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6 5LOSH Display EEY
File Display Change-Basin  Select-Storm  Animate Tides Help
Basin: Charlesion Harhor <chs>

[ %

Colleton

(58.216)

Lat:32°55'51"N  Lom: 80°47'24"W Height: Outside Grid

+ This is the SLOSH display for a Category 3 hurricane approaching
Charleston, South Carolina from the south-southeast.

» This training manual reviews the features of the SLOSH display program
and the hurricane parameters that can be viewed and varied using this
program.
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Outline

e Introduction - The SLOSH Model
e Information about Storm Surge
e SLOSH Data and Installation

e SLOSH Display Program

e Changing Basins

e Displaying Storm Files

e Animation within SLOSH

e Display Options

e Astronomical Tide Prediction

e Exercise

Points to be covered in the training include:

* Introduction to the SLOSH model, information about storm surge
development, and discussion about the program and data installation.

« Components of the SLOSH display, how to change between basins, how
to display storm files to view storm surges, and how to animate a storm
to view the change in storm surge height as storm parameters vary.

« SLOSH display options and the Astronomical Tide Prediction program,
which is linked to the SLOSH display.

 Exercises

Outline 3
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e Sea, Lake, and Overland Surge from Hurricanes

* A computerized model developed by the National
Weather Service (NWS) to estimate storm surge
heights and winds resulting from historical,
hypothetical, or predicted hurricanes.

Source: : http: .nhc.noaa. i _surge.shtml

« SLOSH stands for Sea, Lake, and Overland Surge from Hurricanes. It is a
computerized model developed by the National Weather Service (NWS) to
estimate storm surge heights and winds resulting from historical,
hypothetical, or predicted hurricanes.

 SLOSH is used by the National Hurricane Center (NHC) for the exclusive
benefit of NWS, US Army Corps of Engineers (USACE), and Emergency
Management personnel.

» There are several other storm surge models in use, including ADCIRC,
however, SLOSH is the primary model used by the Federal Emergency
Management Agency (FEMA), the National Oceanographic and
Atmospheric Administration (NOAA), and USACE. It is also the basis for
Hurricane Evacuation Studies (HES).

Definitions:

ADCIRC - Advanced Circulation model for oceanic, coastal, and estuarine waters
FEMA - Federal Emergency Management Agency

@ HES - Hurricane Evacuation Study

NHC - National Hurricane Center

NOAA - National Oceanographic and Atmospheric Administration

NWS — National Weather Service

SLOSH - Sea, Lake and Overland Surge from Hurricanes
USACE - United States Army Corps of Engineers

Introduction 5
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storm surge

1¥ ft. Storm Tide
| 2 Marmal High Tide

kean Sea Leve

* This picture visually depicts the definition of a storm surge.

« Storm surge is water that is pushed toward the shore by the force of the
winds swirling around the storm.

« This advancing surge combines with the normal tides to create the
hurricane storm tide, which can increase the mean water level by 15 feet
or more.

Definitions:

Storm Surge — water that is pushed toward the shore by the force
of winds swirling around a storm.

Storm Tide — the combination of the normal tide and the storm
surge to create the total increase in water level due to the storm.

Introduction 6
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Deep Water
a. Top View of Sea Surface b. Side View of Cross Section “"ABC"”
Wind
A B C
MSL

. This illustration shows how in deep water, the wind and current create
a cycle of water which alleviates the build up of storm surge.

. Storm surge begins to build while the hurricane is still far out at sea
over deep water. The low pressure near the center of the storm
causes the water to rise. In deep water, a counter current develops
well below the surface which counters an attempt by the wind to build
up surges.

Note:

. There is some sea level rise due to the pressure change, but that is
small compared to wind driven surge on a "shallow” continental shelf.

Introduction 7
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Landfall

a. Top View of Sea Surface and Land b. Side View of Cross Section “"ABC"”

Sand Dunes

on Barrier Wind
Island

STORM SURGE

. As the water depth decreases closer to the shore, the excess water
that is built up by the central pressure of the storm is not able to
dissipate. The increased water has no place to go except up onto the
shore. The force of winds swirling around the storm pushes the water
toward the shore and creates storm surge.

. The level of storm surge in a particular area is also determined by the
slope of the continental shelf. A shallow slope of the coast will allow a
greater surge to inundate coastal communities. Areas with a steeper
continental shelf will not see as much surge inundation, although large
breaking waves can still present major problems.

Introduction 8
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Tide with Storm Surge

= e STORM SURGE

HIGH TIDE

MEAN TIDE (MSL)
LOW TIDE

. The tide level when a hurricane makes landfall can have a major impact
on the total water surface elevation caused by the storm (storm tide). If a
storm makes landfall at high tide, the storm tide may be several feet
higher than if a storm makes landfall at mean or low tide.

. This rise in water level can cause severe flooding in coastal areas.

Introduction 9
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SL0%H: Purnoses

e Determining the potential
surge for a location

e Basis for “"hazard analysis”
portion of coastal hurricane
evacuation plans

SLOSH is best used for defining the potential flooding from storm
surge for a location from a threatening hurricane, rather than as a
predictor of the specific areas that will be inundated during a particular
event.

SLOSH output is used as the hazard analysis for hurricane evacuation
plans. SLOSH model results are combined with traffic flow information
for creating a HES and combined with rainfall amounts, river flow, or
wind-driven waves to determine a final analysis of at-risk areas.

Introduction 10
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| ;
J@WJ logs fi‘ M otk

Storm
Surge Heights

Output

* Given a SLOSH Basin, which is a geographical region with known values
of topography and bathymetry, and a hurricane track (identified by its
pressure, radius of maximum winds, location, direction, and speed), the
SLOSH model solves a complex set of equations and outputs data which
are shown as color-coded storm surge in the SLOSH display.

Important Note:

* The point of a hurricane’s landfall is crucial to determining which areas
will be inundated by the storm surge. If the forecast hurricane track is not
correct, the SLOSH model will be inaccurate.

Definitions:

Bathymetry — the water depth relative to mean sea level. It may be expressed
as positive or negative, but should be understood to be negative.

@ SLOSH Basin — a geographical region with known values for topography and
bathymetry.

Topography — the configuration of a surface, including the elevation and
position of its natural and man-made features.

Introduction
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Sub-grid elements: IndiViduaI Grid

* 1 dimensional flow
for rivers and [
streams Barrier

Stair Step Rise

» Barriers Water Surface

above a Square
* Cuts between

barriers
Transport
+ Channel flow with Points
chokes and
expansions

* Increased friction for

trees and mangroves / Water Depth

above a Square

Surge Points

DATUM

. The individual elements of the SLOSH grid are the basis for calculating
water surface elevations caused by storm surge in a specific SLOSH
basin.

. The grid allows for barriers to flow, cuts in barriers, one dimensional
flow in rivers and streams, and increased friction for trees and
mangroves in certain grid blocks to be taken into consideration in the
calculations.

. As refers to the distance or length of each side of the grid element.

. The transport points are the points at which flow enters and exits the
cell.

. The water depth is calculated based on the elevation of the grid cell
and the amount of water that is able to flow into that cell. The water
surface is found at the elevation of the water depth combined with the
average ground elevation of the grid cell.

Introduction 12
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& 5L0SH Display e B [=]Ed |

File Display Change-Basin Select-Storm  Animate Tides Help

‘Basin: Chesapeake Bay =~cp2= Storm:

SLOSH Model
grid with
geographic
data at full
resolution

I(SS, 98)]Lat: 40.1311N Lon: 76.8990W JHeight: Outside Grid

. The SLOSH model contains topographic information for each grid cell.
This data is combined with the storm surge calculations based on the
storm characteristics to determine the water surface elevations caused
by storm surge.

. The majority of the topographic data is obtained from the U.S.
Geological Survey (USGS). However, other data sources are utilized
in small areas where available and necessary.

. Currently when SLOSH basins are updated, bathymetry is obtained
from the National Geophysical Data Center (NGDC). Many basins
have already been updated.

Definitions:
NGDC - National Geophysical Data Center.
USGS - U.S. Geological Survey

Introduction 13
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& SLOSH Display ;IEILI

Ble Display Change-Basin  Select-Storm  Animate  Tides Help
Basin: Chesapeake Bay <cp2> Storm:

SLOSH Model
grid with
geographic
data at finer
resolution

Used by Basin
Developer for
quality control

|(31,59)JLat: 384416N Lo 76.4341W JHEighL: Dry

. The elevation for each grid cell is the average of the ground surface
elevations found in that grid cell. The number shown in each cell is
that average elevation. The water surface elevations are determined
the same way. For each cell an average water surface elevation is
found and assigned to that cell.

. The user of the SLOSH Display program does not have access to this
detailed topography. This illustration shows an enhanced version of
the SLOSH grid.

Introduction
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The SLOSH Model

e Accuracy - generally within £20%
of peak storm surge

e Accounts for astronomical tides

e Does not include rainfall amounts,
river flow, or wind-driven waves

Accuracy for the SLOSH model is generally within plus or minus 20% of
the peak storm surge. If the model calculates a peak storm surge of 10
feet for the event, you can expect the observed peak to range from 8 to
12 feet.

Post storm analyses are conducted to show how SLOSH model data
compare to actual historical storm data.

The accuracy of plus or minus 20% for the SLOSH model is for a
KNOWN hurricane track, intensity, and size, based on looking at surge
measurements (primarily high water marks) from past hurricanes.

Astronomical tides can add significantly to the water height. The model
accounts for tides by specifying the initial tide level.

The SLOSH model does not include rainfall amounts, river flow, or wind-
driven waves. These are combined with the model results in the final
analysis of at-risk areas.

Introduction
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3 =]
File Display Change-Basin  Select-Storm  Animate  Tides  Help
Basin: Chesapeake Bay <cp2= Storm:

Basin Choices:

ilm Wilmington NC / Myrile | * _\I

hchs Charlesion Harhor

svn Savannah / Hilion Head s ||

ssi Brunswick ‘

ejax Elliptical Jacksomville
cof Cape Canaveral

pbi Palm Beach

enke Elliptical Okeechohee
hmia Biscayne Bay

ekey Florida Bay

efiny Elliptical Fort Myers
etpa Elliptical Tanpa Bay
cdr Cedar Key

¢ Apalachicela Ba:
zamPanamaCityy L] Pa - A 1 C all, Guam,
ns Elliptical Pensacola Ba; - ™
::wb Elliptical Mohile Bay ¥ \ er Rl% and the Vll‘gln
hbix MS-Gulf Coast l‘ 1}) ,_\-%_‘
slands '\
i Vermilion Bay Y \

ehpt Elliptical Sabine Lake

“\
egl2 Ell Galvesion Bay (2002
psx Matagorda Bay Texas
cr2 Corpus Christi Bay b a Sl n

hr2 Laguna Madre

bha Bahamas )

hsju Puerio Rico =

evir Virgin Islands [

bl Oatm. Hawaii - g o

4 3 B & -

[ Lat: 42°36°32"N  Lon: 101°55"44"W Height:

« The SLOSH model covers the U.S East Coast and the Gulf of Mexico
coastline.

» Parts of Hawaii, Guam, Puerto Rico, and the Virgin Islands are included.
* Various basins in China and India are also available.

« Simulation studies have been conducted and data generated for the
display program for all of the US East and Gulf coast basins. Even
though basins are included for other areas, simulation studies may not
have been conducted. For example, there are 5 basins in India and
China but simulation studies were never performed for these areas.

Introduction 16
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eneralizations from SLOSH

surges

e Highest surges usually occur to the
right of the storm track

e Fast moving storms = high surges
along the open coast

e Slow moving storms = greater
flooding inside bays and estuaries

Several generalizations can be drawn from SLOSH models.

More intense storms cause higher surges.

The highest surges usually occur to the right of the storm track (traveling
with the storm) at approximately the radius of maximum wind.

Fast moving storms cause high surges along open coast and lower surges
in sheltered bays and estuaries.

Slow moving storms usually result in greater flooding inside bays and
estuaries, with smaller values along the open coast.

Introduction
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Generalizations from SLOSH

e Larger storms affect longer stretches
of coastline

e Direction of storm approach often
impacts the extent of flooding

e Shallow slopes in the continental shelf
allow greater storm surge with small
waves

e Storm surge is less in areas with
steeper coastal slopes, but large
breaking waves can occur

« Larger storms affect longer stretches of the coastline. A larger storm is
defined as a storm having a greater radius of maximum wind.

* The direction of storm approach often impacts the extent of flooding.
Depending on location, storms from one direction may cause inundation,
while a storm of the same magnitude from a different direction may cause
little flooding.

* The slope of the continental shelf will affect the level of surge in a particular
area. Areas with shallow slopes of the continental shelf will allow a greater
storm surge, but waves are small.

* Areas with deep water just offshore experience large waves, but little storm
surge.

Introduction
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Applications

e To estimate potential storm surge and
flooding for a given hurricane
category, forward speed, and direction

e To help hurricane evacuation programs
by helping to define the areas at risk

SLOSH output can be applied:

» To estimate potential storm surge and flooding for a given hurricane
category, forward speed, and direction.

» To help hurricane evacuation programs by defining the areas at risk.
From there, the threatened population, evacuation zones, and
evacuation routes are determined, and the percentage of people
evacuating and evacuation times are estimated.

Introduction 19
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S et il st

* Installation of the SLOSH Display program and data.

SLOSH Data and Installation

September 2003
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SLOSH Package

e SLOSH CD is available from NWS to
any government employee with
training working in the Emergency
Management area

e The CD contains:
— SLOSH Display for Windows
- Tide Display for Windows
- Hurricane Tracking Program
- SLOSH Data

« The SLOSH CD can be obtained from NWS, Meteorological
Development Lab (MDL), Evaluation Branch.

» The CD contains: SLOSH Display for Windows, Tide Display for
Windows, Hurricane Tracking Program, and SLOSH Data.

Notes:

* This program is available exclusively to emergency management
personnel who have received training on the use of this program.

» Surge maps that are derived from SLOSH are available to the public.

Definition:
MDL — Meteorological Development Lab

SLOSH Data and Installation 21
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SLOSH Data

e The National Weather Service has
run several thousand hypothetical
hurricanes for each basin with the
SLOSH model

¢ Resulting flooding data from each
run is saved

e SLOSH MEOW data is available for 39
basins

* The National Weather Service has run several thousand hypothetical
hurricanes for each basin with the SLOSH model.

» The resulting flooding data from each run are saved.

* In the New Orleans basin alone, the National Weather Service ran 1,640
individual hypothetical hurricanes. One way to reduce this large volume of
data is by creating composites from many individual runs. Composites
called MEOWSs (Maximum Envelopes of Water) or MOMs (Maximum(s) of
the MEOWSs) will be defined and discussed later.

*  SLOSH Maximum Envelope of Water (MEOW) data is available for 39
basins.

Definitions:
MEOW — Maximum Envelope of Water
MOM — Maximum of the MEOWSs

SLOSH Data and Installation 22
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ad ) X OF &
J_// O oy

1. Run “Install.exe” from the “"SLOSH Display CD-ROM"”

Welcome
4\ Message
SL05H This program will install the SLOSH Package
NOAAMNWS DL Copyright [c] 1359 to 2002
Far M5 Sw/findows 95/Nt/98/2000

o Instal Don't Install Help

. For Windows

RaM CPU

2. Select “Install”

1. Insert the SLOSH Display CD and run the “Install.exe” file.

2. The “SLOSH Package For Windows” installation screen will appear. Select

“Install” to begin.

SLOSH Data and Installation

September 2003
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SLOSH Display Training

3. Select “SLOSH Display Window” and “Tide Window” under “Custom

Installation

3. Select Components to Install ‘

Select "SLOSH
Display Window”
and “"Tide Window”
and hit “"OK”

Select Components To Install

[ = FULL Install

[ = Custom Instal
[ = SLOSH Display Windc
[ENERTIDE Windows]
[ = Huriicane Tracking Pn

i3

Description

To install Tide for Windows

Disk space required

15467 K.

113 1B570 K.
Disk space available:

c:  2678Mb + 760K A
g: 19677Mb + 172Kb
h: 41625Mh + 1018Fh

~

Next, select the components to install. Choose either “Full” or “Custom”
installation. “Full” will install all three programs in the SLOSH Package.

“Custom” will install only the programs selected.

Install” and click “OK.”

SLOSH Data and Installation

September 2003
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4. Set Target Directories

4a. Main Directory ‘

Target Directory

oK
SSSSS Pleaze enter the main directary
where the SLOSH Package
should be placed Cancel
Hit return to accept default Help
[ \shsh ok Browse
‘\ Meszage c:\S|OSh.pkg
sssss Please enter the directory where
DATA, files for the SLOSH Package
should be placed Cancel
Hit retum to accept default Help

s | | 4C- Output Directory ‘

Target Directory L
C:\slosh.pkg\data . Messae

[1]4
sssss Please enter the directary where
Output files from the SLOSH Package
should be placed Cancel

Hit return to accept default Help
Hit “Enter” to oot Browse
Accept Default

C:\slosh.pkg\output

The next three screens (4a, 4b, and 4c) deal with setting the target
directories.

September 2003

The main directory is where the SLOSH package will be installed, the data
directory is where DATA files will be installed, and the OUTPUT files will

be saved in the output directory.

Hit “Enter” or select “OK” to accept the default values or specify the
location where data should be installed.

SLOSH Data and Installation
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Program Group
5. Enter name for program
g I‘Ou p a nd SeleCt “0 K" tO Please enter a name for program group
beg i n i nsta I I atio n to hold the icons for the SLOSH Package.

)5L05H Package 1.31 o |

SLOSH Package

6. After installation is complete, choose either to
install SLOSH data or read data from SLOSH CD
Query rg]

teszage
LasH Finished instaling the SLOSH Package Programs.

Da pou want to start instaling the SLOSH Data?

[Alemnatively you can read the data from the SLOSH CD) 7 . Select w N O"

Yes | I No I Cancel |

Installation Completed

Meszage

SL05H Congratulations!
SLOSH Package 1.31 has been installed successfully

8. Installation Complete ‘

oK

[or ]
[E=]
[ ]

5. Next, enter a name for the program group. The default program group,
where icons for the SLOSH package will be held, is SLOSH Package.

Select the default name and click “OK” to begin installation.

6. Installation will take several minutes. Once installation is complete, the

user has the option to install SLOSH data.

September 2003

+ Selecting YES, will cause the Data Configuration Screen to appear

and prompt the user to select SLOSH envelopes to insta
Selecting NO, completes the installation.

7. Select “NO” at this time. SLOSH data may be installed at any time after

program installation is complete.
8. Select “OK” when the “Installation Completed” screen appears.

Note:

* The SLOSH Display program can use data directly from the CD if desired.

SLOSH Data and Installation
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Installation

9. Go to “Install SLOSH Data”

=
Step 1. Install the SLOSH Envelopes...
Select the SLOSH Exvelopes you want io install or uninstall,
Becobialion oo Aty ST,0SH Basin (using the ‘Cirl or 'Shifi' keys).
- - - hlighting, press ‘Install’ o *Uninstall’.
10. Highlight Basin Names .o dume press Text
[ suns Basin
| (prib) Fenobscat Bay -
b Ted (bos) Boston Harbor
Installew (pvd) Narragansett/Buzzards Bays
Installed —(ny2) New York
Installed (de2) Delaware Bay
Installed (acy) Aflantic City
Installed (oce) Ocean City
Installed (cp2) Chesapeake Bay
Installed (eorf) Elliptical Norfolk
Installed (ehat) Elliptical Pamlico Seund
Installed (ilm) Wilmington NC / Myrile Beach
Installed (hchs) Charleston Harbor
Installed (svm) Savannah / Hilton Head
w 174 (s51) Brunswick
11. Select “Install T
Installed (cof) Cape Canaveral
Installed (. v Palm Beach
Installed (eoke, iptical Okeechobee =
i o
e
e I
w 14
12. Select "Next [\/ e | it |

9. Goto “Start | Programs | SLOSH Package | Install SLOSH Data.”

SLOSH data is installed by double clicking on the “Install
SLOSH Data” icon in the SLOSH Package program set.

September 2003

10. Install the following SLOSH envelopes: Apalachicola Bay (apc), New
Orleans (ms2), and New York (ny2).

Select the SLOSH envelopes to install by clicking on their

SLOSH Basin name. Use the “control” key to select more than

one.

11. After highlighting the SLOSH envelopes to install, press “Install.”

12. Once installation is complete, press “Next.”

Hints:

. To select multiple basins, hold down the “control” key while clicking
on additional basins.

. You can install more basins at any time by repeating this process.

SLOSH Data and Installation
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Installation

Data Files of Historical Storms

13. Highlight Animation

Step 2. Install the Animation Files...

Select the SLOSH "rexfiles’ you want te insiall or uninstall,
by clicking on the rexfile (using the "Cirl" or "Shifi' keys).
After highlighting the files, press "Insiall’ or "Uninstal””
‘When you are done press ‘Done’

File Names

Status Animario» ~_(rextile)
Installed (hos)Ihos1944 xex -
Installed (prd) prdl 938 xe-
Installed (2 hohrex — 14. Select "Install”
Installed (ny2) gloranycrex
Installed (ny2) nycl1938 rex
Installed (ny2) nycl1944 rex
Installed (cp2) chp1933.rex
Installed (cp2) floydchp rex
Installed (ehat) bonnie rex
Installed (ehat) dennis_1 xex
Installed (ehat) dennis_2.rex
Dsialled ek Doyiehires 15. Select "Done”
Installed (ilm) floydilmrex
Installed (ilm) hazel.rex
Installed (hchs) gracie rex
Installed (hchs) hugorex
Installed (eoke) 0kel 949 rex
Installed (hmia) andrewfl.rex -
4| |» |J
Install ]/Uninstall |
%oDone I
Dnm_l/

September 2003

* The next step in the data configuration is installation of the animation files.

+ Select the SLOSH “Rex files” to install by clicking on the filename, using

the “control” key to select more than one file. Rex files are discussed later
in the training.

« Animation files take time to install.

13. Highlight the “agnes.rex (apc)” animation file.

14. Install the “agnes.rex (apc)” animation file.

15. Select “Done” when the files are installed.

SLOSH Data and Installation
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SLOSH Display Program

Changing
SLOSH
Basins

Displaying
Storm Files

Animating
a Rex File

4
Display
Options

Tide

Display

* The SLOSH Display program was developed to give National Weather

September 2003

Service forecasters and emergency managers a quick, easy to understand
display of output from the SLOSH model.

» This section discusses how to use the features in the SLOSH Display

program.

* The five main sections in the SLOSH Display program are: Changing the

SLOSH Basin, Displaying Storm Files, Animating a Rex File, Display

Options, and using the Tide Display.

SLOSH Display Program
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: Initial State of
SLOSH Display

.
. pward

File Display Change-Basin

|

3 [0 |0 [E [0

z|3

nf ain
Menu Bar |

Montgomery

e Arundel

o

Fairfax . 5
Prince George's
a 10
mi -..1 -

I( ------ ) JLai:39°2‘!'M“N Lon: 77°03'36"W JHciglm

Q0 Open the SLOSH Display program. Go to “Start | Programs | SLOSH
Package | SLOSH Display.”

* The initial state of the SLOSH Display program will be either the most
recently selected SLOSH Basin or a map of the Washington D.C. region.

* There is a Main Menu Bar at the top of the screen and a Toolbar on the left
side.

SLOSH Display Program 30
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File Display | Change-Basin Select-Storm Anmate Tides Help
L\/ﬁ UI
,¢|

SN moriom | s
4 SLOSH Display i [m] P23

File Display Change-Basin Select-Storm  Animate  Tides Help
Basin: Flliptical Tampa Bay <ipa>

Basin Choices:
eorf Elliptical Noxfolk |~}

Fauquier

eoke Elliptical Okeechobee
lmia Biscayne Bay

ekey Florida Bay
Rappahannock efiny Elliptical Fort Myers
etpa Elliptical Tampa Bay
cdr Cedar Key

apc Apalachicola Bay
hpam Panama City

epns Elliptical Pensacola Bay
Culpeper emob Elliptical Mohile Bay
ifnbix M Guif Coast

dison m i Vermlion Bay

hpt Elliptical Sabine Lake
I(sﬁ,]zl) JLal: 39926'35"N  Lom: 78°14°19"W |egl2 Ell Galveston Bay (2002
psx Matagorda Bay Texas

Double cick o
outline of basin

cr2 Corpus Christi Bay
br2 Laguna Madre

bha Bahamas = | |
P & or basin name -
< [ BN | Ll_l
| () I Lat: 39°58°38" N Lon: 99°59°27"W I Height:

First, select a SLOSH basin.

Choose to view either the installed basins only or all of the available basins
by clicking on the “Change-Basin | Which Basins?” button. Also choose
which coast to view by clicking on the “Change-Basin | Which Coast?”
button.

Select “Atlantic Coast” under “Which Coast?” and “Installed Basins” under
“Which Basins?”

On the Main Menu Bar, go to “Change-Basin | Change-Basin.” This will
bring up the list of basin choices. Basins are listed in geographical order.
To select the desired basin, double click on the outline of the basin on the
map or the basin name in the “Basin Choices” list box. Basins may also be
selected by highlighting the basin and then choosing “Change Basin |
Change Basin” again.

Select the New Orleans basin (ms2).

SLOSH Display Program
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& SLOSH Display
ile  Displa ange-Basin _ Seleck-Storm  Animate  Tides  Help

hanas-Ba
Basin: New Orleans <ms2>

Coordinates of
Pointer Location

|(152,397) [Lai: 31°34'50"N  Lon: 92°59'30™ Jl-Ieigllt: Quiside Gri

* The basin should now be selected, and the Basin label at the upper left
portion of the screen should be identified as “New Orleans <ms2>.”

» The SLOSH model uses a polar, elliptical, or hyperbolic grid for its
computations.

* Note that the latitude and longitude coordinates of the mouse pointer’s tip
are shown in the lower left of the screen. Try moving the mouse pointer
around the SLOSH grid and notice how the coordinates change.

* Now that a basin is selected, storm files for that basin may be displayed.
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U To display a storm file, go to “Select Storm | Select Storm” on the Main

Select Storm

&) SLOSH Display
Flle Display Change-Basin | Seleck-Storm  Animate  Tides  Help

Basin: New Orleans <ms2>| Select Storm | storm:

=10l |

_/

& Select Storm

New Orleans <ms2>

Storm File Options

\

" Historical

Dir: |cisloshpkg/dataims2
al

& MEOW

L

 KMOM

i

=10l

¥ Use d: for more data.

West North West
West

15 (mph) Mean Tide
15 (mph) High Tide
25 (mph) Mean Tide
25 (mph) High Tide

Menu Bar.

September 2003

The “Select Storm” window will open. There are three types of storm files
to choose from: a MEOW, an Historical Storm, and a MOM.

Definitions:

MEOW — Maximum Envelope of Water
MOM — Maximum of MEOWs

SLOSH Display Program
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, W
Whatis a MEOW
Willat by d IEUTN?
0 Maximum Envelope of Water
. Composite of maximum storm surge heights at
each grid cell using hypothetical hurricanes
run with the same:
- Category
-  Forward Speed
-~ Landfall Direction
- Initial Tide Levels
Composite achieved by reviewing parallel
tracks that make landfall at different locations

Over 80 MEOWs have been generated for some
basins

MEQOW stands for “Maximum Envelope of Water.” Envelope refers to the
maximum the water reaches at any point in time at every grid cell in the
SLOSH Basin, for a given hypothetical storm.

The MEOW is formed from a composite of many individual SLOSH model
runs. It is the set of the highest surge values at each grid location for a
given storm category, forward speed, and direction of motion, regardless
of which individual storm simulation produced the value. The NHC has
generated one MEOW for each storm category, storm direction, forward
speed, and tide level used in the simulation study.

The MEOW shows the flooding possible from a threatening hurricane of a
given category, size, and general track direction. NHC forecasts have
error. NHC forecasters do not have the ability to determine exactly where
landfall will occur, or what characteristics the hurricane will have at
landfall. Accuracy increases as the forecast projection becomes shorter. A
24-hour forecast will be significantly better, in general, than a 48-hour
forecast. The MEOW plans for the worst-case scenario.

SLOSH Display Program
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=k
|New Orleans <ms2>- | " Historical

Dir: |eusloshpkg/data/ms2

2| " MEOW M ME
Direction of = ‘Ir oM 3\&5
Hurricane =k
TraCk J ¥ Use d: for more daia. h‘&
S SE

=l !

Direction Category Speed
East 2lCatl
East North East Cai 2
I
Cat f | North Ne=" oo "~ |lcatd
a e_gory o orih Cat 5 25 (mph) Mean Tide
Hurricane Norih Norih West 25 (mph) High Tide
MNorth West _|
West Morth West | |-
Yoo+ j et
Apply Close
Speed of Select MEOW-

Hurricane Direction: NE

Category: 3
Speed: 15 mph (mean)

Q In the “Select Storm” window, click on the MEOW radio button.

O First, highlight the desired direction of the hurricane tracks. This will change
the “Category” and “Speed” list to those available for that direction. Clicking
on the compass also selects the hurricane direction.

O Next, highlight the category of hurricane to display. This will change the
“‘Speed” list to those available for that category. Then highlight the desired
speed of hurricane.

O Select a MEOW for the New Orleans basin for a Category 3 storm heading
northeast at a speed of 15 mph (mean tide). Once the parameters have
been selected, click on the “Apply” button in the lower left portion of the
window.

Note:

*  Most MEOWSs have the option of selecting High or Mean tide. Hurricane
Evacuation Studies generally use the high tide option because it is a more
conservative estimate.
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SLOSH Display
File Display Change-Basin Select-Storm  Animate  Tides Help

Basin: New Orleans <ms2> I Storm: Dir ne: Cat3: 15 mph
[
! v

| - R
= Acadia : >

Full !E,.!%‘

-

Color Coded Storm

Surge Heights Storm '
g e Direction Water

Arrows Height

GCULE Or e X'CU

(129,73) |L11:28“41'DD"N Lon; 90°04°17"W Height: 2.5 ft

* The display screen should now show the computed MEOW color-coded storm
surge heights. A color-coded depth scale is shown in the legend in the upper
right portion of the screen.

»  The direction, category, and speed of the storm are shown in the storm label.

« Each hypothetical hurricane’s track used to generate the MEOW is displayed,

along with an arrow indicating the direction of storm movement.

* The water height at the cursor’s location is displayed in the lower right portion of

the screen. The SLOSH grid cell location (I,J) coordinate is shown in the lower
left corner of the screen.

O Place the mouse pointer over the cell or area of interest to see the storm surge
at that location. The “Height” may also be labeled as “Outside Grid” if the mouse
pointer is not over the current SLOSH grid displayed or “Dry” if the grid cell in
question is located inside the SLOSH grid but is not inundated with water.

* The color coded legend, scales, and NOAA logo can be relocated on the screen

by clicking and dragging the movable element.

September 2003

Hints:

. Use the scroll bars in the “Color Code Legend” to increase or decrease
the range of the colors or press “Control + S” to select the desired range.

. The Color Code Legend can be resized by clicking and dragging the
lower right box.

. “Fixed Color Scale” under the Display menu keeps the color coded scale
constant and is helpful for comparing the effects of different MEOWs.

SLOSH Display Program
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MEOW

! Category 3
NE Direction

| Stoxan: Diraow: Cat 3: 15 mph

Category 3
NW Direction

 The arrows in each MEOW show the direction the storm is traveling.

* There are multiple arrows for each MEOW which represents the fact that
a MEOW is generated for a basin by storm tracks traveling in the same
direction with the same Category but each track making landfall at a
different location along the coast.

«  The MEOW color coding shows the maximum of the water surfaces
generated by the individual tracks for a particular category of storm
traveling in a particular direction.

»  The category and direction are constant and the MEOW is generated by
taking whichever track produces a maximum storm surge for each grid
cell.
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What s a MON

e Maximum of MEOWs

¢ Composite of the maximum storm
surge height for all hurricanes of a
given category

o Disregards forward speed, landfall
direction, landfall location, etc.

e Only 5 MOMs per basin, i.e. one per
storm category

« A MOM is the Maximum of MEOWs.

* Itis the composite of the maximum storm surge height for all hurricanes
of a given category at every grid cell.

* There are only 5 MOMs per basin, one per storm category.

Note:

+  MOM surge maps are available to the public for use in personal and
corporate emergency management. Contact your local government
emergency manager for more information.

SLOSH Display Program
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Select a MOM

& Select Storm

[Mew Orleans <ms2>
Dir: |c/sloshpkgidata/ms2mom
=

| " Historical

" MEOW

+ MOM

[V Use d: for more data.

Filter |*MS2 +ms2
C1_MEANMSZ
(2 MEANMS2
(3 MEANMS2
C4_MEANMS2
C5_MEANMSZ
HIl_momMSZ
HI2_MOMMS 2
HI3_MOMMS?2
HI4_MOMMS2
HI5_MOMMS2

e
£

MOMs for Each
Category at
Mean Tide

Il
MOMs for Each
Category at High Tide

C4_MEAN.MS2

CATEGORY 4
TIDE LEVEL = MEAN

HI4 MOM.MS2

CATEGORY 4

TIDE LEVEL = HI

Q In the “Select Storm” window, click on the MOM radio button.

A list of available MOMs for the New Orleans <ms2> basin will be
displayed. The files listed are the MOMSs for category 1 through 5 storms

at mean and high tide. The naming convention is slightly different for each
basin. For the New Orleans basin, C1_MEAN.MS2 indicates a Category 1
MOM at mean tide, and HI1_mom.MS2 represents a Category 1 storm at

high tide.

September 2003

Highlight the “C4_MEAN.MS2” storm file, click on the “Apply” button, and

wait for the display to redraw.

SLOSH Display Program
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-loix

File Display Change-Basin Select-Storm  Animate  Tides  Help

Basin: New Orleans <ms2> Storm: <C4 MEANMS2>

Tide level:
0.07t |

JLE O

F d ol
EREREERENEEN HEREEN =g Ny
HEREEEN HEN

I(ll]B,ZZ‘.r') ]Lat: 31°29'30"N Lon: 87°46°05"W JHeigllt: Ouiside Grid

SLOSH Display Program
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This is the display for the MOM selected. Notice the name of the storm file
in the Storm label.

Also notice the absence of the storm direction arrows. This is because the
MOM is the maximum of the MEOWSs and does not have a storm direction
associated with it.
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Historical Storms

¢ Not all basins have
historical storms

¢ File names containing
a series of letters and
numbers are actually
MEOWs

New Orleans <ms2> 0

Dir: |c:/slos] h;)kgf(htafms2
o=l

| Tide Basin

=mwsz  Diraction Category

m— i
Apply | Close

Forward Speed

Historical storms are the third type of storm available for selection.
In the “Select Storm” window, click on the Historical radio button.

Historical storms are labeled by the storm name or by date. The files listed
here are labeled by letters and numbers. MEOWSs are also shown in the list
which displays historical storms.

Keep the following in mind when choosing a file:
* Not all basins have a sample historical storm.

* File names containing a series of letters and numbers are actually
MEOWs.

» The first group of letters in the MEOW file name refers to storm
motion direction, the next number represents the hurricane category,
the next 2 numbers represent the forward speed, 10 refers to mean
tide, 12 refers to high tide, and the file extension represents the
basin.

« The files are listed alphabetically. Scroll down to find the historical
storm you want.

Hint: The Tide indicator in the file name “l0” indicates the number of feet above or
below mean sea level used to initialize the SLOSH model to account for tides.

SLOSH Display Program
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Historical Storms

Basins where Historical Storms are available:

. Apalachicola Bay agnes.apc

. Bahamas andrwnhc.bha
. Sabine Lake audrey.ebp

. Fort Myers andrew.fmy

. Virgin Island h1928.vir

. Oahu, Hawaii oahui.hnl

. Puerto Rico h1928.sju

Historical storm data are available for 7 basins in the SLOSH display.

They are:

Apalachicola Bay
Bahamas

Sabine Lake in Louisiana
Fort Myers

Virgin Island

Oahu, Hawaii

Puerto Rico

SLOSH Display Program
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Historical Storms

38 Select Storm

Puerto Rico <sju~

| & Historical

Dir: |cu/sloshpkgidataisju
<.

.| T MEOW

=

Puerto Rico Basin

 MOM

Historic Storm of 1928

[V Use d: for more daia.

Filter |+.5.JU * sju
h1928 sju

nll2sju

n212sju

312 sju

nd12sju

nS12sju

nell2.sju

ne2l2.sju
a1 cin

h1928.sju

Storm: <h1928 sju>

(35,155) JL:1:19“15'24"N Lon: 67°34'12"W JH:]';M: Ouiside Grid

+ Example historical storm

SLOSH Display Program
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Display Options

Rapides
"ernon

Amite Pike

Escambig

Allen

) Acadia
iy

mi

mi

100

obile
Stope

Genéva

Walton

September 2003

Now that a storm is displayed, the labels, grids, and other display features

may be modified.
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Toolbar September 2003

[ — Arrow
& - Zoom In
g - Zoom Out

o — Pan

= - Ruler

x| - Inquire All
# - Probe

| — Full Zoom

Basin: New Orleans <ms2>
Toolbar B LOUISIANA

m|— Previous Zoom

% SLOSH Display
File Display Change-Basin  Select-Storm  Animate  Tides Help

|(153398) JLat:31°33'53“N Lon: 93°03"22"W

“Hot buttons” are available on the Toolbar for quick access to routine

commands.

This section defines and shows the uses of each of these functions.

Display Options

45



SLOSH Display Training Zoom In September 2003

/ Il
orm  Animate  Tides  Help
ahel Cou.lltl.e rm: <C4_ MEANMMS2>

r wLahel' i \

|»

Zoom In
‘ Hot Button
;| or Menu

+ SLOSH Grid
+ Entire Grid

Fixed Color Scale

v Mo LatLon Grid
Grid & SubGrid
Grid
Latice

wAutematic
1 degree (2 subgrid)

= 1degree (125 subgrid)

5 degree blocks

10 degree blocks

15 degree blocks

Discrete Color Scale
Walue Follow hMouse

Zoom Out
Pan
Ruler

Inguire All
.Prohe

Previous Zoom
Full Zoom

Display
grid over
SLOSH
grid

|(148396) JLat: 31%36°02"N  Lom: 92°44'32"W J}leiglﬂ: Outside Grid

Q Click on the “Display” heading in the Main Menu Bar to bring up the display
options.

U As an example, zoom in to Lake Pontchartrain in Louisiana. This area is
located near latitude 30 degrees, 10 minutes and longitude 90 degrees, 10
minutes.

U Go to “Display | Lat/Lon Grid” to display the grid over land and water or use
the mouse to follow the latitude and longitude (displayed in the lower left of
the screen) to help find this lake.

QO To zoom in, either go to the “Zoom In” hot button on the left side of the
screen or go to “Display | Zoom | Zoom in.”

O Click and drag the mouse to make a box around the area of interest, in this
case, Lake Pontchartrain.

Hint: Right clicking on the map will bring up the Display menu. Under
V the Zoom option, left clicking on the dashed line (- - - - - - ) brings
E= up a Zoom tear-off menu.

Display Options
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Basin: New Orleans <ms2>

Zoom Out

LI

s Help

Bioxm: <C4_MEANMS2>

mp- 2] 9 2

2
©

.,.,
&

nuno

1 The Baptist \".

Zoom Out
Hot Button
or Menu

I

S R I Sy AT O T
SO S U,
SR8

Zoom Out
Pan
Ruler

Inguirve All
.Probe

Previous Zoom
Full Zoom

| | Lake Pontchaiiramn

(62,16) JLa(: 30°24'58"N  Lon: 90°20'35"W

]Heigll(: 19.1 fi

September 2003

« Zooming in closer shows greater detail; parish, city, and water body names

appear.

* Now that Lake Pontchartrain is located and identified, zoom out to include
more of the surrounding parishes in the view.

U0 To zoom out, either use the “Zoom Out” hot button or “Display | Zoom |

Zoom Out.” Place the cross hair in the center of Lake Pontchartrain and

click.

Hint: By right clicking on the “Hot Button” for zoom in / zoom out, you
can zoom in or out directly, without going into the Display menu.

Display Options
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Basi « Label Counties
[% ..Label Locations

@ Label Buoys
v Surge
@\ v [racks
A« SLOSH Grid
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Pre
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Change Colors
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View
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TR
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Probe

Previous Zoom
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or Menu
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3

ce Pontchartrain

S =
‘ﬂ’\\\ ake Borgne

: ‘

10

I(ﬁl ,13) ]Lai: 30°27'28"N  Lon: 90°20°38 "W

J Height: Dry

* Use the ruler to determine the approximate horizontal distance across
Lake Pontchartrain.

O Using either the “Ruler” hot button or “Display | Zoom | Ruler,” point the

September 2003

mouse at the Lake Pontchartrain shoreline and click. This sets the initial

point.

0 Now drag the mouse to the farthest shoreline and click again.
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Measuring

)
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September 2003

The light blue box that appears indicates the distance between the start and

end points. Lake Pontchartrain is approximately 41 miles across. The top

number represents the distance between the active segments. The bottom
number is the cumulative distance traveled along the path from the starting

point.

Hints:

In measure mode, the “Delete” key will remove the last selected location.

Measured distances can be in kilometers, statute miles, or nautical miles,
based on the “UNITS” as selected from the Display menu.

Display Options
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INQUIEALL =

ect-Storm Animate  Tides  Help

Basi + Label Counties

[% + Label Locations T e, S X Ty WY T
1] R A

LAt ee L e ele il eGSO SOOI

Lahel B S SIS USRI

— S

i Inquire All / 3
Hot Button or §
Menu

LatLon Grid 1 ’

Units

Zopom
View »  DMone
Zoom In

Digcrete Color Scale Zoom O

Value Follow Mouse

Pan

I (77, 3) ]Lat: 30°29'44"N  Lon: 90°38'00"W ]Heig]lt: Dry

Another useful feature in the SLOSH Display program is the “Inquire All”
option. “Inquire All” brings up a window containing storm surges for all
categories, directions, and speeds for a single point on the SLOSH grid.
This allows the user to look at different scenarios for a single location.

Investigate Slidell, LA. Click on the “Inquire All” hot button or go to “Display
| Zoom | Inquire All” from the Main Menu Bar.

A question mark icon will replace the mouse arrow. Drag this to Slidell, LA,
which is near latitude 30 degrees, 16 minutes and longitude 89 degrees, 47
minutes, and click.

Display Options
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Inquire All
Inquire All
Window
-laix
Category 1 > Category 2 2 Category 3 el Category 4 2 Category 5 >
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e 05 2 3.2 mw 05 10 T mw 1510 1346 fwrw 25 [2 175 o 05 12 21.6
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< Dir: loshplg/owiput/ms2
| & Sorihy height | (" SorthyDirect | ¢ Clockise Starting Directfw | Filter [*hgt * HGT
-
Double click o List item o load MEOW [ ~
g n . 043061 het
SLOSH Coordinates: (40, 60) Latitude: 302820 Longitude: 89,
Save o file Close
Save As
Window
Save Data L
to File [ File: | [095017 hgt
Done Cancel

September 2003

“Inquire All” brings up a window of data showing all available MEOWs for
this location. Data are specific for the grid point selected. This data can be
reviewed to see how the different combinations of storm category, wind

speed, and forward speed affect the maximum potential storm surge in

the selected location. This data can also be saved as a text file.

Notes:

“Save to File” allows the user to save all of the data in the Inquire All

Window to afile.

The file will be stored in the directory listed: c:/slosh.pkg/output/ms2.
The file can then be opened using either a text editor or spreadsheet

program such as Excel.

The data may require some formatting to be usable.

window.

Hint: Double clicking on a storm in the list will load the MEOW into the display
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—

* The “Probe Flag” option labels the storm surge for different locations.

September 2003

Q Click on the “Probe Flag” hot button or go to “Display | Zoom | Probe Flag”
from the Main Menu Bar. Move the mouse over a location of interest and

click.

* A flag appears with the storm surge height labeled. To remove this probe
flag, click on the bottom of the flag pole or use the “Delete” key to remove

the last flag.

O Label several places on the map and see how the storm surge varies from

one place to another.

V Hint: To remove the flags, click in the same grid cell or near the bottom of the flag
if the grid is not visible. Also, the “Delete” key will remove the last flag.
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J Tk I
YRMERTOR
= i B orm  Animate  Tides Help save view as
Save To PCX
Save to TIF i ey i
Update Basin Tahle . . o’:i«:t;ifé;#
TUpdate Data Root Directories - ; %
Quit
[
i
Pre
Full
Lake Pontchartrj
o]
Probe Flag
=
|(73, ) ]Lat: 30°30°38"N  Lon: 90°34'19"W ]Heig]lt: Dry

An image of the information shown in the current view can be saved as
either a tif or pcx file. Go to “File | Save to PCX” or “File | Save to TIF.”

Since a “Print” function is not available in the SLOSH display program, to
get a hard copy, the user must save the image and then print it from an
image printing program.

Important Note:

The storm surge elevations shown with the “Probe” function are the total
predicted storm surge elevations above mean sea level. These elevations
do not include the effects of tides.

Definitions:

PCX — PC Paintbrush Bitmap Graphic
TIF — Tagged Image File Format
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ﬂ Ms2mom.shp

Overlay Local
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September 2003

The SLOSH Display CD contains an ArcView theme for each basin. The

themes include the MOM data.

Using a GIS program, the user can view local data, such as roads,
streams, and topography, along with SLOSH MOMs to aid with storm
surge analyses.

Definition:
GIS - Geographic Information Systems

Hint: In the ArcView theme, grid cells that are labeled as “Dry” on the SLOSH
Display grid will have a value of “99.9” for the storm surge height.
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Animating @ hex Fle

* This section covers animation within the SLOSH Display program to view
the storm surge in specific time intervals. Rex files are SLOSH-specific
animation files.

 The SLOSH Display has 50 Rex files in its data directory.

Animating a Rex File
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Whatis a Rex file?

v

e A Rex file contains SLOSH-generated
water level heights at each SLOSH grid
cell and hurricane wind parameters for
specific time intervals

* A Rex file displays the height of water in every grid cell in the SLOSH Basin
at specific time intervals and shows the wind field used within SLOSH at
that time.

* Rexfiles can be animated to show progression of the storm and change in
storm surge height as storm parameters vary.

Animating a Rex File 56
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NI
_'_J ISE%

WIALEA] 5005

Basin: New Orleans <ms2> I Animate rex file

X1 TeX

|+

No Wind
. Wind (follow traclk)
Wind (fixed points)

s
Wind Grid (21X21) Py
—

o [=]
Anim to pex files e —
Hbi: M5 Gulf Coast =
georg_sjarex
Zeorg_virex evir: Virgin Islands
et ! opalrex epns: Elliptical Pensacola Bay

andrew_b.xex hha: Bahamas

Animation andrewfl rex hmia: Biscayne Bay
Filename wepia

hob rex

" Full path of files

»
Update list of Animations

¥ Include CD-Rom: d: |

¥ Sorthy Year?

HURRICANE AGNES: 1972 JUNE 17; DATA COMPILED BY FF
DELTA-P = 34MB; RMW = 60

St. Charles ; Amnimation Info: Surge Limits: | Basin Dimensions:
f 7 Start Frame: |0 max feet: (9.0 imin: [0
- e 4 | Stop Frame: [150 min feet: [00 || dmax: [51
o > 4 W M ( Plag | Totl Frames: 150 jamin: [0
- x 2 Frames per sec: |10,0 jmax: |92
|(64,428) ]Lat: 30°40'27"N  Lon: 90°29°17"W J
Start Store Settings Cancel

U To select a Rex file to animate, go to “Animate | Animate .rex file” from the
Main Menu Bar. The “Animation Setup” window will open. The Animation
Filename and its basin are listed.

U Highlight “agnes.rex” in the Apalachicola Bay Basin and select “Start.”
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o

Fle Display Change-Basin Select-Storm  Animate _Tid
Basin: Apalachicola Bay <apc>
'

W
[ Lo Dlrectlon

o
-#::::.':,:*:“ | *_u_.ag!ﬂﬁ%@ﬁ;

NG i e
N

Eye of
the Storm

|(71,4ﬁ) JLat: 28°01'51"N  Len: 85°07'32"W lHeigllt: Ouiside Grid

The animation file will begin tracking Hurricane Agnes from the Gulf of
Mexico to the Florida panhandle. The view will also automatically change
to the Apalachicola Bay SLOSH Basin.

Several new items will appear on the screen. A “Wind Scale” will be in the
upper left corner of the screen. This displays the color corresponding to
the wind speed on the “Wind Direction” icons in the storm.

The wind scale uses green to display tropical storm force to
hurricane force wind. Red is used for hurricane force to 100 knots
(kts) (Category 3). Categories 3, 4, and 5 are shown in black.

Wind barbs are also shown using standard meteorological
convention. A short barb is 5 kts and a full barb is 10 kts. A
triangular flag is 50 kts. These are combined as needed to give the
appropriate wind speed. As an example, a wind flag showing a
triangle, two full barbs and one half barb would indicate a wind
speed of 75 kts. Direction is indicated by the direction of the wind
barb itself.

The “Time Display” shows the current time interval of the storm.

The “Animation Toolbar” displays several functions for use with the
animated Rex file.

Animating a Rex File
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Animation Toolbar

Exit Animation

Forward To End

Forward 1 Frame
Pause

Rewind 1 Frame

Rewind To Beginning

llals === @

Time History

Animation Toolhar and Time Display

The Time Display box shows
the date and time the
historical storm occurred.
UTC stands for “Coordinated
Universal Time” which is the
time standard used by the
scientific and meteorological
community.

09/29/1959
10:30:00 UTC

September 2003

The “Time History” button at the bottom of the “Animation Toolbar” allows
the user to generate a graph of parameters at a given grid cell over time.
Clicking on the double lines will pause the animation.

The red enclosed “S” button is used to stop animation.

Universal Coordinated Time (UTC) is equivalent to Greenwich Mean Time
(GMT), the time reference used by scientists, the military, and aviators. UTC
is five hours ahead of Eastern Standard Time (four hours ahead of Eastern

Daylight Savings Time)

Definition:
UTC - Coordinated Universal Time

Animating a Rex File
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Time History

Window

File Display Change-Basin Select-Storm  Animate  Tides  Help
Bagin: Apalachicola Bay <ape>

Stm Tide S 5L
% Time History Point 1

Cptions:  One  Two

Lon: 85°25°10"

Lat: 20°53°05"

4
3
2
1

Jun 18, 1972

L R, Panead '
< Graph Options: _ o ' :: Wind Speed: 60 MPH
.| * Surge | % | «
~ o Wind Speed SR i | o
F I =" 16

e Change in Pressure |
o Storm Radius of | Jun 18, 1972

Maximum Winds
e Distance

e
06/19/1972
08:30:00 UTC |

I(Dl], 14) lLat: 28°48'30"N  Lon: 89°39°08 "W JHeig]lt: Quizide Grid

O Click on the “Time History” button.

Q Click on any grid cell with the cross hair. A new window containing two
graphs will appear. Each graph can display up to five parameters that can
be toggled on and off.

* These parameters include storm surge, wind speed, change in pressure,
storm radius of maximum winds, and distance. Up to five graphs can be
drawn in the same window by going to “Options | Number of Graphs” in
the “Time History” window.

* The vertical red line on the graph indicates the time shown in the
animation. These graphs can be saved under the “Options” menu in the
“Time History” window.
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Time History Graph Options

=13l
Optians: | one Two e All five options can be
@124y Surge shown on the same

s— Speed

300 v

260

10 v Storm Bmax
180 v

140

100 Modify Parameters

(11} —
0 —

graph or on 5 separate
graphs.

* Surge - storm surge at
the chosen location

* Speed - wind speed
Jun 18, 1972 e Storm Delta P - change
in pressure (mb)

20 Wind Speed: 59
64 e Storm Rmax - radius of
% max winds

31

1% e Distance - distance

from the eye of the
Jun 18, 1972 storm

» All 5 options can be shown on the same graph or on 5 separate graphs.
« Surge is the storm surge at the chosen location.
» Speed refers to the wind speed at the chosen location.

« Storm Delta P is the pressure difference between the surface pressure
outside of the storm and the storm’s central (lowest) pressure at the surface.

« Storm Rmax is the distance from the storm center to the maximum surface
winds.

» Distance is how far the eye of the storm is from the chosen location.

» Under the “Time History | Options” drop down menu, you can save the
graphical data to a file in .txt, .ps, or .pcx format.

« The saved files will be stored in the slosh.pkg\output folder on the hard
drive.
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* The last main feature of the SLOSH display to review is the Astronomical
Tide Prediction Program. This can be viewed by going to the “Tides | Tide
Display” option under the Main Menu Bar on the SLOSH Display window.

Note:

» The Extratropical Storm Surge website (http://nws.noaa.gov/mdl/etsurge) is
an extremely useful source of information about the predicted total water
level at a given station. The website contains detailed information about the
data presented.

Astronomical Tide Prediction
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Tides

s Generated by earth/moon and earth/sun
gravitational attraction

e Depend on latitude, geographic location
and bathymetry

e Varyin:
- Amplitude
— Number of maxima and minima per day

« Tides play an important role in determining the total water level
experienced during a hurricane.

« Tides are generated by the gravitational attraction between both the
earth and moon and the earth and sun.

« Tides depend on latitude, geographic location, and bathymetry.

« Tides vary significantly in amplitude and the number of maxima and
minima per day along the U.S. coastline.

Astronomical Tide Prediction

September 2003
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Tide Display

¢ Allows the user to graph and
compare predicted tides for up to
82 locations along the Eastern and
Gulf coasts of the US

* Given a date between 1800 and 2025, the Tide Display program graphs
the predicted tides for any of 82 locations along the Eastern and Gulf
coasts of the United States. This program allows emergency managers
and hurricane forecasters to view predicted tides along with the hurricane
storm surge generated by the SLOSH model.

Astronomical Tide Prediction
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&8 Astronomical Tide Prediction -3l x|
I Filz  Opkions  Skation Data  Toggle Stations  Inguire Hepl

ASTROMNOMICAL TIDE PREDICTION
Station

Location

Woods Hole, MA
Bosion, MA
Bar Harhor, ME

g pe fepr e g P b o o
0 12 0 12 L]
Feh 3, 2003 Feh 4, 2003 Feh £, 2003 Feh 6, 2003

Leocal Standard Time

v ﬁ Seasonal Adjustmenis Included MSL Datum

* Look at the Astronomical Tide Prediction window.

+ The Main Menu Bar is located at the top of the screen. Each of these
options will be discussed in this section.

* The Data Display area shows the predicted tide for specified stations.
Tide data for up to three stations may be shown at a time. The date is
shown on the x-axis, and the water height is on the y-axis.

* The stations of interest are shown on the upper right of the screen. They
are color-coded to match the color of the corresponding data on the graph
below.

Astronomical Tide Prediction

65



SLOSH Display Training

O Go to “Station Data” on the Main Menu Bar and select “Change Current

&8 Astronomical Tide Prediction

s

Change Starting Date
Adjust Reference Level
LInclude Seasonal Adjustments (SA and 554)

Filz  Cptions § Skation Data §Tooggle Stations  Inguire  Help
ASTRONC  Change Current Stations

ﬁ

Tide Display

=101 x|

1. Station Data
2. Change Current Stations

5
!

|

e /U N/

/|

/

I s

Edit Stations
Window

= Geographical " Alphabetical

0K | Cancel |

@ Edit Station =10] x|
27 Station 1: [Woods Hole, MA Station 2: [Boston, MA Station 3: [Bar Harhor, ME
Eastpori. ME ﬂ Easiport, ME f’ Eastport, ME ﬂ
4+ Bar Hbr Frenchman Bay, ME [Bar Hbr Frenchman Bay, ME Bar Hbr Frenchman Bay, ME
Bar Harbor, ME Bar Harbor, ME B
Portland, ME [Portland, ME Poriland, ME
g+ [Reckland, ME [Rockland, ME Rockland, ME
Portsmouth, NH [Portsmouth, NI Porismouth, NH
Boston, M Boston, M
Cape Cod,Sandwich, MA Cape Cod,Sandwich, MA Cape Cod,Sandwich, MA
w Cape Cod Buzzards Bay, MA Cape CodBuzzards Bay, MA Cape Cod Buzzards Bay, M
. Mantucket, MA Nantucket, MA Mantucket, MA
Woois Isle M Woois Hale, MA
P rovi: RI ﬂ [Providence, RT j Providence, RI LI

Select the station or stations of interest.

Stations.”

The “Edit Stations” window will open. It is possible to view the stations

September 2003

geographically or by alphabetical order. The default stations selected are
Woods Hole, MA as Station 1, Boston, MA as Station 2, and Bar Harbour,

Maine as Station 3.

O Select any three stations of interest and click “OK”.

A graphical display of the predicted tides for the upcoming days for the

stations selected is shown.

Astronomical Tide Prediction
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=lofx|

& Astronomical Tide Prediction
File Station Data  Togg

View Data

A View Data Woods Hole, MA
Boston, MA
LIniiks 4 Change Units Bar Harhor, ME
Grid h ; 4
Change Background Calor Display Grid -
Change Station Colors ]
Restare Defaulk Colors J[ 'i‘ Jm
Madify Graph Parameters COIO r
Restore Parameters .
Restore Label Positions :
height Al \ =
tfeet) Graph Parameters | ™
[]
]
[]
[
[ ]
[]
n

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII ReStore Labels
R R ] Iz ]
Feh 3, 2003 Feh 4, 2003 Feh 5, 2003 Feh 6, 2003

w Local Standard Time
Seasonal Adjusiments Included MSL Datum

* Look at the various selections available under “Options” on the Main Menu
Bar.

+  “View Data” brings up a window containing tide data in tabular format. The
data can also be saved to a text file.

*  “Units” allows the user to change the display units to either feet or meters.
« “Grid” displays a grid in the data display window.

* The “Options” menu contains three functions which modify colors on the
tide display graph. The “Change Background Color” option can be used to
change the background color of the main canvas. The “Change Station
Colors” option allows the user to individually change the color used to plot
the data for each station.

* To bring up the color chart, click on the color box next to the station name.
The “Restore Default Colors” option restores all default colors to the tide
graph.

+ The “Modify Graph Parameters” option allows the user to specify the range
and increment of the y-axis (height). “Restore Parameters” reverts the
graph parameters to the default extents.

» The user can relocate the Station Names (on the top right of the window)
with the mouse arrow to anywhere on the data display screen. The
“‘Restore Label Positions” option resets the label position to its default
location.
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=13l x|
File Options Toggle Stations  Inquire  Help nge Start o=
ASTRONC  Change Current Stations N
Change Starting Date « Chan ge Starting Year (1800-2025) Jeoos
Adjust Reference Level - 3 _
67 ..In(llude Seasanal AdjustmWg(SA and 554) sta rtin g St oy Dl (117 &
Dat Starting Day (1-31) |+
4 ate Number of Days Shown (1-31)/5
OK | Cancel
2
height [
{feet)
2
4 Adj u St 48 Adjust Reference Level =lalx|
A o U Reference Datum for Woods Hole, MA (Feet): p
Feh 3, 2003 Feh 4, 2003 Feh 5, 2003 Level Datum for Boston, MA (Feet): |[|
@ Local Standard Time Datum for Bar Harbor, ME (Feet):[o
v Seasonal Adfsiments ncluded MSL Datum — | —
Use MLLW Datum.
Resiore MSL Daitum
Include Seasonal
Adjustments
) =] ) =]
Station Data Options
) N
\_) = ~—= =) ~l. \.)

Other options under “Station Data” on the Main Menu are Change Starting
Date, Adjust Reference Level, and whether to include Seasonal
Adjustments.

Selecting the “Change Starting Date” option brings up a window to adjust
the starting year, month and day, and change the number of days shown
for the tide levels in the data display.

The “Adjust Reference Level” option lets the user change the starting
datum for each station. It is also possible to select between using the Mean
Lower Low Water (MLLW) or stay with the default Mean Sea Level (MSL)
datum. MLLW is a tidal datum. It is the average of the lowest low tide from
each day. The reference level used for the data displayed will be labeled at
the bottom of the “Astronomical Tide Prediction” window.

‘Include Seasonal Adjustments” does just that. If this option is on, then
“Seasonal Adjustments Included” will appear at the bottom of the data
display.

Definitions:

MLLW - Mean Lower Low Water
MSL — Mean Sea Level

Astronomical Tide Prediction
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ﬂnmjulﬂﬂ%‘ aJ“J@IJ Inquire

File  Option:
ASTRONOMICAL [

i 2 Bar Harbor, ME
Station 3

o WM[A LA
i HHHRR

1z L] 1z L] 1z L] 12 L] 1z 0
Feb 4, 2003 Feh 5, 2003 Feb 6, 2003 Feb 7, 2003 Feb 8, 2003

Local Standard Time

MSL Datum

Touyle Stations

I

By default, the Tide Display Program shows three stations on the tide
graph. The Toggle function allows the user to remove or replace stations
on the tide graph.

The Toggle function is executed by clicking on “Toggle Stations” on the
top menu bar and then clicking on the desired (color coordinated) station
to toggle off. The station may be replaced by re-clicking on the
appropriate station under the “Toggle Stations” menu.

Clicking on the “Inquire” drop-down menu produces a red vertical line in
the middle of the tide graph.

The graph can be traced using the left and right arrow keys or the mouse.

Y-coordinate points are displayed next to the station name labels.
Turn the inquire function off by re-clicking on “Inquire.”

Astronomical Tide Prediction

SLOSH Display Training Inquire All and Toggle Stations September 2003
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isjﬂw\erjl As LIL L)

e PostScript (.ps)
e Graphics (.pcx)
e Text File (.txt)

L

12 12 2
Feb 3, 2003 Feb 4, 2003 Feb 5, 2003 Feb 5, 2003

)
2

height

(feet)
2
4
1

@ Local Standard Time

u Seasonal Adjustments Included MSL Datum

« The Tide Display Program allows three different save options under the
“File” menu.

» The first option, save.ps, allows the user to save the current tide graph as a
PostScript file, which can be used to create a .pdf file.

+ The second option, save.pcx, allows the user to save the current tide graph
as a .pcx file. This file can then be opened and printed in any graphics
program capable of displaying a .pcx file.

» The third save option, save.txt, saves the raw (x,y) data used to create the
tide graph to a text file. This can also be accomplished under the “Options
| View Data” menu.

Astronomical Tide Prediction
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* Apply what you have learned in this training in a review exercise.
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1. Select the “"New York (ny2)” Basin

Fle Display Change-Basin Select-Storm  Animate Tides Help

Basin: New York <ny2>

49 5LOSH Display

]Heig]lt: Outside Grid

Exercises

I(NJ,DS) ]Lai:43“'39'15“N Lom: 75°20°14 "W

SLOSH Display Training

1. Select the “New York (ny2)” Basin. Remember, to select the “New York

(ny2)” basin, go to “Change-Basin | Change-Basin” and double click on

the basin name or basin outline in the map.



SLOSH Display Training Exercise |

4 Select Storm

|Neanrk<ny2> | ¢ Hictorical
Dir: |ci/sloshpkg/datamy2
<. 1=

2. Display a MEOW:
e Category 4
e Direction: NNW
e 20 mph (high tide)

* MEOW

 MOM

[V Use d: for more data.

Morith North West

‘West Morth West

2. Display a MEOW for a Category 4 storm traveling north-northwest at a
speed of 20 mph during high tide.

Exercises

September 2003
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3. Locate the area that potentially could

receive the highest storm surge

4 SLOSH Display (=] 3]
File Display Change-Basin Select-Storm  Animate  Tides Help
Basin: New Tork <ny2> Storm: Dir numw: Cat 4: 20 mph
k R =
& ¥ 12 mEA T B,
&) o AL leGVDA i
= : ’1" ¢Q’ e zi
M B o & tb,‘,.. >
L
1
B

3
@

.,.,
=

PENNSYLVANIA

VIRGINIA

|(94,69) JLa(: 44°09'43"N  Lon: 70°02'45"W JHaig]n(: Quiside Grid

3. The MEOW selected should now be displayed. Find the area that

potentially could receive the highest storm surge from a storm with these
parameters.

* Look at the “Storm Tide” scale. The highest storm surge on the scale is
23 and is a pinkish color. The pinkish color is on the New Jersey
shoreline. Zoom in to this area to get a closer look.
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Exercise |

4. Where is the highest potential storm
surge value?

48 SLOSH Display =10 x|

Fle Display Change-Basin Select-Storm Animate Tides Help

| Storm: Dir mrow: Cat4: 20 mph

* The area with the highest potential storm surge is near Sandy Hook,

New Jersey along the New Jersey and New York border.

* Now locate the grid cell with the highest storm surge value.

« Zoom in closer on the area containing the pink grid cells.

Exercises

September 2003
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Use “Probe Flag”

play

i}
1
‘
H:
= =
L3 ©
2
z
2
:

sin Select-Storm  Animate  Tides Help

m
&

i v Label Counties | Storm: Dir mw: Cat 4: 20 mph

+ Lahel Locations

..SLOSH Grid
 Entire Grid

Fixed Color Scale
Change Colors
LatLon Grid
Units

mlEEIEeSE|
)
g

T |D

|2

Zoom
View

Discrete Calo -
 Value Follow Mouse

s
‘ﬂm

Display Storm
Surge Value
Near Arrow

40°32°48"N  Lon: T4°25°28"W

To locate the highest potential storm surge value from the MEOW

displayed, use the “Probe Flag” feature to label the storm surge for

individual grid cells.

To display the storm surge value for the grid cell the mouse pointer is

over, go to “Display | Value Follow Mouse.”

Exercises

September 2003
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a'SLOSH Display =10lx]

File Display Change-Basin Select-Storm  Animate  Tides Help
Basin: New York <my2> | Storm: Dir nrew: Cat 4: 20 mph

Wl Location
Wl of Arrow

| =B ‘ b
=Y g

|

potential storm
surge

|(2[I,l3) JLat:4l]°28'3[l"N Lon: 74°15'59"W JHeig]ﬂ:ZlAﬂ(Tiﬂ.e::Ijﬁ)

* The grid cells with the color corresponding to the highest storm surge
values have been labeled with the “Probe Flag.”

* The storm surge value and tide height are displayed near the mouse
pointer when the “Value Follow Mouse” option is turned on.

» The grid cell with the highest potential storm surge, which is 22.8 feet,
has been located.

* Now find which combinations of storm parameters could potentially
produce the maximum storm surge for this grid cell.

Exercises

September 2003
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5. Which storm parameters could potentially

produce the maximum storm surge for this
grid cell?

A\ = 1 {4
4 AVAILABLE MEOWS U se I n q uire AI I =10l %

Category 1 = Category 2 el Category 3 il Calegory 4 el Historical

o G013 9. w4013 [154 w4013 238 m‘ Ii_tide 35
w40 3 w3013 154 6013 [220 AU T [33

w30 13 w303 (143 uwS0I3 [216 3013 (326

e 5013 w4013 (140 v 3013|207 w5012 (305

w30 B e 6018 (139 w303 [199 w6013 [30.0

w40 13 w08 (138 w3011 199 e 3011|209

ey 20 13 w40l 137 w40l [195 mor 4013 (287

w20 3 w2013 130 w403 (194 w30B (284

w10 13 w1013 (128 w1013 183 o 6011 (283

w3013 v 30Tl (128 w2013 182 morsonl (282

w501 w203 (125 w203 [180 o 401 (264

w6013 w3018 [12.1 w103 [177 w30 255

w403 w1013 (119 w40l [175 o 2013|243

e 20 13 w5011 (115 w3013 [17.4 w201 242

o 10 13 - w6011 [115 & we3on  f173 - 3013|236 B

4 | *

' Sorthy height | © SmbyDirectl ¥ Clockwise Starting Dim:th |

Double click on lisi item io load MEQOW
SLOSH Coordinates: (18, 1) Latitude: 404954 Longitude: 744143

Save 1o file | Close |

Use the “Inquire All” button to display all available MEOWSs for this grid
cell.

The highest storm surge value (35.2 feet) could potentially occur in a
Category 4 storm traveling in a northwesterly direction at 40 mph and
occurring during high tide.

Exercises

September 2003

78



SLOSH Display Training Exercise Il September 2003

* This exercise allows students to explore any basin of interest and to
practice using the features available in the SLOSH Display program.

* This exercise will be completed independently. There is an answer key at
the end of the exercise.

Exercises
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Exercise Il

liSiatl a hew Basi

e Load a basin that
was not previously
installed. For
example, your local
basin.

I Not Installed I

¥SLOSH Data Configuration

Step 1. Install the SLOSH Ervelopes...

Select the SLOSH Envelopes you want to install or uninstall,

by clicking on their SLOSH Basin (using the *Cirl’ or ‘Shifi' keys).

Afier highlighting, press ‘Install” or “Uninstall’,
When you are done press ‘Next'

~10jx|

Basin
(pnb) Penohscot Bay
(hos) Boston Harbor
(pvd) Narragansett'Buzzards Bays
(ny2) Mew Yorlk
(de2) Delaware Bay

(acy) Adlantic City

(cp2) Chesapeake Bay

(eorf) Elliptical Norfolk iz
(ehai) Elliptical Pamlico Sound
(ilm) Wilming ton NC / Myrtle Beach
(hchs) Charlesion Harbor
Mot Installed  |(svm) Savanmah / Hilton Head
Mot Installed  |(55i) Brunswick
Mot Installed  |(ejax) Elliptical Jacksonville
Mot Installed  |(cof) Cape Canaveral
Insialled (phi) Palm Beach
Mot Installed  |(eoke) Elliptical Okeechohee =
i o
Insiall | Tninstall |
%oDone I

Next | Quit |

Exercises

September 2003
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Exercise Il

e Change the basin
shown in the SLOSH
Display to the basin
that you have just

loaded.

Select a Category 3
storm in a direction
that is logical for the
basin you have

chosen.

Basin: Chesapeake Bay <cp2>

Chang

4 SLOSH Display

File Display Change-Basin Select-Storm  Animake  Tides Help

Basin Choices:

32 Dolaware Bay -
acy Atlantic City

cp2 Chesapeake Bay
eorf Elliptical Noxfolk

ehat Elliptical Pamlico Sound
ilm Wilmingtor NC / Myrtle
hehs Charlesion Harbor

sun Savannah / Hitton Head

ssi Brunswick

ejax Flliptical Jacksomville
cof Cape Canaveral

iphi Palm Beach

eoke Elliptical Okeechobee
hia Biscayne Bay

ekey Florida Bay

efiny Elliptical Fort Myers
eipa Elliptical Tampa Bay

cir Cedar Key

ape Apalachicola Bay

hpam Panama City

epns Elliptical Pensacola Bay
emob Elliptical Mobile Bay
lihix MS-Gulf Coast

ms2 New Orleans i

Basin

=Bl

6

Ift Vermilion Bay

ehpt Elliptical Sahine Lake
eg]2 Ell Galvesion Bay (2002]
lpsx Matagorda Bay Texas

cx2 Corpus Christi Bay

| |

1. Are there any historical storms in your basin?

September 2003

Hint: Historical storms have unique names; standard file names are MEOWs.
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A Y ]

ci

e Keep the Category and
direction the same and
change only the forward
speed of the storm.

e For each forward
speed, find the
area of the grid
with the highest
surge value.

allrye
Values

2. Which speed storm produces the greatest surge?

September 2003

3. Are the greatest surge values always in the same location no matter what

speed the storm is traveling?

4. With the same tide height, what is the greatest difference in surge height?

5. Do the generalizations listed on pages 17 and 18 apply?
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* Install the Rex file(s) Aﬂﬁﬂﬂ@t@

for the basin that you - - —
have selected. B ey ep——— -

Select the SLOSH "rexfiles’ you want to insiall or uninstall,
by clicking on the rexfile (using the "Cir]’ ox *Shift’ keys).
After highlighting the files, press "Install’ or "Uninstall’.

e If your basin doesn’t Whetyovare done press “Dane”
have any Rex files [ sans Aviaton Fie (rxtle)
Installed 0s) hos1944 rex =
then load the S e

nstalled (ry2)boh.rex

Chesapeake Bay basin |wua oo
Installed (my2) nycl938.rex
and (cp2)chp1933.rex |wa |momesiie

file. R
Installed (ehat) honnie rex
Installed (ehat) dennis_1 rex
Installed (ehat) dennis_2.rex
e Animate the ReXx file DL e
and view the Time L e
History for the point of [=ii [tones
Installed (Hmia) andrewflrex =
greatest surge you ' o b

found earlier. o p—

%oDone I

Back

Done

6. What was the greatest surge for that point during the animated storm?

7. What was the greatest wind speed for that location?

Exercises
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Exercise Il

heighi
ifeet)

4

"
|

Ti'ﬂ e_)sl Select 3 (or 2 if 3 are not available)
J\, @Pwd) stations in your selected basin and

view the tide data.

9 Astronomical Tide Prediction = 3]
File OCptions Station Data Toggle Stations  Inguire  Help
ASTRONOMICAL TIDE PREDICTION Woods Hole, MA
Boston, MA
Bar Harhor, ME
P
Set the dates

displayed to
the dates of the
storm you have

v \v just animated.

12 12 12 12
Feh 3, 2003 Feh 4, 2003 Feh 5, 2003 Feh 6, 2003
Local Siandard Time

Seasonal Adjusimenis Included MSL Datum

September 2003

8. Do the tide data show that surge elevations in different areas of your basin
will be greatly affected by the tide level?
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Answer Key

Answer Key
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Answer Key

4 5LO5H Data Configuration

Step L. Install the SLOSH Envelopes...

by clicking on their SLOSH Basin (using the 'Cirl’ or 'Shifi’ keys).
After highlighting, p Ininstall’.

=0l |

Status Basin
TR T User Installed (oxh) Penohscot Bay
Installed (bos) Boston Harhor
Installed (puil) Marraganseti/Buzzaris Bays
@ Lokus Motes Installed (ny2) Mew York
NotInstalled  ((de2) Delaware Bay
Mews Office Document Not Installed  |(acy) Atlantic City

Insialled
Not nstalled
Not nstalled
Not nstalled
Installed

(cp2) Chesapeake Bay
(eorf) Elliptical Norfolk

(ehat) Elliptical Pamlico Sound

(ihm) Wilimington NC / Myrtle Beach
(hchs) Charleston Hatbor

@ Open Office Document

% Set Program Access and Defaulks

% ‘windows Update Not Installed  [(sv) Savannah / Hilion Head
= Not Installed |(ssf) Brunswick
WinZip Not Installed [(ejax) Elliptical Jacksomville
NoiInstalled  |(cof) Cape Canaveral
. Installed (phi) Palm Beach
» @ Accessories Noi Installed  [(eoke) Elliptical Okeechobee

4]

@ Microsoft Office Tools  *

Mot Installed  |{oce) Ocean City

Documents

4 @ Skartup

<

Install | Uninsml.ll

SoDore |

Settings
'\:‘ MSN Messenger 5.0
3 a Hurresacz000

Next | Quit

Search

13

@ Hurricane Tracker
QB Instal SLOSH Data
» % S.05H Display
oy Tide

BB Uninstall SLOSH Package

]
L
% > Microsoft PowerPoint
@

Help [H arcals

(= Eskr

<<

Insert the SLOSH CD.

September 2003

Go to the Start Menu | Programs | SLOSH Package | Install SLOSH Data.

Select a basin that has not been installed and click “Install.”
Click “Next” when the basin has been installed.
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Answer Key

e Change the basin shown
in the SLOSH Display to

the basin that you
have just loaded.

9'SLOSH Display

C

J

hange Basin

Fie Display Change-Basin Select-Storm Animate Tides Help

Basin: Chesapeake Bay <cp2>

| storm: |

Basin Cheices:

[T/= |E5 D)@

B
3

=
£

)

Rappahannock

dison

Which Basins? »

Jefferson

Montgomery

Culpeper

¢ |psx Matagerda Bay Texas

%@ SLOSH Display de2 Delaware Bay

File Display | Change-Basin Select-Storm  Animate  Tides Help lacy Atlantic City

Basin: Chess  Change-Basin | Storam:

I 3 Which Coast? * e ) iy
2z eorf Elliptical Norfoll

ehat Flliptical Pamlico Sound
ilm Wilmingion NC / Myrile
hehs Charleston Harbor

. |sm Savannah / Hilten Head

ssi Brunswick
ejax Elkiptical Jacksomille

‘ [cof Cape Canaveral

lpbi Palm Beach.
eoke Elliptical Okeechohee
lomia Biscayne Bay

ekey Florida Bay

efiny Elliptical Fort Myers
etpa. Elliptical Tanpa Bay
cdr Cedar Key

ape Apalachicola Bay

lpam Panama City

epns Elliptical Pensacola Bay
lemob Elliptical Mobile Bay
hix MS-Gulf Coast

[ms2 New Orleans

1fi Vermilion Bay

ebpt Elliptical Sabine Lake
eg12 Ell Galvesion Bay (2002;

cx2 Corpus Christi Bay

1= St. Mary's

=4

|(36,121) JLaI:SD“Zﬁ'SS“N Lon: 78°14'19"W

JHgigll(: Outside Grid

* Go to Change-Basin | Change-Basin.

+ Select the basin that you just loaded.

Exercises
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+Selectacatesory 3 Salapl STOKN

that is logical for the

basin vou have =i
y |Ocean City <oce> | " Historical
o . M
c h os e n - Dir: Ic..-‘slos]l.pkg.-'data.-‘nce | & MEOW N NE
<
C wom »
W — W
Ocean City <oce> I {* Historical I ¥ Use d: for more data.
Dir: |ci'sloshpkg/data‘oce
| pkg b, = S SE
e
 MOM Direction Category Speed
Parallel to Coast *lCatl =
v B 2
¥ Use d: for more d: North East Cat2 10 (mph) High Tide
j North North East 20 (mph) Mean Tide
= North Cat4 20 (mph) High Tide
Filier I*.OCE *.oce North Morth West 30 (mph) Mean Tide
IO ace 30 (npl High Tide
N110I3.0ce West North West
12011 .0ce I
N12013.0ce I s hd
13011 .oce | f |
1: Close
N130I3.0ce =
14011 .0ce - -
T No Historical Storm Vary the Speed
N1S0T1 aca ]
Apply Close

Answer 1. Are there any historical storms in your basin? It depends on the
basin selected. See page 42 for a list of historical storms. Few basins
have historical storm data available in SLOSH.

* Go to Select Storm | Select Storm.

* First, click on the “Historical” button.

» If there are any historical storms for the basin, it will have a unique name.
* Next select the “MEOW?” button.

* Choose a direction under “Direction” and Cat 3 under “Category.”

» Choose the first speed you would like to investigate.
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Answer Key

September 2003

Storm: Dir mw: Cai 3: 10 mph

3 : f'\:’""

0y ¥,
R
"?.}.‘ ',"'0..‘74 ghoboth Beach

; 1"
] B

w4 stmTide b

© TtNGVD

-8
=7
—6
—5
—a

Tide Izwel:
101t _|

od\

4@ Select Storm
Ocean City <oce>

For each forward
speed find the area
of the grid with the
highest surge

=i Surgs Values

=10l x|

" Historical

Dir: Ic:.-’slos]lpkgfdatafoce

<

.| & MEOW
 MOM
[V Use d: fox more data.

=l

Category

2l Catl
Cat2

Cai 4

30 (mph) Mean Tide
30 (mph) High Tide

Close

Answer 2. Which speed storm produces the greatest surge? The fastest
moving storm typically produces the greatest surge values.

* Go to Select Storm | Select Storm.

« Choose the MEOW button, a logical direction for the storm to be traveling,

and Category 3.

* View the first speed storm by clicking on the speed and tide height.

* Find the location of the greatest surge for that speed storm by placing

“Probe Flags.”

Repeat this process for the other storm forward speeds available.

Answer 3. Are the greatest surge values always in the same location no matter
what speed the storm is traveling? No, the greatest surge value is not
always in the same location. The speed of the storm has an impact on
where the highest surge elevations are found.
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Basin: Ocean City <oce>

Storm: Dir ww: Cat 3: 30 nph

&8 Select Storm

NN N N
TR W o . Ny Seall\

|0|:ean Ciiy <oce> | ¢ Historical
Dir: |c:/sleshpkg/data‘oce
I— .| * MEOW
L
 MOB
¥ Use d: for more data.
o Direction Category

Parallel to Coast “JCat1
North East Cat 2
North Noxth East

Norih Cati 4
North Norih West

Keep the Categoi'y and Direction the same and
change only the Forward Speed of the Hurricane

Tide Ig'vel:
=l

WOE=DS O8=EW

Answer 4. With the same tide height, what is the greatest difference in surge
height? This surge height will vary significantly with the basin and

direction selected.

* Leave the Select Storm window open.
» Select different speeds of the storm with the same tide (mean or high).

» Click “Apply.”

* If you have placed Probe Flags at the location of greatest surge for each
storm, you can follow the change in values as you view the different speed

storms.

Answer 5. Do the generalizations listed on pages 17 and 18 apply? Yes
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% SLOSH Data Configuration =] 4

Step 2. Install the Animation Files...

] |
1 Select the SLOSH ‘rexfiles’ you want to install or uninstall,
= by elicking on the rexfile (using the ‘Cirl’ or *Shift' keys).
| After highlighting the files, press ‘Tnstall’ or "Uninstall’,
] <=

When you are dome press ‘Done"

Status Animation File (rexfile)
f ET User 4rex =
nstalled (pvd) prd1938.rex
@ Lotus Motes Gttt ity 2)bob.rex
nstalled (1y2) gloranyc rex
i New Office Document xﬁ: E:ﬁ;:ﬁi:i:ﬁ:
Insialled (cp2) chp1933 rex
@ Open Office Document Installed (cp2) floyidchy rex
Syﬁl’f‘ et Program Access and Defaults o ez
nstalled (ehat) dennis_2.vex
) nstalled (ehat) floydeht.rex
% Windows Update nstalled ) floyéibm.rex
= nstalled (ilm) hazel.rex
E WinZip nstalled (hchs) gracie rex
Insialled (hchs) hugo rex
» @ ACcessoties L4 Kﬁ: gﬁ;mz: -
@ Microsoft Office Tools  * 4 (D |J

Documents Y [ startup

=
% SEE 5 Microsoft PowerPoint

-

Install | Unillsh]]l

{“ MM Messenger 5.0

— Back
Search ¥ 23 Hurrewac2000

Done

SLOSH Package 1.31 @ Hurricane Tracker
s @ Arcals (M5 Install SLOSH Data
; »
- Rum... [ Eskr £ SLOSH Display
= ¥ i Tide
§ Shut Down. . BB Uninstall SLOSH Package

I;astart |J o & 5 & |J

To install Rex files:
» Go to Start Menu | Programs | SLOSH Package | Install SLOSH Data.
* Click “Next” in the first window to reach the animation files.

» Look for any Rex files with your selected basin’s short name in
parentheses, e.g., (cp2) for the Chesapeake Bay basin. If you do not
know what the short name for your basin is, click “Back” and locate your
basin in the list, then click “Next” again.

» If your basin does not have any Rex files available, install the
Chesapeake Bay basin and the two Rex files that begin with (cp2).
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0x  « Animate the Rex file
Animation Filename Basin Name = =
e . _ A| and view the Time
Zeorg_sjrex hsju: Puerto Rico - -
Zeorg_virex evir: Virgin Islands HIStOI'y fOI' the pOI“t
opal.yex epns: Elliptical Pensacola Bay H
e g you found earlier of
andrewfl rex hmia: Biscayne Bay greatest su I'ge
andrewla.rex Ii: Vermilion Bay . i
e ay2: NewTork fs6 1ime vitory Pone1 — I x
ASHLES HEX ape: Apalachicola Bay | Options:  One | Twa
hos1944 yex hos: Boston Harhor | Suree
! aqpi]an
Tp1935.zex 2 , L i 3813
N EE!
! 12+ Surge(f)
[ Full path of files Update list of Animations | | 10+ P—
g+
¥ Sorthy Year? | ¥ Include CD-Rom: d: | b
1933 HURICANE (ANALYSES BY HO, 15 NOV 1982) 1 4 Modify Farameters
COMMENTS d T
Animation Info: Surge Limits: | Basin Dimensions: |
L. | Aug 23, 1933
Start Frame: |0 maxfeet:lll.l] i-min: |0
Stop Frame: |182 min feei: Il].l] i-max: |67 1
1 W Wind d(MPH)
Total Frames: 182 jmin: |0 | I o
Frames per sec: |10.0 j-max: |83 - T
Start | Store Settings | Cancel 36 T
=l y ! L3
Aug 13, 1933
] C LA '

* Go to Animate | Animate .rex file.
» Select the Rex file for your selected basin.
» Click “Start.”

Answer 6. What was the greatest surge for that point during the animated

storm? The greatest surge elevation during an animated storm depends on
the basin chosen.

» During the Animation, place Probe Flags at the locations that appear to be
experiencing the greatest surge.

* When the animation is finished, the SLOSH Display program shows a
“snapshot” of the highest surges.

* Add additional Probe Flags if necessary to find the area of maximum surge.

Answer 7. What was the greatest wind speed for that location? The maximum
wind speed is dependent on the basin chosen.

» Click on the “Time History” hot button.

» Click on the grid cell that you found to have the greatest storm surge in the
previous question.

* Run the animation again.
* Use the Time History graphs to view the wind speed.

Exercises 92



SLOSH Display Training

6
4

2

Change Starting Date
Adjust Reference Level

Include Seasonal Adjustments (S4 and SSA)

Answer Key

& Astronomical Tide Prediction
File Options | Station Data Toggle Stations  Inquire  Help
ASTRONC  Change Current Siations

:

Tides

L=
Starting Year (1800-2025) Jpoos

height
eet)

Starting Month (1-12)F
Starting Day (1-31)/¢
Number of Days Shown (1-31) s
0K | Cancel |

12 12 ] 12 12
Feh 4, 2003 Feh 5, 2003 Feh 6, 2003 Feh 7, 2003
@ Local Standard Time
V Seasonal Adjusimenis Included MSL Datum
4@ Edit Station -3l x|
Station 1:[Woods Hole, MA Station 2: [Boston, MA Station 3: [Bar Harbor, ME
[Eastport, ME 21 |Easiport, ME i’ Eastport, ME ﬂ
[Bar Hbr Frenchman Bay, ME [Bar Hbr Frenchman Bay, ME Bar Hbr Frenchman Bay, ME
B Hashor, b B Hsor,1E BarBarter, e ]
[Portland, ME [Portland, ME Poriland, ME
ME ME ME
[Portsmouth, NH (Portsmouth, NET Portsmouth, NH
Besion, 14 Bosion, 1
Cape Cod,Sandwich, MA. Clape Cod,Sandwich, MA Cape Cod,Sandwich, MA.
Cape Cod Buzzaris Bay, MA Clape Cod Buzzands Bay, MA. Cape Cod Buzzards Bay, MA
[Nantucket, MA Nantucket, MA Nantucket, MA
Woods Hole, MA [Woods Hole, MA Woods Hole, M
|Providence, RI || [|providence, RI x| [Providence, RT |
& Geographical ( Alphabetical
OK | Cancel |

Answer 8. Do the tide data show that surge elevations in different areas of

September 2003

your basin will be greatly affected by the tide level? Depends on basin
chosen

» Select Station Data | Change Current Stations.

» Choose stations located within the basin you have selected to work with.
» Select Station Data | Change Starting Date.

* Find the date the storm you have just animated occurred by looking at the
Time/Date in the animation window.

» Enter those dates and click OK.
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Glossary and Acronyms

ADCIRC — Advanced Circulation Model for oceanic, coastal, and estuarine waters.
This is a program used to simulate storm surge. It is commercially available to the
public.

Bathymetry — the water depth relative to mean sea level. It may be expressed as
positive or negative but should be understood to be negative.

Category - the category of the hurricane, based on the Saffir-Simpson Scale.

Envelope - the maximum the water reaches at any point in time at every grid cell in
the SLOSH basin.

FEMA — Federal Emergency Management Agency.
GIS — Geographic Information Systems.

HES - Hurricane Evacuation Study. SLOSH is used to estimate storm surge which
is then used in these studies.

Hurricane Track — a- set of parameters used to approximate the hurricane. The
parameters include: Pressure, Radius of Maximum Winds, Location, Forward Speed
and Forward Direction.

MDL - Meteorological Development Laboratory - The part of NWS whose focus is on
developing techniques (programs) to aid Forecast Offices (including the NHC)
http://www.nws.noaa.gov/mdl/.

MEOW - Maximum Envelope of Water. The maximum at every grid cell that is
reached in any of several envelopes, where the envelopes are acquired by running
the model on storms with the same Category, forward speed, and direction of
motion, but with tracks that are parallel to each other.

MLLW — Mean Lower Low Water.

MOM - Maximum of MEOWSs. The maximum at every grid cell that is reached in any
of several MEOWSs, where the only constant is Category.

MSL — Mean Sea Level.
NGDC — National Geophysical Data Center.

NHC - National Hurricane Center (a.k.a. Tropical Prediction Center) - The part of
NWS whose focus is on predicting Tropical Storms http://www.nhc.noaa.gov/.

NOAA - National Oceanic and Atmospheric Administration.
94



NWS - National Weather Service - The part of NOAA whose focus is on predicting
the weather.

PCX — PC Paintbrush Bitmap Graphic.

REX file — displays the height of water in every grid cell in the SLOSH Basin at
specific time intervals and shows the wind field used within SLOSH at that time.

Saffir-Simpson Scale - a 1-5 rating based on the hurricane’s present intensity (5
being the most intense); used to estimate the potential property damage and
flooding expected along the coast from a hurricane landfall.

SLOSH - Sea Lake and Overland Surge from Hurricanes.

SLOSH Basin - a geographic region as defined by the SLOSH grid with known
values for topography, and bathymetry in addition to sub grid properties and barriers,
on which the SLOSH model is run.

SLOSH grid - the SLOSH model uses a polar, elliptical, or hyperbolic grid for its
computations. The reason for not using a Cartesian grid is to get finer resolutions
near shore. This is not only the area we are most interested in, but this type of grid
(having finer resolution near shore) aids in solving some of the mathematical
equations.

SLOSH model - the model that generates the hurricane storm surge given a
SLOSH Basin and a Hurricane Track. It generates an Envelope of high water and a
Rex File.

Storm Surge - water that is pushed toward the shore by the force of winds swirling
around a storm.

Storm Tide — the combination of normal tide and the storm surge to create the total
increase in water level due to the storm.

TIF — Tagged Image File format.

Topography - the configuration of a surface including the elevation and position of its
natural and man-made features.

USACE — U.S. Army Corps of Engineers.
USGS — U.S. Geological Survey.
UTC — Coordinated Universal Time. It is equal to Greenwich Mean Time (GMT) and

five hours ahead of Eastern Standard Time (EST) and four hours ahead of Eastern
Daylight Time (EDT).
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