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Figure 1. Low-lying areas  
at risk of sea-level rise and  
storm surges (15x15km cells 
<8m above sea level) 

The Economics of Hurricanes  
and the Implications of Global Warming 
William D. Nordhaus, 2010 



We are vulnerable and the world knows it. 



Nine inches of sea level rise at 
Key West over the past 100 years  

tracks with the global average rate. 

Key West tide gauge data 



UNIFIED SEA LEVEL RISE PROJECTION 
3 to 7 inches by 2030 

9 to 24 inches by 2060 

Key West 



All images of Hurricane  
Sandy’s impacts in Broward 

County in 2012  

Increased storm severity is an unwelcome prediction.  
Florida has proven resilient in the past, 

   but the rising 
   sea and  
  growing  

    population are  
   challenges.    



Natural coastal defenses minimize erosion 
and absorb floodwaters. 

Coral Reefs 

Beaches and Dunes 

Mangroves/Marshes 

Coastal Forests 



Natural coastal defenses provide cost-effective risk 
reduction, they are relatively adaptable to changing 

conditions and they provide numerous  
co-benefits that South Floridians already value. 



Healthy coral reefs attenuate 97% of wave energy.  



Beaches and dunes take the brunt of storms. 



Mangroves and other coastal wetlands absorb wave 
energy, trap sediment and filter stormwater. 



“Living shorelines” mimic nature and provide 
erosion control, habitat for wildlife and recreation 

opportunities.  

Rare Natural Mangrove Shoreline ………….Created Mangrove in Rock Planters……..…...……. 

……Created Oyster Bar..…….….. 

Hidden Sport Fisherman 



The region’s hardened shorelines provide 
opportunities for “greening.” 



Thank you 
James Byrne, The Nature Conservancy 

jbyrne@tnc.org 



Urban Conservation in  
Southeast Florida 

Greg Guannel 
greg.guannel@tnc.

org 

CoastalResilience.org: Increasing 
Resilience in S.E. Florida One Tool at a 

Time 







Where Next? 



People ∩ 
Conservation 

Where are the 
threats & 

challenges? 

Where do habitats 
protect most? 

Where Should We Act? 



CoastalResilience.org 



CoastalResilience.org: 
A sharing and investigative 

platform 



CoastalResilience.org :  
Identify Threats to People 



CoastalResilience.org:  
Identify Threats to People &Habitats 



CoastalResilience.org :  
Identify Where Nature Protects People 



Platform Can Inform about 
Benefits from Multiple Habitat 

Types 



Coastal Defense v.0 
Live Corals and Mangroves  

Coral  

Mangrove  

Click on shoreline of interest 



User Defines Level of Change 
(Management Scenario) 



Outputs Informs  
Restoration Potential 








Output Indicates How Protective 
Habitat Is 



Outputs Informs  
Where we Should Work First 



Platform Can Inform about 
Benefits from Multiple Habitat 

Types 



What is Urban Conservation in 
Southeast Florida? 



Example Project 



Building Resilience with Nature in Southeast 
Florida, from the Everglades to the Atlantic 



Thanks! 



Southeast Florida Regional Climate Change 
Compact’s Shoreline Resilience Working Group 

Overview 
 

Sustainability Stewards Workshop 
May 7, 2015  Lauderdale-By-The-Sea, Florida 

 
 David Stout, Natural Resource Specialist II 

Environmental Protection Growth Management Department 
Environmental Planning and Community Resilience Division 

 

 



Southeast Florida Climate Change Compact 

• Fully Ratified January 2010 
• Commitments include: 

o Policy Collaboration 
o Develop Regional Tools 

– Unified SLR Projection 
– Inundation  Maps 
– GHG Emissions Baseline 

o Create a Regional Action Plan 
• Coordinate mitigation and 

adaptation strategies  
• Convene Annual Summits 



Regional Climate Action Plan  

• Details 110 recommendations 
across 7 planning areas. 
 

• Natural Systems (NS) planning 
area has 14 recommendations. 
 

• “NS-7 Coordinate ‘living shorelines’ 
objectives… to foster use of natural 
infrastructure (e.g. coral reefs , 
dunes and mangroves) instead of 
or in addition to grey infrastructure 
(e.g. bulkheads).”  



  

Shoreline Resilience Working Group 

Scope: All forms of natural, “living” and hybrid grey-green 
approaches to coastal defense that protect the SEFL mainland or 
the Florida Keys. 
   
Timeline: 2014-2016 or longer. 
 
Goal: Improve coastal defense in the Compact region by 
increasing the effectiveness, number and scale of nature-based 
erosion control and flood attenuation projects. 



Shoreline Resilience Working Group 

        Objectives:  
 

• Serve as a clearing house for best practices and technical 
information. 
 

• Highlight completed projects as examples.  
 

• Catalogue opportunities for new projects.  
 
• Promote new projects with particular emphasis on a diverse set of 

high profile examples that advance  and demonstrate the science 
of living shorelines  approach and socialize the concept of nature-
based coastal defenses in our region. 



Shoreline Resilience Working Group 

Is “operationalizing” the Action Plan. 

The living shoreline  
approach can be cost 
effective, self maintaining 
and adaptable to 
change. 



Shoreline Resilience Working Group 

• Living shorelines  are designed to work in harmony with 
nature. 

 
• We are becoming more aware and understand the 

value of the protective services that natural features 
provide. 

 
• Investing in the restoration and protection of natural 

features as well as exploring the living shorelines 
approach will fortify our defense against coastal 
hazards and climate change. 

 
• The Nature Conservancy and Shoreline Resilience 

Working Group assembled a case studies booklet to 
highlight  living shoreline projects in our area to 
promote these ideas. 

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://en.wikipedia.org/wiki/The_Nature_Conservancy&ei=T8lKVeb5JomRsAWM2oCwDA&bvm=bv.92765956,d.b2w&psig=AFQjCNH3xb2ZdzoneFDl85p8QAHq0pKSHA&ust=1431050946613778






John U. Lloyd Beach State Park  
Dune Restoration Project 

Goals: 
• Demonstrate the power of partnership between public, private and non-profit 

sectors. 
 

• Provide education about climate change,  beach erosion, habitat change,  
and adaptation to sea level rise. 
 

• Develop environmental stewardship and an appreciation for  of coastal 
resilience strategies. 



John U. Lloyd Beach State Park  
Dune Restoration Project 

 
 
 
Results: 
• Engaged and educated more than 400 community volunteers. 

 
• Planted more than 8000 sea oats and native dune plants. 

 
• Solidified corporate, public and non-profit partnerships. 

 
 
 
 
 
 
 
 
 

• Catalyst that formed new community relationships and partnerships in 
Lauderdale-By The Sea, FL and Surfside, FL. 
 

• Template used to win $25k NFWF/ Wells Fargo Environmental Solutions Grant. 
 

• EPCRD requested and received $20K to promote dune restoration projects. 
 
 
 

  
 



Southeast Florida Living Shorelines Database 

• Overall goal 
• Emphasize the importance of the natural shoreline stabilization 

options which individually or in combination with structural 
measures can improve our response to coastal hazards and 
contribute to the healthy  and sustainable coastal environments .  

• Two specific objectives: 
• Create a catalogue / inventory of  living shoreline projects  as 

well as preserved natural features . 
• The database is intended to support development of a spatial 

decision support tool for shoreline management that can 
enhance coastal resilience and sustainability.  

 

Dr. Diana Mitsova, FAU 



Southeast Florida Living Shorelines Database 

• The SE Florida Living Shoreline Spatial Database 
incorporates nearly 1,500 shoreline features 

• The database includes:  
• natural habitats  
• shoreline restoration, enhancement and stabilization projects 

• Spatial extent:  
• Broward County (1,356 features) 
• Palm Beach County (54 features) 
• Miami-Dade County (70 features) 
• Blowing Rocks Preserve in Martin County.  

    
 

Focus: Estuarine Areas 



Southeast Florida Living Shorelines Database 

Nature-based Approach to Resilience 
 

 

 

 

 

 



Virginia Key 

Palm Beach 

Assess regional opportunities for new projects 
• 3 Counties   
• 6 Million residents  
• 90 Miles shoreline 
• 72  Miles critically  eroded 
• 8 Inlets 
• 6 State parks 

We created two Feature Classes 
• Dunes 
• Shore Protection 

 
• 2013 Aerials 
• Max. Resolution 1 ft 
• Scale 1:500 
• 2767 Dune Features 

Shoreline Resilience Working Group 

Focus: Dunes 



2013 2014 

Shoreline Resilience Working Group 

Aneese Williams, UM 



• 62 Projects  
• 5 Types 
• Beach nourishment 
• Dune restoration 
• Structures 
• Bypassing 
• Back-passing 

 
 
 

  

 

 

  

 

 

Shoreline Resilience Working Group 



Shoreline Resilience Working Group 
Palm Beach Broward Miami-Dade Regional 

Shoreline, mi 45 24 21 90 

Dunes, mi 37 16 17 70 
# Dunes 1250 904 613 2767 
% Vegetated 82 65 82 77 
Avg. Elevation 12 10 8 10 

Avg. Beach 
Width, ft. 

134 (range 9 
- 473) 

122 (range 
17- 408) 

153 (range 0 - 
527) 

134 (range 0 - 
527) 

# Projects 28 19 15 62 
Beach 
Nourishment 

9 13 11 33 

Dune 
Restoration * 

7 3 ? 10 

Structures 8 2 3 13 
Bypassing 4 1 0 5 
Back-passing 0 0 1 1 



Shoreline Resilience Working Group 
Next Steps 

Regional goals:  Reasonable but ambitious in the context of existing total 
acreage  or in linear measurement. How much of “X “ type of habitat or natural 
feature is there today?  How much will there be to achieve  a certain objective? 

 
• Coral Reef: No net loss of live coral cover. 

 
• Nearshore Hardbottom: Avoid negative impacts. 

 
• Beach/ Dune Goal: Continuous functional dune from key Biscayne to 

Jupiter Inlet. 
 

• Coastal Wetlands:  No anthropogenic loss of existing wetlands .  
    Can we identify a percent gain along altered shorelines? 

 
• Living Shoreline and Hybrid Grey/Green Approaches: 50% of new, 

publicly funded coastal protection projects and 25% private projects use 
living shorelines options. 5% of existing seawall frontage converted to 
living shorelines  or hybrid approach. 
 



Shoreline Resilience Working Group 



BROWARD COUNTY 
BEACH MANAGEMENT PROGRAM 

May 7, 2015 
 

Nicole Sharp, PE, Natural Resources Administrator 

Broward County Environmental Planning & Community Resilience 
Division 

  



BROWARD COUNTY 

 Home to 1.8 million residents 

 24 miles of coastline 

 Dense coastal development 

 Flat and low-lying landscape 

 Rich coastal resources 

 

 



ANTICIPATED IMPACTS 

 Climate change and sea level rise 

 

More extreme weather 
 Increased flooding 
 More intense wind damage and storm 

surge 

More severe beach erosion 

 Degradation of natural resources 

 

 



VULNERABILITIES 

 $ Billions in public and private 
infrastructure 

 Critical habitat and natural 
systems 

 Recreational and commercial 
fisheries 

 Communities and economies 

 



BEACH MANAGEMENT 



BEACH MANAGEMENT 

 Segment I 
 Deerfield Beach 
 Hillsboro Beach 

 Segment II 
 Pompano Beach 
 Lauderdale-By-The-Sea 
 Fort Lauderdale 

 Segment III 
 John U. Lloyd St. Park 
 Dania Beach 
 Hollywood 
 Hallandale 

 Bypassing at Hillsboro Inlet and Port 
Everglades  

   

SE
G

M
EN

T 
III

 

Hillsboro Inlet  

Port Everglades Inlet 

FORT 
LAUDERDALE 

LAUDERDALE 
BY-THE-SEA 

POMPANO 
BEACH 

HILLSBORO 
BEACH 

DEERFIELD 
BEACH 

HALLANDALE BEACH 

HOLLYWOOD 

DANIA BEACH 

Boca Raton Inlet  

BROWARD 
COUNTY 

PALM BEACH COUNTY 

MIAMI-DADE COUNTY 

R-72 

R-85.7 

R-93 

R-98.3 

R-128 

R-25 

R-1 

R-53 

JOHN U. LLOYD 

POMPANO BEACH/ 
LBTS 

FT. LAUDERDALE 

DANIA/ 
HOLLYWOOD/ 
HALLANDALE 

SE
G

M
EN

T 
II 

SE
G

M
EN

T 
I 



BEACH MANAGEMENT 

 Program initiated in the 1970s 
 Approximately 10+ million cubic yards of sand placed onto                 

beaches 

 Broward’s beaches: 
 Protect over $4 billion in upland infrastructure 
 Provide critical habitat to nesting sea turtles and other marine                  

life 
 Provide recreational space for tourists and residents 
 Draw $6.6 billion in direct and indirect impacts 

 Maintaining healthy, pristine, and wide beaches is a County                
objective 



RENOURISHMENT METHODS 

Offshore (borrow areas) using 
dredges 

Upland sources via truck haul 



SEGMENT II 

 Planned for Fall 2015 

 Up to 750,000 cubic yards 

 Design accounts for SLR 

 Construction of artificial reef and dune 

 



SEGMENT III 

 Last renourished in 2005/2006 

 Beach management plan being finalized 

 Next major nourishment event forecasted in 2018 or 2019 



REGIONAL BEACH MANAGEMENT 

 Historically, beaches were managed in a “segmented” approach 

 A regional approach is being adopted to look at the system as a whole 

 Pro-active program prepared for the future coastal risks consisting of 
multiple elements 



PORT EVERGLADES SAND BYPASS 

 Project aims to restore littoral drift to southern 
Broward County shoreline 

 Southern shoreline is chronically eroded 

 Bypassing is only means to physically transfer 
sand 

 Local support by cities and environmental 
stakeholders 

 Contains components vital to a successful 
regional sediment management system 



PORT EVERGLADES SAND BYPASS 

 Exemplifies a long-term strategy for regional resilience in SE 
Florida 

 Supplemental sand source for Shore Protection Project 

 Increase the resilience of critical natural resources and existing 
infrastructure 

 Reduction of impacts to navigation 

 First county initiative to be advanced by Board for formal 
designation as an Adaption Action Area (AAA) 

 Aligns with the President’s State, Local, and Tribal Leaders Task 
Force on Climate Preparedness and Resilience 



DUNE RESILIENCY PROJECT 

 Dunes and dune vegetation incorporated in BMP 

 Digitized all vegetated areas within the County 

 Creating tools using topography to ID vulnerable locations 

 Grant program being developed for local groups and property owners to promote 
dunes and dune vegetation 



REEF RESILIENCE 

 Proactively monitoring reefs 

 Implementing water quality improvement                                                                          
initiatives 

 Active participant in Florida Reef                                                                                     
Resilience Program and SE Florida Coral                                                                                           
Reef Initiative 

 Preparing recommendations to the SE                                                                              
Florida Coastal Ocean Task Force 
 Water quality, overfishing, etc. 



LESSONS LEARNED/CONCLUSIONS 

 Utilizing natural infrastructure can be an effective means of 
protection 
 Hurricane Sandy had less impacts to areas with dunes 
 Protection of our nearshore reefs 

 

 Regional Sediment Management is needed for future 
management 

 



QUESTIONS 

Nicole Sharp, nsharp@broward.org 

mailto:nsharp@broward.org


Delray Beach Case Study 
 

Coastal Resilience and Green Infrastructure Workshop 

John Morgan 
Sustainability Officer 
City of Delray Beach 

May 7, 2015 



Delray Beach – “Village by the Sea” 

• First Settled in 
1895 

• Today - Slightly 
over 16 square 
miles 

• Year-round 
population 
nearly 65,000 

• More than 
2,000,000 
visitors annually 



Orange Grove House of Refuge 
1876 - 1896 



Dredging the Intracoastal Waterway in Delray Beach 



Atlantic Avenue Bridge in 1900 



Municipal Beach - 1943 



1960s Storm Damage 





Early 1970s 



Early 1970s 









Initial Beach Renourishment in 1973 

Before After 





1975 

2001 



Dune Habitat Management 







Same Area After 
Decades of 
Dune Growth 



1960s Storm Damage 



Recent Storm Damage 
Atlantic Dunes Park 



Recent Storm Damage 
Municipal Beach near Nassau Street 



Recent Storm Damage  
Municipal Beach – North End 



Nourishment Underway 



Along the Dune Line 



2015 Exotic Removal - Latherleaf clusters 











Photos from the May 7, 2015 Dune Planting 

Credit Broward County Environmental Planning and Community Resilience Division















Youth Environmental Alliance
“For Youth, For the

Environment, Forever”

YEA delivers environmental programs that 
engage youth and you in hands-on learning 
activities!

YOU help protect Florida’s fragile 
environment by scheduling and 
participating in a program or by joining the 
YEA family as a volunteer or sponsor.

YOU can get out of the office and onto 
the beach!

Contact us to 
schedule a program!

954-382-0188
On the Web: YEAfrog.org

Our Mission

What We Do

What Makes Us Unique

Sponsors

Youth Environmental Alliance, Inc. (YEA) delivers education 
programs and facilitates participation in environmental 
activities to diverse persons of all abilities. 

YEA provides opportunities for youth and their families, 
adult groups and corporate teams to reconnect to Florida’s 
outdoor environment and fosters life-long respect for our 
planet’s future.

Since 2005 YEA has been instrumental in developing and 
teaching all-inclusive, hands-on educational programs 
that focus on Florida’s fragile ecology. 

Every program highlights the importance of outdoor 
ethics, safety, and environmental stewardship.

Designed and delivered by science professionals who 
are experienced subject matter specialists

Customized to teachers’ lesson plans developed and 
delivered together with active community partners 
who are role models for the participants

YEA comes to your site or meets you in the field

All Programs are aligned with National Education and 
Common Core State Standards (CCSS)

Wiggly Worms

Fishing Fun

Butterflies

Be a Scientist!

Worm races
Hold and investigate worms
Make & Eat “Worm Dirt”
Make & Take (choose 1):

•  Vermipost Starter
•  Seed necklaces
•  Garden Starter
•  Worm Slime

Pole to Birthday Angler!
Fishing lessons
Marshmallow mouths
Fish Release ($50 extra)
Make & Take: Fish Print

Butterfly Garden in a pot to birthday 
child! Hold and explore caterpillars 
Butterfly explorations. Make & Take: 

• Mini butterfly gardens

Youth Environmental Alliance, Inc. is a 
501(c)3 non-profit organization

Call Us To

Restore our Coastline

Sailing For Success

Get Involved!

Especially for Corporate Green Teams, school 
groups and community volunteers. Join us in an 
event that is already planned, or sponsor an event 
for your group. Events include activities such as sea 
oats plantings, planting trees and much more!

This program 
teaches people of 
all abilities how to 
sail! Our partners, 
Broward College and 
Allstate Resource  
Management, provide 
Access Dinghies, 
which allow everyone 
to experience the 
wonderful freedom of sailing. Sailing builds 
confidence and provides a sense of personal success 
while teaching environmental stewardship .  Call  us   
to discuss pricing for these programs.

Volunteer with YEA 
to help facilitate our 
programs. Applicants 
should be self-
motivated, have 
a passion for the 
environment and enjoy 
working with children. 
Volunteers are required 
to complete an 

application and attend training. Community service 
hours are available.

6900 SW 21st Court, Suite 8 
Davie, FL 33317

You choose any YEA program and we will 
make it a birthday Party!

Programs You Come To Why choose YEA!Birthday Parties
At Your House or a Park

• Allstate Resource Management, Inc.
• Aquadisplays, Inc
• Autism Services Grants Council
• Broward College
• Community Foundation of Broward
• Children’s Services Council of Broward County
• Fish Florida Discuss Pricing



Cellular Cellebrations
Cellebrate cells and organelles through fun  

experiments and observations. Once participants 
have learned about plant and animal cells, they  
digest the lesson with an edible cell model.

Cry of the Water -
Conserving Florida

Hands-on experiments and games teach about sea 
turtles, coral reefs, fish lifecycles and the connectivity 
of habitats. Students learn impacts that humans 
have on the sea and our personal role in those 
impacts. Students then decide how they will change 
in their life in order  to become stewards of the sea!

Loco for Cocoa
Students will discover the importance of 

the Rain Forest and its connection with chocolate. 
Hands-on activities help teach students about the 
origin of chocolate and the chocolate manufacturing 
process. They learn how they can take measures to 
conserve both the  rainforest – and chocolate, too.

Magic of Butterflies
Students are introduced to the concepts of life cycles 
and the necessary components of a habitat. Live 
examples and hands-on activities help students 
collect data to create their own butterfly garden!

Paper, Plastic or
Our Planet?                          

This program uses media, games  and   experiments 
to teach  about  Plastics and their alternatives. 
Students  explore ways that  land-based sources of 
plastic enter the ocean through the watershed, and 
in turn, enter our food chain. We will explore our role 
in plastic consumption, decomposition of materials 
and non-renewable resources. Once students  
understand the challenge presented by plastic, they 
discuss ways that they can choose to live in a more 
sustainable, plastic-free world. 

Question about Digestion?
If there was any question about  digestion before, 
participants will chyme in with answers after the fun 
science experiments and simulations they perform.  
To keep those digestive juices flowing, participants 
will race through the digestive tract as a wrap up. 

The Sea and Me -
Prevent a C02 Calamity!                                  

Your student global ecologists participate in fun 
experiments to test hypotheses, learn our role in the 
environment & food web, learn chemistry, & explore 
oceans & coral reefs by using the scientific method . 
Upon request, students make an edible  coral model.

Wonderful World
of Wiggly Worms                        

Student “Oligochaetologists” will learn, create 
and play as they become worm wranglers and 
sustainability stewards! This program covers topics 
including decomposition, food webs, habitat 
requirements, worm anatomy, human symbiosis 
with worms, vermipost, gardening, safe handling 
and sustainability.

YEA for Wetlands!

Explores the wonders of water, the water cycle, the 
function and importance of wetlands and water 
conservation!  Students will do the water cycle 
boogie and discover the wonders that wetlands 
provide for wildlife and us!

ZooArchaeology                                
Archaeology is where science meets history & math. 
A perfect practical application for teaching STEM. 

From three-toed horses to Native Americans  and 
Spanish invasions, the archaeological record tells 
it all!  Gators, raccoons and turtles are just a few 
of the ecofacts encountered in  this exploration of 
the timeline of the symbiotic relationship between 
humans and animals.

Fishing
 Program that uses fishing and other related activities 
as the “hook” to introduce children of all ages to 
various aspects of fisheries, aquatic environmental 
sciences, and other vocational opportunities. Choose 
either a 3-hour experience or a multi-day program. 
Learn ethical angling, baiting a hook, rigging the 
pole and how to fish. If at a park or canal, students 
will go fishing!

History Under the Sea
Ahoy, me hearties! Dive into the field of underwater 
archaeology at your facility or on the beach. Dig up 
the past through mock excavations, examination of 
pirate’s booty, piecing together Spanish galleons 
and more!                                                                                                              

Marvelous Mangroves
Explore the marvels of mangroves, one of the most 
important and unique trees in the world. As part of 
a restoration team, grow them in your classroom! 
As an optional field trip, partake in a mangrove 
restoration on the beach!

Call us to discuss pricing for these programs. 
Prices vary depending on location and extent of 
activity. 

Programs That Come To You - $6 / Child Programs that can also
venture outdoors
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