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Everglades National Park National Park Service 

U.S. Department of the Interior 

South Florida Natural Resources Center 

Climate Change:  
Discussion on South Florida  

Resources at Risk 
 

 

 
Dan Kimball, Superintendent 

Everglades National Park 

Erik Stabenau, Ph.D., Oceanographer 

Everglades National Park 



Everglades National Park 

South Florida Natural Resources Center 

What do we know for sure? 

• Sea level is rising at an increasing rate 

• Flooding occurs on an annual basis 

• Saltwater intrusion has impacted wellfields 

and is moving further west 

• Coastlines are shifting 

 



Everglades National Park 

South Florida Natural Resources Center 

The National Park Service and 

the Leopold Report 
1963 Leopold Report 

Key feature: 

 

“A national park should present a 

vignette of primitive America…if the goal 

cannot be fully achieved it can be 

approached. A reasonable illusion of 

primitive America could be recreated, 

using the utmost in skill, judgment, and 

ecologic sensitivity.” 

 

• Snapshot, frozen in time 

• Illusion is acceptable, if needed 

2013 Leopold Revisited 

Key feature: 

 

“The overarching goal of NPS resource 

management should be to steward NPS 

resources for continuous change that is not yet 

fully understood, in order to preserve 

ecological integrity and cultural and historical 

authenticity, provide visitors with 

transformative experiences, and form the core 

of a national conservation land- and seascape” 

 

• Provide for continuous change 

• Protect ecosystem function 



Everglades National Park 

South Florida Natural Resources Center 

Sea-level rise 
Little Madiera Bay water level 

shows similar rate of sea level 

rise as observed in Key West. 

 

Water levels have risen at an 

average of 2.2 mm/yr over the 

last 100 years and closer to 

2.8 mm/yr for the last decade. 

 

 

Station LM; 2.58 ± 0.47 mm/yr 



Everglades National Park 

South Florida Natural Resources Center 

Punctuated equilibrium 
Data reveals two periods in the previous 50 years when water levels 

have increased 10 times faster than the long term trend. 



Everglades National Park 

South Florida Natural Resources Center 

Coastal Erosion 



Everglades National Park 

South Florida Natural Resources Center 



Everglades National Park 

South Florida Natural Resources Center 



Everglades National Park 

South Florida Natural Resources Center 

What’s at risk? 



Everglades National Park 

South Florida Natural Resources Center 

1995 2100 

Statement of Dan Kimball, Superintendent, Everglades National Par, National Park Service, Department of the Interior, Before the Subcommittee on Interior, 

Environment, and Related Agencies of the House Appropriations Committee Concerning Climate Change and Lands Administered by the Department of the 

Interior, April 26, 2007. 

Sea Level Rise 



Everglades National Park 

South Florida Natural Resources Center 

2 Foot SLR Marsh Losses Without Flow Restoration 2 Foot SLR Marsh Losses With Flow Restoration 

Sea Level Rise Projection through 2100 



Everglades National Park 

South Florida Natural Resources Center 

Flooding & Storm related impacts 

Ft. Lauderdale 

Miami Beach 



Everglades National Park 

South Florida Natural Resources Center 

Flood control 

Coastal ocean water level is higher 

than inland water level each Fall. 

S-21A weekly average conditions, 2010-2013 



Everglades National Park 

South Florida Natural Resources Center 

Flood control 

“Unusually low Florida Current transports were observed in May 

and June (2009) and were linked to high sea level and coastal 

flooding along the east coast of the United States in the 

summer”  

 Arndt, et al., State of the Climate, 2009 

  Bulletin of the American Meteorological Society 

S-21A weekly average conditions, 2010-2013 



Everglades National Park 

South Florida Natural Resources Center 

Saltwater Intrusion 



Everglades National Park 

South Florida Natural Resources Center 

Everglades Restoration is  

a climate change adaptation tool 



Everglades National Park 

South Florida Natural Resources Center 

Discussion 
• Everglades Restoration as a 

climate change adaptation tool 

 

• Physical science behind sea 

level variability 

 

• Saltwater intrusion 

 

• Hurricanes and other episodic 

events 

 

• Pumps and canals 



MIAMI DADE COUNTY  
SEA LEVEL RISE TASK FORCE 

 
The Nature Conservancy 

Lauren Ordway 
lordway@tnc.org  

 

mailto:lordway@tnc.org


MISSION  

PROTECTING AND RESTORING THE LANDS AND WATER ON WHICH 
ALL LIFE DEPENDS 

CONSERVING  

CRITICAL LANDS 
REDUCING IMPACTS OF  

CLIMATE CHANGE 

RESTORING  

OUR OCEANS 

SECURING 

FRESH WATER 



FLORIDA FOCUS  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CONSERVING  

CRITICAL LANDS & WATERS 
FRESHWATER HEALTHY, SAFER COASTS 



NATURE HAS VALUE 

 

 • Improving ecosystem valuation methods with the Natural 
Capital Project 

 
• Incorporating the value of nature into business decisions 

with corporate leaders 
 
•  Assembling data and practical evidence for the value of 

nature 
 

 



HOW DO WE INVEST LIMITED RESOURCES  
FOR MAXIMUM BENEFIT? 



OTHER BENEFITS OF INTEGRATING NATURE  
INTO THE SOLUTION 

1. Substitution value where substituting natural for built infrastructure reduces capital costs 
(CapEx). Operating costs may increase, decrease or remain the same. 

 

2. Integration value where integrating natural infrastructure into built infrastructure produces 
operation savings (OpEx). Capital costs may increase, decrease, or remain the same. 

 

3. Complementary value where utilizing natural infrastructure produces additional, 
complementary benefits, e.g., increased property values (revenues). Capital and operating costs 
may increase, decrease, or remain the same. 



CORAL RESTORATION 
 
 

Protect, restore & enhance natural defenses  
 

Conduct demonstrations   
 

Scale up reef restoration 

“Studies show that coral reefs 
attenuate and reduce more than  

85% of incoming wave energy.”  

Source:  World Risk Report 2012 



DUNE RESTORATION 

November 2012 March 2013 

MIAMI DADE            SOUTH POINTE PARK 

PALM BEACH  



OYSTER RESTORATION 
 
 



ADVANCING THE SCIENCE 

 
 
 
 
 

“Coastal habitats defend the 

greatest number of people and 

total property value in Florida, 
New York and California.  
 
Results suggest that the number 
of people and total value of 
residential property most exposed 
to hazards can be reduced by half 
by the end of the century if 
existing coastal habitats remain 

fully intact.” 
 





ADVANCING THE SCIENCE 

“Tidal marsh can reduce wave energy in extreme 

storm events by over 50%.   
A hybrid flood protection system comprising a 
landward levee and an adjacent tidal marsh 
provides an equivalent level of flood protection to 
that of a much larger landward levee alone.  

Further, the cost of the hybrid system is 
almost half that of the traditional levee 
alone.”  
  – The Bay Institute  

• Developed a wave and storm surge flooding 
model (ie coastal flooding model) and 
incorporated this in to Swiss Re’s open 
source model “Climada” 

• Publicly available model that can examine 
risks from wave, surge, wind and rain 
hazards and is a far more robust model for 
assessing the cost effectiveness of 
alternative solutions – including natural 
defenses for reducing damages from these 
hazards 

  



INTEGRATING NATURAL 
INFRASTRUCTURE INTO 
URBAN COASTAL RESILIENCE 
 

• Evaluate the current and future climate risks 
facing Howard Beach as a sample 
community, with an emphasis on coastal 
flooding, and demonstrate the potential 
role and value of an integrated suite of 
strategies that include natural and built 
infrastructure 

 

• Developed four suites of strategies 
(“Alternatives”) containing natural and built 
infrastructure elements, and modeled their 
ability to mitigate damage caused by a 1-in-
10, 1-in-25, and 1-in-100 year storm 

 

• Two of these alternatives were further 
modeled for risk reduction capacity using 
sea level rise projections (12 and 32 inches), 
to determine how their protective capacity 
would change over the next 40 years 

Case study:  Howard Beach, Queens 



INNOVATIVE 
FINANCING: 
WATERFUNDS 

Water funds enable water users 
to finance conservation and 
improvements to land 
management, with the aim of 
protecting water quality and 
quantity. 

 
 

 
 
 
 



Impr ove coast al  r esi l i ence i n t he Compact  r egi on by i ncr easi ng t he 

ef f i cacy,  number  and scal e of  nat ur e- based er osi on cont r ol  and 

f l ood at t enuat i on pr oj ect s 

 
PUTTING CONCEPTS INTO ACTION  

SHORELINE RESILIENCE WORKING GROUP  



BUILD SAFER, BUT ALSO SMARTER 

South beach  



• Thank you  

 
LAUREN ORDWAY 

255 Alhambra Circle #640 
Coral Gables, Fl 33137 

 
lordway@tnc.org 

305.445.8352 
 

www.nature.org 

THANK YOU 

mailto:lordway@tnc.org


 

SEA LEVEL RISE TASK FORCE 

MEETING 

MARCH 7, 2014 
 

Miami-Dade County  

Department of Regulatory and 

Economic Resources,  

Division of Environmental 

Resources Management  

(RER-DERM) 

 

PRESERVING OUR NATURAL 

RESOURCE RESILIENCE 



 

DERM preserves natural resource resilience 
through: 

– The Environmentally Endangered Lands Program’s 
acquisition of conservation lands 

– Monitoring the salt intrusion boundary 

– The Erosion Control / Beach Renourishment Program 

– Natural resource restoration projects 

– Regulatory programs that protect natural resources 

 



• Miami-Dade County’s natural mangrove shorelines dissipate storm 

energy/surges and retain floodwaters while protecting inland areas. 

• These protective natural barriers are usually high-value lands for 

conservation of habitat and ecosystems. 

• Placing these lands in preservation reduces development in areas that 

would be more vulnerable to storm impact.  



 

ENVIRONMENTALLY ENDANGERED  

LANDS PROGRAM 
 

The EEL Program was approved & created by 

voters in 1990 to acquire, preserve, enhance, 

restore, conserve, and maintain environmentally 

endangered lands for this and future generations. 

  

The FY91 & FY92 property tax increase was 

approved by referendum and generated $90M in 

revenue originally collected to fund the EEL 

Program. 

 

From 1992 to 2013, the EEL Program received an 

additional $106M in revenue from grants, County 

bonds (GOB), interest and other sources.  

 

Through 2013, over $149M was expended to 

acquire and manage more than 23,000 acres of 

targeted conservation lands in Miami-Dade 

County.  
 

 

 

 

 

 

 



 

Of the more than 23,000 acres acquired 

under the EEL Program in Miami-Dade 

County, many are in low-lying coastal areas. 

 

EEL Program acquisition in the South Dade 

Wetlands Project places land in preservation 

thereby reducing development in an area 

vulnerable to storm impact.  

 

Lands in public ownership are crucial to 

restoring hydrology and surface water levels, 

which can help reduce the potential for salt 

water intrusion. But funds are needed to 

complete the targeted acquisitions. 

 

 
 



 

MONITORING SALTWATER INTRUSION 

 

Rising sea level adds to the threat of 

saltwater intrusion into the Biscayne 

Aquifer, the sole source of drinking 

water in Miami-Dade County. 

 

The salt intrusion boundary must be 

monitored for proximity to public 

wellfields and other sensitive receptors.  

 

DERM and  WASD fund the USGS’s 

operation and maintenance of 90 water 

level recording stations and 74 

saltwater monitoring stations.   

 

Chloride sampling is done monthly, 

quarterly or annually depending on 

location. Induction logs are collected 

annually for select wells. 
  

 

 



Saltwater Intrusion 

  2005 -  pink 

  2011 - blue 

 

 

MONITORING SALTWATER INTRUSION 

All 10 wells east of the salt front 

from the Broward County line to 

the C-2 Canal show an increasing 

trend in chloride concentration, 

which indicates regional movement 

of the salt line inland. 

 

This diagram shows the inland 

migration of the boundary between 

2005 (in pink) and 2011 (in blue). 



                     Salt Water Intrusion 

Saltwater intrusion 

boundary 

1995 vs 2008 
 

Significant  westward 

movement along the 

Florida City and Card 

Sound Canals. 

 

Both of these canals have 

salt control structures 

being constructed. 



MIAMI-DADE COUNTY EROSION CONTROL /  

BEACH RENOURISHMENT PROGRAM  
The Miami-Dade County Erosion Control / Beach Renourishment Program maintains 
beaches and dune systems which provide protection from storm damage, while  

preserving the economic benefits of wider beaches  

 

 







Dade  County 

Beach Erosion 
Control and 

Hurricane Surge 
Protection Project 

Initially 10.5 miles-Extended 
to 13 miles in 1988  

Three Different Design Berms 
225’ to 280’ from ECL 

Initial Restoration: 17.8 
million c.y. 

$52 million  









MIAMI-DADE DUNE REVEGETATION PROJECT 
 

Objectives: 

Restore design elevation of hurricane  berms 

Restore a functional dune system for sand trapping/stabilization  

Channel pedestrian and vehicular traffic 

Aesthetic enhancement of beach area 

8 miles total length - $4.2 million 









Change in shoreline orientation 

Highest rate of littoral transport on entire project 

Study recommends strategic use of structures to anchor 
and transition the beach fill into the stable beaches to 
the south  



CHALLENGES FOR FUTURE BEACH EROSION CONTROL  

IN MIAMI-DADE COUNTY 
 

Sand Management 

Optimizing Sand Distribution along the Project 

Identifying Sources of Future Nourishment Materials 
 

Funding  



 
 

NATURAL AREAS RESTORATION PROGRAMS  
 

Attempting to restore the natural areas resilience through:   
 
• The Miami-Dade County Biscayne Bay Restoration and 

Enhancement Program  

 
• Various demonstration projects and pilot projects 

 
• EEL Volunteer Days 

 

 
 
 
 
 
 
 



Summary of the restoration of natural areas by the Biscayne Bay 
Restoration and Enhancement Program  from 1987 to present: 
 

• 53 sites restored 

• 500 acres of wetlands restored  

• 155 acres subtropical hardwood hammock, coastal strand, and 
dune community restored 

• 2.3 acres of seagrass restored 

• 9.5 miles shoreline stabilization (native vegetation and 
limestone revetments) 

• Many hours of labor donated by community volunteers 

Miami-Dade Biscayne Bay Restoration and 

Enhancement Program  

Ongoing Restoration Efforts 



 
Miami-Dade Biscayne Bay Restoration and Enhancement Program 

Ongoing Restoration Efforts (3/2013)  
 

Coastal Wetlands Restoration 

 Virginia Key ACOE Section 1135 Ecosystem Restoration 

 Florida International University BBC/Oleta River State Park 

 City of North Miami (NE 135th Street) 

 Crandon Preserve 

 Matheson Hammock Park  
 

Shoreline Stabilization 

 R. Hardy Matheson Preserve Shoreline Enhancement 

 Dinner Key Islands Phase III Enhancement 

 Miami Marine Stadium Park  Shoreline Stabilization 
 

Seagrass Restoration 

 Oleta River State Park Dredged Areas 

 North Virginia Key Prop Scar and Boat Groundings 



Freshwater Wetlands Restoration 

 Highland Oaks Park (Headwaters of the Oleta River) 

 Oleta River State Park  

 

Dune/Coastal Strand Restoration 

 North Virginia Key (North Point) 

 Historic Virginia Key Beach Park (South) 

 Oleta River State Park 

 

Tropical Hardwood Hammock Restoration 

 Holiday Hammock 

 Oleta River State Park 

 Virginia Key (North Point) 



Coastal Wetlands Restoration 



Chapman Field Park Wetlands Restoration 





December 2011 

December 2010 June 2010 

December 2012 



February  2013 

September 2009 



Oleta River State Park Wetlands Restoration 







February 2010 February 2011 August 2010 

July 2011 July 2012 February 2013 

Monitoring for Success 



CARD SOUND BORROW 
CANAL PLUG 

PILOT PROJECT 
 
 



CONSTRUCTED PILOT PROJECT 
CARD SOUND ROAD BORROW CANAL PLUG 



MANGROVES PLANTED WITHIN THE PLUG’S RESTORED WETLANDS 



 
 

MIAMI-DADE COUNTY’S REGULATORY PROGRAMS THAT PROTECT 
COASTAL RESOURCES  
 

Under Sec. 24-48.1 of the Code, Class I coastal construction permits are required to alter 
mangrove trees or for any work to take place in, on, over or upon any tidal waters or in 
salt wetlands anywhere in Miami-Dade County. 

 
 Sec 24-48.3(2) of the Code protects coastal wetlands through the dredge & fill criteria 

that will allow permitting only for minimal and necessary impacts to coastal wetlands. 
 
Sec. 24-48.16  prohibits of top pruning of mangrove trees in a coastal band community, 

except for specified trimming activities exempt from permitting requirements 
pursuant to Section 403.9326, Florida Statutes. No  Class I permit shall be issued for 
the top pruning of coastal band mangrove trees except when  necessary for the 
protection of overhead power lines. 
 

 

 

 

 



 
 
 
 
 
From the FL Dept of Environmental Protection website: 
“… Mangrove forests protect uplands from storm winds, waves, and floods. A very narrow 
fringe of mangroves offers limited protection, while a wide fringe can considerably reduce 
wave and flood damage to landward areas by enabling overflowing water to be absorbed 
into the expanse of forest. Florida's estimated 469,000 acres of mangrove forests 
contribute to the overall health of the state's southern coastal zone. “ 
 

403.9323, Florida Statutes, Legislative intent.  
 (1) It is the intent of the Legislature to protect and preserve mangrove resources valuable 
to our environment and economy from unregulated removal, defoliation, and 
destruction.  
 (2) It is the intent of the Legislature that no trimming or alteration of mangroves may be 
permitted on uninhabited islands which are publicly owned or on lands set aside for 
conservation and preservation, or mitigation, except where necessary to protect the 
public health, safety, and welfare, or to enhance public use of, or access to, conservation 
areas in accordance with approved management plans.   
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