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Presentation Outline

= Current USACE & NOAA guidance
on Sea Level Change projections

= Florida SLC Trends & Projections

= SLC beyond 2100

= SLC Concerns in Florida — Current
& Future; Direct & Indirect

= Systems Approach to Adaptation

= Building a More Resilient Future
with Public/Private Partnerships?
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US Army Corps of Engineers

Civil Works Mission Areas

= Navigation
» Breakwaters and Jetties
e Harbors, Navigation Channels and Ocean Disposal Sites

= Hydropower
= Reservoir Regulation; Water Supply
= Coastal Storm Damage Reduction

e Beach fills and Shoreline protection structures

* Flood Damage Reduction
« Storm Drainage, Dams, levees, floodwalls

= Ecosystem Restoration
= Emergency Response
: Recreatlon
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Climate change
has the potential
to impact
all USACE
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Climate Change Concerns
for Florida

= Sea Level Rise
« Salinity changes in coastal bays, plus tidally influenced creeks and rivers
» Shoreline retreat with natural habitat changes/losses
* Increasing flood frequency and depth in coastal areas
« Saltwater intrusion in water supply wells, OR higher canal stages and flood risks
e Uncertainties and risks in rate and depth of sea level rise
= Warmer Temperatures
« Evaporation losses up; water supply down
« Stresses on plant, animal, and marine ecosystems
e Changes in growing season and migratory patterns
e Changes in water quality
= Hydrologic Pattern Changes
» Potential for less frequent and more intense rain events |
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Florida Through Time —
Sea Level Change Happens!

120,000 years ago 18,000 years ago
+ 6 meters (20')* - 120 meters (420’)

z _ ,
S 'C1red|t Dr Ha‘?old R Wan €ess; Universlty (}I‘ Miami, I?e‘partment of Geologlcal SCIences
: ‘co- chalr of Miami- Dadexgllmate Change Task Force
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Rates of Sea-level rise
since the Last Glacial Maximum
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Past, present, and potential future
rates of sea-level rise
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Estimates of Global Sea Level Change by 2100
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ER 1100-2-8162 Incorporating Sea Level Change
Considerations in Civil Works Programs

= Three estimates of future SLC must be calculated for all Civil
Works Projects within the extent of estimated tidal influence:

« Extrapolated

t d Comparison of Sea Level Rise Scenarios
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Florida Atlantic Coast
Historic Relative Sea Level Change

Relative Sea Level Change = Estimated Global Sea Level Trend (1.7 mm/yr) + local Vertical Land
Motion

Reference: NOAA Technical Report NOS CO-OPS 065, Estimating Vertical Land Motion from Long-
Term Tide Gauge Records, May 2013

Tide Station (# and Name) mm/yr
8720030 Fernandina Beach (1897 to present) 2.30
8720218 Mayport 2.29
8721120 Daytona Beach *(Inactive) 2.32%
8723170 Miami Beach *(Inactive) 2.39*
8723970 Vaca Key **(<40 years) 2.90%*
. | 8724580 Key West (1913 to present) 2. 20 E
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Key West, FL: 2.20 (mm/yr)
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Relative Sea Level Change Scenarios
for Key West, FL (feet)

USACE
Year anudsﬁgi A | Intermediate NOAA UI_SI IACr:]E NOAA
Low NOAA Int-Low | Int-High (Mod. NRCgCurve 1) High
(Mod. NRC Curve I)

Scenario > Cogglr;ltjiex}: is?t(c):ric +o(.3é?:1)atl)|yszL§oo +1%?rt1)atl)|y82foo +1§5|5?rt1)atl)|y82Lfoo +2§(;?:1)at:yszL§oo
1992 0.0 0.0 0.0 0.0 0.0
2010 0.1 0.2 0.2 03 03
2060 0.5 0.9 1.8 2.2 2.9
2100 0.8 1.8 4.1 5.1 6.7
2110 0.9 2.1 4.8 6.0 8.0
2120 0.9 2.4 5.6 7.0 9.3

Notes: USACE projections are for historic, modified NRC Curve I and modified NRC Curve Ill rates of sea level change developed
for Key West, Florida per USACE Engineering Circular (EC) 1165-2-212. This EC is based on guidance in the National Research
Council (NRC) report, Responding to Changes in Sea Level; Engineering Implications dated September, 1987. The projections are
developed using the local historic rate of sea level rise at Key West as reported by NOAA (2.20 mm/yr). NOAA projections use the
same EC equations modified for different global SLR scenarios. The USACE and NOAA gwdance docum nts do not adqress da es |
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Sea Level Change Beyond 2100

= Anticipate accelerating SLC continuing well beyond 2100

= Very long term SLC may total 2.3m (7.5ft) for each degree Celsius
In global warming. In geologic history, this may have taken a total
of 1000 years. Impacts of modern high greenhouse gas levels?

= Protect existing built environment as long as economically feasible
= Buildings AND developed land will depreciate as SLR risks increase
= Develop “Exit strategies” to support timely voluntary actions

= Coastal ecosystems need suitable space for SLC adaptation

= Prioritize long term risk reduction. Shift from projects “optimized”
for static future conditions to “robust and adaptable systems”
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SLR Concerns In Florida

= Direct Impacts
(SLR + waves or storm

Ocean ’ surae
Avenue, A1A " 9 )

* Flood Drainage
(increased frequency,
depth and/or duration of
interior areas flooding)

= Water Supply

(saltwater intrusion)

= Natural System |
SRR R _ (coastal ecosystems and |
R TN L L. $@ rapid peat loss) i

\
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Flood Risk vs Water Supply Concerns

Canal Canal I
T TT Water table ]

S Rainfall S

o
Surface waler
in Everglades
Evapotranspiration

Conceptual diagram of hydrologic system
of south Florida (Langevin, USGS, 2000)
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Shallow wells are the
primary source of
drinking water in South
Florida communities

Continued sea level rise
will cause saltwater
intrusion into wells and
create a need for new
freshwater sources

——- OR ---

Protecting water supply
wells with higher canal
stages will increase
flooding in many low
elevation communities



Water Supply Concerns

Kissimmee River Basin
and Lake Okeechobee Lake Okeechobee Drought

_ | ="Potential saltwater intrusion into coastal water o Ak e d)
N "“;'!' s su_pply wells, plus climate char\ge imp_acts on ¥ -',-_,_
R AR : | rainfall patterns and evaporation will increase ] \)

o water supply demands and water storage needs
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Sea Level Rise In South Florida

= A little less than 1 foot during the past century measured at
Key West

= A 2 foot rise would have significant effects

St'h FIorida 1995

Cape Romano

Ve o J
-‘fm_,..EvergIades L
[}i_ational—'Park" ‘

. Everglades:
' National Park .

. Turkey
“Point

Credit: Dr. Harold R. Wanless; University of Miami, Department of Geological Sciences;

~ g L : LY Credit: Dr. Harold R. Wanless; University of Miami, Department of Geological Sciences;
4 . ¥4, co-chair of Miami-Dade Climate Change Task Force s

co-chair of Miami-Dade Climate Change Task Force
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Sea Level Rise In South Florida

= A little less than 1 foot during the past century measured at
Key West

= A 4-5 foot rise would have dramatic impacts

MHHW +120 cm (4 ft) rise

FERT T

MHHW +150 cm (5 ft) rise
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Credit: Dr. Harold R. Wanless; University of Miami, Department of Geological Sciences; i | Credit: Dr. Harold R. Wanless; University of Miami, Department of Geological Sciences;
co-chair of Miami-Dade Climate Change Task Force '. L co-chair of Miami-Dade Climate Change Task Force
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Legend Legend
[ e [
‘_: Zones 2 | ‘ [

MTL Inundation +2 f } MTL Inundation +2 it TOR"
Depth (ft) Depth (ft)
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Georgia

Atlantic Ocean

Sea Level Rise in
St. Johns River

 Increases Flood
Risks

* Increases
Salinity in River
and adjacent
groundwater

 Decreases
surface storage
of freshwater

O  Seaport
2 Airport
- 1 Foot Sea Level Rise

=—— Future Bus Rapid Transit

& Power Generating Plants

- Schools

N

10 20

Mﬂes : : A

Northeast Florida Sea Level Rise - 1 Foot Rise
Credit: Northeast Florida Regional Council
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Georgia

Atlantic Ocean

Legend
O  Seaport
X Airport
[ 3 Foot Sea Level Rise
=—— Future Bus Rapid Transit &

N
0 5 10 20
: : Mﬂes ! : A lf
Northeast Florida Sea Level Rise - 3 Foot
Credit: Northeast Florida Regional Council
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Georgia

Atlantic Ocean

O  Seaport
X Airport
- 6 Foot Sea Level Rise

== Future Bus Rapid Transit

® Power Generating Plants

- Schools

N

10

M_illes : A x

Northeast Florida Sea Level Rise - 6 Foot Rise
Credit: Northeast Florida Regional Council
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Changes to Salinity

* Hydrodynamic modeling predicts “small” increases in
salinity levels within the St. Johns River main stem

= Small in comparison to other factors that can influence
salinity such as drought, ocean level, sea level rise, etc.

= Tributary modeling is still ongoing, but effects are expected
to be commensurate with findings in the mainstem.

Example, at Buckman Bridge, (Mile 34)

= Without-project average salinity = 2.0 ppt

= With-project average salinity increase < 0.1 ppt

= Extreme dry year (2011) average salinity = 7.3 ppt

BUILDING STRONG® US ARMY CORPS OF ENGINEERS | Jacksonville District



26

A g Ve '-Fuﬂé_i' Warren Br.,

Critical Grass
Beg Areas

Buckman Br_:'dge
: - _ Time - Days

il Salinity 1 7 30 90
’ 25

Julington Creek ; 15 Low Stress Moderate Stress

; 10 Low Stress

! 8 Low Stress

3

No Action to TSP 47-ft &
Salinity Difference (ppt)
<0

Wotwo
BWoitwo:

1 P -
[ o2t03 NS . \\
MWo3to04 e - Hdh ’
| Jodtw0s
W ostoos : \
Woswor

® River Mile

5
Miles

Taylor Engineering Inc. = G2012:010

% 10151 Deapuioed Fam ol Average High Tide Salinity Difference NS
= Jackeonvile, FL 32256 No Action to TSP 47-ft Project B

_— O AT FICATE OF AUTHOREAT IO walid JUNE 2013

BUILDING STRONG® US ARMY CORPS OF ENGINEERS | Jacksonville District



Increasing Flood Risks from
Long Term Sea Level Change

These estimates were created using the existing min/max
elevations found in the county DEM data. All percentages are
for full county area, including natural areas and parks.

County: Percent below Percent below  Percent below Percent below
elevation 5ft: elevation 10ft:  elevation 20ft:  elevation 30ft:
Dade 61 97 99+ 99+
Brevard 17 26 64 96
Duval 15 27 51 67
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Risk

= Risk is a measure of the probability and
consequence of uncertain future events
= Risk includes
* Potential for gain (opportunities)
e Exposure to losses (hazards)
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Risk Analysis in Three Tasks

Risk Assessment

e Analytically based

Risk Communication

eInteractive exchange of information, opinions,
and preferences concerning risks
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United Kingdom Climate Adaptation Approaches:
Precautionary versus managed adaptive

Scenarios:
== == Precautionary approach
- Managed adaptive approach

Level of acceptable risk that
is tolerated.

Managed adaptive approach:
several interventions over time to
manage risk

Probability or risk

- o -
g —
- —
- Precautionary approach: single
- intervention point at start, to manage risk

- over the whole life. W
- stk s R R LS
> i ‘ ™ Y U

Time
2 Figure courtesy of Jonathan Simm, HR Wallingford, UK

\ S - \
/ Wil
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Risk Management Decision

= Sustainable

= Robust — performs well under wide range of
future conditions

= Cost-risk trade-offs
* Regret-based approach
» |f cost-cost trade-off, no firm rule

 |f trade-off of cost vs. safety, precautionary with respect to
safety risk, minimize worst-case outcome
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Systems Approach to Adaptation

= Two problems: short AND long term (100 yr++) risk reduction
= Recognize need for interagency collaboration and shared planning
= Address the combined needs of human and natural systems

= Prioritize long term risk reduction. Shift from projects “optimized”
for static future conditions to “robust and adaptable systems”

= Encourage Public Investment in “Framework” Infrastructure in low
risk areas (water supply, major roads, flood risk reduction, power,
sewer, etc.).

= Provide Incentives for Private Development in low risk areas

= Hurricanes and other disasters are opportunities to redevelop in
lower risk areas. Implement pre-storm relocation agreements.
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Florida Sea Level Rise Concerns

Take Away Points

= USACE SLR projections are based on guidance from the National
Research Council, are site specific and include local uplift or
subsidence. Does not address wave and storm surge frequency.

= SLR PERMANENTLY increases coastal flood frequency

= Leading Indicators of Sea Level Rise, such as the reduction in
polar ice caps, and the recent rapid increases in the rate of
glacier melting worldwide forecast significant SLR rate increases

= Long Term Sea Level Rise Adaptation Strategies are

needed at project, community, watershed, and national scales

= USACE Watershed Planning Authority — With local support,
mlght be an optlon for coordlnated mteragency reglonal SLR
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ldeas for Discussion

= Focus on short AND long term (100 yr+) risk reduction
= Recognize many buildings are remodeled or rebuilt after 50 years

= Shift planning from projects “optimized” for static future
conditions to “robust and adaptable systems” that support long
term risk reduction plans

= Establish unified sea level rise scenarios for watersheds or other
broad areas for coordinated planning purposes

= Remember how the Interstate Highway System changed city
development patterns. Build “Framework” Infrastructure (major
roads, power, water, sewer, etc.) in low risk areas and strongly
encourage private development in these areas.

, = Hurricanes and other disasters are opportunltles to redevelop in
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Thank you!

For additional information, contact:

Glenn.B.Landers@usace.army.mil
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