INE LU orlod Economics:
e Impact of Sea Level Rise

~ John Schedel, PhD, PE
- e Commander, U.S. Navy
Assistant Professor, U.S. Naval Academy

— Dave Kriebel, PhD, PE

e Professor, U.S. Naval Academy

February 08, 2017
FSBPA 2017 National Conference on Beach Preservation Technology



,. Infor nat LOI’]
| éﬂted here is
= M,;,.;_ @t:an official
— .-e.posmon of the U.S.
= Naw

S

—
-
S



WAL 19 ratten ,J-erd a.nd
IOVVAIS u:lﬁ:)r7 Rk

Lo

QWS Itcalculs

IOES'SEe I el rise affect
el JJJ md’?

s @fjr does this change the
: @a’blhty of flooding?
hat s the economic impact?

Source: UK DailyMail.com



‘,Ié What is return period? How.is;it:used?
A

How isfreturnipeionitalculaieu™
Does sea levekiiSaraileet retueh
DE 1O G,

g " ANESEBESEC change T1C probabilty ..

'-—Jr-i!ccdinr;? e

. . A Whatis the economic impact?

———

| it

-l
-
N

Nl knew you woudyegmnot Stnbs m, t

Source: Point Break (1991)



T

A What is return period? How. isit:
*- A How is'returniperiot o i
A Does sea leveliiSe Jru

roa?

- - - -L:'f A %’%geconomlc 111] LTl S
8 Jveraga un . :
IcEessive. events of the design wave being
s (U= ;{_d =50 o[ (frdtnh KNSBOE &A@t Edginering Manual)

e
P—
= -

_*100yr 100 year wgyieequaedog ht ,
on average once every 100 years

— o

- -

—— ,T B nanyglven year occurrence — =1/ Tr
. 1 T.=500yr P = 1/500 = 0.002 each year
_H, 1T T.=100 yr P = 1/100 = 0.01 each year
- { T=5yr P = 1/50 = 0.02 each year

I T,=20yr P = 1/20 = 0.05 each year



- -

A What is return period? How.is.itused?
ﬁ How is‘returniperpnical culaten’”

HOWAISNEurn period used?

et

- of flooding 2
—~ . A" What s the econemic impact?

—-— s
-

SN SIC Tt ENISEUROSERthe BasSENFIoad Elevation (BFE) %
I :tél Construction Gontrol Line(CCCL)

= constiteion

= lisields

= and use policy

R — ; _
- - - x .
== Other Industries. — T e
E — _Properly elevated building
. - BFE including —__ m
- —_Wave ‘effecis \ " Y
e A 100-year ——y__ :
—t stillwater Ry d
- m— . elevation Y
—— - Datum (e.g. ‘NGVD. NAVD) v A

“~Unelevated bullding constructed betore community entered the NFIP

L

Shoreline Sand Beach Buildings Overland Vegetated Limit of 100-year
wind fetch region flooding and waves

Source: FEMA (2015)



A What is return period? Howsissiiaiset?
A How is return period calculated?
A Does sea level [i3Ai{Set (C itk

PEL 00 2. s
/o = oykeleyes (RIS change the probability,
O 11000INA 2

A What is the,economic impact?

Annapolis, MD
82 Years of Data

Detrended
Ranked
Storm Tide Rank Tr
(ft from MSL)  Order (years)
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4.67 3

4.48 4

Flt data Set (period vs. height) to a 407 °

best fit-curve 3.9 7

an . . . 391 8

. SemtLog relationship 580

- Height = Normal; Period = Log 3.77 8
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A Best fit curve used to predict return 3.12 5
period heights o :
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Tr = Return Period = 100 yea

Encounter
(1 - P) Probability

T =

=== --that the annual probability ot
= exceeding a flood height, P=1/T,,
stays the same from year to year

P.=171 (17 P)-

A E.g. for T. =100 yr and L = 50 yr
Priz1o00yr 1=soyr =1 T (17 0.01)°° =0.395
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Predicted Maximum Flood Heights for Various Return Periods
(based on all available years of data, using 25 highest data points)
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Maximum Predicted Flood Height (ft MLLW)
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Predicted Maximum Flood Heights for Various Return Periods
(based on all available years of data, using 25 highest data points)
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Summary of SLR Adjusted Calculations of Encounter Probe

Annapolis $y9=6.88 ft MLLW in 2017
Encounter Probabilities for Flooding Based on SLR Projecti

Amount of Sea Level Rise by the Year 2100

O ft 1 ft 2 ft 3 ft 4 ft 5 ft 6 ft
20yr 18% 20% 21% 21% 21% 22% 22%
50yr 40% 52% 58% 66% 72% 80% 90%
83yr 57% 84% 97% >99% >99% >99% >99%
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Maximum physically
plausible land ice

Most Likely Scenarios: 0.20.4 m (8-16 in) of SLR by 2050 loss by 2100, with
0.5-1.5 m (20-60 in) of SLR by 2100 warming) from

unchecked carbon
emissions

Highest—2.0m
High—1.5m Upper limit

Medium — 1.0 m mandated by
USACE (2013)
(]

1.5 p]

Low—-05m

Lowest—0.2m Upper limit in IPCC
2013 report (small
contribution from
land ice)

1.0 pi

Moderate - major;
carbon cuts (Paris
Accord goal)

[
—— Linear extrapolation
of tidal gauge trend
A

2060

0.5»

Global Mean Sea Level (m above 1992)

A

2040

A

2020

A A

1992 2000

Year

Source: Adapted from Hall et al (2016)
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= Prebability ¢
fuiure i"ﬂ O . @@

Probability of Occurrence

SlOO,today

SSO,futmre-
Annual Maximum Flood Height (ft MLLW)
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Depth-Damage Curves for NeResidential Buildings
(Based on Structure's Construction Type)

ssocrated with different
ﬂeod'levels)

-0.

1.5 25 35
Floodwater Height Relative to Building's First Floor (meters)

Source: Adapted from U.S. Army Corps of Engineers (2006)
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Calculate EMV for
each year.
InCreases as sea
level rises.

Annual
Expected Monetary Value

A What is the economic impact?

Annual Damage EMV of $500k Building at 2017 100 yr Flood Height

$100,000
$90,000
$80,000
——5100,2017 (6.88 ft)
$70,000
$60,000
$50,000
$40,000

$30,000

$20,000

$10,000

S0

2017 2027 2037 2047 2057 2067 2077 2087 2097
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I Compare lifespan
savings Vvs. initial
cost of elevating
(compliance cost)

$100,000
$90,000
$80,000
$70,000

$60,000

$50,000
$40,000
$30,000
$20,000
$10,000

$0 -
2017

A What is the economic impact?

Annual Damage EMV of 5500k Building built to Different BFE's

——5100,2017 (.88 ft) 5100,2067 (8.40ft)

g in 2070 =
0 in 2050 = $27,000/year
$6,800/year

2027 2037 2047 2057 2067 2077 2087
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