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@ Overview

PUERTO RICO

* (limate Change fundamentals

e The State of the Puerto Rico Climate 2022 ... What we know!
e (Coastal communities, critical infrastructure and natural assets at risk.

* TIrends and projections ... What we need to know!
* Blueprint for resilient coasts and biodiversity
* Translating Science into Policy and Effective Implementation

* Procrastination or Paradigm Shift 7 ... An urgent need for consensus!

@ PR-CCC.ORG l ¥ (@prclimatechange




@ Puerto Rico Climate Change Council

Mission

...assess the state of Fuerto Rico s climate, using the best science and knowledge
available, understand Fuerto Rico s social-ecological vulnerabilities and develop
aagaptation strategies to build a resilient society.

Membership: 150+

@ PR-CCC.ORG l ¥ (@prclimatechange
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FOURTH NATIONAL CLIMATE ASSESSMENT




Global Climate Change

PUERTO RICO

(

...a change of climate which is attributed directly or indirectly to human activity that alters the
composition of the global atmosphere and which is in addition to natural climate variability
observed over comparable time periods. (UNFCCC 1992)

A World of Agreement: Temperatures are Rising
Global Temperature Anomaly (relative to 1951-1980, °C)

1.0+ @ Thermal expansion @ Glaciers (non-Greenland) Glaciers in Greenland
© Greenland ice sheet @ Antarctic ice sheet @ Land water storage
0.8- Il Observed sea level rise

06 July 2022: 418.90 ppm

04+ July 2021: 416.96 ppm
Last updated: August 5, 2022

Observed and modeled contributions to sea level rise
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Puerto Rico's coastal uses and assets @

PUERTO RICO
GDP: $105 billion/year (PRPB)
ECONOMICS Tourism S2B/year

Built up Areas/Coastline 18%
Industrial Parks (81)

Commercial/Recreational Fisheries Coastal population: 2.3 million (61%) at
44 coastal municipalities

HOUSING Public Housing (15)

Individual Housing () Territorial waters: 9 nm (A=5,078.9mi?)

PUBLIC BUILDINGS Public Buildings not under other sectors (] Coastline: 799 mi -1,225 beaches (60%
moderate to severe erosion)
TRANSPORTATION Airports (11)
Ports (12)

Bridges, Culverts, Piers
Miles of Primary Roads (17,387mi/27,982km)

NATURAL AND Protected Areas (Land) DRNA 8.7% (2015) — PA-CAT 16% (2016)
CULTURAL Protected Areas (Marine) 27.2%
RESOURCES Shallow coral reefs and associated communities designated for

protection 49% .
Historical Properties (22+)




Puerto Rico's coastal uses and assets

HEALTH AND
SOCIAL SERVICES

COMMUNICATIONS

ENERGY

EDUCATION

C

PUERTO RICO

Hospitals (3)
Treatment Centers (xx)

Fiber Optic Cables (15)
Internet Infrastructure
Public community systems

Power plant systems (5 public, 2 private)
Substations
Distribution and transmission lines

Coastal population: 2.3 million (61%) at
44 coastal municipalities

Territorial waters: 9 nm (A=5,078.9
mi?)

Coastline: 799 mi -1,225 beaches (60%
moderate to severe erosion)

PRASA infrastructure at coastal zone: 200km potable water

260km sanitary infrastructure

6 water systems

Pump stations

Wastewater Treatment Plants (28 coastal)

Schools (36)

10




@ Coastal Risks: Inundation and Erosion

PUERTO RICO

Coastal inundation is the increase in sea levels that affect low-lying lands. Floods
are caused by tides, storm surges, waves (episodic) or sea level rise
(permanent).

Coastal erosion is the loss of land, or the long-term removal of sediment along

the coastline due to the action of waves, currents, tides, the impacts of storms,
winter swells or wave energy deficits.

Key arivers: Ocean forcing, extreme events, poor planning and aesign



Resilience @

PUERTO RICO

...IS the capacity lor a social-ecological system to:

1.
2.

absorb stress and maintain function in the face of external stresses, and

adapt, reorganize, and evolve into more desirable configurations that

improve the sustainability of the system, leaving it better prepared for
future impacts.



A Louisiana Tribe Is Now Officially A , /]
Community Of Climate Refugees il mﬂﬂ/fﬁﬂ/lf///llﬂﬁ/ﬁflllﬁ/l/ﬂlfﬂﬂﬂ’ Se

Since the 1950s, the Native American tribe has lost 98 percent of th~ *-
calls home.
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Areas Naturales Protegidas de Puerto Rico
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The State of Puerto Rico's Climate 2021-2022

Puerto Rico Climate Change Councll



Land & Ocean Temperature Percentiles Jun 2022
NOAA's National Centers for Environmental Information

Data Source: NOAAGIobaITemp v5.0.0-20220708
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Record Much Cooler than Near Warmer than Much Record
Coldest Cooler than Average Average Average Warmer than Warmest
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PRCCC Working Group 1: Geophysical and Chemical Scientific Knowledge (2022)
. osection | Auths | TechnicalReviewers

Section 1: Our warming planet Adam Terando3*
William Gould®

Section 2: Puerto Rico’s contribution to Global Climate Change Adam Terando3#
William Gould>
Mark Jury®

Section 3: El Nifio and Other Forms of Natural Climate Variability Jared Bowden*

Section 4: Observed and Projected Temperature Changes in Puerto = Adam Terando3#

Rico Jared Bowden?*

Section 5: Observed and Projected Precipitation Changes in Puerto = Adam Terando3*

Rico Jared Bowden*

Section 6: Observed and Projected Sea Level Rise in Puerto Rico Ernesto L. Diaz2  (Coordinator) Aurelio Mercado, William Sweet, Juan
Patricia Chardon®’ Gonzalez, Mark Osler, Robert Kopp

Section 7: Ocean Acidification Melissa Meléndez® Dwight Gledhill, NOAA Ocean Acidification
Julio Morell®7 Program

Section 8: Tropical Cyclones Adam Terando3#

Jared Bowden*

Diaz, E., Terando, A., Gould, W.,, Bowden, ]., Chardon, P., Meléndez, M., and Morell, ]J. (2021). Working Group 1: Geophysical and
Chemical Scientific Knowledge. State of the Climate Report. Puerto Rico Climate Change Council. Diaz, E. and Terando, A. [Eds.]



GCMs provide foundational knowledge for climate risk characterization

End of twenty-first century RCP8&.5 precipitation change

-l !
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Expect higher temperatures and sub-tropical drying in Caribbean region!



Ch. 20 | U.S. Caribbean

10
~—— Observations
8 Modeled Historical
mmmm Higher Scenario (RCP8.5) 5 %
mm Lower Scenario (RCP4.5) _5’ o
6 - Higher Emissions, Regional Climate Model Simulation (CCSM) T3

PUERTO RICO Higher Emissions, Regional Climate Model Simulation (CNRM)

Temperature Change (°F)
D
1
Lower
Scenario

1950 1975 2000 2025 2050 2075 2100
Year

- Temperatures across Puerto Rico vary strongly with topography.

e Temperatures are projected to increase in Puerto Rico and across the Caribbean over
the 215t century under scenarios corresponding to both lower and higher levels of
GHG emissions.
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Featured USGS gages

(normalized stags)

NOAA/NOS/CO-OPS = Datums
Observed Water Levels at 9754228, Yabucoa Harbor PR (MLLW)
From 2017/09/19 00:00 GMT to 2017/09/21 23:59 GMT
8.0
Tuesday, Sep 19 2017, 06:48 GMT
e Predictions: 0.544ft.
Verified: 0.804ft. 6.0
3
2
g 4.0
e °
£
£
z 2.0
2
% MHHW MHW

NOAA [NOS/ Center for Operational Oceanographic Products and Services
00:00 08:00 16:00 00:00 08:00 16:00 00:00 08:00 16:00
9/19 9/19 9/19 9/20 9/20 9/20 9/21 9/21 9/21

[— Predictions — Verified = Preliminary

Hurri Mari Options for Units Shift dates
urricane Maria
USGS Stream Gages (< 25% of Puerto Rico gages 9154228 Yabucoa Harbar, PR ‘ Feet M WBack 1Day  WForward 1 Day
ges (< 25% toR es)
(] Below flood stage )
@ Aboveflood stage From: Timezone Interval
todas MM oM v mn  1hr  HL  Day Month

NOAA total rainfall amount (inches) .

(25 [ 150 | 1621 | 220 | 2027 | 2720 | 203 | 2226 | 3035 | 22 | 245 | 540 | swo1 | - | : To Datum © Update

Sep vli2t viao017 ] MLLW v m Data Op

POPULATION A RISK
Floods : 524,469 hab. (15.2%)

Storm Surge: 98,063 hab. (2.7%)
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WAPA/September 20 B
Vieques, Puerto Rico
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PUERTO RICO IN CRISIS e

B8 STUDY: HURRICANE MARIA DEATH TOLL MAY BE MORE THAN 4,600
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Tropical Cyclones in US Caribbean — Active Pattern Over Last 25 Years
ZUSGS
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PRCCC WG1 REPORT (2021)
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Increased droughts/decreasing rainfall: The annual average rainfall from the most recent global Climate Model
Intercomparison Project (CMIP6) ensemble depicts decreasing rainfall with increasing emissions Statistical and dynamical
downscaling indicate a shift to drier conditions within Puerto Rico as greenhouse gas concentrations increase.

Tropical cyclone intensity is projected to increase. With a warming of 2°C, projected changes in the total number of
storms remains uncertain. This includes increases in the longevity of associated surface winds, and the proportion of
tropical cyclones that reach the category 4 and 5 levels with heavier rainfall associated.
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PUERTO RICO

PRCCC WG1 REPORT (2021)

NOAA Regional Sea Level Rise Scenarios
La Puntilla, San Juan
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Changing Ocean conditions

* Ocean acidification. Surface ocean is 12%
more acidic than in 1988

* Sea Surface Temperature is 2.3% higher than
in 1992 (double the global ocean rate).

* Sea level Rise projections range between
2.75-3.25 m by 2100

» Combined effects of increases in tropical
cyclone intensity (wind speeds and rainfall
rates) with rising sea levels will lead to
increases in storm surge and coastal tflooding.
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MAX WAVE HEIGHT @ SJ / CAROLINA- HURRICAANE MARIA (SEP 20.2017)

Maximum simulated significant wave height (Hs, ft) for Hurricane Maria

Latitude

Longitude
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SCIENCE ADVANCES | RESEARCH ARTICLE

ENVIRONMENTAL STUDIES A global slowdown of tropical-cyclone
Coral reef structural complexity provides important translation speed
coastal protection from waves under rising sea levels Nature S5, 104 107 (2018) | Downioad Creation -

Daniel L. Harris,'">** Alessio Rovere,’?* Elisa Casella,”? Hannah Power,” Remy Canavesio,®

Antoine Collin,”® Andrew Pomeroy,®'%"' Jody M. Webster,'? Valeriano Parravicini®

Abstract
Coral reefs are diverse ecosystems that support millions of people worldwide by providing coastal protection from
waves. Climate change and human impacts are leading to degraded coral reefs and to rising sea levels, posing concerns As the Earth’s atmosphere warms, the atmospheric circulation changes.
for the protection of tropical coastal regions in the near future. We use a wave dissipation model calibrated with These changes vary by region and time of year, but there is evidence
empirical wave data to calculate the future increase of back-reef wave height. We show that, in the near future, the that anthropogenic warming causes a general weakening of
structural complexity of coral reefs is more important than sea-level rise in determining the coastal protection provided summertime tropical circulation’®3%.5.6.7.8 Because tropical cyclones
by coral reefs from average waves. We also show that a signiﬁcant increase in average wave heights could occur at are carried along within their ambient environmental wind, there is a
present sea level if there is sustained degradation of benthic structural complexity. Our results highlight that maintain- plausible a priori expectation that the translation speed of tropical
ing the structural complexity of coral reefs is key to ensure coastal protection on tropical coastlines in the future. cyclones has slowed with warming. In addition to circulation changes,

anthropogenic warming causes increases in atmospheric water—vapour

Maximum simulated significant wave height (Hs, ft) for Hurricane Maria

30'

25'

20'

15'

Latitude

662 6615 66.1 8605 66 6595 65.9

| AnAitiidAa



Reef and Beach Intervention to enhance coastal protection
in Puerto Rico - Pilot projects at San Juan metro and Rincon

SITE: San Juan

Coral - Hardbottm between 5-15 feet

Kilometers
1.5

“ - . . - » . -
¥ SraeGR St Dipla it oot SEN
PV AEER A e T, USRS, USES, e dies 163
| ey

Total Site Area: 3,015 acres
Estimated area of reef between 5-15 feet: 520 acres
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Manglares (miles de hectareas)
(o]
1

6 - !
i
i
5 \ \ \ T \ T ‘ [ ‘ ) ‘ ‘
1800 1820 1840 1860 1880 1900 1920 1940 1960 1 1980 2000
Aiio ! !
| i
1919 1972
Proteccion legal de cinco Proteccion legal de todos los
Bosques Insulares que contenian manglares en la Isla
manglares

Fuente: Martunizzi, S., William.A. Gould, Ariel.E. Lugo, Ernesto Medina. (2009). Conversion and recovery of Puerto Rico mangroves: 200 years of change.
International Institute of Tropical Forestry
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R.C. det 5. 49
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EN BL SENADO DE PUERTO RICO

£ completion of ;

Marzo 25, 1927

onflict herewith

. days. after its Los sefores Barcerd, Iernixnsz Lorsz, IRIarTs, Marrinez v Gox- .
(T S .zAvez MEwa presentaron la siguiente

Resolucién Conjunta

- Autorizando al Comisionado del Intevior para vender manglares de
El Pueblo de Puerto Rico y disponiendo que el producto. de dicha
venta, o la parte del mismo que fuere necesaria, se destine a la

terminacién de las obras del Capitolio de Puerto Rico.

Por or}aN’m, El Pueblo de Puerto Rico es duefio de varios terrenos

. cublertos de mangle, situados en distintas partes de esta Isla;.

‘PORAOUAIL(’I’Q, 14 existencia de dichos manglares son altainente perju-

: ! M . . . i .
. - diciales g la salud, por ser criaderos de mosquitos 'y consecuente-:

—
“-mente focos de malaria y otras enfermedades;

" “‘Por Guante, dichos terrenos son ademéds improductivos;

T

B . -
~N10, Bl Pueblo de Puerto Rico ha menester de fondos para

o coneluir las obras del Capitolio,

R TANTO, Resudlvese por la dsamblea Legisiativa de Puerto Rico:

Seccidn 1.—Autorizar, ¥ per la presente se autorviza, al Co-

misionado del Interior para que vewda por el precio de tasacion

que fije el Tesarera de Puerto Rico, todos loy terrenos cubiertos

e mangle correspondiontes a 11 Muebly de Puerto Rica,

Cox - Seeaidn. 2 QUi e raduera e dicha ventas o dguella parte.

R.C del S. 49 (1927):

For cuanto la existencia de dichos
manglares son altamente perjudiciales a
la salud, por ser criaderos de mosquitos
y consecuentemente focos de malaria y
olras enfermedades

...se autoriza al Comisionado del
Interior para que venda por el precio
de tasacion que fije el Tesorero de
Fuerto Rico, todos los terrenos
cublertos de mangle correspondientes
a £l Fueblo de Fuerto Rico
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_  Engineering With Nature,

AN ATLAS

- =4

TETRA TECH

Nature-based Solutions for Coastal Systems
Coastal Engineering Handbook Part Il

Prepared by: Tetra Tech, Inc.

Submitted to: Department of Natural and Environmental Resources
Coastal Zone Management Program

July 2022



Conservation is essential to build Resilience

* Healthy reefs

* Wider beaches

* Taller dunes

* Healthy Wetlands
* Watersheds

e Nature-based
Solutions
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Key challenges for biodiversity conservation in the Anthropocene

...to counteract the accelerating rate of species extinctions resulting from habitat
loss and fragmentation, climate change, and invasive species.

Ensuring connectivity between protected areas is an important element to foster
biodiversity conservation, climate change adaptation and ecological resilience.



KEY OBJECTIVES OF BIODIVERSITY CONSERVATION <@[

PUERTO RICO

Representativeness is a measure of how well terrestrial protected areas represent the
ecological diversity of a country.

Redundancy measures if sufficient examples of species and ecosystems in a protected area
network to capture genetic variation and protect against unexpected losses.

Ecological Connectivity is the unimpeded movement of species and the flow of natural
processes that sustain life on Earth.

Ecosystem Services are the many and varied benefits to humans provided by the natural
environment and from healthy ecosystems.
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Future Climate Shift

Current climate ; Future climate

N v

i

More
hot
weather
1
0 More
Less ’. 5 extreme
cold A Increase in hot
weather = average weather
\ L temperature J
|d Average Hot

Temperature




Take away messages @

PUERTO RICO

Translating science into policy takes time and can be frustrating
Planning and designing based on historic trends increase vulnerability

Adaptation strategies for built-up/developed areas differ from strategies for
undeveloped areas

Policy implementation requires political will, education and sustainable financing

Biodiversity conservation is essential to build social-ecological resilience
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