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Climate Change 101

 These slides were deleted due to copyright. If
you would like to schedule a climate change
101 presentation please contact Kasey Jacobs
at or visit
to request a

presentation from one of the eight Puerto
Rico presenters.




ESTUDIO SOBRE LA PERCEPCION PUBLICA DE LOS

CAMBIOS CLIMATICOS Y
LOS RIESGOS NATURALES

SEGMENTO OESTE DE PUERTO RICO

SEPTIEMBRE 2009




Importancia relativa ("ranking") asignada a 6 temas
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CLIMATE CHANGE EFFORTS IN PUERTO RICO

e Citizens of the Karst — 2007 Climate Change Declaration to
Government and Citizens of Puerto Rico

2007 and 2009 Roundtables on Climate Change (Dr. Rafael
Mendez Tejeda, UPRM and Dr. Ruperto Chaparro, Sea Grant)

2008 Puerto Rico Global Warming Commission (Executive
Order)

U.S. Global Change Program’s "Global Climate Change Impacts
in the United States" (USGCRP, 2009)

White House Task Force on Climate Change and the National
Climate Assessment — U.S. Caribbean included for 2013!!




Puerto Rico Coastal Adaptation Project:

Primary outputs will be:

1. Vulnerability Assessment for multiple
sectors

2. Recommended Adaptation Strategies
and Policies




Puerto Rico Coastal Adaptation Project

e Utilizar la mejor informacion cientifica disponible para identificar
las comunidades y ecosistemas mas amenazados por riesgos
costeros y cambio climatico.

» ldentificar, evaluar, priorizar, y desarrollar estrategias de
adaptacion y politicas publicas eficaces que puedan aplicarse en
Puerto Rico.

« Comunicar los resultados, consensos y recomendaciones al
gobierno, la sociedad civil, los medios de comunicacion, y el sector
privado.

 Lograr una sociedad puertorriquena bien informada acerca de los
peligros costeros, la adaptacion y la mitigacion al cambio climaticos.
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Four Working Groups
for the Puerto Rico
Climate Change
Community (PRCCC)

Geophysical and
Chemical
Scientific

Knowledge

Ecology and
Biodiversity

Society and
Economy

Communicating
Climate Change
and Coastal
Hazards




Reporting on Historic Trends and Possible Future
Climate Conditions for the following parameters:

Air temperatures
Precipitation
Extreme Precipitation
Sea Level Rise
Winter Swells/Nor’easters
Sea Surface Temperatures
Tropical Storms and Hurricanes
Ocean Acidification

Geophysical and Chemical Scientific
Knowledge: Scenario Building




Ecology and Biodiversity

Beach Ecosystems Puerto Rican Parrot
Emergent Wetlands Sea birds and coastal

Coral Reefs Waterfowl

Submerged Aquatic ,« “ Coastal and pelagic fish
Vegetation £ species
Lagoons/Biobaysf_;-"’f : - Contamlnants and Wildlife
Cays and IsIeft,s’” | Forests (coastal forests,
Amphibians4e.g., Coquis)  Caribbean National forest, dry
Sea Turtles forests, etc)

Marine'Mammals




Society and Economy

Economic Development Critical Infrastructure

Livelihoods

Coastal Communities

Mining of mineral Water resources

resources

Historical and Cultural

Tourism and Recreation Preservation

Industry
Fisheries
Energy

Disaster Management
Population Growth and
Development Trends
Social Vulnerability
Health




Communicating
Climate Change and

Coastal Hazards




Vision for Puerto Rico




Recruit critical e Launched PRCCC and created four working groups
partners a nd ¢ Agreed on the process and a vision for Puerto Rico

» Agreed on the sectors to be assessed. Examples: ecosystems (wetlands,
dEVEIOp the forests, coral reefs), species (coqui, PR parrot), critical infrastructure,
collaboration economic development, coastal communities, health, etc.

process e Created the PR-CC-L

¢ Develop climate scenarios for the future based on historic trends and
already published climate projections for Caribbean basin (WG1)

Systematically o6]l[16i7 | e Create PR Climate Change Research Library
data and knowledge e Preliminary/Qualitative Assessment with expert input

e Risk Assessment Workshops: (1) Natural Resources and (2) Societal
Infrastructure to quantify risk levels and time

¢ |dentify socio-economic and ecological indictors of vulnerability and
Spatial Ana|yses and resilience in Puerto Rico

VE pping of ¢ Using remote sensing and GIS identify natural buffers such as dune
- systems, wetlands, eolianites, mangroves, cays, etc.
Vulnerabilities ¢ Using existing Social Vulnerability Index and identified exposed/protected

areas, identify at-risk communities and ecosystems

e Complete Vulnerability Assessment Report and seek peer-review

Recpmmend . e |dentify/develop, evaluate, and prioritize adaptation strategies and
Slelsaliepel S is = policies through workshops and expert advice

and im p|ement * Finalize reports and create executive summaries

e Qutreach and education of the key vulnerabilities and adaptation options
outreach plan for Puerto Rico

T

July
2011
October
2011

June
2012



Preliminary Findings of the Puerto Rico
Vulnerability Assessment

e Underlying Vulnerabilities

— Precipitation Impacts
— Storm Surge Impacts
— Sea Level Rise Impacts

e Possible Future Climate Conditions
— Temperature
— Precipitation
— Sea Level Rise
— Winter Swells




Underlying Vulnerabilities
Existing Hazards in Puerto Rico
(w/o climate change):

Riverine and Coastal Inundation
Landslides

Tropical storms and Hurricanes
Earthquakes

Tsunamis

Winter Swells (“marejadas de invierno”)

Coastal Erosion
Drought




Underlying Vulnerabilities
Puerto Rico is at risk from:

Continuing development in high hazard areas

Elimination of dunes, reefs, mangroves and
other naturally protective features

Poor maintenance of existing shoreline
stabilization structures

Poor maintenance dredging of rivers, canals,
and reservoirs

Poor maintenance of stormwater systems

Poor sediment management from the land
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Residential homes
Power Generation Plants
Sewage Systems
Cemeteries

Recreational Areas

Community Centers/Libraries

Government agency buildings (i.e., emergency
management office in Salinas; police stations in
Fajardo)

Schools
Hospitals




Increase In Heavy Precipitation Days
Worldwide

1960 1970 1980 1990




Puerto Rico has already
experienced a 37% increase in the
amount of very heavy precipitation

from 1958-2007

Source: NOAA — US Global Chang Research Program




Fajardo — Lluvias del 17 de abril de 2003
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MODELING ASSETS

CaRA and UPRM have jointly established the
Alliance for Numerical Modeling and Coastal
Forecast. The PRCMP of DNER has contracted the
Alliance to perform Coastal Zone inundation

modeling using ADCIRC, SWAN and COULWAVE.

Coastal winds, WRF J. Gonzales-CaRA/UPRM, S.
Strippling NWS-SJ)

Coastal waves, SWAN ( C. Anselmi, CaRA-UPRM,
J. C. Ortiz —=UniNorte




MODELING ASSETS (cont.)

e Storm surge-inundation ADCIRC (J.
Gonzalez, CaRA-UPRM, A. Mercado-UPRM,
B. Blanton-Renaissance Institute, and Ernesto
Diaz, DNER Coastal Management Office.

salt - 1 Sep of model year 1

Coastal currents, ADCIRC (J. Capella-CaRA, T
Dave Hill,- Penn State) '

* Offshore currents (HYCOM/ROMS)
L. Cherubin-RSMAS, N. Ildrissi-UVI),
IAS/NCOM (D. Ko-NRL)




San Juan Monthly Mean Sea Level 1962-2010

y =0.0017x - 3.1565

Seriesl — Linear (Series1)

0.414m 2100




Magueyes - Montlhy Mean Sea Level 1955-2008

y = 0.0014x - 2.7066

Seriesl —lineal

0.256m 2100
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j Playa Puerto Nuevo, Vega Baja

160 240 320 Flente: DRNA, Image 2007
Meters 16953  \Rodriguez Lyzaida, 2010




“First Lines of Defense” are
Disappearing




POSSIBLE FUTURE CLIMATE CONDITIONS —
CHALLENGES FOR THE COASTS




Simpson et al. Figure 1: Changes in regional average annual temperatures compared
to present day values at thresholds of 2.0 ° C and 1.5 ° C and differences between the

two; all values in Celsius; note differences in the scales.
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Simpson et al 2009 figure - fractional changes in total annual rainfall; reds indicate

drying, blues increased rainfall; note differences in the scales.
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Winter Swells and
Nor’easters

Under higher-emissions scenario, between 5 and 15
percent more late-winter storms will move far enough
north to affect the Northeast (about one additional late-
winter storm per year). Lower emissions show little
change in the number of nor’easters that strike the NE,
therefore little change in PR winter swells.




Estimmated Sea Level Rise by 2100
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IPCC A4 (2007) Rahmstorf (2007) Pfeffer et. al. (2008)

Figure 1. Comparison of recert estimctes of sea level rise in 2100,
relative to 1990 levels.




Inundation Mapping Efforts in
Puerto Rico”

-EMA/Dewberry SLR Advisory Layer (complete
out distribution unclear)

University of Arizona — Department of
Geosciences (Weiss and Overpeck) (complete
and available for use)

Citizens of the Karst (NGO)
CariCOOS — Jorge Capella SLR shapefile (2010)

" That we know about specific to climate
change
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Climate Change impacts on wetlands

Current Situation

Saltmarsh migration inland is blocked
by seawall.

Future Scenario

Saltmarsh attempts to migrate
inland due to higher mean sea
levels, butis squeezed againstthe
seawall and submerged.




Leyenda - Map key:

Limite de las aguas territoriales de Puerto Rico (9 millas nauticas) -

Fuente de informacién - Source:
Departamento de Recursos Naturales y Ambientales
Wetlands Inventory

NOAA Benthic Mapping

|:] Humedales palustres - Palustrine wetland - Humedales estuarinos - Estuarine wetland = 5 2
Coastal zone maritime boundary ( 9 nautical miles)
| Areas Naturales Protegidas - Natural Protected Areas I:l Humedales marinos - Marine wetland
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Major Coral Reef Stressors

T o Climate Change

Land-based Sources of

Pollution

Fisheries Impact
Disease

CORAL REEF CONSERVATION PROGRAM

Recreational Overuse
GOALS & Lack of ,IAwareness
OBJECTIVES

2010 - 2015




Climate Change impacts on coral reefs

Climate change impacts are identified as the greatest global
threats to coral reef ecosystems:

e Bleaching

e Disease and
Mortality

e Ocean acidification




What is driving

climate change . GHG Increase in greenhouse gas emissions

How the climate N I Increase in air/sea

responds surface temperatures

Increase in climatic
variability,e.g. rainfall,
tropical cyclone intensity

Beaches submerged

Coral bleaching s Submergence, silting
and loss of sea-grass

beds

» Damage to mangroves
impairing their function

» |ncreased incidences
of biotoxins and
algal blooms can
contaminate fish

o Coastal lands inundated

= Salinisation of coastal

Examples aquifers

of impacts
\| * Salt water intrusion into
mangroves and
esiuaries

= Physical damage to coral
reefs caused by storms

s Structural changes in the
fisheries sector

}

Mangrove shoreward retreat
loss of fresh water aquifers

Increased incidence of fish poisonings
[ramage to dive tourism
Coastal lands inundated

Destruction of human settlements

; Many economic, social and environmental impacts and implications 5

Examples of
resulting hazards

and implications




OPTIONS FOR COASTAL MANAGEMENT




Adapting to CC-SLR
INn Puerto Rico

. RETREAT

New vs. Existing structures

. ACCOMMODATION

Water coastal dependant
structures

Port operations, airports, public
infrastructure, access roads

Accommodation

. PROTECTION

Structural, non-Structural
and integrated solutions

Protection
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ACCOMODATION







PROTECTION STRATEGIES:

eCoral reefs and dune
systems protection

Ciently sloped :
Artifie /
Atinctaly erbanknest \Wetlands protection,

Aificialreef  CAMANCCASAN =Y restoration and
beach T
: i enhancement

eArtificial reefs

eIntegrated options




COASTAL MANAGEMENT CHALLENGES
FROM CLIMATE CHANGE

Perception that the coasts should be static

Perception that there is no scientific
consensus on climate change

Lack of awareness of role/responsibility of
coastal managers and resource users

Incremental/uncertain risk gets lost amid
other iImmediate, concrete issues

_ack of perfect information
Property Rights

Politics

Planning - Adaptation works best at
the local level




LOW-HANGING FRUIT

= Implement hazard mitigation strategies laid out
In municipal hazard mitigation plans

= Require each agency to conduct vulnerability

assessments and integrate climate change into
their work

m Purchase coastal lands that serve as buffers or
dissipate wave energy as well as potential
wetland advancement areas

= More research and high resolution
mapping/modelling




MORE CHALLENGING
ADAPTATION STRATEGIES

= New setbacks based on SLR projections
= New building codes
= New Insurance requirements for DRR

_ocal planning for adaptation

| arge-scale flood reduction programs

Planned retreat of certain areas and communities
= Soft and hard shoreline protection structures




Climate Change in the Caribbean:
Puerto Rico & the U.S. Virgin Islands

November 15-16, 2011
San Juan, Puerto Rico

cUSGS

science for a changing world




FUERTORICO

COASTAL ZONE
MANAGEMENT PROGRAM

Gracias!




