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Adapting to current and potential Adapting to current and potential 
impacts of Climate Change in Puerto Ricoimpacts of Climate Change in Puerto Rico



OBJECTIVEOBJECTIVE

Provide an overview of Puerto RicoProvide an overview of Puerto Rico’’s s 
natural and socioeconomic systemnatural and socioeconomic system’’s s 
vulnerability to climate change.  vulnerability to climate change.  
Discuss potential adaptation  Discuss potential adaptation  
strategies, challenges and coastal strategies, challenges and coastal 
zone management priorities for the zone management priorities for the 
next decades.next decades.



OVERVIEWOVERVIEW

Relevant socioeconomic statistics.Relevant socioeconomic statistics.
Storm, Flooding, erosion and sea level  Storm, Flooding, erosion and sea level  
trends trends 
Potential impact analysis (i.e. coastal)Potential impact analysis (i.e. coastal)
Adaptation strategiesAdaptation strategies
BiodiversityBiodiversity
ChallengesChallenges
PRCMP PrioritiesPRCMP Priorities
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Hispaniola
Puerto Rico

USVI



Emerged land area:Emerged land area: 9,497 km2 (3,508 9,497 km2 (3,508 mi mi ²²))
Territorial waters:Territorial waters: 9 nm (10.35 stat. mi)9 nm (10.35 stat. mi)
Population:Population: 3.9 millon   (263.9 millon   (26thth U.S. largest )  U.S. largest )  
Coastal Zone Population:Coastal Zone Population: 2.73 millon (70%)2.73 millon (70%)

40% urban land area40% urban land area

GDP:GDP: ~$ ~$ 56.5 billion/yr 56.5 billion/yr 
Construction value:Construction value: ~$ 6.4  billion/ yr ~$ 6.4  billion/ yr 
(Housing, Roads, schools,industrial,commercial buildings)(Housing, Roads, schools,industrial,commercial buildings)
Industry: Industry: $25.4 billion   (45%)$25.4 billion   (45%)
Tourism:Tourism: $4.1 % billion (7%)$4.1 % billion (7%)

12,900  hotel rooms12,900  hotel rooms
10,292,000 people used the San Juan Int10,292,000 people used the San Juan Int’’l airport l airport 
1,350,000 tourists arrived by cruise ships1,350,000 tourists arrived by cruise ships

Agriculture:Agriculture: $0.7 billion     (1%)$0.7 billion     (1%)
Source: PRPB 2005Source: PRPB 2005--66

Puerto Rico Puerto Rico 
RELEVANT STATISTICSRELEVANT STATISTICS



Eight ports Eight ports 

Eight airportsEight airports

Five power plantsFive power plants

1080 miles of sanitary infrastructure1080 miles of sanitary infrastructure

81 Industrial lots81 Industrial lots

114 miles of primary roads114 miles of primary roads

INFRASTRUCTURE WITHIN 1 KM OF THE COASTINFRASTRUCTURE WITHIN 1 KM OF THE COAST



Over the next 100 years, small islands are likely to Over the next 100 years, small islands are likely to 
experience:experience:

• Increase in Surface Temperatures between 1.4Increase in Surface Temperatures between 1.4°°C and 5.2C and 5.2°°CC
•• Sea level Rise between 34 to 98 cmSea level Rise between 34 to 98 cm
•• Changes in rainfall patterns and flooding during wet seasons.Changes in rainfall patterns and flooding during wet seasons.
•• Increase in the frequency of extreme eventsIncrease in the frequency of extreme events
•• Possible increase in the intensity of tropical cyclones and    Possible increase in the intensity of tropical cyclones and    
changes in their tracks.changes in their tracks.
•• Increase in frequency of extreme temperatures.Increase in frequency of extreme temperatures.
••Less rainfall during dry seasons.Less rainfall during dry seasons.
••Increase in sea surface temperature.Increase in sea surface temperature.
••Socioeconomic and environmental impactsSocioeconomic and environmental impacts

Skepticism   Skepticism   v.    v.    precautionary principle?precautionary principle?

Why should a small island be concerned Why should a small island be concerned 
about climate change?about climate change?



Is Puerto Rico vulnerable to CC-SLR?

Vulnerability is a function of a system’s 
sensitivity to climate and the capacity of that 
system to adapt to climate changes. 

In other words, systems that are less able to 
adapt to changes are generally considered to be 
vulnerable to climate change impacts (i.e. coral 
reefs …wetlands?, beaches ?)

Are impacts associated to vulnerability?











Rank Country Annual CO2 emissions
(x106 tons/yr)

Percentage of total emissions

- WorldWorld 27,245,75827,245,758 100.0100.0 %%

1 United StatesUnited States
[5][5]

6,049,4356,049,435 22.222.2 %%

2 ChinaChina 5,010,1705,010,170 18.418.4 %%

- European UnionEuropean Union 3,115,1253,115,125 11.411.4 %%

3 RussiaRussia 1,524,9931,524,993 5.65.6 %%

4 IndiaIndia 1,342,9621,342,962 4.94.9 %%

5 JapanJapan 1,257,9631,257,963 4.64.6 %%

6 GermanyGermany 808,767808,767 3.03.0 %%

7 CanadaCanada 639,403639,403 2.32.3 %%

8 United KingdomUnited Kingdom 587,261587,261 2.22.2 %%

9 South KoreaSouth Korea 465,643465,643 1.71.7 %%

10 ItalyItaly
[6][6]

449,948449,948 1.71.7 %%

11 MexicoMexico 438,022438,022 1.61.6 %%

12 South AfricaSouth Africa 437,032437,032 1.61.6 %%

13 IranIran 433,571433,571 1.61.6 %%

14 IndonesiaIndonesia 378,250378,250 1.41.4 %%

15 FranceFrance
[7][7]

373,693373,693 1.41.4 %%

16 BrazilBrazil 331,795331,795 1.21.2 %%

17 SpainSpain 330,497330,497 1.21.2 %%

18 UkraineUkraine 330,039330,039 1.21.2 %%

19 AustraliaAustralia 326,757326,757 1.21.2 %%

20 Saudi ArabiaSaudi Arabia 308,393308,393 1.11.1 %%
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POPULATIONPOPULATION

~3.9 million~3.9 million

Aprox.1,100 people/mi Aprox.1,100 people/mi ²²

Increased 8% over last decadeIncreased 8% over last decade



PUERTO RICO
Ecozones (6)Ecozones (6)

BIODIVERSITYBIODIVERSITY



GEOCLIMATIC ZONES: 28GEOCLIMATIC ZONES: 28
WOODY VEGETATION FORMATIONS: 21WOODY VEGETATION FORMATIONS: 21



PRPR--GAPGAP











Natural Protected Areas StatisticsNatural Protected Areas Statistics

Total protected areas (land) Total protected areas (land) 8.24%8.24%

Total protected estuarine wetlands Total protected estuarine wetlands 31.80%31.80%

Total protected reefsTotal protected reefs 51.49%51.49%

Total protected sea grasses Total protected sea grasses 49.24%49.24%

























AdaptingAdapting toto CCCC--SLRSLR
in Puerto Ricoin Puerto Rico

1. RETREAT1. RETREAT
NewNew vs. vs. ExistingExisting structuresstructures

2. ACCOMMODATION2. ACCOMMODATION
WaterWater oror coastalcoastal dependantdependant

structuresstructures
PortPort operationsoperations, , airportsairports, , 
publicpublic infrastructureinfrastructure, , 
accessaccess roadsroads

3. PROTECTION3. PROTECTION
StructuralStructural, non, non--StructuralStructural
andand integratedintegrated solutionssolutions



PROTECTION STRATEGIES: PROTECTION STRATEGIES: 
•Mangrove and dune 
systems protection

•Wetlands protection, 
restoration and  
enhancement

•Artificial reefs

•Integrated options

http://images.google.com/imgres?imgurl=http://www.reefmaker.net/images/Coquina-sm.jpg&imgrefurl=http://www.reefmaker.net/products.cfm&h=480&w=640&sz=88&hl=es&start=32&um=1&tbnid=AFS6iWujg05TMM:&tbnh=103&tbnw=137&prev=/images%3Fq%3Dartificial%2Breefs%2Bjacks%2B%26start%3D20%26ndsp%3D20%26svnum%3D10%26um%3D1%26hl%3Des%26rls%3DGZHZ,GZHZ:2007-22,GZHZ:es%26sa%3DN
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ARRECIFES DE CORAL: SEDIMENTACIONARRECIFES DE CORAL: SEDIMENTACION

La La degradacidegradacióónn de los de los arrecifesarrecifes de de 
coral de coral de bordeborde eses mayor en mayor en aquellasaquellas
cuencascuencas y y ááreasreas costerascosteras dondedonde la la 
poblacipoblacióónn eses mayor  y mayor  y laslas descargasdescargas
y y fuentesfuentes terrestresterrestres de de sedimentossedimentos
son son mmááss altasaltas..





Impacts of Sedimentation on coral reefsImpacts of Sedimentation on coral reefs

Major impacts of riverMajor impacts of river--derived sediment andderived sediment and
nutrients: nutrients: 

•• Reduced light penetrationReduced light penetration
•• Reduced live coral cover,Reduced live coral cover,
•• reduced coral abundance and diversityreduced coral abundance and diversity
•• increased algal and sponge density and increased algal and sponge density and 

diversity.diversity.







GLOBAL SYSTEMS MONITORING GLOBAL SYSTEMS MONITORING 

ARGO is a global array of 3,000 
free-drifting profiling floats that 
measures the temperature and 
salinity of the upper 2000 m of 
the ocean.

This allows, for the first time, 
continuous monitoring of the 
temperature, salinity, and 
velocity of the upper ocean, 
with all data being relayed and 
made publicly available within 
hours after collection.



GLOBAL SYSTEMS MONITORING GLOBAL SYSTEMS MONITORING 

NEON is the first long‐term ecological observatory conceived as
a continental‐scale research network; equipped with standardized
sensors, cyber-infrastructure, and data‐collection protocols across
the network; and designed to address simultaneously a
common set of research questions and support investigator
‐ driven ecological research in all regions of the United States.

The National Ecological Observatory Network 
is a research platform designed to advance
understanding of how ecosystems and organisms
respond to variations in climate and changes in
land use.



Increase knowledge about trends of resource Increase knowledge about trends of resource 
abundance and distributionabundance and distribution
Increase understanding of interspecies and Increase understanding of interspecies and 
speciesspecies--habitat relationshipshabitat relationships
Contribute to increase knowledge about Contribute to increase knowledge about 
climate change, sea level rise and their climate change, sea level rise and their 
impact on terrestrial, coastal, marine  and  impact on terrestrial, coastal, marine  and  
socioeconomic systems.socioeconomic systems.
Effectively address human use patterns that Effectively address human use patterns that 
may affect resource sustainability and may affect resource sustainability and 
biodiversitybiodiversity

Puerto Rico Puerto Rico 
CHALLENGESCHALLENGES



Improve predictions of weather and climate Improve predictions of weather and climate 
change and their effects on coastal communities change and their effects on coastal communities 
Reduce public health risks Reduce public health risks 
Protect healthy coastal marine ecosystems (i.e. Protect healthy coastal marine ecosystems (i.e. 

wetlands and coral reefs systems) and support wetlands and coral reefs systems) and support 
habitat restoration projects. habitat restoration projects. 
Enable the sustainable use of marine and coastal Enable the sustainable use of marine and coastal 

resources.resources.
Develop better tools and techniques for coastal Develop better tools and techniques for coastal 

hazards protection (I.e. Early warning systems)hazards protection (I.e. Early warning systems)

Puerto Rico Puerto Rico 
CHALLENGESCHALLENGES



PRIORITIES:PRIORITIES:

StrengthenStrengthen andand ensureensure accessaccess toto thethe best best informationinformation availableavailable
in in orderorder toto supportsupport decissiondecission makingmaking (in (in bothboth thethe PublicPublic andand
PrivatePrivate sectorssectors.) .) 

EstablishEstablish thethe IslandIsland--widewide baselinebaseline forfor thethe PublicPublic DomainDomain
MaritimeMaritime ZoneZone ((SetbackSetback plus plus conservationconservation easementeasement). ). 

IdentifyIdentify andand protectprotect keykey geomorphicgeomorphic featuresfeatures thatthat reduce  reduce  
coastalcoastal communitiescommunities vulnerabilityvulnerability toto hazardshazards..

ProtectProtect coastalcoastal wetlandswetlands andand coral coral reefreef systemssystems fromfrom stressorsstressors
suchsuch as as nonpointnonpoint pollutionpollution (i.e. (i.e. SedimentationSedimentation) ) throughthrough landland
acquisitionacquisition andand active active managementmanagement..

ConductConduct coastalcoastal communitiescommunities vulnerabilityvulnerability assessmentsassessments..

IdentifyIdentify adaptationadaptation mechanismsmechanisms forfor communitiescommunities atat riskrisk..



COMMONWEALTH PARTNERSCOMMONWEALTH PARTNERS

•• PR  Planning BoardPR  Planning Board
•• DNERDNER
•• PR Environmental Quality BoardPR Environmental Quality Board
•• Department of AgricultureDepartment of Agriculture
•• Housing DepartmentHousing Department
•• Department of HealthDepartment of Health
•• Cultural Heritage InstituteCultural Heritage Institute
•• Puerto RicoPuerto Rico’’s Tourism Companys Tourism Company
•• University of Puerto RicoUniversity of Puerto Rico
•• Sea GrantSea Grant
•• Coastal Municipalities (43)Coastal Municipalities (43)

FEDERAL PARTNERSFEDERAL PARTNERS

••NOAA OCRMNOAA OCRM
••NOAA NOSNOAA NOS
••NOAA National Geodetic SurveyNOAA National Geodetic Survey
••US Geological SurveyUS Geological Survey
••US Environmental Protection AgencyUS Environmental Protection Agency
••Caribbean Fisheries Management Caribbean Fisheries Management 
CouncilCouncil
••International Institute of Tropical International Institute of Tropical 
ForestryForestry
••Natural Resources Conservation Natural Resources Conservation 
ServiceService

Other Commonwealth partners:Other Commonwealth partners:

•• University of Puerto Rico – Marine Sciences Department
• University of Puerto Rico – Health Sciences Department
• Puerto Rico Water Resources Institute
• Puerto Rico Forest and Natural Reserves Systems
• Community based organizations and NGOs
• Other Universities and Research Institutions

TECHNOLOGY:TECHNOLOGY:

GIS GIS 
Remote sensingRemote sensing
Mass education Mass education 
and  outreach and  outreach 



www.drna.gobierno.prwww.drna.gobierno.pr
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