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Abstract

The coastal tourism city of Playa del Carmen is located in the heart of the Mexican 
Caribbean’s Riviera Maya. This attractive sun and beach destination has the largest 
number of hotel rooms in the country (i.e. 10,000 more than Cancún), which has 
made it Mexico’s main magnet for tourists from the United States (US), Canada and 
Europe. Playa del Carmen is the second biggest city in the state of Quintana Roo and 
the fastest-growing metropolis in Mexico and Latin America. Rapid urbanisation 
and tourism development have altered the city’s natural ecosystems, among them 
mangroves and wetlands. These changes have disturbed the sedimentary dynamics of 
the coastal dunes and put more pressure on the barrier reef system. The area’s vulner-
ability was analysed based on flood scenarios of a 1 metre (m), 2 m and 3 m sea level 
rise to estimate the total property damage in US dollars.

Keywords: climate change, coastal tourism city, coastal vulnerability, Mexican 
Caribbean, sea level rise

. Introduction

The coastal tourism city of Playa del Carmen is the seat of the municipality of 
Solidaridad, in the Mexican state of Quintana Roo, south of Cancún. The discontinu-
ous chain of barrier reefs that runs parallel to the coast is part of the Mesoamerican 
Barrier Reef System (i.e. the second longest barrier reef in the world at approximately 
600 kilometres [km]). The system rests on the quite narrow continental shelf that 
runs along the region’s coast, ending to the northeast of the Yucatan Peninsula and, at 
the other extreme, at the Gulf of Honduras’s southernmost point c–3].

Quintana Roo’s main economic activity is tourism as this state receives more than 
16 million tourists each year. Playa del Carmen has become the jewel in the crown 
of Mexico’s tourism destinations because its hotels offer 98,000 rooms and generate 
many construction and service industry jobs, making it the focal city of the Riviera 
Maya [4, 5]. As a result, Playa del Carmen’s population of Mexican and foreign resi-
dents has expanded so rapidly that the city now has the highest growth rate in Mexico 
and Latin America Figure  [6].

Playa del Carmen has been studied considering its vulnerability in other 
areas, such as the perceptions of stakeholders about the vulnerability and future 
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sustainability of tourist destinations through the relevance of the policies, plans and 
strategies adopted in response to climate change [7]; access to housing for the most 
vulnerable social groups, due to conflicts over the appropriation of space throughout
the development of the city, due to accelerated demographic growth and the intense 
phenomenon of real estate speculation, which have repercussions on urban dynamics 
[8]; in the contamination of urbanised coastal karstic aquifers, the most vulnerable 
being those for residential and mixed tourist land use [9]; through ecological indica-
tors that reveal the total absence of vegetation cover in the coastal dune [10]; in the 
reduction of vulnerability in urban development, through the formation of skills of 
Architecture and Civil Engineering students for the design of sustainable coastal cities 
[11].

Tourism development and urbanisation have clearly put pressure on the Mexican 
Caribbean, especially on coastal ecosystems. More specifically, these trends have 
resulted in water pollution, damaged landscapes and the destruction and disappear-
ance of flora and fauna due to the occupation of dynamic zones (e.g. beaches). These 
coastal ecosystems’ vulnerability has been increased by tourism in particular because 
of the infrastructure needed for visitor transport, energy consumption, waste prod-
ucts generated and required water reserves, which are already scarce in some areas of 
the Mexican Caribbean [12].

. Coastal ecosystems

The literature also indicates that coastal ecosystems such as coral reefs, salt 
marshes, mangroves, submerged aquatic vegetation and dune plants will be affected 
by rising sea levels and surface temperatures. Any changes in the frequency and inten-
sity of future storms and hurricanes will have a further impact on coastal communi-
ties [13–16]. Prior sea level rise research has thus confirmed that these ecosystems’ 

Figure 1. 
Playa del Carmen’s demographic trends from 1960 to 2020 [6].
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spatial distribution, species diversity and natural productivity will be affected. Some 
examples of these possible effects are discussed in the following subsections.

. Mangroves

Mangroves’ survival will depend on the rate at which the sea level rises in rela-
tion to vertical accretion and spaces left for mangroves’ horizontal migration. Any 
movement along the shore within mangroves could be limited by urban and tourism 
development on the coast [14]. The expansion or compression of the areas available 
or any mangrove species’ preferential distribution will depend on the enclosed land’s 
topographical features, the coast’s geomorphological origin and the region’s combina-
tion of climate patterns [17].

. Seagrass beds

The quantity of light available will be reduced in the ecosystem due to the sedi-
ment mixture on the seabed. Changes will occur in these beds’ productivity and func-
tional values that will alter the structure of these features and favour their horizontal 
displacement to new shallow areas created by flooding in coastal areas. The sediment 
mixture and warming seawater could cause variations in the species composition as 
the most tolerant types will become dominant [18–21].

. Reefs

Sea level rise will alter erosion and accretion processes along the coast, thereby 
increasing these areas’ vulnerability to hurricanes and storms. Repeated flooding 
could have a detrimental effect on water quality and thus affect the coral reef biota’s 
development because of sediment mixture, distance from the coast and currents 
produced in reef lagoons. The Intergovernmental Panel on Climate Change (IPCC) 
[19] notes that acidity will rise more in areas with eutrophication due to human settle-
ments, which will have a negative impact on coral calcification. The combination of 
warming and acidification will provoke coral bleaching, increase coral mortality and 
reduce reef-building capacity, making coral reefs more vulnerable and less adaptable 
[19, 21]. All the processes and events that limit coral calcification or decrease the coral 
reef cover can seriously compromise barrier reefs’ carbon balance, thereby reducing 
their biodiversity and contribution to society [3].

. Hurricanes

Storms and hurricanes’ effects are one of the main economic and health threats 
for urban tourism centres in Quintana Roo. Playa del Carmen has been, over the last 
35 years, in the direct or indirect path of 15 tropical cyclones, beginning with Gilberto 
in 1988—a category 5 on the Saffir-Simpson scale—and ending with Grace in 2021—a 
category 1 [22–24].

Hurricane Wilma, in October 2005, alone caused 18,772 million Mexican pesos in 
property damage and affected 540,000 people, according to the Dirección General 
de Protección Civil del Gobierno Federal (Federal Government’s Directorate General 
of Civil Defence). The tourism industry was affected the most because this hurricane 
destroyed hotel complexes—13,522 out of 57,830 rooms damaged—and the local 
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airport, as well as eroding beaches, which are the area’s main attraction. Wilma’s 
impacts resulted in the relocation of thousands of tourists to 265 contingency shelters 
[22, 25].

4. Sea level rise in the Mexican Caribbean

Since 1990, the IPCC has warned of sea level rise’s effect on low lying coastal areas 
and islands [26–28] and urged the relevant authorities to implement local strategies 
that reduce the risks to human well-being. Efforts must be made to conserve and 
intervene in natural systems, regardless of their current condition, in order to reduce 
their vulnerability and ensure their recovery so that their environmental functions 
can continue [29].

Researchers in Quintana Roo have analysed the local tendency towards increased 
sea levels by checking tide charts [30]. In addition, scholars have examined the 
regional sea level rise trends for the Caribbean Sea based on altimeter data from 
TOPEX/Poseidon, Jason-1 and OSTM/Jason-2. The latest rate reported is 2.8 mil-
limetres−1 during the 1993—2015 period [31, 32]. Previous studies of the Mexican 
Caribbean [3, 13, 33–36] have found that a rise of 50 centimetres to 1 metre (m) could 
be devasting for coastal areas, especially for tourism infrastructure in zones prone 
to flooding and beach erosion by swells, which would have a strong impact on the 
region’s economy and tourism services.

5. Sea level rise in Playa del Carmen

A digital elevation model (DEM) created by INEGI was used to define flood-prone 
areas for the urbanised zones of this coastal tourism city. The model was based on 
lidar measurements on land in a map format, with a scale of 1:10,000 and resolution 
of 5 m per pixel. The DEM was indexed to the International Terrestrial Reference 
Frame’s horizontal datum for 1992 Epoch 1988.0 (i.e. ITRF92) and the ellipsoid-based 
Geodetic Reference System 1980 (see www.inegi.org.mx). The coordinates that define 
the DEM’s limits are given in Table .

The DEM’s topographic profile is shown in Figure , with A and B designating the 
transect line that begins on the coastline and runs inland. This profile reveals a sur-
rounding zone of 500 m in length with an elevation of less than 3 m. Beginning 500 m 
from the coastline, the land rises to an elevation of over 7 m for about 1 km. The 
coordinates are 20.62° North and 87.07° West. Table  provides the profile’s statistics.

UTM reference system DEM Playa del Carmen

West −87,11268

East −87,05401

North 20,68874

South 20,62325

Source: Author.

Table 1. 
Coordinates of the digital elevation model for Playa del Carmen.
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5. Urbanised area

A Google Earth image was selected for the area under study. This true colour image 
was broken down into its red, green and blue components to be used in an unsu-
pervised classification process [37]. A binary image (1, 0) was created to show the 
urbanised and tourism development areas (class 1) while omitting vegetation, bodies 
of water and bare land (class 0). Finally, the results were combined with the DEM to 
obtain an image divided into three elevation zones: 1 m (>0 m to ≤1 m), 2 m (>1 m to 
≤2 m) and 3 m (>2 m to ≤3 m). The total urbanised area was calculated for each zone 
in square metres (m2).

5. Cost of infrastructure

Property developers’ websites were surveyed to estimate the cost per m2 of build-
ing tourism infrastructure in Playa del Carmen on beachfront properties and those 
located along the coast. The average property value in United States dollars (USD) per 
m2 was confirmed by checking these properties’ average sales price per m2, without 

Figure 2. 
Topographic profile of Playa del Carmen’s terrain for transect line highlighted in the square. Source: Author.

Playa del Carmen DEM statistics

Number of points: 

86

Minimum value: 0 Average value: .5 Variation: 9.66

Profile length: 963.9 Maximum value: 
8.79

Corrected sum of squares: 
9833.29

Standard deviation: 
3.1

Source: Author.

Table 2. 
Transect statistics for Playa del Carmen digital elevation model (DEM).
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taking inflation into account. This approach can be used to develop economic growth 
indicators [38] and tools that help predict housing prices and sales [39].

5. Flood scenarios

The values obtained were used to evaluate future economic impacts on the city for 
the three flood-prone areas identified in the DEM. Figure  highlights the scenarios 
for the infrastructure shown in red for the 1 m, yellow for the 2 m and green for the 
3 m zones.

Playa del Carmen is the second largest metropolis in the state at 304,942 residents, 
according to INEGI’s 2020 census, but the city’s population growth rate is higher 
than that of Cancún. The scenario of 1 m of flooding would affect a surface area of 
19,281 m2, shown in red in Figure , with an estimated USD77 million in damages. 
The scenario of 2 m of flooding would cover a surface area of 64,649 m2, highlighted 
in yellow, with approximately USD258 million in damages. The final scenario of 3 m 
of flooding would affect a surface area of 90,895 m2, shown in green, with an esti-
mated USD363 million in damages (see Table ).

Figure 3. 
Playa del Carmen: Google Earth image combined with digital elevation model, with infrastructure at 1 m in red, 
2 m in yellow and 3 m in green. Source: Author.
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The damages in USD for the three scenarios are summarised in Table . Each 
option considers urbanised and tourism areas and only the average net construction 
cost. The calculations thus disregarded the cost of furnishings or other accessories for 
homes, offices or businesses. These facilities may have special features (i.e. flooring, 
designer accessories or interiors created by famous architects), so costs can triple or 
quadruple. Basic services (e.g. water, electricity, cable and Internet) and each build-
ing’s number of floors were also excluded. The DEM shows an average elevation of 
6.7 m above sea level and a stretch of coast 5.7 km long.

In addition, the city’s tourism infrastructure is vulnerable each year to storm 
flooding due to the nortes (north) season’s rains. Heavy downpours are also brought 
by the storms and tropical cyclones that can develop from June to November in the 
North Atlantic region (see www.nhc.noaa.gov/).

6. Conclusions

Playa del Carmen’s vulnerability has gradually increased in three ways: (a) the 
growing number of national and foreign residents due to the boom in tourism devel-
opment, (b) a possible increase in the frequency and intensity of tropical cyclones 
and (c) progressive sea level rise. The Mexican and foreign population growth is 
strongly connected to the investment boom in tourism facilities and expanding busi-
ness and service sectors. These trends imply budgetary allocations to defray the cost 
of providing the necessary housing, infrastructure and basic services such as potable 
water and sewage disposal. In the last 30 years, the already high freshwater demand 
has reached a critical level due to the depletion of groundwater (i.e. aquifers), espe-
cially in Playa del Carmen [12].

The IPCC reports that, since the 1970s, the frequency and intensity of tropi-
cal cyclones has increased in the North Atlantic region. These events are expected 
to have negative effects on the tourism industry in the future not only in Playa del 

Playa del Carmen

Residents 304,942

Price per m2 USD4,000

1 m 19,281 m2

USD77 million

2 m 64,649 m2

USD258 million

3 m 90,895 m2

USD363 million

Digital elevation model 6.7 metres above sea level

Distance 5.7 kilometres

Source: Adapted from [, ].

Table 3. 
Cost in United States dollars (USD) for urbanised and tourism areas for three flood scenarios (values calculated 
based on average sales price per square metre [m2] for beachfront properties in Playa del Carmen, according to the 
Asociación Mexicana de Profesionales Inmobiliarios [Association of Mexican Estate Agents]).
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Carmen but also throughout the entire Mexican Caribbean as the hurricane season 
coincides with the summer—and a part of the autumn—holiday season. Hurricanes’ 
consequences depend on their intensity and the property damage they inflict. They 
can paralyse business activities in any city or tourism centre, as well as decreasing 
employment and increasing other sectors’ vulnerability (e.g. health, energy, transport 
and education).

The best way to deal with the hurricane season is to provide information and 
education about these storms. Their impacts on coastal areas can be reduced with a 
permanent management plan that establishes priorities for the protection of human 
lives and natural habitats’ conservation and restoration (i.e. the Mesoamerican Reef 
and vegetation on coastal dunes and in mangroves and wetlands) as these features 
function as physical barriers.

Finally, the IPCC predicts that sea levels will continue to rise. These levels must 
be monitored in the Caribbean Sea region as they are a continuing threat to ecosys-
tems, tourism centres and coastal towns. Urban and tourism planning for coastal 
areas has to pay attention to climate change’s impacts. Management plans should 
be able to adapt to—and mitigate the effect of—sea level rise in Playa del Carmen, 
which requires engineering solutions (i.e. raised roads or bridges, changes in build-
ing designs and waterfronts constructed of materials resistant to high temperatures, 
hurricane winds and elevated salinity). Measures also need to include, among others, 
limitations on tourism and urban development in high-risk zones and the protection 
of infrastructure in urban and tourism areas. Any future adaptation programme of 
action must also be combined with the diffusion of information to society at large and 
the relevant users in countries with coastlines worldwide.

Acknowledgements

The author wish to thank the Instituto Nacional de Estadística y Geografía for 
granting her access to its Playa del Carmen Digital Elevation Model archive, which 
was vital to this research.

© 2023 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 



Vulnerability and Sea Level Rise in the Coastal Tourism City of Playa del Carmen, Quintana…
DOI: http://dx.doi.org/10.5772/intechopen.113390

9

References

[1] Álvarez Filip L. El arrecife 
mesoamericano, un paraíso que peligra 
por su belleza. La Jornada ecológica. 
2015;99:3-4

[2] Alva-Basurto JC, y J. E. Arias-
González. Arrecifes de coral, servicios 
ecosistémicos y cambio climático. La 
Jornada ecológica. 2015;99:5-6

[3] Blanchon P, Iglesias-Prieto R, Jordán 
Dahlgren E, Richards S. Arrecifes de 
coral y cambio climático: vulnerabilidad 
de la zona costera del estado de Quintana 
Roo. In: Botello AV, Villanueva-Fragoso S, 
Gutiérrez J, Rojas Galaviz JL, editors. 
Vulnerabilidad de las zonas costeras 
mexicanas ante el cambio climático. 
México: SEMARNAT-INE, UNAM-
ICMyL, Universidad Autónoma de 
Campeche; 2010. pp. 229-248

[4] Grupo SIMCA. ¿Cómo ha crecido 
el turismo en Playa del Carmen? 2023. 
Disponible en: https://blog.simca.mx/
como-ha-crecido-el-turismo-en-playa-
del-carmen [Acceso: 01 July 2023]

[5] SECTUR. Agendas de competitividad 
de los destinos turísticos de México. 
Estudio de Competitividad Turística 
del destino Riviera Maya. México: 
Universidad de Quintana Roo; 2013. 
548 p

[6] INEGI Population and Housing 
Census. 2020. Available from: https://
cuentame.inegi.org.mx/monografias/
informacion/qroo/poblacion/dinamica.
aspx?tema=me&e=23 [Acceso: 8 June 
2023]

[7] Santos-Lacueva R, Saladié Ò. 
Acción pública en materia de turismo 
y cambio climático: las percepciones 
de los stakeholders en la Riviera Maya 
(México). Pasos Revista de Turismo 

y Patrimonio Cultural. Special Issue 
Public Action and Tourism Policy. 
2016;4(3):611-630. DOI: 10.25145/j.
pasos.2016.14.040

[8] Dit Chirot CM. La ciudad turística 
y sus contradicciones: una reflexión a 
partir del ejemplo de Playa del Carmen. 
Península. 2021;6(2):121-138

[9] Uhu-Yam WD, Frausto-Martínez O, 
Rodríguez-Castillo JF, Colín OO. Factores 
para desarrollar un índice de vulnerabilidad 
a la contaminación en acuíferos kársticos 
costeros urbanizados. Ecosistemas y 
Recursos Agropecuarios. 2022;9(3):e3220. 
DOI: 10.19136/era.a9n3.3220

[10] Isla Garcia R. Indicadores de 
resiliencia de erosión costera en playas de 
uso turístico: Playa del Carmen, México. 
Tesis de maestría. México: Universidad 
Autónoma del Estado de Quintana Roo; 
2022. 129 p

[11] Sánchez Gutiérrez ME, Vázquez SFE, 
de la Yncera Hernández NC. Revista 
Dilemas Contemporáneos: Educación. 
Política y Valores. 2023;0(2:71):1-17

[12] Campos Cámara BL. Presión 
turística y urbanística: vulnerables 
al cambio climático en el Caribe 
mexicano. Quivera, Universidad 
Autónoma del Estado de México, México. 
2011;(2):1-13

[13] Flores Verdugo FJ, Casasola P, de 
la Lanza-Espino G, Hernández CA. 
El manglar, otros humedales costeros 
y el cambio climático. In: Botello AV, 
Villanueva-Fragoso S, Gutiérrez J, Rojas 
Galaviz JL, editors. Vulnerabilidad de las 
zonas costeras mexicanas ante el cambio 
climático. México: SEMARNAT-INE, 
UNAM-ICMyL, Universidad Autónoma 
de Campeche; 2010. pp. 165-188



Sea Level Rise and Climate Change – Impacts on Coastal Systems and Cities

0

[14] Ponce-Vélez G, Villanueva-Fragoso S, 
García Ruelas C. Vulnerabilidad de la 
zona costera. Ecosistemas costeros del 
Golfo y Caribe Mexicanos. In: Botello AV, 
Villanueva-Fragoso S, Gutiérrez J, Rojas 
Galaviz JL, editors. Vulnerabilidad de 
las zonas costeras mexicanas ante el 
cambio climático. Campeche. México: 
Universidad Autónoma Metropolitana-
Iztapalapa, UNAM-ICMyL, Universidad 
Autónoma de Campeche; 2011. pp. 37-72

[15] Shepard CC, Agostini VN, 
Gilmer B, Allen T, Stone J, Brooks W, 
et al. Assessing future risk: Quantifying 
the effects of sea level rise on storm 
surge risk for the southern shores of 
Long Island, New York. Natural Hazards. 
2012;60(2):727-745

[16] Ruiz-Ramírez JD. Herramientas 
actuales de análisis para la vulnerabilidad 
costera ante el aumento del nivel del mar: 
revisión para el caribe mexicano. Caos 
Conciencia. 2016;0(1):29-46

[17] Flores Verdugo FJ, Casasola P, 
de la Lanza-Espino G, Agraz C. El 
manglar, otros humedales costeros 
y el cambio climático. In: Botello AV, 
Villanueva-Fragoso S, Gutiérrez J, Rojas 
Galaviz JL, editors. Vulnerabilidad de 
las zonas costeras mexicanas ante el 
cambio climático. Campeche. México: 
Universidad Autónoma Metropolitana-
Iztapalapa, UNAM-ICMyL, Universidad 
Autónoma de Campeche; 2011. 
pp. 205-228

[18] Gallegos Martínez ME. Efectos del 
cambio climático sobre las praderas 
de pastos marinos. In: Botello AV, 
Villanueva-Fragoso S, Gutiérrez J, 
Galaviz JLR, editors. Vulnerabilidad 
de las zonas costeras mexicanas ante 
el cambio climático. 2ª ed. México: 
Universidad Autónoma Metropolitana-
Iztapalapa, UNAM-ICMyL, Universidad 
Autónoma de Campeche; 2011. 
pp. 255-276

[19] IPCC. Fifth Assessment Report of 
the Intergovernmental Panel on Climate 
Change 2014. Disponible en: https://
www.ipcc.ch/pdf/assessment-report/
ar5/wg2/WGIIAR5-Chap5_FINAL.pdf 
[Acceso: 23 November 2018]

[20] Liceaga-Correa MA, Arellano 
Méndez LU, Hernández-Nuñez H. 
Efectos de los huracanes y cambio 
climático sobre el Caribe mexicano: 
adaptabilidad de los pastos marinos. 
In: Botello AV, Villanueva-Fragoso S, 
Gutiérrez J, Rojas Galaviz JL, editors. 
Vulnerabilidad de las zonas costeras 
mexicanas ante el cambio climático. 
México: SEMARNAT-INE, UNAM-
ICMyL, Universidad Autónoma de 
Campeche; 2010. pp. 211-228

[21] Wong PP, Losada IJ, Gattuso J-P, 
Hinkel J, Khattabi A, McInnes KL, et al. 
Coastal systems and low-lying areas. In: 
Field CB, Barros VR, Dokken DJ, Mach KJ, 
Mastrandrea MD, Bilir TE, Chatterjee M, 
Ebi KL, Estrada YO, Genova RC, Girma B, 
Kissel ES, Levy AN, MacCracken S, 
Mastrandrea PR, White LL, editors. 
Climate Change 2014: Impacts, 
Adaptation, and Vulnerability. Part 
A: Global and Sectoral Aspects. 
Contribution of Working Group II to 
the Fifth Assessment Report of the 
Intergovernmental Panel on Climate 
Change. Cambridge, United Kingdom 
and New York, NY, USA: Cambridge 
University Press; 2014. pp. 361-409

[22] Expansión. Los 5 huracanes 
más devastadores que han tocado 
México en los últimos años. 2016. 
Disponible en: https://expansion.mx/
nacional/2016/08/08/los-5-huracanes-
mas-devastadores-que-han-tocado-
mexico-en-los-ultimos-anos [Acceso: 01 
June 2023]

[23] PDU 2023. Programa de Desarrollo 
Urbano de Chetumal-Calderitas-
Subteniente López-Huay-Pix y Xul-Há. 



Vulnerability and Sea Level Rise in the Coastal Tourism City of Playa del Carmen, Quintana…
DOI: http://dx.doi.org/10.5772/intechopen.113390



Municipio de Othón P. Blanco. ANEXO 
I.4. Disponible en: http://www.opb.
gob.mx/portal/wp-content/uploads/
transparencia/93/I/f/PDU2018/I-4%20
anexo%20Huracanes%2019012018.pdf 
[Acceso: 15 June 2023]

[24] Q. Roo. Ciclones tropicales con 
influencia en el territorio estatal. 
2023. Disponible en: https://qroo.gob.
mx/coeproc/ciclones-tropicales-con-
influencia-en-el-territorio-estatal/ 
[Acceso: 30 June 2023]

[25] INEGI. Anuario estadístico y 
geográfico de Quintana Roo 2016. 2016. 
Disponible en: https://qroo.gob.mx/
coeproc/wp-content/uploads/2019/09/
ciclones-con-influenciaI_2017_0.pdf 
[Acceso: 01 July 2023]

[26] Bijlsma L, Ehler CN, Klein RJT, 
Kulshrestha SM, McLean RF, Mimura N, 
et al. Coastal Zones Small Islands. In: 
Watson RT, Zinyowera MC, Moss RH, 
editors. Climate Change 1995: Impacts, 
Adaptations and Mitigation of Climate 
Change: Scientific-Technical Analyses. 
Contribution of Working Group II to 
the Second Assessment Report of the 
Intergovernmental Panel on Climate 
Change. Vol. 1995. Cambridge, UK: 
Cambridge University Press. pp. 289-324

[27] McGranahan G, Balk D, Anderson B. 
The rising tide: Assessing the risks of 
climate change and human settlements in 
low elevation coastal zones. Environment 
and Urbanization. 2007;9(1):17-37

[28] Nicholls RJ, Cazenave A. Sea-level 
rise and its impact on coastal zones. 
Science. 2010;8:1517-1520

[29] Magaña V, Gómez L, 
Neri C, Landa R, León C, Ávila B, editors. 
Medidas de Adaptación al Cambio 
Climático en Humedales del Golfo de 
México. México: Banco Mundial, Centro 
de Especialistas en Gestión Ambiental, 

Instituto Nacional de Ecología, 
Universidad Autónoma Metropolitana, 
Universidad Nacional Autónoma de 
México; 2011, 2011. 92 p

[30] Ruiz-Ramírez JD, Euán-Ávila JI, 
Torres-Irineo E. Tendencias del nivel del 
mar en las costas del Caribe mexicano. 
European Scientific Journal. 
2014;0(20):86-96

[31] Ruiz-Ramírez JD, Montejo GDL, 
Guillermo RJC. Manglares, desarrollo 
turístico y cambio climático en Playa del 
Carmen, corazón del Caribe Mexicano. 
Cuadernos de Biodiversidad. 2018;55:28-
40. DOI: 10.14198/cdbio.2018.55.03

[32] Ruiz-Ramírez JD, Euán-Ávila JI, 
Rivera-Monroy VH. Vulnerability of 
coastal resort cities to mean sea level 
rise in the Mexican Caribbean. Coastal 
Management. 2019;47(1):23-43. 
DOI: 10.1080/08920753.2019.1525260

[33] CEPAL. Efectos del Cambio climático 
en la costa de América Latina y el Caribe. 
Riesgos. España: Organización de 
Naciones Unidas – CEPAL; 2012. 44 p

[34] Márquez García AZ, Márquez 
García E, Recasens ABC, 
Rodríguez VT. Cambio en la línea 
de costa en la Rivera Maya debido 
a fenómenos hidrometeorológicos 
extremos, ¿consecuencia del 
cambio global climático? In: 
Botello AV, Villanueva-Fragoso S, 
Gutierrez J, Galaviz JLR, editors. 
Vulnerabilidad de las zonas costeras 
mexicanas ante el cambio climático. 
México: SEMARNAT-INE, UNAM-
ICMyL, Universidad Autónoma de 
Campeche; 2010. pp. 345-358

[35] Ortiz Pérez MA, Linares APM. 
Escenarios de vulnerabilidad por 
ascenso del nivel del mar en la costa 
mexicana del Golfo de México y el Mar 
Caribe. Investigaciones Geográficas. 
1999;9:68-81



Sea Level Rise and Climate Change – Impacts on Coastal Systems and Cities



[36] Vázquez Botello A. (coord.). 
Evaluación regional de la vulnerabilidad 
actual y futura de la zona costera 
mexicana y los deltas más impactados 
ante el incremento del nivel del mar 
debido al cambio climático y fenómenos 
hidrometeorológicos extremos. Informe 
final INE/A1-051/2008. México: Instituto 
Nacional de Ecología, Universidad 
Nacional Autónoma de México y 
Secretaría de Medio Ambiente y Recursos 
Naturales; 2008. 121 p

[37] Smith RB. Image classification. 
Lincoln, Nebraska: MicroImages, Inc.; 
2006

[38] McLaren N, Shanbhogue R. Using 
internet search data as economic 
indicators, Bank of England. Quarterly 
Bulletin. 2011;Q:7

[39] Wu L, Brynjolfsson E. The future 
of prediction: How Google searches 
foreshadow housing prices and sales. In: 
Goldfarb A, Greenstein SM, Tucker CE, 
editors. Economic Analysis of the Digital 
Economy. U.S.A.: University of Chicago 
Press; 2015. pp. 89-118


