
A Spatial Analysis of  Coastal Development in 
Cozumel, Mexico and Curaçao, N.A.
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Outline

• Experience
• Academic projects
• Examples of  coastal 

management analyses
– Cozumel, Mexico
– Curaçao, Netherlands 

Antilles
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Experience With Coastal 
Management Projects

Degree Areas
• Geography, M.A.

– Nature-Society interactions in the Caribbean.

• Environmental Science, M.En.
– Coastal management and seascape ecology

Content Areas
• Qualitative Methods: 

– Interviews
– Surveys

• Spatial Analysis Tools:
– GIS and GPS
– Remote sensing

• ERDAS Imagine
• Marine Ecology

– Tropical marine ecology
– Coral reef  ecology 3



Academic Projects

• M.A. Thesis – Cozumel
“The Political Ecology of  
Environmental Change and Tourist 
Development in Cozumel, Mexico”

• M.En. Course Projects - Curaçao
• Coral Reef  Ecology
• GIS in Landscape Ecology
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Cozumel, Mexico
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Why Cozumel?

• What do these have in common?

6



Biological Significance of  Cozumel
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Cozumel’s Conflicted Space
The Riviera Maya
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Developmental Context

• Significant pre-colonial Maya civilization 
with numerous archeological sites
– San Gervasio, Tulum, Chichen Itza

• US air base during WWII
• 1960 Jacque Cousteau visits Cozumel
• 1970’s to present, “Gringolandia” 

(Torres and Momsen, 2005)
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Cozumel’s Economic Niche
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Cruise Ship Trend
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http://datatur.sectur.gob.mx/
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Cruise Ship Pier Development

http://www2.uwsuper.edu/ccrs/Old%20Index.htm 12

• Construction of  additional cruise ship pier (Puerta Maya) over 
Paradise Reef  (3 cruise ship piers total)

• Public opposition to location of  construction.
• Multiple interpretations of  possible violations (e.g. EIS).
• For more see Vera-Morales 1996 and Preston 1996.



Methodologies

• Political Ecology theoretical 
framework.

• Qualitative
– Semi-structured interviews with 21 

participants in July of  2005.

• Quantitative
– LULC 1998-2001
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Interview Results

• Perception of  residents indicated:

– Politicians disregarded local request / referendum to move the 
pier to another location.

– Cruise ship visitation stresses local resources (e.g. water supply, 
sanitation)

Cozumel population estimates
2005: 75,000 
2010: 90,000
http://www.travelyucatan.com/cozumel_mexico.php

– Concern for coastal water quality due to dolphin enclosures, ship 
discharges and inadequate sewage treatment at some tourist 
locations.

– Limited economic “trickle down” to residents.
• For more on the political economy of cruise ships see Clancy 

(2008) and Wood (2000)

14http://www.globalcoral.org/What%20Shoul
d%20the%20Policy%20of%20the%20Munici
pality%20of%20Cozumel.htm

http://www.travelyucatan.com/cozumel_mexico.php�
http://www.globalcoral.org/What Should the Policy of the Municipality of Cozumel.htm�
http://www.globalcoral.org/What Should the Policy of the Municipality of Cozumel.htm�
http://www.globalcoral.org/What Should the Policy of the Municipality of Cozumel.htm�


Land-Cover 
Land-Use Change (LCLUC)
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Image Processing
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Conversion of 
Landsat TM 

Digital 
Numbers (DN) 
to ETM DNs.

Created AOI 
of Cozumel 

Island

Dark object 
subtraction 

for 
atmospheric 
correction.

Subset of 
bands 5,3,1 

for vegetation 
comparison.

Unsupervised 
classification 
of 20 classes.

Using ground 
reference 
points, I 

merged the 
20 classes to 

10.



LCLUC 1988 - 2001
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LCLUC Implications

• Additional Cruise Ship Piers
– 1-3 Piers: Sediment from concrete mixing, Paraiso reef  damage.

• Increased Urban Areas
– Change in San Miguel’s urban area from 2.09 miles2 to 3.25 miles2. 

• Increased Coastal Construction
– Sediment from concrete mixing, removal of  mangroves, sewage 

runoff.

• Increased Water Well Pipelines
– Aquifer reduction and potential for salt water intrusion
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http://pubs.usgs.gov/fs/2000/fs-057-00/

http://pubs.usgs.gov/fs/2000/fs-057-00/�


Hurricanes Emily / Wilma (2005)
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Biological effects of  Hurricanes
Emily and Wilma
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Curaçao N.A.
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Curaçao Reefs
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Mapping Methods

• Create Bathymetric Map of  Study Site
– Using Depth Data Loggers, GPS and ArcGIS

• Create Benthic Classification Map of  Study Site
– Using Remote Sensing Data
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Transect Data Collection
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Benthic Mapping
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Transect Video
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Incorporating Coral Cover with 
Habitat Maps
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Benthic Classification
Learning Experience (Course Project: Landscape Ecology)
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Land Mask
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Deglinting
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Deglinting Equations and Model
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Deglinting Results
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Benthic Classification
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Spatial Survey of  Benthic/Terrestrial 
Relationships
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Question:

Based on the classification, what is the 
composition of  benthic cover types 
adjacent to different land use types?
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Less Developed Areas 36



Benthic Composition by Location 
(Meters2)

Coral Sand
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Discussion

Discussion

• Additional preprocessing procedures 
would enhance classification by 
minimizing the similarities in the 
spectral reflectance signatures.

• Some classification errors
• Important to understand limits of  

tools, coral reef  areas that look like 
they have less coral may just be 
oriented differently, and sensors can’t 
observe coral deeper than 24’.

• Further research needed to see if  
development is influencing reef  
composition.
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Things I would have done differently…
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Summary

• A variety of  useful spatial tools are available for coastal 
development studies

• Some technical issues still restrict possibilities
• Planning and stakeholder involvement during coastal 

development is crucial
• The cruise industry exerts a disproportionate amount of  

power over the political economy of  destinations
• Well defined statutes are important to avoid multiple 

interpretations of  the law.
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