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Sea Level Change Curve Calculator User Manual

Introduction

This manualis designed to guide the user through the U.S. Army Corps of Engineers (USACE)
Sea LevelChangeCurveCalculator, providing stepy-step instructions fousing theonline tool.
Version 205.46 employs the same computations as its predecessddmg the same projections
along with some additional functionalit.listing of the major ehancements and modifications

to thesupersededalculatorcan be found in Appendix Bhe superseded version is still valid

and can be accessed atp://www.corpsclimate.us/ccaceslcurves(superseded).cfm

1.1 Background

USACE updated its guidance on considerations for sea level change (SLC) in Civil Works
programs and projects ensure sustaale performance in the futuamd combinette post
Katrina recommendations around land subsidetidal fluctuations, anska levethange,.
Beginning in 2009, USACIHRolicy and guidancesquiredthatall coastal projectbe evaluated
with respect tewhanges insealevel throughout the project lifeycle

The need to incorporateqected changes to Local Mean Sea Level (LMSL) into the design of
USACECivil Works projectgequiredthe development of a simple, wehsed tool to provide
repeatablanalytical results. This Sea Level Change Curve Calculator was developed under the
Comprehensive Evaluation of Projects with Respect to Sea Level Change (€ @Bg§ignent of

the Responses to Climate Change Program. The calculator is also used in thel@Eshg

level vulnerability assessments for USACE coastal projects.

The USACESea LevelChangeCurveCalculatoruses the methodology describedEimgineer
Regulation(ER) 1100-2-8162- Incorporating Sea Level Changes in Civil Works Programs
(USACE 2013). The tool also provides comparisons to scenaritisaiNationalOceanic and
AtmosphericAdministrationTechnical Report OAR CPQtitled Global Sea Level Rise
Scenarios for the United States National Climate Assesq@@&IR);the National Research
Councl GNRC) Sea Level Rise for the Coasts of California, Oregon, and Washington: Past,
Present, and Futureeport (NRC 2012)andthe NPCC2 Climate Risk Information 2013

Climate Methods Memoranduymirafted by théNew York City Panel On Climate Change
(NPCC2013b)

The extreme water levels are based on statistical probabilities using recorded historic monthly
extreme water level valueOAA Technical Report NOS GQPS 067 Extreme Water Levels

of the United States 182910describes the methods and datadus the calculation of the
exceedance probability levaising a generalized extreme value (GEV) statistical function

(NOAA 2013c) The USACE method uses the same NOAA recorded monthly extreme values in
a percentile statistical function. Both methods data recorded and validated by NOAA at the

tide gauges. The extreme values at the gauge can be significantly different than what may occur
at the project site. The level of confidence in the exceedance probability decreases with longer
return periodsAdditional information is available at the GOPS website at:
http://tidesandcurrents.noaa.gov/est/
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1.1.1 Information Quality Act

This section descrilsthe testing and validation of the computational acoucnsistent with
the Information QualityAct as described in theeputy Secretary of Defensgemoranduniitled
Ensuring Quality of Information Disseminated to the Public by the Department of Defense
(2003)

1.1.1.1 Utility

The calculator is designed to helpthwvihe application of the guidance foundgngineer
Regulation ER) 11002-8162 Incorporating Sea Level Change in Civil Works Programs
(USACE 2013a)andEngineer Technical Letter (ETL) 114016 Procedures to Evaluate Sea
Level Change: Impacts, Responses] AdaptatiofUSACE 2014)

1.1.1.2 Objectivity

The calculator conforms to the guidance found inl#EB0-2-8162(USACE 2013). Other than

using the equations in the regulation to produce tables and graphs, this tool makes no predictions

or draws any conclusion# is recommended that the user become familiar with the guidance
prior to using the calculatordés output for an

1.1.1.3 Quality

The computations for futurgealevels based on ER1002-8162have been independently

checked by personnel tie New Orleans, GalvestodacksonvillePortland,and Honolulu

District offices. The computations were also reviewed by NOAA National Ocean Service experts
and the calculator is being used by NOAA personnel.

Honolulu District checked SLC values provideglthe calculator in 2012 (random spot checks)

and again in April 2015 using a more rigorous process. A total of 36 NOAA gages (a little over a
third of the total) were checked in 2015; three gages within each of the twelve identified regions.
In the moe rigorous process, each of the 36 gages was checked by comparing selected values of
SLC from the calculator with spreadsheets that had been previously (and independently)
developed by the Honolulu District to calculate SLC curves at all listed NOAA gages.

All SLC curvesreviewedby Honolulu District(approximately 432 totaljvere calculated and

compared using 2020 as the start year and 2120 as the end year. Each of the three curves for a

gage (low, medium, and high) were evaluated at four times: yea?§,180, and 100 (2030,

2040, 2070, and 2120, respectively). Values were compared for calculations done in meters, and
relative to LMSL only. Curves calculated using the USACE method were evalGates

calculated using the NOAA method weret evaluatel. If a regionally corrected SLC rate
(including the NOAA fAMo0o value to ilableéooar por at e
gage, it was useddther than the published SLC rate)generate the curveSee section 1.3 for
further i nfor matlinomroemst hveh eit MO tvheel UieMd v al ue w
Ocean Islands Region), the published SLC rate was used for calculations.
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All of the CESL calculator values checked agreed with spreadshees\{atben rounded to 2
decimal places A list of gages checked is available in Appendix C

1.1.2 NOAA CO-OPS Data Quality

The underlying tide gauge data, NOAA sea level change rates, tidal datuidMo v al ues, w
available, and the GEV extreme water levels were supplied by@#eA Center for Operational
Oceanographic Products and Services{QR5)in batch modeCO-OPShas an extensive

QA/QC program for the collection of water levels outlinethieir reportitled CO-OPS

Evaluation Criteria for Water Level Station Documentatibi®AA 2013a)

1.2 Overview

Theonline Sea LevelChange Curve Calculator consists of a veelsed tool that accepts user
input such as project start date, selection of anogpateNOAA long term tide gauge, and
project life spanto produce a table and graph of tirtejected sea levehanges for the
respective projeciThe calculator was developed to calculateWSRACE SLCscenarios, but can
also be used to develop ottseenarios for comparison purposgdditional scenariosavailable
include thoseleveloped byhe NOAA (2012), the National Research Council (NRTL2), and
the New York City Panel o@limate Change (NPCC 2013b).

1.2.1 USACE Scenariosd ER 11062-8162

USACE SLCscenarios are developed using the guidance in ER-2-BA®2 and ETL 110@-1
(USACE 2013, 2014).Assuminga eustatiSLC rate of 1.7 mm/year and start date of 1992
(mid-year of the NOAA National Tidal Datum Epoch (NTDE) of 1883801) the updated
valuesfor the variable b in the 1987 NRC rep@$ shown immable1-1 below, areequal to
2.71E5 for modified NRC Curve | (USACE Intermediate Rate Scenario), and U4IGE
modified NRC Curve Ill (USACE High Rate Scenarfb)RC 1987) The USACE Low Rate
Scenario extrapolates the historic rate of sea level ch@ihgecurrent tidal datums and their
relationship to NAVD88 are referenced to 1992 as well.

Variable b
E i L [
ustatic Sea Leve SDtat“ NRC Curve | NRC Curve Il
ate
Change Rate Used for the USACHntermediate Used for the USACE HigRate Curve
Rate Curve
1.7mm/year 1992 2.71E5 1.13E4

Table 1-1: Eustatic Sea Level Change Rate

1 The midyearof the current National Tidal Datum Epo@¥TDE) of 19832001.

3
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1.2.2 NOAA Scenarioss OAR CPO-1

N O A A gcenarioslso begimt 1992 but produce 4 curves based on arise of 2.0, 1.2, 0.5, and
0.2 meters by 2100. To fit the curves to sieenarioglefined above, the constant b has a value of
1.56E04 (Highest Scenario), 8.7485 (IntermediateHigh Scenario), and 2.7185

(IntermediateLow Scenarioyas shown irmablel1-2 below. The NOAA Intermediate Low

Scenario is the same as the USACE Intermediate Scenario. NOAA also extrapolates the historic
tide gauge rate for tidOAA Low Rate Scenariavhich is the samas the USACE Low Rate
Scenario

Variable b

Start Date [ _ _ _ _ _ _
Highest Scenario Intermediate-High Scenario Intermediate-Low Scenario

1992 1.56E04 8.71E05 2.71E05
Table 1-2: NOAA OAR CPO-1 Scenarios

1.2.3 NRC 202 Values (West CoasDnly)

TheNati onal Re s e ar c hbre@ks theawest toassint@24dehi@ns assopiaied t

with the gauges at Seattle, WA, Newport, OR, San Francisco, CA, and Los Angeles, CA. The
calculator will find the closesdf these fougaugst o t h eelectesl gauge sind provide the

NRC 2012values in the table and on the chart. NRC 2012values are relative to the year

2000. The calcul ator extrapol ates tfronel9%i st or i
(the midpoint of the current Natiwal Tidal Datum Epoc) o 2000 i n order to r ¢
projectedvalues to LMSL and NAVDS88.

1.2.4 NPCC 2012015Values (New York City Only

TheNew York City Panel on Climate Change 2Gi1 2015epors (NPCC 2013&;orton R.,

et al.2015) compute projected sea level for the Bronx, Brooklyn, Manhattan, Queens, and Staten
Island Boroughs of New Yorl.Oth percentile, 25th percentile, 75th percentile, and 90th
percentilesare tabulated and shown on the curves graipb 2020s (20502089 is a ten year
average of the projections from 202029 (20562059 20832089.

1.3 Sample calculatiors

Global mean SC for any of the accelerating scenarios can be calculated using Equati&fR2 in
11002-8162(USACE 2013a)For example, therojectedUSACE High Rate SLR for 2060 can
be computed by:

E(t) = 0.0017t + Bt

Where:

t = years since 1992, so for this example20607 1992 = 68

generally accepted eustasiea levelise rate = 1.7 mm/yr or 0.0017/yn

b =0.00011306rom ER 11002-8162(high rate)

E = the change in global mean sea level between 1992 and 2060 (for this
example) using the high rate scenario

= =4 =4 -9
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(0.0017*68) + (0.0001130*68
(0.1156) + (0.0001130*4624)
0.638112 retersin this example

mmm
I n

Equation 2in ER 11002-8162 doesnot contain the local Vertical Land Movement (VLM)

(USACE 2013). The rate used to develop the local relative SLC is a combination of the widely
acceptectustatic at e of 1.7 mm/ ymhpl a8 . tmhadon oLt ER EMO ) .
would be substited with the appropriate rate of relative SLC for the gauge selected. To account
for local VLM, we substitute 0.017 with either the published or regionally corrected rates, both

of which are provided by NOAA COPS. The published rates are available froemG®B-OPS

Sea Level Trends websitOAA 20130. The regionally corrected rates can be developed with

the information contained INOAA Technical Report NOS GQPS 065NOAA 2013d)

Modifying Equation 2 to substitute either the published or the regiooadlyr r ect ed r at e a
we get:

E(t) = Mt + bt

Where
1 t=years since 1992, so for this example2060i 1992 = 68
1 M =thegenerally accepted eustasiea levetise rate 1.7 mm/yplus the VLM of
-1.23 mm/yr at the Montauk gaugeNew York (Table 1from NOAA 20139 =
2.93 mm/yr
1 b=0.0001130 from ER1002-8162(high rate)

E = (0.0@9368) + (0.0001130*68
E = (0.0924 + (0.0001130*4624)
E = 0721752metersin this example

The calculator also produces a chart and table showingdjeeted change between the project
start and end. The is done by manipulating equation (2) to account for the fact that it was
developed for eustatic sea level rise starting in 1992, while projects will actually be constructed
at some date after 1992, resudfiin equation (3):

E(t) i E(t) = 0.0017¢i t) + b(tzi t2)

Where
1 t. =thedifferenceint i me bet ween the projectds cons
1 t=thedifference intime between a future daé which one wants an estimate,
beyondt,, for sealevel change and 1992

This diows only the changes sea leveland does not reference a particular datwhich is
why it does not plot any user entered BFE or critical elevations.
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Operation of Sea LevelCalculator Tool

User Manual

2.1 UserControls

The tool applies the user selected controls into the appropriate equation depending on selected
output to produce a graph and table ofghgectedSLC curves.

Item Display

SLC Curve Chart @
SLC Curve Table @
Gauge Datum Chart @
Gauge Datum Table @
SLC Curves “
SLC Table /
NOAA EWL Chart v
G

USACE Sea Level Change Curve Calculator (2015.46)

<A

1+
&

Project Name: Enter Project Name
Select NOAA Gauge: Select NOAA Gauge

FEMA BFE (ft): 2 Information0
Project St: ear. T

v
(NAVDSS) Search for BFE here

Nnterva Year: _5““ ;h‘. o an TN \
Project Name: Enter Project Mame — A
Select NOAA Gauge: Select NOAA Gauge Y B
FEMA BFE (ft); 2 Informaticn 0 (NAVDEE) Search for BFE here,
I

Figure 2-1: USACE Sea LevelChange Curve Calculator User Controls

A. Project Name: The user can enter a project name to be displayed on top of the curves

chart and table.

Gauge SelectionThere are two ways that a user ca
select the appropriate NOAA gauge: (1) Clickorgy

theproject area on theap(

B. Figure2-1) in the location of the project, or

(2) Sekcting a gauge from the dralown

menu(Figure 22). If the user chooses option
(1), the calculator will choose the gauge

closes to the area clicked on the map.

Seleting a gaigevia the dropdown menu in
option (2) will cause theatculatorto zoom
the Google Map insert to the selected gauge!

Select NOAA Gauge: Select NOAA Gauge
FEMA EFE ift): 2 Informationf§sl=1= OAA Gauge
Project Start ¥ ear Nawiliwili, HI
Interval Year: Honolulu, HI
Project End Year: Mokuoloe, HI
) . Kahului: Kahului Harbor, HI

Output Units: Hilo: Hilo Bay: Kuhio Bay, HI
Output Datum Johnson Atoll:, PO
Output Agency Sand Island, Midway Islands; , PO
SLC Rate: ™ Published ' F Guam: Marianas Islands, GU

Display Data Pago Pago: American Samoa , AS
EWL Type: Kwajalein: Marshall Islands, MH
EWL Source: Chuuk: Caroline Islands ,
Chart Size: Wake Island

\ - Bermuda Esso Pier,

F‘rl‘logrlf;\l'UBF'Emdes Eastport, ME

Critical Elevation#1 (ft)
0
Critical Elevation #2 (ft)
0

Lsers |ndex (f 2

Bar Harhor, ME
Portland, ME
Seavey Island, ME
Boston, MA
Woods Hole, MA

-

There may be additional factors other than proximity to consider when selecting a gauge.

Figure 2-2: Gauge Selection
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Itemm Display
SLC Curve Chart ¢
SLC Curve Table

Gauge Datum Chat @
Gauge Datum Table ¢

Di

Isplay Data
EWL Type
EW ©

ACE (Parcentile
800 Owsplay D3

Critical Elevation 711
0
Critical Elevation #2 (1
0

User's Index (8): 2
0
Datum Shiftto MSL Ot

USACE Sea Level Change Curve Calculator (2015.46)

Output Datum:

Project Start Year: 1992 « D

Interval Year: 5 n E

Project End Year 2100 “ F

Output Units: ® Feet Meters + G

LMSL '® NAVDES =

Figure2-3: USACE Sea Level

. FEMA Base Flood Elevationif desired the user magnter a FEMA Base Flood

Elevation If the selected gauge is not connected to NAVDB&,BFE will have to be
converted to LMSL beforbeing enteredSelecBFE i n t he APl ot EWL
pull-downto plot theBFE on top of theselected SLC curvé.inks are provided to more
information and
and is not meant to imply ththe BFE is a USACE design standard.

. Project Start Year Entertheproject staring year This will determine what the curves

and tables will use as a starting poiRtelative sea level change will always begin its
computations in 1992; howevehe poject start year will determine when to start
displaying the values.

. Year Interval Enter the interval of years desired for the output tables. Any value entered

other than five will compute all years relative to the starting year. If the value is 5, all
years will be computed as even intervals of 5 (i.e. 2005, 2010, 2015, etc

Project End Year: Entertheproject sndng year(19922150) Use caution when
projecting out beyond 2120.

. Output Units: The user magpptionally dange the unit of measurehe default unit of

measure is feet.

| This Gapability gvastrelguesteal byes@ami siser8 F E .

Change Curve Calculator User
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H. Output Datum: Theoutput datunmay also be selected by clicking on the desired
checkboxlLocal Mean Sea LeveLMSL) or the North American Vertical Datum of
1988 (NAVDB88) are availableNote:NAVDS8S is not availabldor all gauges.

USACE Sea Level Change Curve Calculator (2015.46)

Item Display
SLC Curve Chart v
SLC Curve Table @
Gauge Datum Chart @ Map | Satelite
Gauge Datum Table # @ leetsnd — ooy
SLC Curves ¢ o Nowsy
SLC Table L2 + United
NOAAEWLChart @ -0 G P o
Gauge Map 24 Germany, 1o
Project Name: Enter Project Name ; R A naly,
Select NOAA Gauge: Select NOAA Gauge 2 United States d North haas’ L
FEMA BFE (ft): 2Information 0 (NAVD88) Search for BFE here % rd Atlantic
*3e, Ocean
Project Start Year: 1992 _’) 2 Algeria | by | EovPY
Interval Year. 5 Mexic 7 2
Project End Year 2100 A () e
vvvvvv pgers
LMSL ® NAVDS3 oty
Output Agency 9 USACE ©NOAA © Both Ty
SLC Rate: ® Published *~ Regionally Corrected or User Entered: Ang
Display Data o Namibi
EWL Type: ® Highs © Lows D) & h o Ot
EWL Source: ® NOAA (GEV)  USACE (Percentile) ‘Ciick on project area. The nearest NOAA gauge will be TSedi1o d5velop RSLC curves |
Chart Size Height:500 Width: 800 Display Data ed on ER 1100-2-8162, Incorporating Sea Level Change in Civil Works Programs, 31

Dec NOAA Technical Report OAR CPO-1, Global Sea Level Rise Scenarios for
led States National Climate Assessment, Dec 2012

ther than proximity to consider when selecting a gauge ***
iant &

Inactive
<d40yrs A&

Plot EWUBFE/Tides
None v

Critical Elevation #1 (f)
0

Select Curve: USACE High v
** note - there may be

NAVDS8S - Description

User’s Index (ft): 2
0 Description:

Datum Shift to MSL: 0(R \

Output Agency: ® USACE () NOAA  Both = |
SLC Rate: ® Published ' Regionally Corrected or User Entered: (ftiyr) +—] J
Display Data K
EWL Type: ® Highs Lows
EWL Source: ® NOAA (GEV) ( USACE (Percentile) < L
Chart Size: Height|600 Width: |800 | Display Data |+ \Y]
Tﬁ:ﬁMUBEBTMES Select Curve: |USACE High v |« N

Figure 2-4: USACE Sea Level Change Curve Calculator User

I.  Output Agency: USACE and NOAAprojectionsare availablat any tide gauge
location,and any combination may be selected by atiglon thedesired checkboxes.
Note: For the gauges in California, Oregon, and Washington, you may also elect to show
t he NRC2012 projections. For fAThe Batteryo
the NPCC2013/2015 projections.

J. SLC Rate Select either the (1) N®A published rate of &L evelChangewhich are
published on the CA@QPS websiteor (2) the regionally corrected rates froMOAA
Technical RepomlOS CGOPS 06§NOAA 2013d) The user may optionally enter in an
alternate rate and click on the [Disp2gta] button.

Note: Per NOAA, long term sea level trends observed in tide station records include a
component due to oceanographic variables and a component due to local Vertical Land
Motion (VLM). The oceanographic component includes the global (ecistai level
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trend, plus tide station location specific sea level variations acting on different scales
(local to regional) and at different frequencies (storm surge to seasonal to decadal scale).
In the past, local VLM has been estimated simply by satigthe global sea level

trend from the local mean sea level trend developed from local tide station records.
NOAA Technical Report NOS GOPS 065, Estimating Vertical Land Motion from
Long-Term Tide Gauge Records, dated May 2013 provides improvedagssimof local

VLM through a process which references regional {targn tide stations and removes
regional oceanographic variability. These regionally corrected VLM estimates added to
the global sea level trend provide more technically accurate localseadavel trends.

K. EWL Type: Select the desiretype ofExtremeWaterLevek (EWL) to display. Low
water extremes are not available using the USACE Percentile method

L. EWL Source:Select the desiredource of the EWLghe USACE produced Percentile or
NOAA producedGeneralized Extreme Value (GEV)

M. Chart Size: The chart height and width may be changed by adding the desired values in
the text boxedNote: The [Display Data] button must be clicked teplet the charts.

N. Plot EWL, BFE, or Tides. From the pulldown, slectthedesired return perigdase
flood elevation BFE), or tides along witlthe curveupon whichto displaythem

O. Download CSV:Click on the | pewnleadcsv | button to create and download a .csv file
of the selected table.

Note: CSV download is only availablhen using the Firefox browser.

P. Critical Elevations: The user may also include 2 critical elevations to plot on the SLC
curve and gauge datums graphs. ETL X24d0describes a critical elevation or threshold
a s , inteénéled to identify a water surface eddon at which a structural condition
changes or system performance changes. For example, a structure can either fail or be
overtopped at a certain water elevation, and a drainage system might start to back up at a
certain water elevation. A tipping poirgfers to a critical point, after the threshold, when
stability and/or performance begin to rapidly decline and impacts increase dramatically.
Determining tipping points that would generate a necessary action in the future is an
essential element of altextive development with respectto SSC ( USACHEHhe2 01 4)
userentered thresholds may also be described by entering a description in the text boxes
provided. These descriptions will appear on the chart legends. The range of tipping
points produced betweédhe low and high SLC curves defines the future time uncertainty
of performance changes referenced to the critical elevation.

Keep in mind the various water surfaces when determining the critical elevation. As

MSL approaches the critical elevation, higle must be considered. If in this scenario,

the Mean Higher High Water (MHHW) or high tide is 2 feet higher than MSL, the first

fl oor wildl be inundated with every high ti
provides the years at which the Mean Lowew Water (MLLW), LMSL, and MHHW

all reach the critical elevation(s). The user can also select an Extreme Water Level such

as a 100 yr event to be included in the tabulation of intersections of water levels and

critical elevations.
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Q. User Entered Index: The user may optionally enter in a value to be added to the
calculated curvesThis may be used for Flood Risk Reduction Standards as described in
ECB 201333, overbuild, etc(USACE 2013b)Cautioreé this does not perform any
computatios based on water @éh; it simply adds the entered valag a constartb the
water surface calculated for teelected scenarios. A description of the index value can
also be entered.

USACE Sea Level Change Curve Calculator (2015.46)

Item Di
SLC Curve Chart
SLC Curve Table
Gauge Datum Chart
Gauge Datum Table

g

Downiosd SV

SLC Curves

SLC Table

NOAA EWL Chart
Gauge Map

Project Name: Enter Project Name a2 o o U U wy‘
Select NOAA Gauge: [ Select NOAA Gauge v United States 3 Norih o
FEMA BFE (ft): 2Information 0 (NAVDS8) Search for BFE here ¢ Atlantic
Ocean
1992 j 34 o | 12,
i

SR I S
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e e
Interval Year. 5 - & )
Project End Year 2100 i
Output Units: ® Feet O Meters Jenezuels W,
Output Datum: LMSL ® NAVDS8 Coeny
Output Agency’ ® USACE ' NOAA * Both
SLCRate: ® Published * Regionally Corrected or User Entered: (ftyr) bers 2

Display Data gy
EWL Type ® Highs © Lows i ¥ South o of
EWL Source: * NOAA (GEV) - USACE (Percentile) Ciick on project area The nearest NOAA Gaugs Wil be Used (o develop RSLC. ves
Chart Size: Height600 Width: 800 Display Data based on ER 1100-2-8162, Incorporating Sea Level Change in Civil Works Programs, 31

Dec 2013 and NOAA Technical Report OAR CPO-1, Global Sea Level Rise Scenarios for
United States National Climate Assessment, Dec 2012

** note - there may be factors other than proximity to consider when selecting a gauge ***

Compliant &

Inactive 4

<d40yrs A&

|_Piewese
jone v

Critical Elevation #1 (ft)

0
< 0
) 2
User's Index (f Deseription

Crifical Elevation#2 ()
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Figure 2-5: USACE Sea Level Change Curve CalculatoU s e r
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2.2 GaugeMap

User Manual

Along with the output curve table and graph, an interactive Google map is produced showing the
location of the user selected gau@lke user can zoom in, zoamat, and pan the map. The
example below shows the location of the San Diego gauge, as represented by the blue push pin.

A T
Lomaboral =5 N o t £ 3 Map | Satellite
‘ ¥ o s 2
A Marine Corps Recruit %o, Midtown %’ A ¢ %
< > Depot San Diego Q%%m @
vV - 259, s
e ) < z o
& Burlingame
: > Juniped
‘@“‘“ or N Hatbor Dr unip
o
(4 i
7] (=
| + ’ k3
-
A 1Bk
= = T roadway 4_5;;-
USS Midway Museum (:7’ 2 =z ] e ——
Marina . Gaslamp - 2: G S
= > Quarter |® Sherman Stock
y Seaport Village (& l Heights Grant Hill
E‘ Imperial Ave
A
b
4.
5, Ny S
0, Logan Heights
g
— "\
o Hay, '
(@s) %rg, /
Cooal 2
Coronado Map data 2014 Google  TermsofUse | Reporta map emor

Click on project area. The nearest NOAA gauge will be used to develop RSLC curves based on ER 1100-2-8162,
Incorporating Sea Level Change in Civil Works Programs, 31 Dec 2013 and NOAA Technical Report OAR CPO-1, Global
Sea Level Rise Scenarios for the United States National Climate Assessment, Dec 2012
*** note - there may be other factors to consider when selecting a gange ***

Compliant &
Inactive «
<40yrs &

Figure 2-6: Gauge Map
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2.3 Output Table

Theprojectedwater levelheightsrelative to eitheMSL or NAVD88 are tabulated for each of
the requested scenariosagh year intervalThe tabulated heights will be displayed in the
selected unit of measure, either feet or medadsrelative to the selected output datimthe
example shown below, the USACE, NOA#nd NRC scenarios were selected for the Santa
Monica tide gauge.

9410840, Santa Monica
NOAA's Published Rate: 0.00479 feet'vr
Data Version: 05/01/2014

Yoar . NOMALow NOAAImtlow IntHigh High Migh EWL(00y) NRCZ0M3
2010 0.086 0.115 0173 0.206 0.252 5.499
2015 0110 0157 0.261 0.306 0.380 5.599
2020 0.134 0.204 0.358 0.425 0.535 5718
2025 0.158 0.255 0.469 0.562 0.714 5.855
2030 0.162 0.310 0.595 0717 0.920 6.01 0.482
2035 0.206 0.370 0.734 0.891 1.150 6.184
2040 0.230 0.435 0.888 1.084 1.407 6.377
2045 0.254 0.504 1.067 1.295 1.689 6.585
2050 0.278 0.577 1.239 1.525 1.996 6.616 0.932
2055 0.302 0.655 1.436 1773 2329 7.066
2080 0.326 0.737 1.647 2.040  2.688 7.333
2065 0.350 0.823 1.872 2.325 3.072 7.618
2070 0.374 0.915 2112 2.629 3.481 7.922
2075 0.398 1.010 2.366 2.952 3917 §.245
2080 0.422 1.110 2.634 3.292 4377 9.585
2085 0.445 1.214 2.917 3652  4.064 5.945
2090 0.469 1.323 3214 4.030 5.375 9.323
2085 0.493 1.437 3.525 4.426 5913 9.719
2100 0.517 1.554 3.850 4.842 6.476 10.135 3.054

Figure 2-7: Example Output Table

12
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2.4 Graphof Projected Relative Sea LevelChange Curves

An interactive Googlgraphis producedlong with the output tablelrhegraph displays the
relativesea levethange curves according to the user supplied inputs and oftfensser can

hover over a node of the curve to display the value at that point. Zooming is also possible using
t he but t on drsthesx@ampishdwninFigere248 below, the USACE, NOAA, and

NRC scenarios were selected for the Santa Monica tide gauge. Two different elevation
thresholds were input, labeled Emergency Generators and Levee Crown. A BFE was also
selectedFinally, an extreme wateeVel (100yr recurrence interval calculated by NOAA using

the GEV) is plotted on the SACE high curve.

Relative Sea Level Change Projections - Gauge: 9410840, Santa
Monica (05/01/2014)

B NRC2013
10| B CWLNOAA 100yr)

W USACEMNOAA Low
Rate

B USACE Int, NOAA Int
Low

M MOAA IntHigh Rate
M USACE High Rate
B NOAAHigh Rate

M Emergency
Generators

M Levee Crown
BFE

ca

RSLC in feet (LMSL)

2010 2020 2030 2040 2050 2080 2070 2080 2090 2100

Year

Figure 2-8: Projected Relative Sea Level Change Curves

2.5 Curvelntersections Table

Theyear at which the selected curfiiem M) intersects the user entered critical elevations
and/or base flood elevation is producddhe curves from the selected agency and the critical
elevations and BFEare shown by default. The user can select an EWL to be included in the
tabulation a described i, L, andN as shown irFigure1-4. In the example showin Figure

2-8 above intersections arghownfor two different elevation thresholds input, labeledee
Crownand1® Floor.

13
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2.6 Gauge Datums, EWLSs, Critical Elevations, and BFE

The established datums and the user sel&iféds, along with any user entered critical

elevations and/or a BF&re tabulatednd graphed as shown Figure2-9 below. The graph

shows the relationship between the various datums and elevatmeshat the EWIs have the

historic rate of the selected gauge applied to account for SLC from 1992 to the project start year.

Version of Data : 05/01/2014

ID: 9410170

Reference Datum: NAVDSS Tidal Datums and Extreme Water Levels, GELIQE: 9410170, San Diegn

Name: San Diego (05/01/2014)

HAT 7.288 (f) 9 W HAT

MHHW: 5202 (/) B HHW

MHW: 1554 @) mie

M

MSL: 2,510 (®) . A =T

MLW: 0.505 (1) = ° WL
[+ =]

MLLW: L0433 (/) © M NAVDSS

100

NAVDSS: 0.000 &) z m SDW“

EWL Type: NOAA GEV E 5 W 20y

EWLs adjusted to 1992 using the low rate. g 10yr

100 Yr- 7.69 /) 2 - ZW
- o

50 Yro 7.63 () g Yearly

20 Yro 7.54 () 2 o mty

10 Yr. 745 @) W

5y 735 (@) BFE

2¥r 717 @)

Yearly: 6.77 (f) 3

Monthly: NaN (ft)

From: 1/01/1906

To: §/01/2013 Datums/EWVL relative to NAVDSS (ft)

Years of Record: 108

Figure 2-9: Gauge Datums, EWLs, Critical Elevations, and BFE

2.7 Graphand Table ofthe Relative Sea kvel Change Betweeates

The table and graph shownkigure2-10 belowshows the relative differences in the watevel
betweerthe useentered project start and end ddteshe USACE and NOAA scenarioBoth
the graph and table start at zero in the project start year.

Associating this with a particular datum is not possible unless an assumed rate/curve is used to
transfer the datums developed for the current NTDE tpithject start year. This calculator

does not make that determination; therefore, no critical elevations or BFE will be shown on the
graph. The Sea Level Change Curve Calculator simply shows the change in height during the
projectods | ife
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2.8 NOAA Plots

NOAA plots of extreme water levedse shown athe bottom of the tool. These plots use the
GEV function and display the period of record water levéBcking on either plot brings up the
NOAA CO-OPS webpage for the selected gauge.

NOAA's Diagram of Annual Exceedance Probabilities
Click here to visit the NOAA Website
Santa Monica, CA
1
S161 o1
1 :
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Figure 2-10: NOAA Plots
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Appendix B: List of Enhancements

Appendix B lists enhancements for the two major releases of the Sea Level Change Curve
Calculator, versions 2014.88 and15.46.

List of 2014.8& nhancements

201488 majorenhancements and modifications to Supersededalculatod availableat
http://www.corpsclimate.us/ccaceslcurves(superseded).chriude:

Ability to click on gauge map to select project gauge

Table and graph of gauge datums and Extreme Water Levels

Option for output datum (LMSL or NAVD88)

Option to output values froMRC 2012for locationson the west coast
Option to output valuesom NPCC20132015for New York City (The Battery)
Option for published or regionally corrected SLC rates

Option to include Extreme Water Levels

Option for EWL source (USACE Percentile or NOAA GEV)

Graph and table of curves using EROG2-8162equation3

Optional critical elevations

Displayed CGOPS EWL and Period of Record images for selected gauge
Use of JSON formatted data. Will allow for foeutransition to reaime data
Development of Intersection Table of water levels to critical elevations
Option for user to enter an index to adgtojectedwater surfaces

CSV output option for Firefox browser

Print option for tables and graphs

= =4 =8 =4 5 8 5 -4 -5 -8 -5 -9 -5 -9 -9 -9

List of 2015.4&nhancements

2015.46 major hancements and modifications to supersededalculatod availableat
http://www.corpsclimate.us/ccaceslcurves(superseded).cfitiude:

Ability to click on gauge map to select project gauge

Table and graph of gauge datums and Extreme Water Levels

Option for output datum (LMSL or NAVD88)

Option to output values from NRC 2012 for locations on the west coast

Option to output values from NPCC 2013/2015 for New York City (The Battery)
Option for published or regionally corrected SLC rates

Option to include Exeeme Water Levels

Option for EWL source (USACE Percentile or NOAA GEV)

Graph and table of curves using ER 1-238162 equation 3

Optional critical elevations

=4 =4 4 4 8 8 5 8 -5 -9
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=2 =4 =4 4 4 45 9

Displayed CGOPS EWL and Period of Record images for selected gauge
Use of JSON formatted dataVill allow for future transition to redime data
Development of Intersection Table of water levels to critical elevations
Option for user to enter an index to add to projected water surfaces

CSV output option for Firefox browser

Print option for tablesral graphs

Correction of abbreviation for the state of Maine
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Appendix C: List of NOAA GaugesLocations Where
Checks Were Performedby Honolulu District :

Notes on calculator:

1. Pre and Postearthquake values. Noted that peatthquake curves were used for Alaska in the
calculator at the time of the review and-gathquake values were used for Guam. Website has been
updated to show posiarthquake values only for these ges.

2. Missing Gages. Noted that Johnson Island, Midway Island, and Guantanamo Bay gauges did not appear
on the calculator at the time of review. The Johnson Island and Midway Island gauge records are now
compliant and are included in the calculator. Tile gauge at Guantanamo is rasmpliant and thus is

not included.
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