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Presentation Presentation OutliOutli
 Geologic Info on Sea Level 

Change through Time
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Climate Change ConceClimate Change Conce
Ecosystem REcosystem Ro yo y

 Sea Level Rise
• Salinity changes in coastal bays
• Shoreline retreat with natural habitat c
• Increasing flooding in coastal areas
• Saltwater intrusion in water supply wel
• Uncertainties and risks in rate and dept

 Warmer Temperatures
• Evaporation losses up; water supply do

St l t i l d i• Stresses on plant, animal, and marine e
• Changes in growing season and migrat
• Changes in water quality

 Hydrologic Pattern Changes Hydrologic Pattern Changes
• Potential for less frequent and more int
• Potential increased tropical storm inten
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New Corps GuidancNew Corps Guidanc
Sea LevelSea Level ChangeChangeSea Level Sea Level ChangeChange

 EC 1165-2-211 became effec
July 1, 2009

 Applies to all phases of Corp
Works activities as far inlandWorks activities as far inland
extent of new tidal influence 

 Specifically does NOT apply tSpecifically does NOT apply t
regulatory activities

 Will expire July 1, 2011 p y ,
 A more complete replacemen

document is now being prep
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Incorporating RelativIncorporating Relativ
P j ti i t P jP j ti i t P jProjections into ProjecProjections into Projec

 Project planning and design muj p g g
adaptable 1) natural and manag
systems are to climate change

 Develop Relative SLC curves anDevelop Relative SLC curves an
“low,” “intermediate,” and “high
20, 50, and 100 years from fore
• Low historic rate of change• Low – historic rate of change
• Intermediate – Modified NRC Curv
• High – Modified NRC 1987 Curve I

l d Also consider most recent IPCC
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ve Sea Level Change ve Sea Level Change 
t Pl i d D it Pl i d D ict Planning and Designct Planning and Design

ust consider how sensitive and 
ged ecosystems and 2) human 

nd evaluate alternatives usingnd evaluate alternatives using 
h” rates of sea level change at 
ecast project completion

ve I (updated 1987 equation)
III (updated 1987 equation)

C projections
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ApproAppro
 Recognize we can’t predict 

uncertainty

 Be prepared to implement f
engineering adaptations ac
possible changespossible changes 

 Must be able to recognize m
may require additional respmay require additional resp
scenarios

 Determine level of detail an Determine level of detail an
respect to potential risks an

 Differentiate “planning” vs “
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Differentiate planning  vs
also determine where they 

oachoach
the future without 

flexible planning and 
counting for a range of 

meaningful changes that 
ponse → multiple plausibleponse  → multiple plausible 

nd accuracy required withnd accuracy required with 
nd consequences

“engineering” issues but
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Climate ChangClimate Chang
 Objectives are to enhance resi

observed or expected changes

 Move from an equilibrium – or
of constant evolution that reco
physical and socio-economic pp y p

 Approach includes the use of r
where decisions are made seq
h ihorizon

 Sharing knowledge and lesson
effective climate change adapteffective climate change adapt
duplication of effort
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ilience or reduce vulnerability to 
s in climate 

r stationary – paradigm to one 
ognizes the dynamic nature of 
processes p

rigorous adaptive management, 
uentially over a longer planning 

ns learned is essential for 
tation and to preventtation and to prevent 
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NOAA Tide Stations
i Fl idin Florida

• Key West has the longest non-continuous 
U.S. tide station record with 130+ years.U.S. tide station record with 130+ years.

• Per EC1165-2-211, a Compliant Tide Station 
is a station currently being monitored and 
having at least 40 years of continuous prior 

drecord.

• Compliant Tide Stations in Florida are: Key 
West, Vaca Key, Naples, St. Petersburg, Cedar 
Key, Apalachicola, Pensacola, Mayport and y, p , , yp
Fernandina Beach.

• There are also other currently monitored 
NOAA tide stations in Florida with less than 
40 year or non continuous records40 year or non-continuous records.

• Most of Florida is very stable geologically, so 
sea level change is similar around the state.
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Credit:  Peter W. Harlem, Florida International Univer
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Sea Level Rise iSea Level Rise i
 A little less than 1 foot during 

Key West
 A 2 foot rise would have signif A 2 foot rise would have signif
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in South Floridain South Florida
the past century measured at 

ficant effectsficant effects
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Sea Level Rise iSea Level Rise i
 A little less than 1 foot during 

Key West
 A 4 5 foot rise would have dra A 4-5 foot rise would have dra

MHHW +120 cm (4 ft) rise
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in South Floridain South Florida
the past century measured at 

amatic impactsamatic impacts

MHHW +150 cm (5 ft) rise
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Sixty percent of y p
Everglades National 
Park is less than 3 feet 
above MSL
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above MSL

EvergladesEverglades 
National Park
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Effects on NaEffects on Na

Peat CollapsePeat Collapse

Dead sawgrass, g ,
substrate decay

Everglades restoration will increase freshwater
natural areas and may delay some future habita
changes
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changes

atural Areasatural Areas

Photo Credit: Dr Harold R Wanless;

Saltwater inundation leads to
peat collapse and decline of
freshwater wetlands habitat
Photo Credit:  Dr. Harold R. Wanless; 
University of Miami, Department of Geological Sciences; 
co-chair of 
Miami-Dade Climate Change Task Force
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Flood DamagFlood Damaggg

The population of South Florida 
is 6.5 million and growing
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ge Concernsge Concernsgg

Sea level rise will reduce 
ff ti f it d ieffectiveness of gravity drainage 

canals
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Flood Damag

The population of South Florida is 

6.5 million and growing
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ge Concerns

Sea level rise will reduce 
effectiveness of gravity drainageeffectiveness of gravity drainage 
canals 
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Water SuppWater Supp

Conceptual diagram of hydrologic system
of south Florida (Langevin, USGS, 2000)
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ply Concernsply Concerns

 Shallow wells are the 
primary source ofprimary source of 
drinking water for 
south Florida 
communities  

 Will local canal stages 
be allowed to rise in 
step with sea level rise?

 Continued sea level riseContinued sea level rise 
w/o rising canal stages 
will allow saltwater 
intrusion into water 
wells and create a needwells and create a need 
for alternative 
freshwater sources
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Water SuppWater Supp
Kissimmee River BasinKissimmee River Basin 
and Lake Okeechobee L

 Sea level rise
to maintain hig
 Saltwater int
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Saltwater int
climate change
evaporation w

ply Concernsply Concerns
Lake Okeechobee Drought

e may increase demand for water 
gher canal stages near the coast
trusion into water supply wells or
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Scenarios for SScenarios for S

U.N. Climate Change Science Compend
0.8 to 2.0 meters (2.62 to 6.56 feet) 

2.00
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20602010

SeaSea--Level RiseLevel Rise

dium 2009
by 2100

Use GIS to develop 
flooded area maps p
in +1ft increments 
to +6ft of SLC.
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C-111 Spreader 
Canal Project
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MSL = Mean Sea Level

C-111 Spreader 
Canal Project

MSL  Mean Sea Level
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MSL + 1 ft SLR

C-111 Spreader 
Canal Project

MSL + 1 ft SLR
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MSL + 2 ft SLR

C-111 Spreader 
Canal Project

MSL + 2 ft SLR
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C-111 Spreader 
Canal Project

MSL + 3 ft SLR
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CC--111 Spreade111 Spreade
SLR Effects on ResSLR Effects on Resoo

After 20 Years

LoLo
Freshwater Wetlands No effect

Nearshore Salinity No effectNearshore Salinity No effect

Interm

Freshwater Wetlands No effect

Nearshore Salinity Minimal location shift

Hig
Freshwater Wetlands Minor (<10%)

Nearshore Salinity Location shift
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r Canal Projectr Canal Project
storation Benefitsstoration Benefitso oo o

After 50 Years After 100 Years

owow
Not significant Minor (10% 

reduction)
Not significant Location shiftNot significant Location shift

mediate

Minor (10% 
reduction)

Significant (33% 
reduction)reduction) reduction)

Location shift Location shift

gh
Significant (33% 
reduction)

All lost

Location shift Location shift & losses
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shoreline.noaa.gov/apshoreline.noaa.gov/apshoreline.noaa.gov/apshoreline.noaa.gov/ap
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pps/bounddeterm.htmlpps/bounddeterm.htmlpps/bounddeterm.htmlpps/bounddeterm.html
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Tidal Datums
Elevations in NAVD 88 Re

MHHW= MSL + 0.92 ft
MHW= MSL + 0.63 ft

Great Diurnal Range (GT)‐ The difference in h
lower l

Mean Range of Tide (MN)‐ The difference in 
w
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height between mean high high water and mean 
low water. 

height between mean high water and mean low 
water
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Biscayne Bay Coastal Wetlands
Northern Portion
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Mean High High Water
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Biscayne Bay Coastal Wetlands
Southern Portion
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Mean High High Water
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Mean High High Water Plus 
0.5 ft
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Mean High High Water Plus 
1.0 ft
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Mean High High Water Plus 
1.5 ft
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Mean High High Water Plus 
2.0 ft
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Model Development
For South Florida ClimateFor South Florida Climate 

Change Adaptation Studies

Regional models must be modified g
or developed to evaluate potential 
climate change related variations in 
rainfall, evapotranspiration and 
tropical stormstropical storms.

Local models with one foot 
topographic contours must be 
d l d h d t l tdeveloped or enhanced to evaluate 
potential sea level rise and salt 
water intrusion impacts in natural 
and developed coastal areas.p

Conversion to NAVD88 is needed.
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Next Steps Next Steps -- CERCER
 Complete Draft CGM16 on SL
 Coordinate Draft CGM16 withCoordinate Draft CGM16 with

CERP Partners and COE natio
team preparing SLC ETL

 Continue Initial SLR Impacts 
Assessments for CERP coasta
projectsprojects

 Summarize Initial SLR Impac
Assessments in CERP Tech RAssessments in CERP Tech R

 Continue Model Developmen
More Detailed Future Studies
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Next Steps Next Steps -- USACUSAC
 Per WRDA 2007, update USA

Principles and Guidelines for 
Water Resources ProjectsWater Resources Projects.   
National Research Council (N
review comments due Nov 2

 A national interagency team 
preparing a new Engineering
Technical Letter (ETL) on SeaTechnical Letter (ETL) on Sea
Level Change due in 2011.

 NRC to review and possiblyNRC to review and possibly 
update their 1987 guidance o
SLR. Target completion Dec 
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 CEQ Climate Adaption Task F

CECE
ACE 

NRC) 
010.
is 

g 
aa 

on 
2011.
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Building GBuilding G
1. Site Prep: Datum

• EC 1110-2-6065/6070, Comprehensive 
Evaluation of Project Datums

gg

• Engineer Regulation 1110-2-8160, Policies 
for Referencing Project Elevation Grades 
to Nationwide Vertical Datums 

• Draft EM in progress 
2. Foundation: Sea Level

• EC 1165-2-211, Incorporating Sea-Level 
Change Considerations in Civil Works 
ProgramsPrograms

3. Next Step: Impacts, Responses, 
Adaptation

• This ETL

4. Add on Later: Tides, Waves, Storms, etc

BUILDING STRONG®

GuidanceGuidance
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Procedures to Ev

E

External Experts
USGS
NOAA
NavyNavy
FHWA

HR Wallingford, UK
University of Southampton, UK

Heidi Moritz, NWP
Team Lead for
Engineering

Stu Townsley, SPD

Mmmmmmmm
Mmmm
Mmmm

BUILDING STRONG®

mmmm

Tom Smith, POH
Crane Johnson, POA

Justo Pena, S

valuate Sea Level Change Impacts, Responses, and 
Adaptation 

Engineering Technical Letter Team

Mmm

Mike Mohr, LRB

Mmm
John Winkelman, NAE
Jeff Gebert, NAP
Larry Cocchieri, NAD 
and PCX

John Furry, HQ

Henri Langlois, IWR
Team Lead for

Planning

Mike Wutkowski, SAW

Lauren DeFrank, IWR

mmmmmmmmm
Mmmmmmmmm
mmm

Matt Schrader, SAJ
Glenn Landers, SAJ

Susan Rees, SAM
Dennis Mekkers, SAM
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Julie Rosati, ERDC
Andy Garcia, ERDC

SWG



USACE MissUSACE Miss
N i ti Navigation
• Breakwaters and Jetties
• Harbors
• Navigation Channels and Ocean Dis

 Hydropower
 Reservoir Regulation; Water SupReservoir Regulation; Water Sup
 Coastal Storm Damage Reduction

• Beach fills
Sh li t ti t t• Shoreline protection structures

 Flood Damage Reduction
• Dams, levees, floodwalls

 Ecosystem Restoration
 Emergency Response
 Recreation

BUILDING STRONG®

 Recreation
 Regulatory  

sion Areassion Areas

posal Sites

plyply
n

Climate change 
has the potentialhas the potential 

to impact 
all USACE 

mission areas

US ARMY CORPS OF ENGINEERS | Jacksonville District

mission areas



Everglades Restoration CEverglades Restoration C
Key Take AKey Take AKey Take AKey Take A

 Uncertainties and RISKS exist re
particularly future rate and dep

 National Academy of Sciences 2
progress stated that climate chaprogress stated that climate cha
accelerate Everglades restoratio

 Everglades Restoration will help
natural and developed areasnatural and developed areas

 More work needed to assess im
change on the restoration effor

 CERP PIRs to address Climate C
enhanced long term sustainabil
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Climate Change ConcernsClimate Change Concerns
Away PointsAway PointsAway PointsAway Points

egarding climate change, g g g ,
th of sea level rise
2008 report on restoration 
ange should be a reason toange should be a reason to 
on, not a reason for delays
p delay climate change impacts in 

mpact of sea level rise and climate 
t
Change Adaptation Strategies for 
ity
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For additional info

Glenn L

U.S. Army Corp
Jacksonvil

Glenn.B.Landers@
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ormation, contact:

Landers

ps of Engineers
lle District

@usace.army.mil
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