COMES THE SEA

ACCELERATING SEA LEVEL RISE WILL DRAMATICALLY CHANGE
LIFE ON EARTH AS THE CENTURY PROGRESSES.
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MOST RECENT GOVERNMENT PROJECTIONS

NOAA, December 6, 2012

In: “Global Sea Level Rise Scenarios for
the United States National Climate




MOST RECENT U.S. GOVERNMENT PROJECTIONS
BY NOAA, UNITED STATES GEOLOGICAL SURVEY, DEPARTMENT OF DEFENSE,
ENVIRONMENTAL PROTECTION AGENCY, DEPARTMENT OF ENERGY, AND THE
US ARMY CORPS OF ENGINEERS
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Lowe Melt

projections
not
meaningful




South Florida 1995




+2 foot rise (mhhw = +4.5' above 1929 MSL) South Florida —2060
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1-2” VERSUS 3-5 — ALL THE DIFFERENCE

* A 1-2 foot rise this century —

— Miamai, barrier 1slands and upper Keys are still sort
of inhabitable;

— probably worth throwing up extensive defenses;

— and just maybe will get hold of global warming
problem before all 1s lost.




EVERY COUNTY AND CITY URGENTLY NEEDS ACCURATE
AND DETAILED ELEVATION MAPS FROM WHICH TO
ASSESS FUTURE DRAINAGE AND INFRASTRUCTURE RISK.

In SE Florida, a 50 cm (20 inch) sea level rise will make
80% of our coastal water control structures useless.




1-2” VERSUS 3-5 — ALL THE DIFFERENCE




+4 fOOt rISe (mhhw = +6.5 above 1929 MsL) South Florida ~2085
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+5 foot rise (mhhw = +7.5" above 1929 MSL) South Florida —2102
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STORM SURGES
FROM ALL SIDES /

(C) HR Wanless 2007




+6 foot rise (mhhw = +8.5" above 1929 MSL) South Florida —2112
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Monroe, Miami-Dade, Broward

and Palm Beach Counties are

greatly diminished and largely
Uninhabitable.

(C) HR Wanless 2007




IMIIAMI-DADE AND BROWARD COUNTIES THIS CENTURY

Present topography +2 FEET +4 FEET +6 FEET
(2048-20606) (2074-2099) (2093-2121)
72 % remains 62% remains 44% remains
60 % inhabitable 40% inhabitable 11% inhabitable




IMIIAMI-DADE AND BROWARD COUNTIES THIS CENTURY

Present topography +2 FEET +4 FEET +6 FEET
(2048-2066) (2074-2099) (2093-2121)

WHAT WE WILL LOSE Freshwater Resource Airports Storm Protection
Sewage Plants Road connectivity Tax Base




Present topography +6 FEET (2093-2121)




Land remaining > 2 ft above
Mean Sea Level (11%)

Present topography +6 FEET (2093-2121)




Inundation projections using LIDAR elevation data
Present topography 2 Feet Sea Level Rise

(2048-2066)

Miami
Beach

F. Is.

SVIiami-Dade

Sewage
Treatment Plant
on Virginia Key

Key Key
Biscayne Biscayne

H.R. Wanless, 2013;
maps from Peter Harlem, FIU




Inundation projections using LIDAR elevation data
3 Feet Sea Level Rise 4 Feet Sea Level Rise

(2063-2085) (2074-2100)

Miami
Beach

Key
Biscayne

H.R. Wanless, 2013;
maps from Peter Harlem




Inundation projections using LIDAR elevation data
5 Feet Sea Level Rise 6 Feet Sea Level Rise

(2084-2112) (2094-2122)

H.R. Wanless, 2013;
maps from Peter Harlem




MIAMI-DADE COUNTY LIDAR MAPS

from P. Harlem, 2010

PRESENT +0.6 m (+2
OPOGRAPH ft

TURKEY
POINT

100% land 72% land
area remains




MIAMI-DADE COUNTY LiDAR
MAPS from P. Harlem, 2010

+1.2 m (+4 +1.8 m (+6
ft ft

44% land remains
73% of that Is less
than 2 feet above sea
level

62% land
remains




MIAMI-DADE COUNTY LiDAR
MAPS from P. Harlem, 2010

+2.4 m (+8 +3.0 m (+10
ft ft

12% land 9% land
remains remains




MIAMI BEACH OCTOBER 15, 2012

Miami Beach tidal flooding at 10th and Alton, (aka. the corner of climate
change and clean energy.). Photo is 2 % hours after high tide. No rain. No
water main break. No hurricane. Just a twice daily high tide.

H.R. Wanless, 2013 Photo by Jon Uliman




STORM SURGES, ACTING AT HIGHER SEA LEVELS,
WILL CAUSING MORE FREQUENT AND
EXPONENTIALLY MORE SEVERE AND EXPENSIVE DAMAGE.

Bolivar Peninsula, Texas
Hurricane lke, Category 2, September 2008

H.R. Wanless, 2013 from PPT by William B Potter




IMPORTANTLY,

FLORIDA IS UNDERLAIN BY VERY
POROUS LIMESTONE AND SAND
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We cannot

build dikes
to keep out

rising water.
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“Sea ice decline is decades ahead of when
models predicted.

“Melting of polar ice sheets may occur
more rapidly than previously predicted.

“We could see disastrous consequences of
climate change far sooner than expected.”

Dr. Michael Mann,

Director Earth System Science Center,
Pennsylvania State University
October, 2012




REINFORCING FEEDBACKS
MAKE FUTURE
RAPIDLY ACCELERATING
ICE MELT

AND ACCELERATING
SEA LEVEL RISE
INEVITABLE AND UNSTOPPABLE AND

FASTER THAN ANTICIPATED.




FLORIDA THROUGH TIME

120,000 years ago 18,000 years ago

+ 6 meters - 120 meters How did this sea

~ 5 from Greenland level rise occur?
~ 15 from Antarctica




SEA LEVEL
STILL STANDS

AND
RAPID RISES J//J—/"'_

LOCKER ET AL, 1996
-Florida Straits

—




Recent research shows that relative sea level rise
IS not a simple curve but one with significant
stalls and rapid rises.

As sea level was first advancing out of the last ice
age, it rose in 6-10 meter steps 200-500 years
apart, each still stand leaving a distinct, cemented,
oolitic sand beach ridge.




SEA LEVEL
STILL
STANDS
AND
RAPID
RISES
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LOCKER ET AL, 1996
-Florida Straits
—JARRETT ET AL, 2005
- SW Florida Shelf




DEEP CORAL REEF
CAPPING A
DROWNED BARRIER
ISLAND FORMED
DURING TWO SEA
LEVEL STILL
STANDS:

N\

From: Jarrett et al, Marine Geology, 2005




SEA LEVEL
STILL STANDS
AND
RAPID RISES

ANDERSON ET AL,
2004 - Texas Shelf

— RODRIGUEZ ET AL,
2000 - Texas Shelf

LOCKER ET AL, 1996
-Florida Straits
—JARRETT ET AL, 2005
- SW Florida Shelf




RISE
TEXAS SHELF
T

ANDERSON ET AL,
2004 - Texas Shelf
RODRIGUEZ ET AL,

2000 - Texas Shelf

-19m
-27m

-38m

+11m

John Anderson,
Rice University




SEA LEVEL
STILL STANDS
AND
RAPID RISES

MILLIKEN ET AL,
P008 — Texas Shelf -16,-15,-14,-13 m

ANDERSON ET AL,
2004 - Texas Shelf

— RODRIGUEZ ET AL,
2000 - Texas Shelf

LOCKER ET AL, 1996
-Florida Straits
—JARRETT ET AL, 2005
- SW Florida Shelf




SEA LEVEL
STILL STANDS
AND
RAPID RISES

*D & W, 1991GELSANLITER, 1996

MILLIKEN ET AL,
P008 — Texas Shelf

ANDERSON ET AL,
2004 - Texas Shelf
RODRIGUEZ ET AL,
2000 - Texas Shelf

LOCKER ET AL, 1996
-Florida Straits
JARRETT ET AL, 2005
- SW Florida Shelf

*D & W = DOMINGUEZ AND WANLESS, 1991
- Florida and Brazil
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Florida Bay
was inundated
during two
pulses of sea
level rise
between 4,500
and 3,200 ybp.




Gelsanliter, 1996 e
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A small, rapid rise 2,500-2,400 ybp; then a 400 year
period of intensive sediment erosion and recycling.

Gelsanliter, 1996




RELATIVE SEA LEVEL HISTORY FOR SOUTH FLORIDA

Graph of last
7,000 years of
south Florida
sea level rise

Gradually

decreasing rate
of sea level rise

Too fast a rise
until about
3,200 years
ago




RELATIVE SEA LEVEL HISTORY FOR SOUTH FLORIDA

< More detalled

ORIGIN ® look at last

Y > 5,000 years.

Key Biscayne
was initiated
during a pause
In sea level rise
about 3,200
years ago.

Most of island
growth was
over past 2,300
years.




A BLOCK DIAGRAM OF THE AREA
NEAR MIAMI ABOUT 7,500 YEARS AGO




- ABOUT 4,000 YEARS AGO AS THE
SEA WAS INVADING BISCAYNE BAY.










WE HAVE SERIOUSLY INCREASED THE WARMING
STRESSORS. WE MUST EXPECT ICE MELT AND SEA
LEVEL TO RESPOND AS IT HAS IN THE PAST.

Industrial

D

From Hansen, 2009, p. 153




“Sea ice decline is decades ahead of when
models predicted.

“Melting of polar ice sheets may occur
more rapidly than previously predicted.

“We could see disastrous consequences of
climate change far sooner than expected.”

Dr. Michael Mann,

Director Earth System Science Center,
Pennsylvania State University
October, 2012




We are now seeing:

Continued warming of the world’s oceans
(= expansion and huge heat reservoir).

Accelerating ice melt of alpine glaciers.
Rapidly accelerating ice melt
of Greenland Ice Sheet and
West Antarctic Ice Sheet.

Rapidly diminishing Arctic
Pack Ice cover in summer.




= 1.5 feet or much greater per century rise.
























and accumulating dark dust and soot on the

surface - further accelerating ice melt.



























= 1.5 foot or much greater per century rise.

RATE OF MASS LOSS = ICE SHEET MELT






Jacobshaven Icefjord

Drains 1/7 of
Greenland Ice Sheet












Calving front of Ice Sheet

N\



Calving front of Ice Sheet

N\









August 12
2012




August 21
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This warm ocean water is penetrating far
in from the Icefjord beneath the Ice Sheet.


































4. Rapidly accelerating melt of outlet glaciers to the West
Antarctic Ice sheet by warmed sea water.

If the West Antarctic Ice Sheet melts, sea level will rise ~25°.









Antarctica Ice Loss

an ice loss acceleration
of -30 km3/yr/yr
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BEDROCK




BEDROCK
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= 1.5 feet or much, much greater per century rise.
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IN 2002 THIS WAS THE ANTICIPATED LOSS OF
ARCTIC OCEAN ICE IN 2050. WE ARE
ALREADY THERE!




September 14, 1984
LOSS OF ARCTIC

SUMMER PACK OLD,

THICK &

ICE SINCE 1984 SOLID

Warming Greenland

—>> Joe Sheet melt September 13, 2012

Melting methane
hydrates =>> CH, YOUNG,
THIN &

Melting Permafrost  DROKEN

—p COZ




NORTH POLE WEB CAM — AUGUST 25,
2007

Ice reflects nearly all incoming solar radiation back into the air and
space. Open water absorbs over 90% of incoming solar radiation




ARCTIC SEA SURFACE TEMPERATURE
ANOMALY

REINFORCING
FEEDBACKS ARE
ACCELERATING
ARCTIC AND
GREENLAND
TRENDS

Five years ago the Arctic was projected to lose summer pack ice by 2070.
Today scientists project the summer Arctic ma y be ice free within a decade!

Earth Observation Research Center, Japan Aerospace Exploration Agency




AI’CtIC Shallow
wshelf and on land
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Troplcal > 2,000 meters_

Methane Hydrates




MELTING OF
METHANE
HYDRATES ON
ARCTIC OCEAN
SHELF

METHANE BUBBLI
TO ARCTIC OCEAN
SURFACE

METHANE
VENTING
THROUGH THE
OCEAN TO THE
ATMOSPHERE ON
THE ARCTIC




SHELF RELEASE OF METHANE

From melting methane hydrates
(NOVEMBER)

IASI ATRS CH4 at 60022970 mb in NOVEMBER (CH4 Mixing Ratio in ppvb)

Yurganov, 2012




* Permafrost is frozen ground
150-2,000 feet thick.

* Huge amounts of organics
are frozen in the permafrost.

» 20% of tundra has been lost
since the 1980s.

» 3-5 meters of permafrost are
expected to melt in the coming
100 years (Ted Schuur,
University of Florida).

» Organic decay from melting
the upper 3 meters of
permafrost will release as
much CO2 as is presently in
the atmosphere.




MELTING
PERMAFROST

WEST OF
GOOSE BAY,
LABRADOR
JULY, 2012

Decayed organics in
melted permafrost release
carbon dioxide and
methane:

Release as methane if
ground 1s wet;

Release as carbon dioxide
if ground 1s dry.




PERMAFROST RELEASE OF METHANE
(AUGUST)

4

+ 10 ppvb in 8 years + 10 ppvb in 1 year !!

2003 2011 2012
Local PM (ascending) AIRS CH4 at 400 mb in August (CH4 Mixing Ratio in ppvb)

University of Maryland, 2012




Leading Climatologist,
James Hansen

has suggested

a sea level rise of
5 meters (16 feet)
by 2100

Amplifying feedbacks make ice sheet disintegration necessarily highly
non-linear.

A 10-year doubling time for sea level rise is plausible, and such a
doubling time, from a 1 mm per year ice sheet contribution to sea level in
the decade 2005-2015, would lead to a cumulative 5 m sea level rise by
2095.

James Hansen (2007) and James Hansen and Miki Sato (2012)




WE ARE RUNNING
WELL AHEAD OF
HANSEN'S PREDICTION

LOOKING JUST AT
GREENLAND.




Greenland Ice Mass RAPIDLY

ACCELERATIN
LOSS

-150 gigatons/yr

=0.41 mm/yr

-350 gigatons/yr
= 0.97 mm/yr







In January 2013,glaciologist Jason Box said that “Humans
have already set in motion 69 feet (20 meters) of sea level

* 29
rise .
North
o Carolina Y

Oklahoma Tennessee

Arkansas

South
Mississippi . Carol 13
Alabama

20 meters [Eakite ceon g8
(69 feet) '
sea level
rise

In a 2012 National Science Foundation report, paleo-
climatologist Kenneth Miller of Rutgers University said:
“The natural state of the Earth with present carbon dioxide
levels 1s one with sea levels about 70 feet higher than now.”




The problem 1s that these rises will
occur as a series of rapid pulses -

IT IS TIME TO BEGIN THE

CONSIDERATION THAT
PULSES OF RAPID SEA
LEVEL RISE IN THE 1-10
METER RANGE AREA A
REAL POSSIBILITY
DURING THIS CENTURY.

LEADING TO 10-30 M (33-

100 FT) SEA LEVEL RISE

FROM MULTIPLE PULSES Ejevations greater than 150’
OF SEA LEVEL RISE.




I recommend quick planning and implementation for putting things
too 1important to lose and too valuable to be disrupted

At greater than 165 feet
(>50 meters) elevation and

1n areas that will not be 1n
the chaos of rapid relocation.

Such as:

National Archives, Museums, & Gallerys
Mints, Critical Military Bases, Legal Archives
Global Seed Banks, Computer Data Centers

National Health & Disease Control Centers
Water supply/storage, disposal, energy systems

Planning for rapid resettlement of large

population groups,

Maintaining agricultural functionality and

distribution (most deltas compromised with : :
éss than 6 feet rispe)_ Elevations greater than 150




DELTAS ARE THE FOUNDATION FOR
FOOD SUPPLY WORLDWIDE.

A 2 meter (6.5 foot) rise
will inundate them.

(Godavari River
Delta, India

© Harold R. Wanless, August 18 , 2012




LOOK HOW VULNERABLE
SOUTHEAST FLORIDA IS TO RISING
SEA LEVEL —

BARRIER ISLANDS AND MAINLAND:




Miami-Dade

TURKEY
POINT

Present topography as shown with LIDAR elevation data
from P. Harlem, 2011




Miami-Dade

IMAGES AT
MEAN HIGH WATER

Inundation from 1 ft. Sea Level Rise (2030-2042)
from P. Harlem, 2011




Miami-Dade

72% land
remains

Inundation from 2 ft. Sea Level Rise (2048-2066)
from P. Harlem, 2011




Miami-Dade

Inundation from 3 ft. Sea Level Rise (2063-2084)
from P. Harlem, 2011




Miami-Dade

62% land remains

Inundation from 4 ft. Sea Level Rise (2074-2099)
from P. Harlem, 2011




Miami-Dade

Inundation from 5 ft. Sea Level Rise (2084-2112)
from P. Harlem, 2011




Miami-Dade

44% |land remains
73% of that Is less than
2 feet above sea level

Inundation from 6 ft. Sea Level Rise (2093-2121)
from P. Harlem, 2011




Miami-Dade

Inundation from 7 ft. Sea Level Rise
from P. Harlem, 2011




Miami-Dade

12% land remains

Inundation from 8 ft. Sea Level Rise
from P. Harlem, 2011




Miami-Dade

Inundation from 9 ft. Sea Level Rise
from P. Harlem, 2011




Miami-Dade

Inundation from 10 ft. Sea Level Rise
from P. Harlem, 2011
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LETS LOOK AT WHAT HAS N ”
BEEN HAPPENNG

Florida Bay+ =
IN THE COASTAL AREAS AFFECTED BY /’
SEA LEVEL RISE AND SALINE INTRUSION J/




RAPID LOSS OF SALINE AND FRESHWATER
WETLANDS IS OCCURRING THROUGHOUT SOUTH
FLORIDA’S COASTAL COMPLEX IN RESPONSE TO

SEA LEVEL RISE AND SALINE INTRUSION

5. 10,000 Islands "~} ‘;ff’,a S .-
Degradation of mangrove A,
and transitional marsh

3. Gopher Creek
Collapse of interior
mangrove wetland
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2. North Cape Sable
loss of interior
mangrove wetland

4. Cape Sable
Collapse of saline-intruded

freshwater wetland 6. Expansion of ‘White Zbne'

Collapse of transitional and freshwatef’ marshes




* In 1917 the marl
ridge of Cape Sable
was advertised as
the finest agriculture
soil.

Roads and houses
were built.

The freshwater
S marsh behind was
g drained for grazing
K A W and sugar cane.

Cape Sable 5. =







THE FRESHWATER MARSH IS NOW
A SHALLOW MARINE LAGOON

1928

Freshwater Marsh

Former
Freshwater Marsh,
now marine




Remaining fresh (to
brackish) water marsh

Saline water, collapsed
former freshwater marsh

Mangrove wetland

lkonos 2002




THE MARL RIDGE OF CAPE SABLE IS NOW FLOODED
OVER 80 TIMES A YEAR
BY HIGH TIDES FLOWING ACROSS.




Remnant living sawgrass

Dead sawgrass, substrate decay

WIDESPREAD INUNDATION & COLLAPSE
OF FRESWATER WETLANDS —
In areas not modified by humans.




AND CONVERSION TO OPEN WATER




Much of the wetland collapse and coastal changes will
be caused or initiated by hurricanes
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... of which we get plenty.




Occurring on an average of once every
5 to /.5 years,

Any environment In south Florida has
had 500-1500 hurricanes over Its history.




THREE BIG ONES OF THE PAST CENTURY










HURRICANE ANDREW IS THE MOST RECENT OF
A SERIES OF CATGORY 4 AND 5 HURRICANES
THAT HAVE INITIATED EVOLUTION OF THE

-

1995 image




HURRICANES ARE EFFECTORS OF CHANGE
IN OUR NATURAL ENVIRONMENTS
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ON MANGROVE COASTLINES
In the big ones, this ...




ON MANGROVE COASTLINES
In the big ones, this ... Becomes this.




Vast areas of mangrove swamp destroyed by the major
hurricanes of 1935, 1960 and 1992 have evolved into
shallow bays because —

the rapid subsidence of the root
peat prevents recovery as a
mangrove community.

Highland Beach and mangroves,
Hurricane Andrew

Tom Smith, USGS, Highland Beach




Big Sable Creek

1953 THE GREAT LABOR
DAY HURRICANE OF
1935 DECIMATED
THE MATURE
MANGROVE FOREST
OF BIG SABLE
CREEK.
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Dead peat surface is now about 3’ (1 m) lower
than living mangrove surface — through decay.

Forest destroyed in 1935 Hurricane




September 26, 2008




Southern Interior
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RAPID EROSION,

REDISTRIBUTION
AND
SEDIMENTATION

SHALLOWING AND
CAPPING BY
MANGROVES
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8.5 cm

in 6 months




Southern Interior







Rising sea level Is a tlme of high nutrients and turbidity
v‘?{"' ~ .

- and a bad time for reefs

18 October 2000




Coastal Florida’s future and fate is at the
mercy of the dynamics of Polar ice,

-
S

N

H.R. Wanless, 2013 © Harold R. Wanless, August 2, 2012




AND THAT MERCY IS VERY RAPIDLY
FRACTURING AND MELTING WAY.

Fractured Ice Sheet in from Jacobshaven Icefjord® Harold R. Wanless, August 2, 2012




WE HAVE A CHOICE OF MAKING THIS A
PROGRESSIVE ORDERLY PROCESS IN
WHICH THERE CAN BE BOTH
PLANNING AND HELP TO THE

AFFECTED
FAMILIES/BUSINESSES/COMMUNITIES
AND CLEANING OF THE LAND BEFORE

INUNDATION OR - -




— OR RISKING
CATASTROPHIC CHAOS,
CREATION OF LARGE NUMBERS OF

DISLOCATED INDIGENTS,
AND
POLLUTED WETLAND AND MARINE
ENVIRONMENTS.




THE CHOICE IS OURS.




hwanless@miami.edu




