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What is return period? How is.it used?
How'is returnipeppuicalclaten?
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*I knew you wouldn’t miss the 50-Year Storm, Bodhi.”

Source: Point Break (1991)
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i

| — e e

-

ELUT Hr*rJJJ S tHeYaVeragertime interve
SLWVEEN Sl cesswe events of the design wave being
c|! c]]*—‘J ) xceeded. (from USACE Coastal Engineering Manual)

Fg T ’—‘ 100 yr — 100 year wave height, S, is equaled or
Ed , 0N average, once every 100 years

-

A\
7)

if
(“

Yo w
P

-~ e

\
\n

"' In any- glven year, Poccurrence = 1/ T,
"-;'t.: — T. = 500 yr — P = 1/500 = 0.002 each year
. = T,=100yr —» P = 1/100 = 0.01 each year
— T.=50yr— P = 1/50 = 0.02 each year

— T.=20yr —» P = 1/20 = 0.05 each year
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Shoreline Sand Beach Buildings Overland Vegetated Limit of 100-year
wind fetch region flooding and waves

Source: FEMA (2015)
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82 Years of Data

Detrended

J__)J\ e threShOId Ranked
' Storm Tide Rank Tr

korder events (ft from MSL)  Order (years)

SPe JOd of each event is 631 1
55 = = Rank Order / # Years of Data E%é %
——" F|t @ata set (period vs. height) to a 407 s
: best fit curve e o
— Semi-Log relationship oo 8
- Height = Normal; Period = Log 3.77 8
— Weibull 2 Parameter igi ’
— Weibull 3 Parameter 3.20 6
 Best fit curve used to predict return o ;
period heights o ;
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WIENIODaIitY of experiencing a Encounter

(1-P) Probability

GIVENiExtieme event within a given
meEperiod, L
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a—'l'radltlonal Calculation of Pz assumes
.~that the annual probability of

= exceeding a flood height, P = 1/T_,
stays the same from year to year

P, = 1—(1-P)t

v
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e E.g.for T, = 100 yr and L = 50 yr
PTF=100YI‘, L=50yr = 1 = (1 = 0.01)50 = 0-395
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Global and Local Annapolis Mean Water Level Trends (1928 - 2015)
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Sources: Adapted from National Climate Assessment (2014), Church & White (2011),
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« Does sea level rise affect return
period?.

Predicted Maximum Flood Heights for Various Return Periods
(based on all available years of data, using 25 highest data points)

8.0

6.0

rﬁa]or events, T 40
decreases slightly 20

0.0
1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015

e In years with Year
major eventS, Tr —@—20 Year Return Period 50 Year Return Period ~ =—@=100 Year Return Period

. =@= 7500 Year Return Period ==@=1,000 Year Return Period
spikes upward

Maximum Predicted Flood Height (ft MLLW)
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« Does sea level rise affect return
period? e

Predicted Maximum Flood Heights for Various Return Periods
(based on all available years of data, using 25 highest data points)

1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015

~  sea level rise
tre n d et ) () Year Return Period 50Year Return Period

et 100 Year Return Period et 500 Year Return Period

Maximum Predicted Flood Height (ft MLLW)

st 1 000 Year Return Period e e e Linear (20 Year Return Period)

Linear (50 Year Return Period) e e e« Linear (100 Year Return Period)

e e e |inear (500 Year Return Period) Linear (1,000 Year Return Period)
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(based only on previous 25 years of data)
Delse j OnlyA0on
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uncertainty. (due Year

Maximum Predicted Flood Height (ft MLLW)

to fewer data === (0 Year Return Period 50YearReturn Period  ==@==100 Year Return Period
pOI ntS) e=@="500 Year Return Period e==@==1,000 Year Return Period

e Upward trend
mirrors SLR
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How,does SLR change the
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| : of flooding?

Traditional Calculation of Encounter Probability

T, = Return Period = 100 years
Annapolis S0 =6.83 ft MLLW in 2017

Encounter
Probability

For T 100 years
— For L = 5 years — P = 4.9%
P: = 1 — (0.99)(0.99)(0.99)(0.99)(0.99)

— For L = 50 years — P = 40%
— For L = 83 years — P = 57%
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Howidoes SLR change the
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oall \/ Of ﬂOOd | ng 2 * “How does'this change the probability
| : of flooding?

! y " SLR Adjusted Calculation of Encounter Probability
SAlERCounterProbability;

” L)f on consta nt P=1/T Annapolis S0 = 6.88 ft MLLW in 2017
- Based on SLR Projection of 3 ft by 2100

Encounter
(1-P) Probability

<= ;,,f = 100 yr height and
“"as,é Urings s fit SLR by 2100

@
——

= — For L =5 years — P = 5.0%
P. = 1 — (0.9900)(0.9899)(0.9897)(0.9896)(0.9895)

— For L = 50 years — P = 66%
— For L = 83 years — P > 99%

L
1
2
3
4
5
6
7
8
9
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; -. Summary of SLR Adjusted Calculations of Encounter Probability

Annapolis S190 =6.88 ft MLLW in 2017
Encounter Probabilities for Flooding Based on SLR Projections

Amount of Sea Level Rise by the Year 2100
0 ft 1 ft 2 ft 3 ft 4 ft 5 ft 6 ft
18% 20% 21% 21% 21% 22% 22%
40% 52% 58% 66% 72% 80% 90%
57% 84% 97% >99% >99% >99% >99%
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W does this change the probability
of flo oalng

*\WHat IS the eCOnomIC Impact?
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OVEr Ele ll”ding s lifespan, It must be at a higher elevation
(grrumr ?) ‘than if SLR were not a factor.
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- For 83 year building lifespan built to today’s T, = 100 yr
- —he g‘m (5100 (2017) = 6.88 ft) in Annapolis, the risk of
-—*'fflgodmg IS 57% if there is no SLR.

—
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“e \With 3 ft of sea level rise by 2100, the building must be
built to teday’s T. = 650 yr height (Sgsq 2017y = 8.71 ft) in
order to achieve a 57% risk of floodmg
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Sea Level Rise increases the
Probability of Flood Events!
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Source: wunderground.com
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« What is the economic impact?
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Most Likely Scenarios: 0.2-0.4 m (8-16 in) of SLR by 2050 loss by 2100, with
0.5-1.5 m (20-60 in) of SLR by 2100 spzirsrling fror

unchecked carbon
emissions

Upper limit
mandated by
USACE (2013)
1

Upper limit in IPCC
2013 report (small
contribution from
land ice)

Moderate - major
carbon cuts (Paris
Accord goal)
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2040
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1992 2000
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2020

Source: Adapted from Hall et al (2016)

o Linear extrapolation
of tidal gauge trend
A

2060

Year
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« What is the economic impact?

Probability of Occurrence

SlOO,today
SSO,future

Annual Maximum Flood Height (ft MLLW)
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« What is the economic impact?

Depth-Damage Curves for Non-Residential Buildings
(Based on Structure's Construction Type)
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Floodwater Height Relative to Building's First Floor (meters)

Source: Adapted from U.S. Army Corps of Engineers (2006) -
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« What is the economic impact?

Damage Cost of -0.15 m Flood

d eve nts K Damage Cost of 0 m Flood

A Damage Cost of 0.15 m Flood
e 2
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Damage Cost of 1.52 m Flood

MHﬁéTta ry Va I e ; ‘;(1:83 m Flood) 5 oge Cost of 1.83 m Flood

P(2.13 m Flood)

- 1 - ) Damage Cost of 2.13 m Flood
EMV — zPiCi P(2-44mF/ood)
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. 05 Damage Cost of 2.74 m Flood

(Probability times cost for
eaCh “bin-" A” Values Damage Cost of 3.35 m Flood

sum med u p-) Adaptation Measure ' . o, Damage Cost of 3.66 m Flood

Damage Cost of 3.05 m Flood
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Damage Cost of 4.27 m Flood
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Damage Cost of 4.57 m Flood
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« What is the economic impact?

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

$100,000
; g ; $90,000
JVLJlrJr iea oy flood ssomo
- . ——5100,2017 (.88 t)
'_ - T;;“ $60,000
— Fmd Expected 5E oo
£z

= Monetary Value 3 o
: % $30,000
— Calculate EMV for oo
each year. s10000
Increases as sea 0

I eV el I‘I S es. 2017 2027 2037 2047 2057 2067 2077 2087 2097
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« What is the economic impact?

J“)")‘J' rd ,vation Annual Damage EMV of $500k Building built to Different BFE's
SHEIV OVET: s20000
T $90,000
$80,000
g 470000 ===5100,2017 (6.88 ft) $100,2067 (8.40ft)
= .J:V\reen annual _ g seopw
—EMV curves is H
annual-“savings” g o
E $30,000
I 20,000 Ain 2070 =
— Compa I Ilf_es_p_an . Ain 2050 = $27,000/year
savings vs. initial s10000 $6,800/year
i o
COSt Of elevatlng 2027 2037 2047 2057 2067 2077 2087 2097

(compliance cost)
25



« What is the economic impact?

Annual Damage EMV of $500k Building built to Different BFE's

$100,000

$90,000 ——5100,2017 (6.88 ft)
§100,2067 (8.40ft)

$80,000 . -
== gqual 10 static probability of $100,2017 thru 2100 (8.71 ft)

= 5 s70000 ——5100,2017 + 21t (.88 ft
S 3 —==5100,2017 + 3ft (9.88 ft)
" a‘chus optlons for _E $60,000 ——5100,2067 + 2ft (10.40 ft)
e Base ‘Flood Elevation E $5000 ——5100,2067 + 3ft (11.40 )
- <L
T 540000
— TJotal EMV of flood 8
% $30,000
damage over 50 year .
lifespan: 20000
S100 2017) = $312k 510,000
S100/2067) ~=— $1,800 $0
S100 2017)*3 ft --- $50 2027 2037 2047 2057 2067 2077 2087 2097

S100 (2067) 13 ft -~ $0
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Retlirn Period is not fixed. It changes due to sea level fises
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MO U le e time of construction.

\/J]J_]Ed Jl' Economlc impact of elevating a structure over
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Sources: Annapolis Capital (2003); Palm Beach Post (2012) 27
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