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Programa de Manejo de la Zona Costanera

Fecha adopcion: 1978

Agencia lider: DRNA
Compatibilidad Federal:  Junta de Planificacion
Tipo de Programa: Multiagencial

Mision:

Guiar el desarrollo publico y privado en la costa.

Promover el manejo activo de los recursos costeros .
Promover la intfegracion de la investigacion, la educacion
ambiental y de la parficipacion ciudadana en los procesos
de foma de decisiones sobre la conservacion y el
aprovechamiento de los recursos costeros.



PROGRAMA DE MANEJO DE LA ZONA COSTANERA:
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Poblacion y Economio

Poblacion: 3.7 millones (29t U.S.)
Poblacion en la costa: 2.7 millones (56%)

GNP: $67.5 billones/ano (2013)
Manufactura: 45.5%

Finanzas, Seguros y bienes raices: 19%
Servicios: 12.8% (Turismo: 8%)

Sector gubernamental: 9.7%
Comercio: 7.8%

Transporte: 3.2%

Construccion: 1.9%

Agricultura: 0.7 %



La costa de Puerto Rico en cifras

« Zona costanera (superficie terrestre): 953.9 Km?2
« Aguas ferritoriales: 13,154.5 Km?2

« Linea de costa: 799 mi

« NUmero de playas: 1,225

* Frente marino ocupado: 24%

* Municipios costeros: 44

« Poblacidon mun. costeros: 2,317,189 (56%)
 Aeropuertos: 10

 Puertos: 12

« 124 millas de carreteras primarias:

« 1,080 millas de infraestructura sanitaria

« Complejos de generacion eléctrica: 7

« Plantas de tratamiento de aguas usadas: 13
« Parques industriales: 81

« Areas terrestres protegidas: 8.71%

« Aguas territoriales protegidas: 27.19%




Adaptacion
Exportacién Suelos Agua

Zona Costanera

Desarrollo
Ambiente M al Playas Sostenible

Infraestructura CI | ma Contaminacion
TuriIsmo Energia

Arrecifes de  Energ ia

Importacion coral Erosion
ConstrucciOn Riesgos tisora

Goblerno  Humedales  pegiliencia
Economia

Océano

Empleos
Desperdicios Solidos
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Contexto global: cambios en el clima:

El clima estda cambiando de manera acelerada, mas alla de su variabilidad
natural.

97% de la comunidad cientifica coincide en que la aceleracion se debe a la
actividad humana (incremento en CO2 y otros gases de invernadero)

El Panel Intergubernamental sobre Cambios Climaticos (IPCC) de la Organizacion
de las Naciones Unidas emitid su quinto informe en septiembre 2013 y los
informes de los grupos Il y Ill sobre las bases fisicas, los impactos y las estrategias
de adaptacion y mitigacion del cambio climatico en marzo 2014.

El aumento en la temperatura superficial del mar, el aumento en el nivel del mar
y en la intensidad y frecuencia de eventos extremos como huracanes y tormentas
invernales, han intensificado los procesos naturales de erosidn costera.

Las playas que han perdido fuentes de aportes de arena (Ej. dunas) y en aquellas
en las cuales se haya construido muy préximo a la playa o se haya interrumpido
el transporte litoral de sedimentos, exhiben procesos acelerados de erosion.
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contribuyeron voluntariamente a la preparacion del ler Informe
sobre el Estado del Clima de Puerto Rico (2010-2013).
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CLIMATE CHANGE COUNCIL
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= Atmospheric temperature
= Precipitation

= Extreme Events

= Sea Surface Temperature
" Ocean Acidification

= Sea Level Rise
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...cambio de clima atribuido directa o indirectamente a la
actividad humana que altera la composicion de la
atmosfera mundial y que se suma a la variabilidad
natural del clima observada durante periodos de tiempo

comparables.
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CONSEJO DE CAMBIOS CLIMATICOS

CLIMATE CHANGE COUNCIL
PUERTO RICO
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Sea Surface Temperatures (SST) —
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Ocean Acidification: Puerto Rico Trends
(CariCOO0S)
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http://coralreefwatch.noaa.gov/satellite/oa/saturationState_GCR.html
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SAN JUAN BAY SEA LEVEL RISE (from Apnil 1962)

black: monthly means
Least Squares fit: black straight line (1.75 mm/year)
Least Squares fit (start 1993): red line (2,85 mm/year)
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black: monthly means
Least Squares fit: black straight line (1.59 mm/year)
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Storm Surge Model

Risk Assessment, Coastal Planning and Climate Change Analysis
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Major Hurricane History

Data from 1949 in the Pacific, lrom 1851 in the Atlantic
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Presidential Disaster Declarations (1989-2014)

By Year Major Disaster Declarations
State/Tribal
Disaster Declaration Process Number = Date P — Incident Description
Disaster Aid Programs 4040 10/18/2011 | Puerto Rico Tropical Storm Maria
Policies and Guidance 4017 08/27/2011 | Puerto Rico Hurricane Irene
Process Fact Sheet 4004 07/14/2011 | Puerto Rico Severe Storms. Flooding., Mudslides, And Landslides
Presidential Disaster 1046 10/26/2010  Puerto Rico Severe Storms. Flooding. Mudslides, and Landslides associated

Declarations with Tropical Storm Otto

1919 06/24/2010 | Puerto Rico severe Storms and Flooding

Disaster Recovery Centers

1798 10/01/2008 | Puerto Rico Severe Storms and Flooding
Preliminary Damage 1613 11/10/2005 | Puerto Rico Severe Storms, Flooding, Landslides, and Mudslides
Assessment Reports 1552 09/M17/2004  Puerto Rico Tropical Storm Jeanne and Resulting Landslides and Mudslides
=+ Disaster Assistance Reports 1501 11/21/2003 | Puerto Rico Severe Storms, Flooding, Mudslides, and Landslides
1396 11/28/2001 | Puerto Rico Severe Storms and Flooding
1372 05/16/2001 @ Puerto Rico Flooding
1247 09/24/1998  Puerto Rico Hurricane Georges
136 09/11/1996 Puerto Rico Hurricane Hortense
068 09/16/1995  Puerto Rico Hurricane Marilyn
8931 01/22/1992 Puerto Rico Flooding., Severe Storm
842 09/21/1989  Puerto Rico HURRICANE HUGO
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SLR Planning and Design considerations
for Puerto Rico

US Army Corps
of Engineers.

U.S. Army Corps of Engineers EC 1165-2-212
Relative Sea Level Rise Scenarios for San Juan, PR

.by 2060: 0.07 to | |
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1. PRCCC Analysis Conducted by USACE , Jacksonville District
2. Section 22 Agreement has been formailized by DNER-USACE




BRUNN RULE
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BRUNN RULE

The first and best known model relating shoreline retreat to an increase in local
sea level is that proposed by Per Bruun (1962). The IPCC reports that 1 cm rise
(S) in sea level erodes beaches about 1 m horizontally ( R) . This becomes a
large issue for developed beaches that are less than 5 m from the ocean.

The Bruun rule states that a typical concave-upward beach profile erodes sand
from the beach face and deposits it offshore to maintain constant water depth.
The Bruun rule can be applied to correlate sea-level rise with eroding beaches.
The Bruun rule estimates the response of the shoreline profile to sea-level rise.
This simple model states that the beach profile is a parabolic function whose
parameters are entirely determined by the mean water level and the sand grain
size. The analysis by Bruun assumes that with a rise in sea level, the equilibrium
profile of the beach and shallow offshore moves upward and landward.



Medidas de
adaptacion

1. OBSERVAR RETIROS
PROYECTOS NUEVOS v. EXISTENTES

2. ADECUACION VERTICAL

* INFRAESTRUCTURA DEPENDIENTE
DEL AGUA

e INFRAESTRUCTURA CRITICA
« VIAS DE ACCESO

Accommodation

3. PROTECCION
e ESTRUCTURAL

* NO ESTRUCTURAL
(INFRAESTRUCTURA NATURADA)

* SOLUCIONES INTEGRADAS




DEPARTMENT OF THE ARMY EC 1165-2-212

LLS. Army Corps of Engineers
CECW-CE Washington, DC 20314-1000

Circular

No. 1165-2-212 1 October 2011

EXPIRES 30 September 2013
SEA-LEVEL CHANGE CONSIDERATIONS FOR
CIVIL WORKS PROGRAMS

l. Purpose. This circular provides United States Army Corps of Engineers (USACE) guidance
for incorporating the direct and indirect physical effects of projected future sea-level change
across the project life cycle in managing, planning, engineering, designing, constructing,
operating, and maintaining USACE projects and systems of projects. Recent climate research by
the Intergovernmental Panel on Climate Change (IPCC) predicts continued or accelerated global
warming for the 21st Century and possibly beyond, which will cause a continued or accelerated
rise in global mean sea-level. Impacts to coastal and estuarine zones caused by sea-level change

must be considered in all phases of Civil Works programs.



Erosion and flood control strategies

Non-structural: 1. Acquisition and relocation

Non-structural: 2. Building retrofit

Non-structural: 3. Enhanced flood warning and evacuation planning
Non-structural: 4. Land use management / zoning and flood insurance

Structural:
Structural:
Structural:
Structural:
Structural:
Structural:
Structural:

2. Deployable floodwalls
6. Floodwalls

7. Levees

8. Seawalls

9. Revetments

10. Bulkheads

11._Storm surge barriers

Structural
Structural
Structural
Structural
Structural

f Natural and nature-based features 12 Beach restoration

{ Natural and nature-based features 13. Beach restoration and breakwaters
! Natural and nature-based features 14 Beach restoration and groins

! Natural and nature-based features 15 Drainage improvements

! Natural and nature-based features 16 Living shorelines

Natural and nature-based features 17. Overwash fans

Natural and nature-based features 15 Reefs

MNatural and nature-based features 19 Submerged aguatic vegetation
MNatural and nature-based features 20. Wetlands /




Wetlands




WAVES REACH THE
SHORELINE

DEGRADED
REEF FLAT

SEAGREASS AND MARSHLAND
PLANT GROWTH

BAGGED
OYSTER
SHELLS

WAVE

DISSIPATED

WAVE ACTION REEF FLAT

CONCRETE
REEF BALLS

BREAKING

Artificial reefs
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Storm drainage
Improvement
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Storm Surge Scenarios: 0.5m
Sea Level Rise

B Cat. 1 Hurricane Flood
Cat. 2 Hurricane flood
Cat. 3 Hurricane Flood
Cat. 4 Hurricane Flood

Cat. 5 Hurricane Flood

Coastal Zone Land Boundary
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Earthstar Geographics
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Storm Surge Scenarios: 0.5m
Sea Level Rise

E::‘_‘l‘*] Cat. 1 Hurricane Flood
Cat. 2 Hurricane flood
Cat. 3 Hurricane Flood
Cat. 4 Hurricane Flood

Cat. 5 Hurricane Flood

Rpge= B (1 0r6) » O X

Coastal Zone Land Boundary
Maximum of Maximum Indand Flood 0.5m
Sea Level Rise Scenario

lame CAT1/SLR 0.5m

del ADCIRC+SWAN — Flood by Storm
Surge (Still Water)
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Storm Surge Scenarios: 0.5m
Sea Level Rise

. Cat. 1 Hurricane Flood
Cat. 2 Hurricane flood
Cat. 3 Hurricane Flood

Cat. 4 Hurricane Flood

" Cat. 5 Hurricane Flood

Coastal Zone Land Boundary
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Infrastructure

Electric_Power

Transmission centers

i€

Generation plants

Substations

%

Water

Waste water treatment plants
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PROYECTOS Y ACTIVIDADES EN CURSO

OE 2013-016

Evaluacion vulnerabilidad y Planes Adaptacion Agencias de
Infraestructura

OE 2013-019
Enmiendas al Reglamento 4860 para adoptar SRO-ZMT

Plan de Adaptacion Municicipio de Culebra

Plan de Adaptacion Municipio de Dorado

Plan de Adaptacion Municipio de Rincon
Publicacion de Informe de Vulnerabilidad 2010-2013

Guia de Estrategias de Adaptacion (DRNA-CLCC)



PUERTO RICO INSURANCE/RE-INSURANCE STUDY

2013

HOW THE INSURANCE INDUSTRY IN PUERTO RICO IS POSITIONED IN THE EVENTUALITY OF
A CHRONIC NATURAL DISASTER EVENT

Dr. Jaime Torres (eorge-CTP
Moreno Santiago & Company
Economic Analysils Division
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ACTIVIDADES Y PROYECTOS EN CURsO GGG
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Estudios de dindmica de sedimentos litorales para el
segmento : Loiza-Isla Verde-Ocean Park-Condado-
Ensenada Boca Vieja (Toa Bajq)

USACE / UPR-M / DRNA-PMZC (en curso)

Estudio de dindmica de sedimentos en costas de Rincon
USACE / UPR-M / DRNA-PMZC (en curso)

Evaluacion de cambios en las playas de Puerto Rico,
Culebra y Vieques UPR-RP / DRNA-PMZC (en curso)

Evaluacion de guias de diseno de carreteras y sistemas
de drenagje pluvial DRNA-PMZC (en curso)



RECOMENDACIONES CCC

CLIMATE CHANGE COUNCIL
PUERTO RICO

—-Fortalecer los procesos de educacion, concienciacion y la infegracion

de estrategias de adaptacion a los procesos de planificacion sectorial
(Ei. Agua, Salud, Infraestructura, etc), ordenacion territorial y usos del terreno.

-Desarrollar modelos geofisicos para la determinacion de riesgos de inundacion
con validaciones a nivel local.

-Desarrollar modelos econdmicos para evaluar riesgos, potencial de pérdidas,
costos de proteccion, adaptacion o reemplazo que permitan establecer
prioridades de inversion.

-Promover la participacion de los gremios y asociaciones de profesionales,
asociacion de industriales, cdmaras de comercio, facultades de ciencias,
planificacion, salud, arquitectura, ingenieria , diseno, agronomia y economia,
asi como de grupos fradicionalmente excluidos de los procesos de
planificacion y toma de decisiones.

-Promover la infegracion de la mejor informacion cientifica sobre los cambios en
el clima (tendencias y proyecciones) a los procesos de planificacion, diseno,
construccion e inversion, tanto en el sector publico como en el privado.
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