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This technical note describes the availability of a database of tropiml
storm surge elevations and currents produced from the numeriml simula-
tion of 134 historically based events that impacted the east and Gulf of “
Mexico coasts of the United States. The database consists of surge data
hydrography recorded at 486 discrete locations along the east and Gulf
coasts and Puerto Rico. Also described are a summary atlas and cross ref-
erence tables of stoxm track and maximum storm surge corresponding to a
246-station nearshor~ subset of the 486-location database.

This database of information was generated in support of the “Long-
Term Fate of Dredged Material Disposed in Open Water” research of the
Dredging Research Program (DRP), being conducted by the U.S. Army En-
gineer Waterways Experiment Station (WES). Although the mpability to a~
cess these elevation and cument time series was developed to provide input
to the long-term fate and stability of dredged material model LTFATE, the p
tential use of such a database goes far beyond the tding of disposal site sta-
bility. The database described in this technical note can be used to provide
offshore or nearshore boundary conditions for any type of mastal modeling
or analysis requiring storm-generated elevation or CLIITentdata.

Background

The long-term fate research has beenconcerned with developing tech-
niques to predict the long-term fate of dredged material after it has been
deposited in open water on the ocean floor, that is, to address the question
whether a dredged material disposal site,”either existing or proposed, is
dispersive or nondispersive (Scheffner 1992). If the site is dispersive, an
additional capability of the model is to estimate the rate of erosion and
fate of the material. Because sediment is primarily eroded and transported
as a function of waves and ctments, the approach taken was to construct
databases of sitespecific information that could be used as input to
coupled hydrodynamic, sediment transport, and bathymetry change
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modelsfor predicting the long-term behavior of disposal sites. ~ the
DRP, attention WaS foued on the development of the wave, ti&I, and
storm surge m_mponents.

-.

The wave component of the database provides the capability for generat-
ing time ~ries of wave height, period, and direction for any location at
which a WES Wave Information Study (WIS) hindcast is available. The
wave simulation capabili~ is described in Bergman and Scheffner (1991)
and Thevenot and Scheffne.r (1993). The tidal elevation and current com-
ponent of the database is described by Westerink, Luettich, and Scheffner
(1993) and Scheffner (1994). A database of extratropical storm surge eleva-
tion and current hydrography is. currently under development. This techni-
cal note describes the tropical storm surge component for the east and
Gulf coasts of the United States.

Additional Information

For additioml information, contact the author, Dr. Norman W. Scheff-
ner, (601) 634-3220, or Mr. E. Clark McNair, Jr., manager of the Dredging
Research Program, (601) 634-2070.

Historic Event Input

The tropical storm database, consisting of surge elevation and cumnt
hydrography corresponding to selected WIS and nearshore stations along
the east and Gulf coasts of the United States and Puerto Rico, has been
completed (Schefker and othem 1994). The database was constructed by
numerically simulating 134 historically based hurricanes that have im- -
patted the eastern and Gulf coasts of the United States during the period
1886 to 1989. The source of data for these simulations is the Natioml Oce
anic and Atmospheric Administration’s National Hurricane Centetis
HURDAT (HURricane DATabase), described by Jarvinen, Neumann, and
Davis (1988).

The seIection of storms from the HURDAT was based on the selection
of events that impacted each of eight coastal segments along the east and
Gulf coasts of the United States, described by Ho and others (1987).
These eight regions were defined to have a homogeneous population of
events such that storm parameters associated with events for one location
in the segment appear similar to the paramete~ assoaated with another lo-
cation within the segment. A thorough analysis of the selection process
and procedures is presented in Ho and othem (1987).

The seIection of events for inclusion in the database was made by defin-
ing a latitude and longitude rectangle encompassing =ch of the segments.
These rectangular regions are shown in Figure 1. The tracks of all 875
events in the 1886-1989 edition of the HURDAT fiIe were examined to
determine if they entered the segment rectangle. Of those that did enter

--
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Figure 1. Coastal segmentrectangles

the rectangle, those events whose minimum central pressure was meater

than 995 mb, those whose track was only on the la-dward side o~the rec-
tangle, and those that were far fi=omthe shoreline near the seaward bound-
ary were discarded. This process of elimination resulted in the selection . --
of the following number of events assoaated with ea~ rectangle 1- 27;
2-35; 3-29; 4-33; 5-55; 6-52; 7-30; and 8-21.

Because many of the events impacted two or more segments, numerous
redundanaes were identified in the segment-by-segment selection of
events. After removing duplications, 134 events were selected for use in
the modeling simulation process. These selected events are listed in chron-
ological order in Figure 2 according to date of inception, corresponding
HURDAT number, and given mme.

Database Output Station Locations

The goal of this database was to provide boundaxy condition data for
any coastal application requiring either surge elevation or current informa- ~
tion along the east and Gulf coasts of the United States. To accomplish
this task and have the database remain tractable with respect to memoxy
requirements, discrete locations for archiving data were defined accordi.rw
to ‘tio criteria. First, output locations were-selected to correspond to the”
240 east and Gulf coast WIS stations (Hubertz and others 1993), with

TechnicalNoteDRP-1-17(September1994) 3



.

44 9/16/1941lUmlTt 40s m m
4s “ 7r30/1944Kl#lT a m m M
46 91911944tUWT@4Jb mm
47 lo/w19u WW7 # 440 m M’EO
42 W2W942 ml 4 44s IuTm

I
49 1/12/1942 Iuw7 0449 m m

s lwsmbnJ#l T4a. IUTMED

7s 7rwlm lUOiTt 266
76 9/20/193KFWTt ~
77 W29/19b0HJOIT# W
7s 9/14/19t4ml QSO
79 91 2/1961 tLFUT94#2
@ 9I1OI196!~T 4604
Sl 9/3/1961 14XW 9606
m w2ui9b2IUWT s U1
m 10/16/1962ml a w
M W2W19MIUUMTt K9
8s W2W1964IUu!Al 0620
M 9/W19b4 KmT a 624
m lW 8/1964 tUW a m
m w27119bsHi#it a U9
89 u 4/1966ImMl Q642
90 9nll19bbml o W
91 91W1967fU#iT44S7
92 U1/lWHJWIT#U2
m lw13/19b2IU7MTs 669
w u14119b9lumT t m mallE
S3 91U19b9R701TQ676 ~
% Y17m70Kml t a Km
f7 7/31!1970IUWTS bW ~
9B 9/2t1970HJEMT4b93EM
W 0@197t KRDAT# 702 ~A

100 wSl1971wwiT9m m

iti t/ W1971HQ7wm
102=Im mT O71! RAM
la U1UN72mT Q7U m
10! Wulmmam MM
102 $K9n974-4m mu
w $t24f197SHmW9n9 m
107 unum -8 W Eum
X4 W2W7bM9744 _ 1
in Vummtm JRIE
llo mvyn IUm 0736 MITn
ill 9fat19771uumT87= m
U2 7/ W9ntmmT8772 am
m &mm79Kfum4m mm
114 w29m mmts m fmfmc
m .7/w19mmT97u3 n.1.m
llb u7n9ul WaM7t7W CmfIs
in !IIW19E1.IuW 8= SmIu 3
m uwlm ml 4W7 m 1
119 W 9/19mHmlTs W9 QRIs
120 Ulwlm H.mT9U2 aIcIA----- -.
m Sm119mRmTtu2 BmT
m ll&f19e4KmlToQo MM
m .UWNS2KRM7QUQ mm
U4 WW19SKmTT9m ELm

S&
F1.mmx.

OMlk

Figure L Historicaltropicalstormdatabase

additioml locations prescribed for Puerto Rico. These stations are lomted
at every 0.25 deg of latitude and longitude along the coastline in water
depths averaging between 10 and 20 m. Because WIS stations are located
at variable distances from the shoreline, 246 additioml locations were se-
lected to represent nemshore projections of WIS stations, resulting in a
total of 486 discrete locations at which surge elevation and current hydm
graph in.fomnationare archived. Detailed figures of these lomtions; their

-_ respective station numbers, latitude and longitude location, and approxi-
mate depth; and the sum of eight primary tidal elevation constituents ex-
tracted from the DRP tidal database are given in Scheffner and others
(1994).

.
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* Tropical Storm Database

AIl134tropigd events sele”tiedfor the database were simulated in their
entirety, with output files initially archived for aIl486 WIS and nearshore
projected stations. The finite element-based hydrodynamic model .
ADCIRC-2DDI (Luettich, Westerink, and Scheffner 1992) was used for all
storm event simulations. A very large computatioml doma~ shown in
Figure 3, is used for modeling the storm events selected as the basis for
this database. The modeled area includes the western North Atlantic
ocean, the Gulf of Mexico, and the Caribb~n Sea. This domain was ini-
tially developed for tidal propagation studies (Westerink, Luettich, and
Scheffier 1993). However, its implementation for storm propagation has
been demonstrated through accurate predictions of both the primary
storm surge and the surge forerunner effect (Blain, Westerink, and
Luettich, fi preparation):

.
.

,-----

. .
, - -“” --

--

-.

Figure 3. East coas~ Gulf of Mexico,and Caribbean Sea
computationaldomain
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Because each hurricane event does not fipact every coastal station, the
database described in this technical note and presented in Scheffner and
others (1994) was constructed such that surge information was archived
only for locations at which a maximum surge elevation of 1 ft (03048 m)
or greater was computed. To eliminate possible start-up or termination .-
transients or farfield discontintities t~t may propagate beyond the edge
of the nested PBL model, potential impacted stations were also required
to be within a 200-mile (320-kin) radius of the eye of the storm. The re
pofied maximum surge was selected as the maximum elevation on the
surge water surface hydrographyin a *6-hr window from the time (nearest .
ho@ when the hurricane eye is nearest to the selected station. A sum-

.-.

mary of the full database is provided by scheffner and others (1994), in
the form of an atlas of maximum storm surge elevations computed at
each WIS/nearshore station subject to the above limitations. The maxi-
mum surge atlas and the surge elevation and current database are briefly
described belOW.

SurgeMaximum ElevationAtlas

The atlas of the nearshore spatial distribution of maximum surge eleva~
tion was generated as a tool for identifying storms that impacted specific
locations along the east and Gulf roast areas and offshore of Puerto Rico.
A typical component of the atlas is shown in Figure 4 for Hurricane Bon- .
nie. This figure contains a summary plot of the total storm track accord- .
ing to the information contained in the HURDAT database, as well as a
landfall or near Iandfall map enlargement detailing the spatial distribution
of maximum surge magnitudes.

To maximize the readability by reducing the density of information
contained in the atlas, surge elevations are reported in decimeters (10 dm -
= 1 m). For example, the maximum surge for Hurricane Bonnie in Figure 4
is shown to be 13 dm (L3 m) at the second nearshore station to the east of
landfall. The location map and a portion of the station descriptor ontained
in Scheffner and othem (1994) are reprodumd as Figure 5. This information
is used to identi@ the station number, location, approximate spring tide am-
plifide, and approximate depth For the exampIe shown in Figure 4, the
nearshore station can be identified as station 539, located at 93.7569 deg west
longitude, 29.6873 deg north latitude, with an approximate spring tide ampli-
tude of 0.8435 m and an approximate depth of 6.5 m.

..
.

Cross referencing of the summary database of storm-specific maxim~ ~-
surge elevations for the nearshore gages is provided in the report so that
users can determine the spatial alongshore impact of each Mstonc event,
and also dete~e which historic events impacted a specific WIS/
nearshore station. This information is presented in a two-sequence tabular
form, with the first portion containing the HURDAT storm number and
the number of WIS/nearshore stations that were impacted by that storm
event (limited to a minimum surge of 1 ft and located within 200 miles of
the eye of the event), followed by a tabulation of stations impacted and
their respective maximum surge elevations in decimeters. Figure 6

6 TechnicalNoteIIRP.1-17(September1994)
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Station

no
S21
S22
m
524
S23
S26
327
52s
S29
530
531

532
S33
534
53s

536

S37
S3a
539
540

Latitude Lontitude

-89.s63s0
-89.7s130
+0,00160
-90,241S0
+0,s3360
-90.76310
+1.olm
-91.19080
-91.31600

29.07m
29,23040
29,21340
29.06830
29.21340
29,08540
29.14980
29.16690
29,22bbo“

-91,s0370
+1.71230
+1.92100
-92.09830
-92.25480
+2.50s10
+2.76590
+3.01620
-93*M
43.s1690
-93,75690
-94.00720

29,465W
29.42280
29 A3990
29,47400
2933380
29,!533W
29.s8s00
29.b7880
29.m30
29.73000
29A8730
29,62760

spring
tide

Amplitude
(m)

0.4s584
0.46266
0.46487
0.47008
0.s0082
0.31362
0.s5416
0.s8888
0.62024
oA4b80
0.62417
0.66247
0.68786
0.68941
o.7ao
0.76584
o.W92b
0.8333s
0.84829
0.843s0
0.826ss

Depth
(In)

20.0s766
9ss403
&98934
9,18662
8.96870
8.78366
6.63064 .
5.38724
4.6213R
b,71494
4mooo
4* OoOo0

4*4m’94
4*14046
b,21479
7.s7s67
6.49206
7.12s91
4.8bfa
b.47S03
Ss76917 .

Figure5. Samplelocatormap and stationdescription

I

--
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. presents an extracted example

shown, event 841 impacted 31
showing a maximumsurge of

for HURDAT #841 (Hurricane Bonnie). As
WIS/nearshore stations, with station 539
13 dm.

The second portion of the index presents a tabulation of events that im-
pacted each specific WIS/nearshore station and the surge produced by
that storm. For example, Figure 7 presenb an example listing for
nearshore station 539. AS shown in the table, station 539 was impacted
by 25 tropial events, with HURDAT #841 producing a maximum surge el-
evation of 13 dm.

HURDATSTORM841,# STATDhJS-MAX SURGE 31
133- 3134- 413% 413b 4137-513&7139- 8140- 8141= 7142. 6143- 5144- 51# 514& 353&3
531”4532- 4533- 5534- 553S6S6 -8537-10 538-12539-13540-10541 -5542=454%4544- 4545-4
546-3 1

.L
Vvis

Station

No.

t

DMaximum

Surge
(din)

Figure 6. WIShearshore stationsimpactedby HURDAT#841

-. .

WIS/NEARSHORESTATION539,# HURDATSTORMS-~X SURGE 25
$4117-23183-10211-36 232-14 2W 4 31OW 324-5397-1540$23445-11 56526586-10602-22690- 8 . -

703-9704-5722-18 731=6809-17 812=24832-3841-13867-16874-13 --

Figure7. HURDATevents impactingWIShearshore station539

The purpose of the atlas and accompanying indexed surge data is to
provide a comprehensive listing of storms, their areas of impact, and their
intensity as measured by their maximum surge. These data can then be
used to identify and access the WIS/nearshore database of tropiml events
for use as surge elevation and current boundary conditions.

SurgeElevation and Current Database

Thestorm elevationand currenthydrographydatalxisefor both
nearshoreand WIS stations is available through the Coastal Engineering
Research Center at WES. The database consists of 134 separate files, each
containing the surfam elevation (in meters),the U velocity(eastin metm
per semnd), and the V velocity (north in meters per second) at a l%nin

TechnicalNoteDRP-1-17(September1994)
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increment for each impacted WIS and nea~hom station alongthe United
states east and Gulf coasts and for @ec&i l~tions offshore of Puerto
Rico.

--

--

<.

Each file begins with header information containing the HURDAT
storm number, start time, duration of the event in hours, hydrography start
time (storm start + 15 rein), number of points, and time interval between
pohts. The storm identification data are followed by a tabulation for each
impacted WIS or nearshore station, which contains the station identifica- .
tion number and sequential listinEs of time series of surface elevatiom U,
and V velocity comfionents. The”example header file and station file COrre
spending to nearshore station S39 are presented as Figure 8. A plot of the
data listed in Figure 7 is shown as Figure 9.

As evidenced from the examples presented in this technical note, the
tropicaI event database described in Scheffner and others (1994) is highly
informative,easilyaccessible, and can be used for a variety of preliminary
or detailed coastal evaluations of storm intensity and storm impact. This
database represents a unique assembly of offshore and rwarshore elevation
and current time series data that are not available from any single source:

. ..

KHOIT SUM ~: S41
m SWZTm (WmmY/mRJ: 19W 65/18, OHS= 114
UttRRWWSMTTI?E(WtO/MYmJu:l WM.a~= 4S6MlS,0fUH~
SMIIUd S39~dAT~ +3dS70 29.6S70
SFFu ELEwmoNau
O*W1 O*W1 &oo2 O.m 0A04 0d03 &w 0A08 0.009 000M oOo12 0s014 09016 ml? O*OZ 0.035
0.028 &oQ 0m6 0.040 0.043 00047 O.om &os7 09061 &w 0A67 O.*9 09071 &on 0.07s 0478
O.ml O.m .o.@6 O.ca o.091 0.094 0496 09098 09101 U103 0910S&lo8 09110 0,113 O.lfs 0.118
0.119 O.m O,lzl Oem O.nl O.ni 0J22 &m &m &la &la Ma am 09!3 O.m Q137
O.la 0.140 0.141 o.f42 0.143 0.143 Q143 &l* 0.143 U143 Ocla 00142%142“0.141 &140 0.!S
O.m 0,U7 O.Ub O.lB O.= O.= km b= 0.i26 0J24 &lZ 09119&l17 “&llb &l14 0.112
Ocllo 0.109 &lo8 09107O,lu 0J06 alu 00106 0.107 &la W109 0911[ 00fu 0.114 Am 0.U6
0.118 &i19 %120 0.i20 &12i 0.i2 OJZ &f24 &124 &m kW &m k= .O.132&l.% 0,137
0.U9 0.142 0914s 001490$4s O.lM “OJ60 &lM o*148 am &174 091w &w 0.188 0.193 0.197
0.202 0.2)7 0.2U o.216 O.= O.= 0,229 MS 0.Z7 00xo 0.243 M47 09ao o.a4 O*= O.=
0.261 0.2A3 U266 O.m O.m 0.274 MM 002.78O.= O.= 00m 0.2M Q= O*Z6 &m 0.2S9
0.291 0.294 0.296 0.298 0.331 0.303 &3M 0.309 0.312 0,313 0.317 0,319 %= 0.Q4 0.= O&8
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Conclusions

This technical note describes the availability of a database of tropical
storm surge elevation and current hydrographytime series that can be
used as bounda~ conditions for evaluating the fate and stability of
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dredgedmatexialdisposedin open water. The data werenumeri~llygen-
eratedin responseto 134 historically based tropical storms that impact~d
the east and Gulf coasts of the United States. Data are archived at 486 dis-
crete lo@ions along the east and Gulf coasts of the United States and for
sekcted locations around the iskmd of Puerto Rico.

Because tides are not included in the simulations and storm parameters
were not optimized to prototype conditions, the selected storms are not in-
tended to be hindcasts of specific events. Rather, the simulated events are
intended to approximate a number of historically based storms in order to
generate a database of responses that are rdistic in both magnitude, dura- “ - “ .
tion, and shape.

The tropiml storm database for the east coast and Gulf of Madco de-
scribed in this technical note satisfies the original goal of the project, that
is, to provide boundaxy condition data for disposal site analysis. Addition-
ally, the database represents a very comprehensive and realistic database
of storm data that cm be used for a variety of applications in coastal engi-
neering.

.
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