The Coming
Hurricanes,
Sea Level
Rise &
Effects On
Community
Trees

Dr. Kim D. Coder

Professor of Tree Biology & Health Care
Warnell School, University of Georgia




STORM
HISTORY




Property & Lives -
Georgia’s Devastating
1750-1900 Storms

1752 “The Great Hurricane” cat. 3
1804 Savannah cat. 3
1813 St. Mary’s cat. 3

(catastrophic damage -- St.Mary’s & sea
islands -- 19 ft surge)

1824 Darien
1854 Darien cat. 3 (slow moving)
1881 St. Catherine’s cat. 2

(“Georgia Hurricane” -- 10th deadliest in US
— 15ft surge)

1893 Wassaw Island cat. 3

(“Sea Islands Hurricane” -- 6ft water covered
Tybee — 7th deadliest in US — 16-30 ft surge)

1896 tropical storm
(108mph on Tybee - “Brunswick wrecked”)

1898 Cumberland Island cat. 4

(16ft surge on island & along coast — strongest

on record -- “Georgia’s tidal wave”)
Fraser 2006



Georgia Storms
1901-2001

1911 -- tropical storm & NOAA

1928 San Felipe / Okeechobee cat. 4

1947 -- tropical storm
(75-110 mph — 12 ft surge at Tybee)

1964 Dora - Darien cat. 2

(slow moving — pounds St. Simons & Brunswick)
1979 David - Ossabaw cat. 1
1989 Hugo - Georgetown, SC cat. 4

1994 Alberto (27" rain Americus)
1995 Opal cat. 3 (70mph winds NW Ga)
2001 Allison (winds & rain along fall line

Multiple Storms - Atlantic & Gulf

(coast & inland battered by tornado strings &
torrential rains -- 15-28" rain from residual)



1750 - 2016

Georgia Coast

12 hurricanes

(2cat. 4 & 6 cat. 3)
+ 39 major tropical storms

Georgia State

26 hurricane impacts

in recorded history

(definition problem with
tropical storms)



HURRICANE TRACKS (CAT. 1-5)
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HURRICANE




Modified Saffir-Simpson

Hurricane Wind Scale
(NOAA 2012)

cat. 1 - 74-95mpn
cat. 2- 96-110mpn
cat. 3 - 111-129mpn
cat. 4 - 130-156mpn
cat. 5- >157mpn

- sustained wind speed -
cat. 3-5 = major hurricanes



Hurricane Landfalls Over 50 Years
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INCREASING

hurricanes
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CHANCES
40% hit FL
16% hit NC

7% hit GA
(14.3 years)




Sustained ~60 mph Winds For Cat. 3 Landfall




Savannah

(120 years since last)

84 years
over-due

Brunswick

(125 years since last)

91 years
over-due




HURRICANE
INTENSITY

increased over
last 30 years

FUTURE:
not more, but
more intense

larger peak winds
more heavy rains
more energy




Future Hurricanes
(9-F warmer / 2016-2035)

+11% cat. 3-5 storms
+3.6X cat. 5+

+6% intense winds
(& faster storm spin-up)

20% slower movement
+24% more rainfall

(larger storms over one spot longer
with more wind & rain)

NOAA - Nature, 2018; NCAR - Journal of Climate, 2018
Williams et.al. 2009






Storm Surge

wind push (85%)
wave push (7.5%)
eye pressure (7.5%)

Surge Waters

NOT wall, but rapid
(minutes) rise of water

current same as class
3-5 white water rapids



~25 feet
peak surge
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Selected Hurricane
Surge Levels

Sandy 2012
Katrina 2005
Dennis 2005
Isabel 2003

Opal 1995
Hugo 1989
Camille 1969
Audrey 1957




Components Of Visible
High Water Marks

surge
High Tide
Wave Height

EXAMPLE:
151t + 2ft + 10ft =
27ft total height




1990 - 2008

Population

Vulnerability
to storm surge

increased 17%
along Atlantic
Coast counties

(NOAA data)




GEORGIA COAST

number of properties

at storm surge risk
= 118,000

EXPECTATIONS

Coastal property values
decline quick over
next 40 years.
Shoreline shifts quick
over next 80 years.
Sea level rise for at least
next 250 years.
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Last 15,000 yrs
sea level rise
= ~380ft

Last 540 myrs
sea level

change
= ~1,200 ft

(775 ft higher / 460 ft lower)




time (thousands of years)
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EXAMPLE:

Ft. Pulaski, GA
daily tidal range =
4.3 - 9.8 feet

aaaaaaaaaaaaaaaaa

current sea
level rise =
0.12 in. / year




water

testt  SEA LEVEL RISE

1 2 3 4 5 6
sea rise models



SEA LEVEL RISE
PROJECTIONS

St. Simons, GA

Population with homes at risk = 22.9%
Livable land area under water:
-by 2060 = 26.4% -by 2100 = 60.1%
Property value risk 2060 = $1.75 billion

Tybee Island /
Wilmington Island, GA

Population with homes at risk = 17.4%
Livable land area under water:
-by 2060 = 32.9% -by 2100 = 70.4%
Property value risk 2060 = $915 miillion

Union of Concerned Scientists



Sea Level Rise

-more intense storms
-more flooding

-freshwater / seawater
inundation
-higher waves

-coastal erosion of
barrier islands
-beach sand dunes
move landward



FLOODING
Freshwater

&
Seawater



S0il Oxygen
Content

-tree root growth
slowed /| hampered
below 10%

-tree root growth
stops below 5%

-root rots effective 3-5%

n & Bryant 2012; Willey 2016



Anaerobic
Soil

can occur
within

one day
at 70°F




FLOODING

(freshwater or seawater)

SOIL PORES

-poor soil aeration
(warm water = 02 used in <3 hours)

-s0il structure destruction
-anaerobic ecology

-reduced chemical &
biological activity

-root growth loss
(within 7 days)



L LR Fanoun Tomne L MAJ O R

ERAF A e
LTI Py
"
wa l‘:"‘m Mapy
o crLaoeLt ol
Lot R TR
- L

PoLa M“‘i ¢ ‘~ ‘ﬁ

e Tearrg

rye (L1 =
*
a4 )
of flooding
’ sk | N > (L] =
*
k A% K
7 - ris
tol.. Cot ol bl 4
”
Lo
»
b¢.
ATHER | Mhai o
‘.“’ e - |- - “~b

= o el
— prasn g o .

Ay '.l
-
N 'S G .
PAACIRES ‘f* 'f”
n L]
»
L
I iy Sy bl [l -
RS : »
il iy AR
Lt e s ‘, e~
" \
n
L] .
J .
' Rl N YT e IATRR
L
"wr
CHLATEN L L e
)
»
n
—r LA
iy \
Raddal v
" usy
on

TN e Wena



GEORGIA WATERSHEDS

AT RISK -- FLOODING
(Atlantic Coast)

Savannah
Ogeechee
Altamaha

Satilla
Suwannee
St. Mary
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SALT

WATER
INTRUSION




seawater ~2.7%
heavier than
freshwater

seawater ~70X
more salts than
freshwater

seawater pH
7.5 - 8.4



SALTWATER / FRESHWATER INTERFACE
IN ESTUARINE RIVERS

fresh water P

«salt water



SALTWATER /
FRESHWATER
INTERFACE

high streamflow -

interface moves downstream

low streamflow -

interface moves upstream

interface upstream:
tidal forcing, sea level rise,
& high tide range
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SALTWATER / FRESHWATER
INTERFACE

OCEAN

SALTWATER

* = ecological viable volume



SALTWATER / FRESHWATER
INTERFACE

1. ocean level rises
2. freshwater table rises

3. interface moves inland & up

4. waterway flow increases

5. ecological viable space declines

OCEAN

A SALTWATER




BARRIER ISLAND

FLOATING
FRESHWATER LENS
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BARRIER ISLAND
FLOATING

FRESHWATER LENS

with sea level rise
T



TREE
IMPACTS




NEW TREE
ENVIRONMENT

Elevated:

CO2 03
Temperature
Wind Load

More:

Flooding
Drought



MARITIME FOREST
IMPACTS




TREE IMPACTS

crown dieback
& tree death

symptoms of
sea level rise &
upstream shift in
salinity

understory converting
to tidal marsh
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ISLAND
TREE IMPACTS
SEA LEVEL RISE

1. beach & bluff retreat
2. shoreline recession
3. island thinning

4. island washover

5. wetland conversion

6. marshland expansion inland
7. maritime forest die-off




COASTAL
CHANGES

-wetland loss
-fringe forest death
-farmland & lawns

into marsh

storm surges & more
intense rainfall

[
[
[
Williams et.al. 2009




Climate Change
-MARITIME TREES-

more
savannah

more marsh

Ingram et.al. 2013b



Climate Change
-MORE / INCREASED-

+wind speed / gusts
+more sudden
large rains
+severe erosion
+more Spring /
Summer droughts
+greater evaporation
+more fire




SYMPTOMS

Seawater Stress

-=trees wilt
-=roots become less
permeable

-lower water potential
(drought)

--Na+ & CI- ions toxic
(especially enzyme functions)

-=Na+ & Cl- ions compete
with K+, Mg++ & nitrate

(show element deficiencies)

n & Bryant 2012; Willey 2016



SYMPTOMS
Seawater Stress

-tree closes stomates
-tree shuts-down Ps,
Chia & protein synth.

(leaf temps increase)
-no elongation growth

-leaf margins & older
leaves necrotic
-huge respiration cost
in roots to exclude salt

n & Bryant 2012; Willey 2016



TREATMENTS
Seawater Stress

-freshwater rinse !

-small Ca++ addition
(do not increase salt level)

-small additions of K+
& nitrate with soil
aeration recovery

[ |
-NO0 Micro-elements
[ |
-no greenwood pruning
Hodson & Bryant 2012; Willey 2016






COMING
HURRICANES

NOT MORE --
BUT
MORE INTENSE

Larger peak winds
More heavy rains
More tornadoes




PROTECT
OR
RETREAT

ANTICIPATE
OR
REACT







