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ABSTRACT
The use of indicators to prevent hurricane impacts locally is a new tool in the area of climate change 
and resilience. However, many critics the methods for designing these indicators, mainly those resulted 
from bottom-up and top-down models. Based on the social-ecological analysis, it is defined coastal 
urban resilience for hurricanes under the bottom-up and top-down model, with the support of experts 
and other key actors in the integral hurricane management in three coastal cities in the Mexican Carib-
bean: Chetumal, Tulum and Playa del Carmen. Thus, the objective of the present research is to generate 
coastal urban resilience indicators that comprehend the complex learning system, adaptation and self-
organization in hurricanes. Indicators measures three spatial levels: local, regional and global and one 
temporal (1-year cohort of 1990). Besides, the following are the three dimensions of indicators: A. 
Resilience capacities (history of hurricane impacts). B. Consequences (management and self-organiza-
tion). C. Learning and behaviors (in front of effects and damages).
Keywords: disasters prevention, monitoring, risk management, urban resilience.

1 INTRODUCTION
A crucial topic at the national level is the creation of public policies that make it possi-
ble to develop secure local communities. In terms of identifying national problems that 
inhibit growth and obstruct the welfare of inhabitants, a study on urban resilience in 
response to natural catastrophes is needed [1]. In addition, climate change, loss of biodi-
versity, economic crisis and extreme poverty are only some indicators that demonstrate 
the transformation of highly vulnerable socio-ecological systems with a low capacity for  
adaptation [2, 3].

The concept of resilience is used to approach socio-ecological systems. It center on a 
non-linear dynamic, thresholds, uncertainty, surprise, gradual change along with periods of 
rapid change, as well as its interaction on the scale of time and space [4]. Uncertainty and 
changes are characteristics of the ecological landscape and social organization, which is a 
factor for sustainability, and consequently, resilience is the capacity to face and adapt to 
 challenges, as well the conservation of sources of innovation and renovation [5].

The use of the concept of resilience in the study of disasters has focused on the evaluation 
of natural dangers. Resilience is understood as the capacity of a community to re-establish 
itself after the impact of these disasters [6]. Gallopin suggests that resilience in response to 
disasters is the capacity of a community to recover. This is visualized as a process involving 
connections, relationships and interdependencies among the actors who form part of complex 
community systems, together with their capacities for adaptation [7].

The indicators are used as an effective management tool that makes it possible to evaluate 
diverse phenomena and processes. Consequently, the proposal is presented to design a system 
of resilience indicators in order to evaluate the response to hurricanes in coastal cities.
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2 RESILIENCE COASTAL INDICATORS
The multi-faceted concept of socio-ecological resilience is an approach involving interdisci-
plinary synthesis. The main characteristics are the capacity to maintain identity, continuity in 
space and time, memory, innovation and political/management decisions [8].

Folke argues that the resilience approach is centered on understanding the dynamic of 
socio-ecological systems, in which previously the explanation for an undertaking was given 
by a mathematical model, whereas now the social dimension is considered to understand 
these changes. This has permitted the inclusion of factors such as social learning and  memory, 
mental models and the incorporation of knowledge in the system, the visualization and con-
struction of scenarios, leadership, agents, social groups and networks, organizational and 
institutional apathy and changes, the capacity for adaptation, adaptation and transformation 
of the system of government that manages environmental services [9]. In addition, the factors 
of biodiversity, spatial heterogeneity, government and management structures, and ecological 
and social memory were also considered [10].

Disaster management requires several levels of government and an increase in the ability to 
deal with uncertainty and surprise by means of mobilizing different capacities for resilience 
[11]. As a result, it is important to recognize coastal ecosystems as the most affected and 
altered because across the world human populations are concentrated on the coast. To improve 
the resilience of these coastal systems, it is important to understand the relations between 
ecosystems and society, such that the monitoring and control of indicators are essential [12].

Therefore, by identifying the means of livelihood [13] applied to resilience, the factors can 
be understood as the context of vulnerability, assets, transformation structures and processes, 
strategies and achievements. Vulnerability refers to the external environment where communi-
ties survive and which cannot be controlled in the short or medium term. The means of livelihood 
of these communities and their assets are affected by critical trends (economic, technological, 
demographic growth, access to resources, policies, etc.), crises or extreme events (adverse 
meteorological conditions, natural threats, economics, conflicts, health, etc.) and the weather or 
seasonality (climate, prices, production, health, employment opportunities, etc.) [14].

In light of the foregoing, the conception and construction of indicators is based on two 
classic models: a) the institutional model (top-down) and b) the local agenda model 
 (bottom-up) [15]. The indicator is considered as a sign, whether quantitative or qualitative, 
where the main characteristic is the fulfillment of well-defined objectives and goals [16]. 
Therefore, the system of indicators proposed in this article is based on the concept developed 
according to the local agenda model for coastal urban resilience after hurricanes.

3 METHODS
The characteristics of the places that will be analyzed are explained and then the method for 
developing the system of indicators is described.

3.1 Places of study

The cities of Playa del Carmen, Tulum and Chetumal are located in the eastern sector of the 
Yucatán Peninsula, in the Caribbean region of Mexico (Fig. 1).

These cities are located in coastal areas with lagoons and sand dunes, which is an indica-
tion of their highly dynamic geomorphologic and coastal processes. In accordance with the 
social and territorial characteristics and their economic predominance, this region is divided 
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into three parts: the southern border, Mayan region and northern Caribbean region. The latter 
is the most dynamic in demographic and economic terms.

The cities of Chetumal, Tulum and Playa del Carmen are home to 24.1% of the state’s 
population [17]. They are tourism destinations with pronounced economic, territorial and 
population transformations.

Chetumal, the capital of the state has a population of 151,243 inhabitants [18]. The town 
of Othón P. Blanco forms parts of the Hydrological Region of Yucatán, the closed basins and 
Chetumal Bay. The only rivers in the whole peninsula are located within its bounds: Río 
Hondo and Río Escondido. It has several lagoons, the most noteworthy of which are a portion 

Figure 1:  Location of the cities Playa del Carmen, Tulum and Chetumal in the Mexican 
Caribbean.
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of Laguna de Bacalar, Laguna Guerrero, Laguna Agua Salada, Laguna Chile Verde, Laguna 
Milagros and Laguna San Felipe.

Tulum, the town has a territory of 2,040.94 km² and it makes up 4.9% of the state’s surface 
area [19]. It forms part of the physiographic region of the Yucatán Peninsula and the geomor-
phological unit of the Caribbean plains. The topography of the area is flat and it does not go 
beyond 25 m of altitude [20]. The subsoil is hard limestone, which permits the filtration of 
rain, favoring the formation of underground rivers and sinkholes, some of which are used for 
tourism. There are some areas with soft limestone. This material gives the soil stability as a 
foundation. With these characteristics, agricultural uses are limited. This is not the case for 
urban development and tourism activity [21, 22].

Playa del Carmen. This municipality covers a surface area of 2205 km2. According to the 
2010 census data [23], the population reaches 216,730 inhabitants, 4.33% of the state popu-
lation, most of which live in the city of Playa del Carmen, followed by Puerto Aventuras. 
Within its territory, the municipality has 148 towns, of which 138 have a population of less 
than 100 inhabitants [24]. It is known as the main urban and tourism center in the Mayan 
Riviera. Since its early days as a fishing village until the present, it has been closely linked to 
its 80 km of coastline.

3.2 Methodology

The objective to create a system of resilience indicators for coastal cities has been carried out 
in three stages:

(a) Revision of the basic and historical information on the cities of Chetumal, Tulúm and 
Playa del Carmen, concentrating on the identification of historical antecedents and the 
impacts of hurricanes on the coasts of Quintana Roo.

(b) Two workshops with 20 local actors. The first workshop served to build a consensus 
around the concept of coastal urban resilience in response to hurricanes. In the second 
workshop, the participants identified the means of livelihood factors that determine the 
elements of the system of coastal urban resilience indicators. As a result, the system 
could be constructed. The workshops were held in January and February 2016.

(c) The development of the proposal for coastal urban resilience indicators in response to 
hurricanes and the presentation of the indicator tool developed.

4 RESULTS
The presentation of the results has been divided into two sections. The first section includes 
the conceptual proposal of coastal urban resilience in response to hurricanes. The second 
section addresses the system of indicators for monitoring and control.

4.1 Coastal urban resilience in response to hurricanes

The consensus at the forum held with local actors was that resilience in response to hurri-
canes in coastal cities should be defined as:

“The capacity that people, groups, and the coastal society and community have to recover 
from adversity and adapt to new conditions using their behavior and learning experiences to 
deal with the negative effects and destruction caused by floods, winds, rains, erosion, storm 
tides and, how they face their consequences, which may be: emotional, economic, familial, 
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land or asset related, material and socio-ecological; and may also be on a spatial and temporal 
scale.” [25].

According to this definition, the first key factors for the integration and collection of infor-
mation in terms of space and time have been identified: a) living conditions of the people, 
groups, society or community; b) history of the adverse events and adaptations, behavior and 
learning experiences in response to these events; c) the destruction and negative impact of the 
main dangers; and d) actions taken to deal with the adversities.

Table 1: Systems of coastal urban resilience indicators for cities in the Mexican Caribbean.

Resilience in 
coastal cities

Indicators Means of 
livelihood

Living conditions % of employment
Index for quality of life
Rate of the reduction in the frequency or seriousness 
of crises 

Employment 
creation

% of increase in the levels of incomes among poor 
populations
Index for changes in food security in households
% improvement in basic needs (housing, health, 
nutrition)
Rate of changes in income distribution and 
reduction of inequality
Index for improvement in human rights 

Reduction of 
poverty

# of financial, educational, housing and sanitation 
services
Level of nutrition,
Literary rate, health
% of loans for development
Rate of communications

Welfare and 
capacities

History of the 
adverse events and 
Destruction and 
impact

Preparation to face risks
Capacity to deal with, prepare for and adapt to 
natural disasters or economic crises
Capacity to deal with, prepare for and adapt to 
seasonality

Adaptation, 
 recovery and 
vulnerability

Actions taken to 
deal with adversi-
ties

Increase in environmental sustainability
Reduction of conflicts and increase in their resolu-
tion and peace
Changes in ways of life
Sustainability of activities
Sustainability of institutional changes
Sustainability of the reduction of poverty Permanent 
elimination of social exclusion
Reduction of inequalities among disadvantaged 
groups

Sustainability 
of resources
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4.2 Proposal for the system of indicators

The key factors for the integration and collection of information are summarized in five cat-
egories or types of capital: human, social, natural, physical and financial. The structures and 
processes are linked to the public and private institutions that set the different guidelines, as 
well as the policies that seek to reach particular objectives. There are five achievements in the 
area of means of livelihood. They are related to means of livelihood and sustainability: (a) 
employment creation; (b) reduction of poverty among the monitoring indicators (levels of 
income and consumption, access to services, etc.); (c) welfare and capacities (going beyond 
material and food needs to include self-esteem, security, stress, power, exclusion, etc.); (d) 
adaptation, recovery and vulnerability; and (e) sustainability of basic resources. One of the 
main objectives of the theory of sustainable means of livelihood is to support villages so that 
they can increase their assets and became more resistant to vulnerability [26].

Within this outline, the indicators represented by the system of indicators for coastal urban 
resilience are identified in Table 1.

4.3 Example of the coastal urban resilience indicator

The coastal urban resilience indicators are shown according to their key elements. In this 
section, the indicators for poor households in the city of Playa del Carmen are demonstrated.

4.3.1 Poor households
Central theme: Living conditions/reduction of poverty

City: Playa del Carmen.
Scale and level of aggregation: Urban center – basic geostatistical area – household – people
Cohort: 2000 – 2005 – 2010
Name of indicator: Level of extreme poverty
Description: Percentage of homes with heads of the family (men and women) situated 

below the poverty line according to the local and national definition.

Figure 2: Poverty indicators in Playa del Carmen.
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Comments on resilience: In general terms, a household is poor when it presents notable 
shortages of food and basic needs such as clothing, footwear, housing, access to transport, 
among others. For members of households in these conditions, the possibility of improving 
their living conditions is reduced, as the surrounding environment restricts their capacity to 
build relations with the rest of society, which would allow them to access education and 
decent occupations, both of which are fundamental human rights. The risk of continued 
exclusion for people living in poverty makes it essential to identify them and slowly break 
with the vicious cycle in which they are trapped.

Methodology: The calculation of levels of poverty for the urban environment is used. It is 
divided into three levels [27].

Tools: Maps of poverty in the city of Playa del Carmen, years 2000 – 2005 – 2010 (Fig. 2).

5 CONCLUSIONS
Indicators have been used for more than six decades. This tool starts with a process of long-
term planning; however, in this article, the diagnosis of welfare policies was first considered. 
Currently, the indicators for sustainable development have been identified as a basic tool for 
monitoring advances in the welfare of communities. Within the climate change and resilience 
paradigm, these indicators help to outline a vision for prevention and reduction of disasters 
and catastrophes.

Indicators are a useful tool for planning, monitoring and controlling the implementation of 
systems for the reduction of risks and disasters. In this article, the local proposal to address 
the resilience of coastal urban communities in the Mexican Caribbean is presented.

Based on the principle of local participation, resilience among coastal urban communities 
was defined, and using the elements of means of livelihood, 23 quantitative and qualitative 
indicators were identified for five areas and three conceptual factors.

The example of the indicator for poor households is given as a key component of coastal 
urban resilience in response to hurricanes to improve living conditions, deal with means of 
livelihood and reduce extreme poverty. The spatial disintegration in terms of people per 
Household in the city of Playa del Carmen is presented, with the cohort in the year 2000, 
monitoring in 2005, and control in 2010.
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