in all
public and private HSE subsystems, along with the permanence of the basic con-
cepts of the CRHSE in the National Development Plan 2012–2018 and in the
Education Sectoral Program for the same period.

With the creation of the HSNS, the heads of the reform are determined; the first
one being the establishment of a Common Curriculum Framework CCF), that
pretends to gather together what it calls “shared final performance”, as well as a
series of common components to all subsystems and HSE institutions, starting from
a skilled based approach, expressed in the graduate profile, with the understanding
that: the skills approach considers that knowledge by itself is not the most important
thing, but it is the use that is given to it, in real life, personal, social and professional
situations. In this way “skills need a solid base of knowledge and certain abilities,
which are integrated for a same purpose in a particular context” (DOF 2008, p. 32).

With the proposal of the CCF, concepts of generic and professional skills are
resumed, and the concept of disciplinary skill is added to describe the profile of the
high school graduate, they are reviewed with the 2013 reform and the aim is to be
able to complete them with the revision and updating actions done in 2016; in order
to “ensure their alignment to achieve a graduate profile, and particularly to establish
clear parameters of graduality during their development” (SEP 2016, p. 281).

3 Skills Assessment

Since 2008, year were the CCF was approved, there has been different approaches
for skills assessment, nevertheless, results obtained until know do not enable
knowledge regarding if the graduates actually have the whole capacities involving
the skills: knowledge, abilities, attitudes and values, and if they could transfer them
effectively into different contexts, in particular those students that are being
accepted or want to go through higher education; that depends largely, on the
success or failure during their time taking the chosen plan of studies. Regarding the
matter, Le Boterf (in Perrenoud 2007, p. 11) determines that even if the skills
described are not the skills by themselves “… they mobilize, integrate and inter-
relate such resources, for a determined situation” by the use of complex mental
operations that are expressed in concrete actions facing a certain situation (located
action).
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We can find background information regarding the assessment of environmental
skills in studies such as Kollmuss and Agyeman (2002), which describes historical
records of the theoretical models that have been built to explain the variables and
the relationship between pro-environmental knowledge-conduct. These authors
point out the oldest and simplest model of the 1970’s, which is based on a linear
progression of environmental knowledge. This rationalistic model assumed that
educating people regarding environmental issues (providing them with knowledge)
will automatically drive them towards an environment attitude, and in their case, a
pro-environmental behavior (Kollmuss and Agyeman 2002, p. 241).

Kollmuss and Agyemman point out that during the 1980s, models were built
based on the theory of rational action; the most influential in social psychology
Ajzen and Fishbein, will set the bases for the model suggested by Hines,
Hungerford and Tomera, called “responsible environmental behavior model” where
situational factors are another trigger of pro-environmental behavior. They also
mentioned that later on other models will be provided, based on altruism, empathy
and pro-social behavior, such as Eisenberg and Miller, and the one proposed by
Stern. Another group was created by models that recovered sociological charac-
teristics and a few psychological ones to explain pro-environmental behavior (or the
lack of it), the one standing out was Fietkau and Kessel, and the one for Blake,
“who starts to differentiate single behaviors, responsibility and practicality”
(Kollmuss and Agyeman 2002, p. 247).

After this analysis, Kollmus and Agyeman (2002), propose their own model
where internal factors stand out (knowledge, attitudes, feelings, fears, motivations),
demographic and exterior ones (institutional, economical, social and cultural) that
determine environmental behavior. It is acknowledged that there is only one model
able to explain the gap between knowledge and pro-environmental behavior.

Pro-environmental behavior will be a consequence of skills achievements related
with sustainability, quoted in the graduate profile (CCF): “Contribute to sustainable
development in a critical way with responsible actions”. Attributes for such skill are
the following: (a) Assumes an attitude that favors the solutions of environmental
problems in a local, national and international scope; (b) Acknowledges and
understands biological, economic, political and social implications of environ-
mental damage in an interdependent global context and (c) Contributes to reach a
balance between short and long-term interests in relationship to environment.

In regards to Basic Disciplinary Skills, we explicitly found the ones related to
sustainability in the field of Experimental Science, and they are:

• Establishes the relationship between science, technology, society and the
environment in specific social and historical contexts.

• Justifies opinions on the impact of science and technology in an everyday life,
assuming ethical considerations.

• Analyses general laws that rule the functioning of physical environment and
values human actions of environmental impact.

• Associates the levels of chemical, physical and ecological organization of living
systems.

520 R. P. Muñoz and T. S. Enciso



• Implements security regulations in the handling of substances, devices and
equipment, to carry out everyday activities.

Nevertheless, thanks to the transversality of generical and disciplinary skills,
they can be located indirectly in other skills of different fields of knowledge. Follow
up, scope and assessment of skills acquired, is the main objective of this research,
which brings us an overview of which are the knowledge, attitudes, motivations and
actions of the student as soon as the graduate finishes school, so this research
contributes to delimit the real transference from theory to practice.

Now, the federal education authority considers the implementation of the New
Education Model, starting the school cycle 2018–2019. In order to describe the
graduation profile of each school level, it determines eleven areas in which the
mainstay of socioemotional abilities and life plan is added, included implicitly or
explicitly in the transversal skills of precedent education models and in the current
one. For the area where environmental care is mentioned, the HSE hopes that at the
end of the studies, the student will understand the importance of sustainability and
will assume a proactive attitude to find solutions; to think globally and to act
locally; valuing the social and environmental impact of scientific advances and
innovations (SEP 2017).

With such proposal, the aim is to articulate in the Mexican curriculum, the
“comprehensive vision curriculum” described by the UNESCO (Roegiers 2016),
which perceived three phases: inclusive education, holistic education and the no
fragmentation education (willingness to articulate the different dimensions of the
curriculum); based on generic skills (that provide the potential of the “knowing how
to be”), disciplinary and professional ones (that provide the “knowing how to do”),
in addition to situational skills, that the IBE determines as the “knowing how to act”
in particular situations of life; together with a set of life skills that determine the
graduate student’s actions.

4 Research Methodology

The research starts from a quantitative approach with an explainatory reach
(Hernández, Fernández and Baptista 2010, p. 85) and it has the objective to learn if
newly registered students at the University Center of Tonala have the skills related
to sustainaibility that are pointed out in the CCF and if such skills are transferred to
their own surroundings. To analize the level of skills achievement and environ-
mental behaviour of a student that has finished High School and continues his
education, a measuring instrument was designed.

The survey has 62 questions, divided in two sections. The first one aims to
obtain general data of the student, and the second section is subdivided in three: one
represents 40 statements to be answered using a Likert scale, according to a level of
agreement and disagreement, whith proenvironmental attitudes; another one has 8
questions with concrete answers, positive or negative activities that implicate
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actions for environmental care, and a third one has 14 questions that present the
Likert scale as well, with the aim to measure how often certain actions, that favors
or damages the environment, are taken. In order to analyze the comprehension of
instructions and questions, is worth mentioning that a pilot test with 45 students was
performed, as well as an assessment from experts on the educational and envi-
ronmental field, affiliated to the University of Guadalajara; at the end a 62-question
survey, from the initial one of 84, was achieved.

For the layout of each question and to facilitate their analysis and assessment,
questions were initially grouped into three large skill components: Knowledge,
abilities and attitudes (values). Even though this classification allowed us an initial
outline, the Holton Model was used to assess transference of knowledge: Learning
Transfer System Inventory (LTSI). This enables to learn about the factors that
contribute for transference success after education and to identify possible weak-
nesses in a developing surrounding. Holton (Padilla 2013, p. 133), suggests that the
LTSI is added because of the 16 factors that influence transference of knowledge.
For this research, the 62 statements are grouped in only ten constructs (Willingness
to learn, Achievement of implementation, Motivation for transference, Expectations
of transference, Expectations regarding result achievement, Resilience for trans-
ference, Positive results, Chances to implement, Ability for transference and
Acquired knowledge (see Fig. 1).

In addition to the ten constructs of LTSI, four phases are proposed to specify
level of achievement: (A) Knowledge and understanding: determines the basic
general level of acquired knowledge, determines learning willingness, as well as the

•Ability for transference
•Expectations of transference
•Expectations regarding result 
achievement

•Positive Results

• Metacognition

•Implementation Success
•Motivation for transference
•Resilience for transference

• Willingness to learn 
•Chances  to implement
•Acquired Knowledge

Knowledge and
understanding 

Implementation
and use 

Transference
Transformation and

Innovation 

Fig. 1 Phases for adopting skills for sustainability. Own figures based on Holton (2005) Model
dimentions: Learning Transfer System Inventory (LTSI)) and levels suggested by Padilla, Becerra
and Serna (2014)
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vision of common use of basic knowledge; (B) Application and use: refers to a
conscious use of knowledge acquired regarding sustainability, starting some
spontaneous experiences but being discarded by individual if found out complex or
problems appear that cannot be dealt with. (C) Transference: phase in which there is
the capacity and disposition to implement knowledge in different contexts through
time; knowledge is applied efficiently in a timely manner, in order to achieve
sustainability, and (D) Transformation and innovation: phase that requires a cred-
ible recovery of what was learned and development of new knowledge to create
new metacognitive processes and attain innovative and proactive practices within
the frame of sustainability.

5 Analysis Results

5.1 Students Characterization

The most common method used by researchers to prove reliability is the Alfa
Cronbach index, which allows to estimate the average of correlations between items
of the instrument, so it was established that in order to consider it credible, a
minimum or higher of 0.70 should be obtained. For this study, an Alfa Cronbach of
0.913 was collected, which allows us to confirm that the instrument is reliable.

The survey was done to 556 students out of 810 (68.6%) that got in the
University Center of Tonala (Cutonala) of the University of Guadalajara during the
school cycle 2015B (Chart 1). The average age is 19.9 years old. According to
statistic tests of self-reliance, it was found that differences in students’ answers
regarding age were not significant, but they were regarding gender or study pro-
grams being taken (with values Chi-Square, minor or same as 0.05). So, we see the
existence of answer dependency on nine items, according to their choice of studies,
and four by gender of the surveyed students (see Chart 2). It can be observed that
these items do not make reference to specific knowledge but it makes reference to
certain conducts or concrete actions.

An example of the differences founded according to the study program being
taken, can be noted in the statement of I actively participate in decision making,
within associations and organizations, in regards to environmental care, where the
average answer of 75% of Public Health, Handicraft Design, Medicine, Nutrition
and Energy students, answered that they agree or partially agree with it, while
Business Administration, Computer Science and Accounting students, expressed in
the same magnitude, to be partially or totally in disagreement with such statement.
In the case of gender, the answer to item I am a consumer of technological trends
stands out, 68% of women answered to fully agree, differing from an 80% from
surveyed males that declared the same thing.
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In answers to concrete questions of acquiescence or negation, (see Chart 3), it
was found that students consider that the school where they are studying (Cutonala)
has a healthy environment, a contrasting perception with the complex reality of this
campus, since it is socio-environmentally located in an area of low income and with
a “biodiversity formed by the wetlands of Las Rucias and El Cajon dams, but on the
other hand, an area fully contaminated because of the presence of brick companies
and water pollution” (Guerrero, Arellano and Padilla 2016). Projects such as the
Environment Sustainability Comprehensive Program (ESCP) implemented since
2014 by school authorities, contribute to have this optimistic vision, by developing
skills for sustainability through environmental education strategies in the school
community.

To learn about prioritization of students in regards to high importance issues
related to sustainability, the following question was asked: Indicate from 1 to 5,
from bottom to top, which you believe are priority issues for sustainability in the
world. Out of the 5 possible options, answers were given in priority order:
(a) Reduce unemployment, followed by (b) Poverty, then (c) Human Rights
Protection, the fourth relevant problem is (d) Environmental care, and at last
(e) Access to education. Even though only few of the many problems affecting
society at this moment were mentioned, the environment issue ranked fourth and far
placed, since the students think economic issues are more relevant; this is explained
by the country current conditions, with unemployment rates of 4.5% and with
46.1% of the population in poverty, while in Jalisco is of 35.4% (INEGI 2016).

Structural conditions are urgent for students, but when being questioned Which
areas of knowledge do you relate to sustainability? the given options were:
(a) ecology (b) economy (c) education (d) politics and (e) all the above; 70% of

Chart 1 Surveyed students’ layout, according to studying degree

Degree Gender Total Representation (%)

Female Male

Public health 22 10 32 5.8

Law 40 27 67 12.1

Business administration 44 23 67 12.1

Computer science 1 28 29 5.2

Public accounting 26 32 58 10.4

Handicraft design 15 7 22 4.0

Energy 9 38 47 8.5

Liberal studies 4 5 9 1.6

Gerontology 22 3 25 4.5

Art History 9 6 15 2.7

Medicine 44 23 67 12.1

Nanotecnology 14 53 67 12.1

Nutrition 36 15 51 9.2

Total 286 270 556 100.0
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surveyed students marked the last one. Although it is recognized that sustainability
is a term with multiple meanings, that was institutionalized and represented with
concrete actions, ever since the Brundtland Report and the Agenda 21 proposed in
1992 (Rauch 2002), this study shows that students know four key components of
sustainable development.

5.2 Skills Adoption Level for Sustainability

To determine the skills adoption level for sustainability, results were presented
according to the four described phases, taken into consideration a Likert scale from
1 to 5 (that goes from total disagreement to total agreement, respectively), in 54
questions. The followed criteria for result interpretation was to set answers by
intervals. Highest answers or the same 4, are considered acceptable, and from 3.9 or
less, are considered non-acceptable for the partial achievement of the analyzed
characteristic.

Chart 2 Self-reliance test results, according to studying degree and gender

Question Pearson Chi-squared
Test (sig)

Studying degree

If I see garbage on the street or at the school, I pick it up and put it in
a garbage container

0.047

I reuse paper 0.004

I separate recyclable materials to protect the environment 0.040

I have planted trees 0.014

Climate change is a serious matter because it is an environmental,
social and economical probrem

0.001

I actively participate in decision making, within associations and
organizations, in regard to environmental care

0.004

I believe that the career I am studying is related to the responsable
use and care of the environment

0.004

I am interested in learning about the environmental impact of
products I use, from their manufacture, packaging, use, and recycling
or reuse

0.038

I find fulfilling to implement what I have learned at the school to
improve environmental conditions

0.048

Gender

I am willing to take care of the trees I planted .002

I am a consumer of technological trends .002

The use of vehicles is one of the factors with more impact on
environmental pollution

.005

I do home composting 0.00
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In the initial phase that refers to adoption of knowledge and understanding,
questions were posed to analyze the willingness to learn and the opportunity of use
to implement knowledge. As seen in Chart 3, out of the 15 items, the average
answer was found to be higher than 4, except from four questions: 11, 16, 20 and
38; which represent the greatest standard deviation (S.d.), which shows that some of
the everyday knowledge is unfamiliar to the surveyed.

To analyze the adopting and usage phase, students were questioned on how
often they perform some actions in favor of environmental care (Chart 4), it can be
seen that there is great scattering of answers, considering that the simplest everyday
activities are the ones they really do; such as switching of lights when they are not
needed, respect established rules in public areas, or avoiding throwing garbage.
This can be outlined by the social commitments they could acquire to undertake
more relevant actions which are not been carried out by the surveyed students.

Regarding environmental education, 73% of students answered not to have
attended extracurricular classes, but when questioned about some of everyday
activities such as recycling, 86% answered that they do it, as well as planting trees.

Chart 3 Answers to items, according to first phase: knowledge and understanding

Average S.d.

1 The right to an adequate quality of life, health, food availability
and safe water, are human rights

4.72 0.896

4 I believe that the career I am studying is related to the responsible
use and care of the environment

4.67 0.732

7 I know the importance of waste separation and what is it about 4.84 0.650

8 I am aware that not all solid waste is garbage 4.51 0.712

11 Batteries should not be thrown to the garbage because they
contain acids

3.86 1.199

14 I accept that the mass consumption of wood, has deteriorated and
deforested hundreds of hectares

4.65 0.717

16 Throwing oil direct into the drainage system is harmful for rivers 3.94 1.010

17 The method of extraction unconventional gas or oil found stuck in
source rock is harmful for the environment

4.68 0.861

18 Renewable energy contributes to improve environment in my
community and in a global scale

4.20 0.900

20 I know how to save energy in my cellular phone 3.76 0.954

24 Paper recycling is good for the environment 4.62 0.783

34 Before entering high school, I understood the importance of
environmental care to improve my life and that of my community

4.45 0.722

35 I am able to explain repercussions in the environment due to
advancements of science

4.38 0.835

38 Climate change is a serious matter because is an economic,
environmental and social problem

3.96 0.942

40 Polluting emissions to the atmosphere of fumes and combustion
gases are environmental crimes

4.40 0.840
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Out of 66% of students that answered this activity, 42.5% do it because they like
tree-lined surroundings and only 13.2% of students show a strong concern for the
environment; these students could be considered in a transference phase because
they have the knowledge and the take it into practice in their surroundings. It is
distressing to see the low percentage of students that take this practices into actions,
after having gone through basic education (9 years) and middle education (3 more),
where such skills for sustainaibility, and particulary those for environmental care,
are present in all education levels in Mexico.

To measure transference capabilities, as well as expectations on performance and
results that could be achieved to reach a sustainable development, 17 questions
were asked (Chart 5). Even though students show positive attitudes and broad
expectations that the concrete actions taken will be reflected in a sustainable
development of the school and their surroundings, they never come to practice, as
mentioned before.

Finally, 8 questions were asked to analyze if some students have gotten to the
transference and innovation phase, meaning, they have come up with some personal
or collective practices focused on innovation and generation of new knowledge, as

Chart 4 Frequency of actions taken in favor of the environment

Question 1 2 3 4 5

49 I sort solid recyclable materials in order not to affect
the environment

9.2 41 25.2 19.8 4.9

50 I switch off lights in my home when I don’t need them 0.7 3.1 9.5 22.7 64.0

51 I place batteries in special containers for their recycling 14.7 19.6 17.3 17.8 30.6

52 I throw batteries to the garbage when they are of no use 57.9 18.7 10.1 5.9 7.4

53 I place a bucket in the shower to reuse cold water after
I bathe

39.7 20.9 11.0 7.4 21.0

54 I respect rules for entering a historic building or a
natural reserve in order to take care of our cultural and
natural heritage

0.5 3.4 9.9 11.7 74.5

55 I recharge phones and mobile devices during night time
and unplug them in the morning

23.6 26.6 15.5 15.6 18.7

56 I unplug all electronic devices when they are not in use 17.1 26.8 17.1 15.5 23.6

57 I reuse paper 15.6 33.3 18.7 17.1 15.3

58 I do not throw garbage on the street 0.9 1.3 5.2 17.1 75.5

59 If I see garbage on the street and in the school, I pick it
up and put it in a trash can

12.8 34.7 20.0 21.6 11.0

61 I take advantage of rain water by reusing it for other
activities in my home

33.5 30.6 12.8 13.1 10.1

62 I feel encouraged to take actions to improve the
relationship between society and nature

4.7 21.2 22.7 26.8 24.6

63 I take electronic devices I use no more, to recycling
deposits

29.0 23.7 28.2 10.8 8.3

1: never, 2: hardly ever, 3: occasionally, 4: almost always and 5: always
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Chart 5 Answers to items, according to third phase: transference

Question Average S.d.

6 Natural resources are everyone’s responsibility 3.43 0.996

9 I consider important saving electric power 4.41 0.854

12 I am willing to plant trees in my community and in my school 4.77 0.704

13 I am willing to take care of the trees I plant 4.53 0.779

19 I am a consumer of technological trends 4.64 0.724

22 I believe that the use of non-motorized transportation improves air
quality in the city and preserves our health

4.52 0.756

25 I use garbage containers located on the street and at the school 4.77 0.639

26 I urge my family and friends the reuse of crystal and plastic bottles 4.79 0.617

29 I implement what I learn at school in regards to environmental
care, to upgrade the surrounding where I am growing

4.2 0.871

30 There are programs and activities in my municipality where I can
implement my knowledge

4.35 0.759

31 I do home composting 3.60 0.865

32 I find fulfilling to implement what I learn at the school to improve
environmental conditions

3.14 1.206

33 I believe I have the abilities to create/transform/act in behalf of the
environment

4.34 0.779

36 I see the diversity present in my group as an asset for changing our
surroundings

4.01 0.853

37 There are extracurricular activities in my school where I can
implement my theoretical and practical knowledge

4.33 0.802

39 I believe the issue of sustainability is relevant 4.66 0.744

41 Disappearance of endangered species is inevitable 4.56 0.623

Chart 6 Answers to items, according to third phase: transformation and innovation

Question Average S.d.

2 I have done an innovative action in favor of the environment of my
community

4.72 0.896

3 I am willing to make the necessary changes in my habits, on behalf of
the environment

3.78 0.958

5 I actively participate in decision making, within associations and
organizations, in regards to environmental care

4.22 0.927

15 I have planted a tree because the forest mass retains oxygen and
eliminates contaminants

4.73 0.695

27 I am interested in learning about the environmental impact of products I
use, from their manufacture, packaging, use and recycling or reuse

4.04 0.91

28 I share with family and friends the information I have about
environmental care

4.15 0.855

60 A better surrounding where I live, means a higher quality of life for me
and my family

4.65 0.740

62 I feel motivated to take actions that will improve the relationship
between society and nature

3.46 1.204
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well as using and acting in ways that will decisively and determinedly benefit
sustainable development, (Chart 6). Favorable answers to participate in the trans-
formation were found, even though there is a large scattering regarding motivation
and willingness (questions 3 and 62 with a lower average of answers and a larger
standard deviation).

6 Conclusion

Assessment of the level of skills achievement of higher secondary education
graduates is still an emerging and unclear field. This project presents the assessment
of generic and situational skills that refer to the adoption of knowledge, capacities,
abilities, values and attitudes in order to reach sustainable development, always
aiming for enforcement of relevance and viability, as well as validity and reliability
of the instrument consisting on 62 questions.

It was observed that students have specific knowledge regarding climate change,
human actions affecting the environment and destroying nature, as well as activities
they should take to take care of their surroundings. Transference to concrete actions
happens in a differentiated manner, because there is a large gap between what they
say they know and how they use their knowledge, this gap increases according to
the professional studies taken (career being studied) and in some cases, by gender
role, which indicates some active involvement conditions in society. Therefore,
while the reach of the skills described in the CCF creates knowledge and skills
needed to think, act and work, it needs to be blended with basic and ordinary
actions in order to get to metacognitive processes and an active and innovative
participation, in the endeavor to reach sustainable development.

It is challenging to determine which characteristics lead to an appropriate
environmental behavior. Among the different proposed models by the theoreticians,
there is not one that is able to explain the gap between knowledge and action,
especially when the goal is to associate learning in school and behavior of indi-
viduals, once they have finished their studying cycle. In the case of Higher
Secondary Education in Mexico, to determine the level of achievement, internal and
external factors that influence conduct need to be analyzed, such as motivation,
expectation to implement knowledge, legal and attitudinal considerations as well as
subjective norms that lead to a conduct intention that will finally translate into a
permanent conduct. Giving the existing complexity to determine if a skill was
reached or not, it is necessary to continue the creation of research material that will
allow a better assessment of the field.
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The Perception of Urban Insecurity
and Its Implications for Sustainable
Development

R. Villasis Keever and L. Arista Castillo

Abstract The phenomenon of the increasing violence has intensified the percep-
tion of urban insecurity, generating diverse manifestations ranging from social,
economic, and institutional categories and those related to the urban environment.
The concept of urban safety and its relationship with the quality of life has
awakened interest and vision about the sustainability of cities, as seen in the sus-
tainable development objectives of the United Nations Agenda 2030 which seeks to
promote peaceful and inclusive societies, significantly reduce the forms of violence,
and guarantee equal access to justice, among others. The study of the perception of
insecurity is very important for the sustainable development of the cities as the
perception of insecurity affects the coexistence and implications on the quality of
life of the inhabitants of vulnerable areas because it constitutes an obstacle to the
sustainable development of the city. According to the above, this research deals
with the perception of insecurity to intra-urban scale in the city of San Luis Potosi,
in order to know the current situation and trends of urban insecurity, and identify
vulnerable areas as a basis for the design of preventive policies and urban design.
The method applied is the model: Generation, Demonstration and Attention
(GMA); It includes quantitative and qualitative indicators that make up the pro-
posed information system and register according to the census information with
reference to scale AGEB polygons, used as a unit of space. Different patterns of
perception were obtained that exhibit a different reality in each sector of the city as
data obtained do not correspond with official statistics on urban insecurity.
Therefore, it may be concluded that there are gaps in the levels of inequality and
attention to safety that reflect conflicts of social coexistence and generating areas of
increased incidence of violence threatening the urban sustainability.
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1 Introduction

Understand the fear of crime as a factor that affects the quality of life of inhabitants
in urban areas has been the subject of studies based on several perspectives, ranging
from studies of criminology, social work, psychology, government and more
recently environmental and spatial, generating important debates on situations of
high levels of crime in the cities, with a diversity of theoretical positions. However,
the official data of insecurity do not coincide with the citizen perception, in this
sense the perspective of the citizen deserves review by researchers and civilian
groups of the problems of insecurity that are realized by surveys as part of the
knowledge and analysis of a non-governmental vision.

The cities of Latin America and the Caribbean have a high concentration of
inhabitants, as the percentage of the urban population that lives in them (2010) is
80%, simultaneously economic activities have been concentrated in these areas
since 60 and 70% of the gross domestic product is produced in the cities (IBD
2011). Despite these factors, the escalation of urban violence has spread in the cities
showing a greater advance in rates of violence (Carrión 2005:30). As a response of
this, the society shows a perception of urban insecurity much greater to those
reported by official institutions. Analysis on the citizen perception enables us to see
that there are urban areas of increased vulnerability, and others seeking to provide
security through private residential urbanizations of high costs that separate and
privilege certain areas of the city.

Since mid-sixties of the twentieth century, cities—at the international level—
began to experience an accelerated growth of delinquency. Progressively, the
choices about where to live, where to work, where to register children and where to
buy, were becoming decisions that took into consideration the city’s perception of
delinquency (Polese and Stren 2000). Urban insecurity in Latin America has
increased in the last decades, to the point of conditioning the daily life of the
inhabitants in the cities, modifying their habits of behavior, mobility, and con-
sumption, that impacts their way of living, and appropriating the city.

Par example, studies realized in Montevideo, argues that the neighborhoods with
the highest rates of population growth are those with the highest probability of high
crime rates. This demographic growth is linked to processes that determine the
social composition of neighborhoods and crime rates (Retamoso and Corbo 2003).
It should be noted that there is an important debate about situations that favor high
levels of crime in cities, with a diversity of theoretical positions. Basically, citizen
security is now conceived as a key element in the quality of life precept in large
urban areas (Sillano et al. 2006).

The studies of the perception of insecurity have great importance for the sus-
tainable development of the cities, because the perception of insecurity affects the
coexistence and implications on the quality of life of the inhabitants of vulnerable
areas because it constitutes an obstacle to the sustainable development of the city,
according to the Inter-American Bank of Development (2011), insecurity is a factor
which constantly threatens the well-being of the citizens, raises the economic costs
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of individuals and enterprises, the peaceful co-existence of a democratic society,
destroy the virtuous share capital and sometimes encourage parallel economies
typical of organized crime, with all of which erodes the trust of institutions,
especially those responsible for ensuring the rights and duties of individuals.
(IBD 2011).

So, the objective lack of security and perception of insecurity impacts negatively
on social life and deteriorates the everyday environment, being the public safety one
of the factors that most influence the quality of life and sustainable development in
cities.

2 Conceptual Framework: The Paradigm
of the Insecure City

In the production of the unequal, fragmented and exclusionary city, it has been
considered as a necessity to understand the fear of crime, not only from a purely
criminological point of view, but as part of a larger theme, that is, the perception of
insecurity that includes a series of “environmental, labor and citizen participation,
among others” (Ospina 2006). In the last two decades, there has been a significant
increase in insecurity in Latin American cities, the general impoverishment of the
broad strata of the population of the cities, the generalized increase of the middle
and lower classes and the growth of insecurity areas are associated with crime and
violence (Auyero et al. 2014; González 2011; Velázquez and Giraldo 2009; Petrella
and Vanderschueren 2003). In addition, with the increase of urban violence, the
citizen develops a perception of individual and collective insecurity.

Recent studies on the subject identify the role of urban inequality and exclusion
as a key factor in explaining socio-demographic and cultural processes linked to the
development of unsafe cities, stimulating profound changes in scheduling patterns
and the use of public space as strategies for families to develop their daily lives, as
they stimulate the emergence of situations of vulnerability and social risk, which
particularly affects certain groups, such as children, young people, women and older
adults (Mingione 1994; Veiga 2004). On the other hand, Arriagada and Godoy
(2000) identify the age, as a central factor to explain the local perceptions of poor
people related to insecurity at the micro scale level.

It is important to emphasize that there is an significant debate about the situations
that favor high levels of insecurity or delinquency in the cities (Navarrete et al.
2015; Moreno 2011), there are four basic aspects that can be highlighted: (i) de-
composition of the social capital; (ii) social inequality; (iii) socio-spatial exclusion
and (iv) characteristics of the urban environment. Some indicators, in which these
conditions are manifested, are related to demographic and socioeconomic variables
of the population [structure of age groups, economic dependency, employment and
underemployment, etc.], living conditions of the dwelling and its environment
[overcrowding, quality and accessibility of urban services, etc.] or levels related to
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the conditions of income, education and health. A key aspect to be considered is
gender equity indicators [misogyny, machismo, women’s participation in house-
hold headship and labor markets, among others].

At the present time, cities generally observe severe intra-urban segmentation
between prosperous areas and lagging areas. This differentiation has generated a
controversial urban structure, with direct consequences on the living conditions of
the population, bringing with it difficulties in access to services, loss of identity of
neighborhoods and colonies, and daily manifestations of urban insecurity and
violence. This phenomenon has become a serious problem located, both in the big
cities and in the medium cities of the world.

At the World Urban Forum in Vancouver (2006), it was recognized that urban
security is an increasingly important global issue. In some studies, conducted in
urban centers of northern countries with more than 100,000 inhabitants, it was
observed that crime grew between 3 and 5% annually between 1970 and 1990. In
Latin America and the Caribbean, the youth crime urban and violence has
increased.

Since the mid-1970s, cities experienced accelerated growth in delinquency. The
evidence gathered in several countries in the region also points to a significant
increase in crime, victimization, and citizen insecurity (UN-HABITAT 2011).
However, in the 1990s, due to prevention and reinforcement policies, the urban
crime rate has begun to stabilize, except for youth crime (12–25 years), and in
particular that of minors (12–18). The criminality has become more violent and the
age of onset has decreased from 15 to 12 years (UN-HABITAT 2012).

The high inequality observed in Latin America, in a context of increasing wealth
and modern consumption that characterizes the high socioeconomic strata generates
the structural conditions that underlie the serious wave of urban crime and violence.
And if we add the increment in the isolation of the poor and the segmentation of
social opportunities, this reinforces the problems of the marginal population, such
as family violence, school dropout, vagrancy, and drug addiction.

In this way, unlike the previous stages, in which the city and its urban sectors
were defined from the income of the inhabitants or other forms, they are described
as divisions brought by the conscious acts of their residents and those who hold
power (Marcuse 2006). Paradoxically, it is the poor neighborhoods where urban
vulnerability is most acutely to processes of social, economic, cultural, physical and
urban exclusion. This set of dimensions constitutes a series of processes that
deteriorate the living conditions of the excluded groups, and maintain or increase
the advantages and inequalities.

Beginning with the planning of urban development, it is necessary to review the
paradigm of safe cities; this implies looking at the vulnerable and critical neigh-
borhoods since the exclusion of the poor neighborhoods of the city has created
serious difficulties so that its inhabitants can live in the city in a safe way. Certain
neighborhoods or colonies require specific attention because their inhabitants feel
violated in their rights to appropriate the city and to enjoy security in it.

There are vulnerable spaces to violence that are expressed through the emer-
gence of violent groups, especially youth gangs, and less demonstration of a
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positive and proactive community development model. Perpetuating a paternalistic
model with The State and without link with the rest of the city (Saraví 2005).

Some of the indicators that allow evaluating certain urban contexts with risks of
insecurity, violence, and criminality, refer to the demographic and socioeconomic
characteristics. The concentration of some of these characteristics permits identi-
fying urban sectors or areas with a greater degree of vulnerability in relation to these
problems. Some population groups are also particularly vulnerable to crime, either
as potential victims or as potential offenders.

3 Model of Generation-Manifestation-Attention.
Methodological Approach

The need for safer cities is a constant worldwide. Starting in 2015, the Millennium
Development Goals (MDG) were transformed into the Sustainable Development
Objectives (SDG) within the framework of the United Nations Agenda 2030. One
of the challenges of the SDG is the participation of the different actors, especially
civil society. This work is focused on the 16 Sustainable Development Goal:
Promote peaceful and inclusive societies for sustainable development, provide
access to justice for all and build effective, accountable, and inclusive institutions at
all levels.

Following the proposal of the Organization for Economic Co-operation and
Development (OECD) on a system of pressure, state and response, the GMA Model
of Generation, Manifestation and Attention was developed in 2010 by the
University of Caribe based on the United Nations Human Settlements Programme;
indicators such as those set out in the Un-HABITAT Safer Cities Program were
incorporated into its 2008–2013 strategic plan, and the UN-HABITAT urban sus-
tainability indicators and of course all the above classified according to the cate-
gories of understanding of violence of the World Health Organization (WHO), all
of them were the base elements of the GMA model (González et al. 2011).

It is important to mention that with the increase of urban violence and delin-
quency, an individual and collective perception of insecurity is developed in the
city, not always objective; this sense of insecurity has caused the abandonment of
entire neighborhoods, the development of closed housing clusters and the stigma-
tization of areas or population groups. Certain international researches establish
various categories and types manifestations of urban violence as a social, institu-
tional and those related to the physical environment.

The approach that underlies this research highlights one of the least explored
fields in the empirical studies developed in Mexico regarding the relation of
delinquency with urban development. This article talks about the perception of
urban insecurity from the citizen perspective, through applying 1200 surveys to an
open population of adults between 18 and 65 years of age, and data from official
sources at local, and national level. The use of georeferenced systems as a tool for
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the spatial location of the affected urban areas, and explores the socio-spatial and
socioeconomic conditions which operates as an explanatory factor in the phe-
nomenon of the perception of urban insecurity.

The objective of the citizen security observatories in Mexico—created since
2010—is to know the current situation and trends of security in the cities of
Mexico, and in this case, the city of San Luis Potosí. The census information at
AGEB scale is used as a space unit (Basic geo-statistical urban-area), made up of the
San Luis Potosí Citizen Security Observatory (OCS-SLP) and the perception of
insecurity derived from the survey conducted in the period 2011–2014. The method
used for observatories was based on the model GMA which identifies several key
factors that generate urban insecurity composed of three subsystems:

(a) The Generation subsystem: composed of the set of variables accounting the
human activities, of the society and the individual at different levels, identifying
the possible causes of the phenomenon [G] to be studied [28 indicators and 34
variables].

(b) The Manifestation subsystem: is composed of variables about the account-
ability of the events in which the lack of security materializes, understood as the
manifestation [M] of the phenomenon in reference [21 indicators].

(c) The Attention subsystem is the response of the State [population, territory and
government] to the society, related to the events recorded in the previous
subsystem. This subsystem [A] records and reports general or sectorial policies,
programs, projects or institutional actions about prevention or correction [8
indicators].

In the GMA model, socioeconomic data are analyzed to characterize social
categories, age groups of the population and vulnerable areas in socio-spatial terms,
and their relationship with the indicators of the GMA Model.

4 Context and Results of the Citizen Perception
of Insecurity Survey

Through the implications and analysis of the perception and victimization surveys,
it is possible to evaluate subjective factors such as the sense of security that the
individual constructs in scenarios in which he/she develops his daily life [public
space, transportation, and neighborhood] and deepen the characterization of crim-
inal patterns and the level of involvement in the population. For this reason, these
tools are used to complement the official information produced by the citizen’s
complaint and the follow-up of cases in the judicial system. Thus, they become an
additional input for the design and implementation of public policies, specialized in
reducing crime and in intervening factors that affect the perception of citizen
security.
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An important element derived from the studies of citizen perception about
insecurity is related to new factors or factors unpublished in recent research on the
subject, from which the behavior and trends of insecurity and violence are analyzed,
in particular with a “safe habitat” (UN-HABITAT 2012). The relationship between the
perception of insecurity and its sequels with morphological, structural and scale
characteristics of the city constitute a fundamental vein for understanding the
complex interaction between the phenomenon of the urban environment and
the dynamics of risk factors in the city.

In the mid-1960s, two experimental surveys were conducted in households in the
United States and England, in order to know if any household member had been a
victim of an offense in the previous year and, if so, whether it had been reported. In
this way, these surveys represented an alternative mechanism through which
information could be accessed that the official sources did not report through the
complaints.

In Latin America, countries such as Chile, Venezuela and Argentina have
developed surveys of this type. The International Crime Victimization Survey
(ICVS) is the one with the greatest coverage. It is applied in more than 35 countries
through the United Nations Interregional Crime and Justice Research Institute
(UNICRI).

In Colombia, the history of victimization surveys refers to the modules dedicated
to this topic in the National Survey of Households of 1985, 1991 and 1995. In 2003,
The National Administrative Department of Statistics (DANE) responsible for
conducting research, and statistics on population and quality of life, developed a
study to characterize and measure aspects related to crime reported or not in the
cities (Ciafardini 2010).

In the case of Mexico, the governmental Agency INEGI developed the National
Survey of Victimization and Perception on Public Safety, however the studies of
perception insecurity on urban scale are incipient, highlighting among others, those
carried out by Navarrete et al. (2015) where they analyze the case of the city of
Leon, and the one realized by Moreno (2012) in the metropolitan area of San Luis
Potosí. In both cases, there is a coincidence that the increase in urban insecurity and
the sense of fear in the cities have led to urban inequality as a predominant model in
the development of the city.

4.1 Area of Study and Application of the GMA Model

The area of study corresponds to the city of San Luis Potosí, which is situated in the
center of the Mexican country, in the State of S.L.P., the population of this city in
2010 was 760,746 inhabitants, composed of 366,086 men and 394,660 women
(INEGI CENSUS 2010), see Fig. 1.

In this case, the data obtained through the insecurity perception surveys were
performed with open population between 2011 and 2014 by the OCS-SLP, they
revealed 4 types of crime reported: sexual offenses, homicides, injuries and
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suicides, 2 of them [sex offenses and injuries] had a high incidence [above 40 per
100,000 inhabitants], while the other two [homicides and suicides] observed a
relatively low incidence [below 30 per 100,000 inhabitants]. In the case of the
information derived from the survey, a classification pattern of situations of greater
risk was observed in the following subjects: theft, accidents and contact with
alcoholics and drug addicts, corresponding to the highest exposure data indicated
by the respondents.

The information obtained through the application of surveys also allows esti-
mating the characteristics of the crime, and let us know those environments that are
propitious to victimization, and the frequency of these phenomena [quantitative
data]. In addition, the crossing of this type of information with the Geographic
Information Systems (GIS) allows the geo-referencing of the data and thematic
maps, in order to explore the relationship between crime, insecurity and urban space
conditions (Villasís-Keever et al. 2015).

4.2 Geographic Information Systems as a Tool to Analyze
the Perception of Citizen Insecurity

The systems (GIS) are an ideal bridge for the comprehension of the study repre-
sented in maps, and also the levels of the variables of insecurity in the space,
allowing its classification. It is a tool that enables the active participation of the
community of researchers, academics, authorities, and citizens, since it allows
defining the baseline in which strategies can be planned to identify or reduce the
rate of insecurity. It facilitates the evaluation of local intra-urban perception using

Fig. 1 Location of the study area. Source Own elaboration based on INEGI, 2014
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maps with crossing information that shows the spatial units resulting from indi-
cators obtained through surveys on problems of insecurity. The maps constitute a
base document on which any desired theme can be mapped, this allows representing
a system of orientation according to the variables of insecurity that characterize
each place in the space and is easily understandable. These maps guide and rec-
ognize the area of the affected community and its territory, see Fig. 2.

However, it is important to note that the data resulting from studies of perceived
insecurity are not always objective, since they have a high emotional component.
This emotive dimension is easily instrumented and can lead to biased interpreta-
tions of reality. According with the above, it is proposed that the perception indi-
cators can serve as a complement to the documentary information, to obtain both:
objective and subjective values. For this case, the map (Fig. 2) shows the results of
the survey from the citizen perspective to the perception of urban insecurity. The
spatial distribution of the zones of vulnerability to insecurity was: In the center of
the city, medium and high levels; In the western periphery the level is lower; In the
north and south the level is from high to very high.

As a summary of the interpretation of the most important results of the Citizen
Perception Survey applied to citizens, the occurrence or manifestation of the main
problems of insecurity, violence, and crime in the city of San Luis Potosí was

Fig. 2 Spatial distribution of the vulnerability zones to insecurity in the city of San Luis Potosí.
Source Own elaboration from OCS-SLP, México, 2014
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characterized by 10 elements as shown in Table 1. With the results of the survey,
the spatial behaviour of these factors is wide-ranging and in some cases very
pronounced in certain neighborhoods. Based on the spatial behaviour of each of
these factors, a multiple correlation analysis should be performed to identify and
confirm the association between factors, such as the relationship between the first
four factors, as well as the fifth and sixth factors, and those related to the seventh to
the eighth factors, and between the last two factors.

There could also be several associations between factors, such as alcoholism,
street racing and speeding, or gang and street assaults and other options. In addition,
it is possible to analyze the spatial trends of this perception, depending on the
spatial distribution of economic activities and land uses and the residential typology
—among others—that would surely allow a wider interpretation of the
phenomenon.

4.3 Discussion and Considerations

Considering the perception of insecurity implications during the night, very inter-
esting trends are observed, citizen survey reflects that temples and schools are safe
during the day, but insecure through the night, the same perception is placed in
parks, gardens and plazas, as well as shops and the city center; In general, the
streets and the neighborhood are unsafe. Likewise, the typology of the perception of
insecurity, according to the spatial dimension could be established according to
different typologies: residential spaces, public spaces, private spaces, institutional
spaces, etc.

Another way of reviewing the results is a comparison of the citizen’s perception
of insecurity at different territorial scales. For this purpose, the national survey

Table 1 Occurrence of urban insecurity

Survey of citizen perception of insecurity
2011–2014

Frequency of response with the most
significant results

Manifestation of problems of insecurity 1. Assaults on the street

2. Theft with violence

3. Drug addiction

4. Alcoholism

5. Traffic speeding

6. The races on the streets

7. Graffiti

8. Pandillerismo (gangs)

9. Vehicle theft

10. Express hijacking

Source Own elaboration based on citizen survey 2014
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carried out in Mexico by the INEGI was utilized; this Institute developed the National
Survey of Victimization and Perception on Public Safety (ENVIPE 2014). One of its
objectives is to measure the perception of the inhabitants of the country about the
security of the place where they live and where they carry out their daily activities.
The population surveyed in the ENVIPE is 18 years and older, on a wider national
scale [95,516 households] and with the spatial distribution of Mexican states, is the
most important reference of this type, but does not yield results at the city level, for
this reason this study is focused in urban areas.

In order to validate the results, Table 2 was elaborated to compare the Rate of
the Citizen Perception of Insecurity (CPI 2014) among national [country], regional
[state] and local [city] perception; it was unquestionable that the national rate (73.3)
is very similar to that of the state of San Luis Potosí (73.1), but at the city level, the
citizen perception of insecurity is higher (84.0); it is evident that the spatial dis-
tribution of the results is important and is differentiated according to its scale.
Concerning to the concept of the Victims Rate per 100,000 inhabitants (2013), the
results are similar to the perception of the national (28.22) and state scale (25.71)
but smaller than the local perception (30.00).

According to the current results, for this study it is conclusive that detailed
analysis is required at the intra-urban and neighborhood scale. In this sense, some of
the data derived from this perception study, allow evaluating a certain degree of
relationship of the inhabitants within the neighborhood or housing complex levels.
The results are worrying, since they reveal that a significant percentage of the
population does not express a greater intention or need of contact with their
neighbors or their community, showing that—behind their fears and perception of
insecurity—there is a trend of individualization and community anonymity as
defensive factors, that undermines social cohesion and the development of social
networks towards the advancement of urban insecurity and crime.

5 Conclusions

Some of the indicators obtained demonstrate that the unit studied faces risks
inherent to its demographic, socioeconomic and environmental characteristics. The
spatial concentration of some of these factors also makes it possible to identify

Table 2 Comparison of the citizen perception of insecurity (CPI) at different scales

Entity or territorial
scale

Perception of insecurity
(RPI) 2014 (%)

Victims 2013 (rate per
100,000 inhabitants)

National or country 73.30 28.22

State of S.L.P. 73.10 25.71

City of San Luis Potosí 84.00 30.00

Source Own elaboration based on: ENVIPE of INEGI, 2014; Citizen Survey 2014
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some urban sectors with a greater degree of vulnerability to insecurity and crime.
Certain groups of the population are particularly vulnerable to crime, either as
potential victims or as potential offenders. It is therefore important to identify such
groups, to understand the specific problems and the measures that can be taken in
the area of prevention.

The spatial categories that are particularly vulnerable to certain types of crime
[as the source or recipient of the crime] are concentrated in the young population,
the low-income population and the elderly population, which is more exposed than
other age groups. This would allow the identification of vulnerable urban areas,
which would serve as a basis for the design of preventive policies and urban design,
with a view to addressing these problems.

The results of the survey of perception and victimization in San Luis Potosí City
reflect the need to advance in the design and execution of alternatives focused on
strengthening citizens’ imaginary about security. It is important to focus efforts on
the streets and avenues as the main scenario associated with the perception of
insecurity and the occurrence of crimes that most affect citizens.

Strategies to reduce victimization should consider the development of compre-
hensive self-protection campaigns against theft, aimed at adopting a culture of
prevention, as an example may be targeted to young people regarding with the theft
of cell phones and the elderly 60 years in relation to the handling and transport of
cash.

In the case study, the changes of authorities did not allow us to continue with the
model of the citizen survey, consequently there is no updated data, due to a change
in the municipal public safety policy model. Therefore, we must continue to pro-
mote plans and programs with the participation of civil society in the different
scales of the presence of the phenomenon. In the spatial dimension-based on
various disciplines—we can work in the physical dimension or morphology of
cities: like urban planning, landscape design, architecture, industrial design, engi-
neering and infrastructure design, among other professions.

All this will turn out in a better sustainability policy for cities, understanding
governance as an active citizen participation and attention to crime, which will lead
a more successful approach in cities in order to achieve the 16 Goal (SDG). Finally,
one question remains: Is this goal achievable? For this, it is necessary to constantly
monitor the performance of cities in this area, for the evaluation of public policies
from the perspective of citizens.
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