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1. INTRODUCTION

Storm -surge is the abnormal rise _ih water Tevel _causedf by wind -and 
pressure forces of a&hurrfbéne; Storm surge produces most of the flood damage
and drownings associated_ with tropical storms. that.'make‘ landfall or that.
closely approach a.coast1ine (Anﬁhes; 1982). |

A numerical storm surge mddei'de9e1oped by Jelesnianski (1967, 1972}.and
Jelesnianski and Taylor (19?3)‘ has been applied to the Chesapeake Bay,
region. ‘The model, which _qa]cu1atés sea; lake and overland sufges from
hurricanes, and ﬁas the acronym "SLOSH," is a pairing df, a‘:node1 of. a
hurricane coupled to a mode1'for‘storm surge. Crawford (1979) discussed some
lpre]1m1nary resu}ts using this model in. the southeast Louisiana reg1on

The purpose of th15 at]as is to provide maps of SLUSH mode1ed he1ght5 of“
“storm  surge and_ extent of flood inundation, for yarious comb1nat1on5 of-‘
‘hurricane strength, forward speed of stoﬁn and direcfion of stoﬁn motfon.
Strength is modeled by use. of the,central‘pressurg and storm eye size, for the
"four weakest of the five'catégories of storm intensity thqt Saffir and SimpSOn‘
- have categorized (Simpsén and Riehl, 1981). - Sfx sform;track headings - were
selected, on the basis 6f obserﬁations by forécastérs at the Nafjpnal
Hurr1cane Center of the behavior of past storms._n_.

The maps in this atlas summarize surge calculations madé usfng the SLOSH
model, when initialized with observed va1uesl(depth§ of,wafef qnd hejghts of

terrain and barriers) in the region centered on Chesapeake Bay.

2, THE GRID FOR THE "SLOSH" MODEL OF CHESAPEAKE'BAY

“Figure 1 illustrates the area covered by the gfid for the Chesaﬁeake day
- "SLOSH" model, 'The_ area covered by “the grid is called ‘a "basinf--the

“Chesapeake Basin." The grid is a telescoping po]ar qurdinate system with 79




~arc lengths (1 < I < 79) and 84 radials (1 < J < 8).. Unlike a true polar
'coordinate grid, which:wQUId have radial increment (&R) that was invariant

 with radius, this grid uses a &R that incréases_withn1ntrehsing distance from

the grid's pole. The result is that in each grid of the mesh, the increment

of arc length (AS) of the side of a grid “§qUare“ is qppfoximétely equal to
.'the'radial_increment of the “square;“ or A5 = AR, - | ' "
Tﬁéité1escopihg‘§rid is a cbmphomise between conflféting needs. What is
desired is that a large Qéographica1 area, but.withfshalT, detailed topography
be modeled. - Now,'fn a Cartesian coordinate system, this combination of big

area, but spatially-small ‘grid increment, requires that a computational mesh

with many grid squares be used, A large mesh requires a computer with a large

central probeSsﬁng unit (CPU)‘AS well as more time tolherform calculations in
;the'ﬁore nuﬁerbus grid'squéres, The telescoping grﬁd,‘by_compé;ison, permits
a feso]ution:of these:gbnfﬂitiing needs: it has an ac@epfably small spatial
resolution of 1 to 10 m%? per grid square err land, which 1s”the area of
greatest fntefest.'.Thué, topographic detai]s,'such'as ﬁighwéy‘and railroad
embankments, and ' dikes in  hérbors of cities aﬁe‘-inc1uded.'ih‘ the model.
HoweVer; the Fangé ‘incfement contained in ;ach 'grid;'square becomes
progressively 1érgef Qifh.increasing distance from the pole. As a reéu1t, a
large geographic area is inc]udedAin'the mode1,'§b that theieffects of the
model's boundariegﬁon the dynamics-of the storm are diminished-éhd the storm's
physics are better emulated.. | | |

The grid is ‘tangent to the earth at  the basin center, Cape Henry,
Virginia, at 36°55'N and' 76°H. There, the grid increment is 2.7 's'_t"atute
._ miles, The po]eﬂ(or_br%gin) of the grid is focated"at 37°54*N and,f8°04'w.
The te1esc0ping"gfid has_soﬁe disadvantages. Pffmapily,:fhese,stem'fnbm

the distqrtion that:opcursfwhen the basin is remapped onto a display that has




constant-sized increments in the vertical and hprizqnta1, aé happens when:tﬁe
basin ‘is  printed out by a conventional (camputer) line printer. This
distortion from remapping prbddces some difficulties in Jreqding" the results
by the uninitiated. For examp]é; neither latitude ﬁor'1ong1tude Tines remain
uncurvéd and "parallels" become n@ﬁ-para1lé1. ‘However, the hrojection is
conformal. The projection schema oresu]ts in each grid square.laf ; %' 1,
closest to the poTe, representing an area of aboUtll.Z square miles. By
cdntrast, at maximum distance ffbm'the bo1e, at 1 = 79; each grid square
cbntgins about 26 squafe miles. Thus, the'diétortions_requfre that aids‘Ee

provided to “read" and interpret the results.

3. "SLOSH" MODEL

A. Hurricane Model and Inpdt

The'hurrfcané model which drives thé storm surge model was deyé]oped by
Jelesnianski and %ay]br (19?3),. It is. a'trajectony model of a stﬁtionany'
vortex and ﬁt balances the forces frém pressure gradient, :céntrifuga1;
Coriolis and surface fﬁictionafleffects. Adjustments'are'made‘to the computed

vector wind to incorporate the hurricane's fqhward motion. The model's input

includes the radius of maximum wind (RMW) and the difference (AP) in sea-level

pressure between the ambient value and the minimum value in the storm's

center, Directly measured wind vectors are not used. The model also réquires

' input of the coordinates of the storm's center. Thus, input data include

thirteen sets of Jatitude, tongitude, AP and RMW, at six hour ihcreménts;
begiﬁning 48 hours before storm Tandfall and ending 24 hours after Iandfalf.
These 13 sets are then linearly interpolated into'va]ués/positioﬁs at hodr]y_
(or smaller) time-incfements. The model then génerateé the meteorolqgicai

forces--surface stress and the gradient of atmospheric pfessuref-that drive

the underlying ocean.




~B. Storm Surge Model .
Storm éurge‘is the reSponse by the ocean to-meteoro]ogica]_forces. The
model 3 govern1ng equat1ons are those given by delesnianski (1967); exeept now

for the inclusion of ‘the f1n1te amplitude effect Coeff1c1ents for surface

'drag, eddy v1scos1ty and bottom s]1p are the same as those used in an ear]1er

model (Je]esn1an5k1 1972) There . is no ca11brat1on or tun1ng to force
agreement between observed and computed surges; coefflc1ents are f1xed, and do

not vary from Qne geographica] region to another.

Specia] techniqees are incorporated to model two-dimensional .inland

inUndatien, routing of surges inland when barriers are evertopped, the effect
of tfees, the movement of the surge up rivers, and flow theough'chahneTs, cuts
and ever 5ubmerged'si11s..'Besideé surge, other.pr0cesées affect water height
(sectien 4B}, but are_not jneorporated in the mode1. |

'Not surprisingly, the accuracy of modeled surge values increases as the

accuracy of the input terrain and storm data improves.

1, QUTPUT AND INTERPRETATION OF THE MODEL RESULTS

A. Output from- the “SLOSH“ Model

The output for the Chesapeake "SLOSH“ mode] con51sts of maps of water
heights. At each grid p01nt the water height is the ma X i mum va]ue that was
computed at that point during the 72 {maximum) hours of model time. Thus; the
map displays -the highest water levels and does not display events at any
particu1ar instant in time. _The analyzed envelopes of:high weter show-shaded
areas that represent dry Tand wh1ch has been 1nundated and contours of h1gh
water relat1ve to mean sea level (MSL). He1ght of water above terrain was not

calcﬁlated\because'terrain height varies within a gr1d square, - For example,

“the altitude of a l-mile grid square may be assigned a value of 6-ft MSL, but




this value represents an average of land helghts that may 1nc1ude va1ues

ranging from 3 ft to 9. ft MSL. Thus, a surge Va1ue of 8 ft in th1s square

_implying 2 ft average depth of water over the gr1d s terrain, would include

some terrain without inundation and other parts with as much as 5 ft . of

overlying water. Therefore, the depth of surge f]ood1ng “above terrain at a

specific site in the grid square is deduced by subtracting the actua] terra1n

height from the mode] generated storm ‘surge height in that square. Also
supplied are pr!ntout Jists of values of surge height, wind speed and w1nd

direction for each of 100 sites. The values are ten-minute averages, every 30

minutes. These are useful for determining the time of onset'of‘ga1e force

winds and surge heights, for evacuation planning.

B. Interpretation of Results

Even if the wmodel is supplied accurate data on storm positions,

“intensities and sizes, the computed surgés‘may contain errors of +/- 20% of

observed water levels. These primari]j stem from:

1)'.Maps-that areroutdated: The_maps_whtch'supp1ied heights of terrath.and
depths of water sometimes dﬁd not inc]ude changes,.often mah-made, that
had been made to the he1ghts and pos1t1ons of barriers (e g., htghway and
raw]way embankments) and depths and - 1ocat10ns of channe1s. Inaccurac1es
of ﬁtOpogradhy_ror’ bathymetry w111 contr1bute d1rect1y to errors in the
modeling of all storm surges.

2} Anomalous mater heights;d Sea 1eue1 can be at an a1titude different“from
“mean sea level,” days or even weeks before a'stormlis actua11y‘affecting
a hasin.' The value'of the actua1 10ca1 sea 1eve1_-- the "1oca1 datums'
:for pre- storm anoma]y ‘in the At]ant1c (kean and in Chesapeake Bay must be

supp11ed to the model,_before‘ca1cu1at1ons are initiated.



3) Local processes, such as'waves, astronomical tidés, rainfall and flooding
from overflowing rivers: - These processes. are usually' included in

: L . R : ‘ .
“observations” of storm surge height, but are not surge and ‘are -not

taloulated by the SLOSH model.

Factors such as the foregoing wust be considered when comparisons are made

between modeled and observed values of storm surge.

. 5. HURRICANE CLIMATOLOGY -

A. Tracks
Between 1886 and 1985 18 tropica1 cyclones of hurricane intensity passed

w1th1n 100 statute m11es of Wallops Island, V1rg1n1a (Neumann et al., 1981),

for an average of one hurricane within the 100-mile circle every 5.6 years.

Figures 2-4 show the tracks of storms w1th hurr1cane force winds that
traversed the circle th1s century. Figure 2 shows the track for westbound
Hurr1cane Doria, Figure 3 dep1cts the tracks for northbound { NNW-NNE) storms,
and Figure 4 shows tracks for storms heading ‘northeastward. |

The tracks represent "hest estimates" and are based on a variety of data

sources, Historica11v, 'storm "strength, location ‘and motion were only.
1nferred from ana]yses of wind, pressure and cloud observat1ons made- at sh1ps

and 1and statlons be1ng 1nf1uenced by the storm, In‘ 1943 aircraft

reconnaissante of'hurrtcanes began. Not until 1959 were there land based

: weather radars, as now at Cape Hatteras, Norfoik and wa1lops IsTand, which
‘ :cou1d be used to observe and. record structure development and unot1on of
prec1p1tat1on fields, and he]p 1nfer center 1ocat1on and rad1us of maximum

' w1nds. The 1960 S saw the advent of photography from weather satellltes of

.‘tr0p1ca1 storms ~ Observations by a1rcraft, radar and sate1}1te have shown

that the tracks of centers of hurricanes conta]n wobb]es, gyrations and




ccycloidal motions {Lawrence and Mayfield, 1977) and that there often are rapid

developments in size and intensity of rain bands, contractions of eyewal]

diameters and format1on of concentr1c (“doub1e“) eyewa]]S.-IEvery one of these

-factors indicates- aSymmetr1es in the storm's dynam1ca1 structure, avery one of

these dynamical asymmetr1es affectsrthe_storm $ surge, But these factors were‘,
not documented in the earlier storms and remain beyond the reach of present-
day forecasting skill,

The tracks 1in Figures -2-4 ere-,Tabelled. at 6-hour intervals with

month/day/hour (GMT).

B. Intensities
_ Hdrricane intensity is ususally deftned'by'measuremehts at sea 1eve].of
the maximum sustained rwind speed“and]or_-by ‘miﬁimum barometric .pressure;
Neither of these is easily obtained Accdrate estimates of these parameterst
at sea 1eve] were acquired only when a sh1p or land stat10n was traversed by

the storm 5 "eye." M1n1mum centra] pressure was gotten on1y when a harometer‘

~was in the precise path of the storm s center. Because the area covered by

the strongest winds is much larger than that'covered by the pressure wminimum,

‘strength of many older storms was deduced from measurements of wind speed.

However, with the advent of aircraft reconnaissance, measurements made at

flight level of meteorological phrameters'a]]ow the calculation of barometric

pressure. at sea level., By comparison, winds at sea level are not so readily
deduced from f11ght 1eve] data, For all the storm tracks 1n Figures 2-4, an
estimate was made of the maximum wind speed at 1ntervals of 6 hours. For
some, 0n1y very indirect ev1dence ex15ts of actual speeds. From the hour]y
va1ues of the maximum wind speed 1ns1de the 100 m11e circle, the 1argest value

was selected. Th1s ma x 1 mum sustalned w1nd speed for the hurr1cane is listed



in Tab]e 1 under the head1ng of "wind (1n c1rc1e) Storm heading'and forward
speed at heur of closest p01nt of approach are llsted in the Tast two coTumns.
The va]ues T1sted in coTumn 6 sometimes are poor est1mates of the ma ximum

wind speed; the_f0110w1ng must be considered:

,1)' Actual wind speeds and directions exhibit gustiness,
é) The f'“average wind speed" has been calculated -with -a var1ety of time
intervals over_the years; thus, one can find h15tor1ca1 wind records that
~ have used}time-periode such as 1 hour, or 10 or.S‘mjnutes or 1 minute as
- the “standard" periodr of measurement.  Given .the same record from a
recordtng anemometer,rthe use of each of these Measuhement pehiods woujd
Tikely yield aedifferent average wind speed, with shorter periods probably
giving higher aVeFage'epeeds. | | |
,3)T The platforms for meaeuhing maximum surface wind. speed have changed over
| the years; data from sh1p and - land stat1ons now are suppTemented by
remoteTy-sensedldata from ajrcraft, sate111tes and radar. However, the
7'_remote platforms, espetia]]y the last two, observe the ‘motions of cTodds
er-pﬁecipitation'eehpes, and these motions are not wind speed, nor ‘are

they at sea~1eve1.

Because of these 11m1tat1ons in determination of maximun wind speed the
SLOSH model wuses - storm-center sea-level pressure as a measure of storm

intensity in que]ihg_the Chesapeake Bay basin.

6. MAPS OF MAXIMUM ENVEL OPE_OF WATER ("MEOW") FROM SLOSH RUNS USING DATA FOR

HYPUTHETICAL HURRICANES

A. Hypothet1ca1 Storm Tracks and PopuTat1pns

The skill of the SLOSH model was evaluated by Jarv1nen and Lawrence

(1985), who compared mode]ed and observed surges at 523 s1tes dur1ng 10




Table 1.

Virginia (37.84°N, 75.49°W),

during 1886 1985.

‘Hurricanes pass1ng w1th1n 100 statute mile circle of Wa1lops Is]and

>>>At Closest Point of Approach: (@CPA) <<<
' Range/Bearing Wind Storm Motion
_ (miles/degrees) {(in circle} (BCPA)
Index - Date (@CPA) Storm Name - {to CPA): (mph) (dir / mph) -
(1) (2) (3) (4) / {5) (6) (7)  (8)
1 1893 Aug 24 . Unnamed 81 / 082 98 - SN/ 24
2 1894 Sep 29 Unnamed 56 / 128 81 NE /7
3 1894 0Oct 10 Unnamed 15 / 121 75 NNE /27
4 . 1899 Aug 19 ~ Unnamed 82 [/ 145 90 NE / . 8
5 1903 Sep 16 Unnamed 93 / 080 84 HNW /24
b 1933 Aug 23 Unnamed 74/ 248 - 104 NNW / 18
7 1933 Sep 16 Unnamed 83 / 1237 26 NE /19
8 1935 Sep 6 Unnamed 62/ 160 78 ENE / 32
g 1936 Sep 18 “Unnamed 41 / 103 93 NNE /19
10 1944 Sep 14 - Unnamed 58/ 108 99 NNE /35
11 1953 Aug 14 ‘Barbara - 56 / 123 81 NE /17
12 1954 Aug 31 Carol 79 / 118 938 NNE- / 38
13 1955 Aug 13 Connie 23 -/ 280 98 NNW /15
14 1955 Sep 20 Tone 93 / 156 79 ENE ~ / 9
15 1960 Sep 12 Donna 53/ 135 109 NNE / 34
16 1967 Sep 16 Doria - - - 33/ 137 77 SW- o/ 8-
17 1976 Aug 9 Belle 82 / 096 - 101 N / 26
18 1985 Sep 27 Gloria 30 / 112 104 NNE /30
Notes:
(1) Stofm numbér for this list.-
(2): Year, month and date that storm had ma X imum ands exceed1ng 74 mph and was
closest to Na110ps Island, Virginia.
(3) Storms were not forma11y named before 1950
. (4)-(5) Distance (statute miles) and direction (degrees) from Wallops Island to storm
: when it passed abeam, ' '
(6)' Maximum sustained wind spéed near stoﬁm_center while center was within 100
statute miles of Wal1ops Is]and This is not necessarily the wind recorded
at a given site. o : :
(7)-(8) Storm head1ng and forkérd speed (mph) at hour of tloSest-poTﬁt of apphoach.



hurricanes, - They found that the mean absolute error in surge height

ca]cd]ated by SLOSH was 1;4 ft. Aﬁthough the error range was from'-fai ft to

+8.8 ft, the standard deviation was only 2.0 ft and 79% of the errors lay

withfn'one sfanderd:deviation_of the mean error; Q0.3'ft {on the averege,
modeled vd]uesiweEe;s1ight1y.1ess than those obeerved). '

'Becduse of‘this_ski11 in caiculating storm surge, the SLOSH mode1‘was used
to. create maps ddf surge flooding in the'.Chesapeake "Bay basin for use in
evacuetion p1anﬁdngd The mode1 Was supp]ied with deta from hypothetical
storms .and the resu1t1ng surge calcu]at10ns were compos1ted to produce maps of
the max1mum enve1ope of water. This secthn details why“these calculations
'were-made and how'the compositing was done. . | |

Storm surge he1ght, at any partTcular Iocat1on partly depends dn.distance
between that site and the storm s center, For a s1ng1e storm, the mdde1 would
produce a map of surge_heaght for the modeled pefiod ofdtime (usually 72
hours), with values valid for .only that particu]ar-storm=track.illf'there were

“two storms, identicial in every reSpect except that one followed a track

parallel ‘to, but separated from the other by 50 m11es,' and if the model was

run with f]PSt one and then the other storm, and a compar1son made of surge
vatues, then very 11ke1y there wou]drbe geographlca1 sites with surge values
from one storm that differed markedly from';those modeled for the other

storm. When prepefing plans for emergency evacuation, this dependency of

YA difference ("error") of 50 miles in storm track s not very large when
compared to the vagaries of ‘tracks of real hurricanes. The average error of
12-hour forecast 1landfall pesition, for U.S, Atlantic cpast tropical
cyclones, during 1970-1979, was about 59 statute miles, while for 24-hour
forecasts, landfall position error was about 125 statute miles (Neumann and
Pelissier, 1981). Thus, if a.storm were forecast to make- (eye) landfall at
Cape Henry, Virginia, in.24 hours, and if, in fact, it made landfall anywhere
between Ocracoke Inlet, North Carolina-and Bethany Beach, Delaware, the error
in forecast landfatll pos1t1on would be no worse than average, °

10
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‘surge height on storm track is not good. -What was needed was a map of surge

fTooding_potehtia] for the entire basin, in“Qhﬁch~surgé heights depended only
on storm intensity (using thelcategories défined byASaffir and Simpson), and
on §tdrm speed and direttfon. To do this;"we adopted a procédure that
invblVed making: surée caTcu]at{ons for‘ each of an ‘ensemb]e of 4 to 18
(depending on directionj ident{¢a1"s£0rms,.on parél]el headihgs, éeparated

(usually) by 20 miles, " Then at each grid square, the maximum surge value that

was calculated from any storm in the ensemble was extracted and saved. VAftér“

this procedure was perforimed for all grid,équareé;'the resdlt was a'basin mab

depicting the “maximum envelope of water,” or MEON, for thé specified storm

category, direction and speed. For thelChesapeake Bay basin, the hypothetiﬁa?
stérms were specifiéd to_mové in.one of six.diﬁéctions, some at one and others
at two constant speeds, as suMmariied in Table 2.  There were 18 tracks for
the . west-northwest LNNN) moving ‘stqrms’ (Figﬁre 5), 13 'tfacﬁs for the
northwest-bound {NW) storms (Fﬁgure's),_lﬂ tracks for the north-northwestwérd
{NNW) moving stofms {Figure 7), 14 tfacks for the northward moving:stormé.

(Figure 8), up to 11 tracks forrfhe north=northeastward (NNE) storm headings

(Figure 9) and up to 9 tracks for the northeast-~bound (NE) storms (Figure

10). In total, 389 sets of data for hypothetica1-storms were run, using the
SLOSH mbdé'l, to create the results to be p'res_ented be'l.ow. The se]ectidr}_ .of.'
directions and speeds was based on advice of hurricahe specialists at NOAA's

National Hurricane Center.

B. Intensities and Radii of Maximum Winds ofiHypothetica] Storms

Most hurricanes'weaken after making 1andfa11 beCéuse,the central pressure
increases (the storm "fi11s") and the RMW .tends to increase. Table 3

summarizes pressure' fi]ling' and RMW increases- with time for 316.;of7 thé

i1



Table 2. Chesapeake Basin's hypothetical storms: DTrections,
speeds, (Saffir/Simpson) intensities, number -of
tracks and the number of runs. :

'Directionrr - Speed {mph). Intensities Tracks Runs
WNW 20 1 through 4 18 72

NW 20 1 through 4 13 52
NN 20, 40 1 through 4 10 80
Y 20, 40 1 through 4 18 112
NNE 20,30 1,2,3,4 11,11, 5, 3 §0
NE 20 | 1 and 2 ‘9 and 4 13
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Table 3. Time changé of pressure difference and radius of maximum

wind for hypothetical hurricanes having headings towards
the north, north-northwest, northwest or west-northwest in
Chesapeake Basin.

Values of pressure difference (AP, millibars) and radius of maximum
wind (RMS, statute miles), beginning at time of landfall (LF) of .

center of storm and every six hours after LF.

landfall LF+6  LF+12  LF+18  LF+ 24
Category ~ AP RMW &P RMW AP RMW AP RMH AP RMW

1 20 30 14 30 10 30 100 35 10 40

2 % 3 31 30 22 30 13 35 18 40

3. 60 30 48 30 36 30 24 35 _ 12 40

4 80 30 65 30 50 30 35 35 20 40
13




 hprthetic§1 storm runs. . (Storms heading northeast or north-northeast were

~modeled to not undergo filling nor to change RMW.) These rates were based

'partly on the work of'Schwerdt et al. (1979).

C. lInitial Water Height

Based on observations from tide gages in the area‘of this basin,'tida1

anomalies of about +1 ft MSL before arrival of a hurricane are not .uncommon.

“Thus, all SLOSH runs of hypothetical hurricanes were supb]ied with initial

datums df'fl‘ft=MSL} In 4&n actual hurricane, if tide gage data in this basin
indicate that tﬁEPEfis no tide anomaly, then subtract 1 ft from the modeled

values found in thé maps (below). -

D.  The “MEOW" Figures

There are 34 MEOWS. They use the distorted gebgraphy mentiqned in Section

2 and-are presented in the Appendix. The contours reprééent the height of

water above mean sea level, in l-ft increments. The shaded arzas indicate.

land areas that weré'modeled_to have been inundated.
The MEOW fiqures are-groupedfby direction: west-northwestbound storms are
in Figures Al-Md, northwestbound storms' MEOWS are in Figures A5-AS, north-

northwestbound -inr'Figures' A9-Al6, northbound in Figures Al7-A24, horth-

northeastbound in Figures A25-A32 and northeastbound storms' _MEOWS are in

Figures A33 and A34._ Figure A35 shows the locatiens of the major cities and

bodies of water on the MEOW base map.

14




7. REFERENCES

7 Anthes, R; A. (1982): Tropical cyclones -- their evo!ution,'structupe‘qnd

“effects. Amer. Meteor. Soc., Meteor Monogr., 19, 208 pp.

Crawford, K. C. (1979)5 Hurricahe surge potentials over southeast Louisiana
as revealed by a storm-surge‘forecast'model: a pfe]iminaby study. Bull.

Amer. Meteor. Soc., 60, 422-429,

Jarvinen, B. R., and M, B. Lawrence (1985): An evaluation of the SLOSH storm-

surge model, Bull, Amer. Meteor. Soc. .

~Jelesnianski, C. P, (1967):  Numerical  c0mputations of storm sUFges with

bottom stress. Mon. Wea. Rev., 95, 740-756.

, (1972):  “SPLASH" (Specié] Program to Lisf_Amp]itudes of Surges
from Hurricaﬁes): 1. Landfall storms. U.S. Dept. of Commércé, Nétiona1
Oceanic and Atmospheric | Administratibﬁ, Tech, i Memo.,  NWS - TDL;QG,
Washington, D;C,, 52 pp.

, and A, D. Tay]or (1973): A prefimindry viewﬁof storm surges before

~and qfter_storm modifications. U.S. Dept. 6f Commerée,‘National Oceanjc
and Atmospheric Administratipn,'Tech. Memo ERL WMP 0-3, Washington, D.C;,

33 pp. N
Lawrence, M. B., and B. M. Mayfield (1977):  Satellite dbsérvaﬁions' of

trochoidal mot ion during Hurricane Belle, 1976. Mon. Wea. Rev., 105

1458-1461.

‘Neumann, C. J., and J. M. Pelissier (1981): An:analysis of Atlantic tropical

~cyclone forecast errors, 1970-1979. Mon. Wea, Rev., 109,;1243-1265,_
' , G. W, Cry, E. L. Caso, and B. R. Jarvinen '(1981): Tropical |
cyclones of ‘the Narth_Atiantic oceaﬁ,'1871f1980. u.s, Dépt. of COQmerce,
.National Qceanic and‘Atmospherit Adminisﬁration, Nationa1 C]ﬁmatic_céﬁter;

Asheville, North Carolina, 174 pp.

15



Schwerdt, R. N., F. P.1Ho,.and R. R. Watkins (1979)}"Meteofolegica1‘criteria
‘_for stan&ard project hﬁrricaﬁe and probable makiﬁuh'hurricane wfnﬂ fie]ds,
Gulf and east: c‘oas_'ts“of‘ the United States, NOAA Tech. Rept. NWS 23, U.S.

g De;ﬁt. - of | bdmmer"ce, ' N.ation_a1 Oceanic and Atmosph'ef‘ic _: Admi‘nirs‘.t_ra{tion,

'Nafioha1ﬂWeather Sérv1Ce, Washington, D.C., 317 pp.

Simpson,-R; H;5Jand H.'Riéhl‘(1981): The Hurﬁjcané and Its Impact. Louisiana

State University Press, Baton Rouge, La., 398 pp.

16




A A N G A N T N D B aE N M B G E W I =

8. APPENDIX: MAXIMUM ENVELOPES OF WATER (MEQW) ; SERIES “A‘-

Figure |

A- 1

MEOW

'Hest—horthwestboﬁnd, 20 mph,,catégory 1 hurricane.

west—northwestbound,'zo mph, catégory‘Z hﬁﬁricane.

Nest-northwestbduhd, ZO'mph;'category 3 hurricane,

West-northwestbound, 20 mph, dategory 4 hurricane,

Northwestbound, 20 mph, category l'hurricane. _

Northﬁeétbound, 20 mph, category 2‘hurricaﬁe. ‘

Northwestbound, 20 mph, category 3 hUrriCane.-

Nbrthwestbound,'zo mph, category 4 hurriéane.

North—northwestboﬂnd,-zb mph, category
North-northwestbound, 20 mﬁh,.éategory
North-northwestbound, ?U_mph,-tétegory
North~northwestbound,'20 mph; category
North-northwestbound, 40 mph, category

North-northwestbound, 40 mph, category

North-northwestbound, 40 mph, category

North-northwestbound, 40 mph, category

Northbound, 20 mph, category 1 hﬁrricane.

1

2

3

3
4

hurricane.
hurricane.
hurricane.
hurricahe.
hurrfcane,
hurricane,

hurricane.

hurricane,

Northbound, 20 mph, catégory 2 hurricane,

Northbound,'ZO mph, category 3 hurbiéane.

Northbound, 20 mph, category 4 hurri;ane.'

Northbound, 40 mph; category 1 hurricane.

Northbound, 40 mph, category 2 hurritahe.'

Northbound, 40 mph, category 3 hurricane,

Northbouhd, 40 mph, category 4 hurricane.

North—northeastbound, 20 mph, category 1 hurricane.
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A-26 . Narth;northeastbound, 20 mph, category 2 hqrricané;'
A-27 North-nortﬁeaétbound, 20 mph, Category'B'hurricane}
.A;ZB_ . : Nortthqerééstbbund, 20 mph, tategary 4 hurriéahé.
‘A‘ZQ - Nortﬁfnortheéstboqqd, 30 mph, catégbry 1thrricane;
45;30'l Nofth;northeasfbound, 30 mph,_categofy 2:hurficdne.
_ A4311 ' Nofth—northeastbound; 30 mph, catégoby B-hufbjcane.
A-32 North—nqrfheastbohnd, 30 ﬁph, cétegdry 4‘hurrfﬁane.
' -A—33 Northeagtbquqd, éb mph,'category i.hurricaﬁe.
A-34 Northeastbound, Zd.mph, categofy 2 hurricane.ﬁ
A-35 Locations of Major Cities and w&tér Bodféé |
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9.  FIGURE CAPTIONS

Figure

Figure 4

" Figure
‘Figure

“Figure

Figure

Figure

Figure

Figure

Figure

1.
2.

10. -

_Grid mesh for SLOSH model for Chesapeake Bay.pasin.

Tracks Qf hUVricanes passing within 100 miTes;of Ndfﬁoés_fslahd;
Vi}ginfa, 5iﬁcé 1900: westbound Hurricane Doria; |
Sahe as Figﬁ}e 2, except for'ndrtHbOUnd stbrms;

Same és Fiédre 2, except for northeastward mOVing storms.

Tracks of fhe hypothetical hurﬁiﬁaﬁés that were :used for

;a]cd]ating_.the max i mum enﬁelope of waterr(MEUN}. Hurricane

symbol s at point of landfall of eye’of stoﬁm, and d@ts are eye

positions-at 6 hour increments. Tracks are identified by the

distance (in miles) of their Tandfall point to the left side

(LS) or r%ght side (RS) of Cape-Hehry; west-northwestward (NNW)

moving storms only,

Same as Figure 5, except for northwestbound (Nw)_ﬁtorms only.
Same aﬁ-Figure'S; except for northfnorthwestboﬂﬁd (NNW} storms
0n1y; | i |

Same -as Figure 5, except for northbouhd (N) storms only. Tracks
Tying‘-to the right of track through Cape Henry haye Lheir
”1andfa1i_point” on é perpendicular'through Cape Henry.

Same as FTnge 8, except for north-northeastbound (NNE) storms

“only.

Same as Figure 5, except for-northeastbound (NE) storms only.

19



40°

39°

- 38"

37

klohd

T

7e* -

n.\./o
G
'

S, T 3 ‘
4 “\~&":. _'.._. ".‘ 3 .
: s SISO g
/é’ %% % .
T < Ve g1 —._1 :v\’

2
%

S0
AL
(X0
S5
LR

77°

6°

75° S e



F—{=—u2z

b 4o

42

Ll

NEW YORK

a*

anD
BALTIMORE

[
ins Ln'wan;\

'q.

HRE i T4 7
J - R
- : . -l —— Eﬁ-.a..u
B g Y 1 3p——+ — 3B ;e ‘_"T‘
: ‘ | s e SRy | DORA- 1967
WALLOPS | I T STPT 7221
IHGINIA ; o ) ] ;
K et /‘%‘,‘*ﬁ . A
[— . e 3]
[ 37 -3t 3 -
35 L . _— b e
- : PO 3g~—|
| o e [P 36° —
Aay f1GH
L]
NORTH 7
CARODULINA
: : o 394
¥ 35" 350 e — 35— | 3
T V 1 73. 13
™ i NG TOm
.t | |
sar— ) sa sae ] 3o —
P X
"

a e

mA ﬁ a" )

‘fm

!!4 = o p
. @i_ n (- ﬂ:'ﬂ



ar

79

YiIRGINIA

=39

09-17-002

CARD!INA

WIRGINIA
FICHMOND
d
oy
37
L TS
¥t e
RALEIGH
.
MORTH

= "

4 —— 4

Dohlia- 96
AG 29 - SEPT

BELLE - 1976
ey i " ——

AUG 17- 28
34%

70—

T

' 1303
P BT

MASSACHUSE 115

RN W V-1
.
age e 55

395 ——1

—3p—1

Jre—

Fl




NE'W

42+

———— e, .

oAl

b

PENMNSYLY

YORK

b2 7 122

o f—— 37"

Ty

L age

et —

e

LB

m‘

e 8m = =



- -

—H—'\_f—ﬁT_ =3 . | ‘
‘ T ; MASSACHUSETT

COMNELTICUT :VNOUE
|

’ j;fg &‘. f:%jF’; ,

4z% ‘.Z—_ —a2* I e

A owew vom -

<
VAR
3

.V S~
410 W —

-—'__4I'

Ri—

——3
N
\

™y . ki |

A

@

SO R

4
/
(1
-
~
~

J/r
’

|
|
I

i/
| //' )
I

/

/ /
//
g
/
//
Y

/

— 36"

f///q
8/

/.‘
/ !

CAROLINA
Qk‘ A_; f .
‘y;‘i{“ﬁ-%"
/ﬁf}%‘&fr sou®’ f‘
f”yr’? r.wl.l“‘ e Bt Enas
L ‘
. ‘\1\_,/;@'#"‘ T 35

R L

,d__._:ﬁ&/ .
l cart '
77 Lot IS

B ’ - -‘ :ﬁ;‘
. . /)‘ |
M — Ij ‘

s

)

/
/

///

T
~
T~ aa

/

~
<
-
-%
-
o
-

b

o —— —;'54.' e 24* e —
| .




aze

iiatay ._-\_,_.:zﬁé:“_..j_. =7

H MASSACHUSETT

NEW YORK

B

pLA—.

N A %

L 39—

i

- e e em w




[ I ...,.,_-.-

—— 4

4}

o ™ 7

PENNSYLY

PeY -
P J/ ~. 5
- WEST (\-.
VIAGINLA

b—-

739"
__Af
AN

T

—— |

HDRTH
CAAQLINA

39

COMNELTICUT

RHOLE \

) jm/ i |

3 iy

acs 40—

39'-—-.—_—

T2°

ge—— 11— g —

A ————

35°= g

— 37—

i

L AFe—




[

g T o L ,- - _~"ﬂ2'-‘_4_
. 5 1T = 3 et o= 2= 47° R
LA A g m:g[.t \
s egiageg o g flg™s RS
o  Jd o o 0 o =] 0 OLO (o] o] | R
Y Y I Y. ST R T R E] v oo P w o H [j ¥
S o o0 a9 e v ® g & & l I
: ). ke .
k.. *H
. P ¢
—— ~ A . )
ar——— 1 fe_] ab 4 4 ar 4‘_?_‘51‘;9 47—
I
7
X 4

40—

- E
2
e

aor . 4loq' — 1

.ucla: :

H:iﬂi(

P — e I

%rbﬁ' 1o — 3 ‘
~ .
ot T4° b £ i
]
L&
k : : Spe—
- 't. 4 ABS——— - 30— . )
TG 5
\IIHGIHI.:ICN“(*‘u ““ %Eg
L¥y .
\ )
fé"b-:y@ \Q‘\?)’\t p
. Xy : )
NN e
e __Jr‘,ﬁr‘,;i]m o 14 a7e e 37 :
" 5 L
77‘. ) ] ] z.lav . i 75 7 ) 730 ." . o B ) I:E\
\47{ i h . 3 L .
L . — 3
s | st A=t a . R .
T M \{ %\ :
1IN . )
= . ! J'{':j /"5 \
h‘:;:[f:’:h‘uk coup?
) .“:.:?';z ’.- Llﬁ-f“/? < qu . -
hse— _. %;?_ﬁ_rg-(-;‘;(/’ JENEY S 35.. : 350 — 35° ‘ ——— 35!
o B 0| . . .
L §5x‘b’ ‘ij’&“gua, ) 1 ] .
.‘)( i . oo i ™ 740 - T 4
‘ ‘ N - : .. 141
T e —t 23901 a4 33 ™




) . P i

Tr

PENMSTLVRNIA

- RALLIGM
@

35

]

«/m.m.. ,
)
/

e 40—

e 3

3B

ksl T

e ———t

39—

Y

Y




TR ——2e

It

PENNSYLVYRNIA

wEST

[

42 4 20 PP 47
\L HEW  YORK
N
. .-\‘-
I . — a a1 —4 410 ™
} LONG Iltlﬂnl
T a0

34




APPENDIX C
BEHAVIORAL ANALYSIS



e e . _ 4 __ )

Hurricane Evacuation
Behavioral Assumptions
for Maryland

. Appendix to _
Hurricane Evacuation Behavior
in the Middle Atlantic and Northeast States

i?repmd by
Hazards Management Group, Inc.
" 2308 Carrick Court

Tallahasses, FL. 32308 . .
{904) 893-8993

- For

U.S. Asmy CoRrs OF ENGINEERS

1989



Preface

This document is ‘accompanied by a lengthier report titled Huyrricane

Evacuation Behavior in the Middle Atlantic and Northeast States, ref erred to hereafter

as the "Main Report". That volume provides background information relevant to

understanding the following discussion. In particular the Main Report describes
methodology and data which form the basis for many of the recommendations -

- included in this volume. On occasion this report will make reference to MR-Fig. x,

meaning a particular figure in the Main Report.
Sample survey results for four Maryland locations are reported in this
docﬁment, but the reader should be aware that they are included as "tests" of ‘the

general response model’s =ax:mlicjallaility to Mafylaud rather iha_n 'to" pi-ovidc actual

- figures for evacuation planning.- Even for the four sites themselves response in

future hurricanes could be considerably different than that observed in Gloria.



Evacuation Rates
Among Residents

"The pcrccntagc of rcspondcnts in our sample who evacuatcd in Gioria

varied grcatly among 1nterv:cw sites. Slxty-thrce pcrccnt lcft from Ocean Clty,

_32% from Anne Arundei and Crisfield, and only. 8% [rom Denton (MR F;g 8).

This. docs not: neccssanly mean, however, that more should havc lcft from those
areas. Glor;a _dld not, _actua_lly "hit" Maryland, and‘ had thq storm's‘ course chapgcd
to cause more. severe ¢oridi_tions in our sample locations, the c\.f-en_tual_ evacuation
rates would have been higher, |

Only iri Anne Arﬁ"ndel county did more than half ‘tlhc' sam-f)]_c say they were
told by o_fficiai$ to cx}acuafc, and in chnton enly 4% said officiais told‘ them to
leave (MR-F-ig.._ 10).: In every location (too few left ]Dcﬁton to"sz‘l_.y) peoplc'hcaring

that théy should leave were more likely to do so (MR-Fig. 11). In Crisfield and

- Anne Arundel the differences were more dramatic than in Ocean City where even _

people ﬁho didn’t hea-r _offibials tell them to leave t.cndcd- to do sd. In_ all locations
'peopl.c perceived th_é evacuation notice to be advisory rather than mandatory (MR-
Fig. 12). |

In all four locations a majority of those who didn’t leave said they felt safe

staying where they were (MR-Fig. 18). Twenty-two percent of - the stéyers in

Denton said they did so because officials told them there was no need to leave

(4%) or didn’t tcll them they should (18%) (MR-Fig. 19).'
Rcsponsc m Glor:a in all four interview locatlons conforms to pattcrns

predicted by the general response model. "Table 1 summarizes the general

‘guidelines for use in assigning evacuation rates to specnl‘ 1<:'locat10n's clscwhere in

Maryland. The table varies_rcsponsc on the basis of four variables.”
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Severe Storm . Weak Storm
Evacuation Qrdered iz Evacuation Qrdered

High/Mod. Risk Areas, - im High Risk Areas Only,

and Mobile Homes - and Mobile Homes

Rigk Area

High _Mod‘ Low High Mod Low
Housing Other Than‘ Monﬁﬂe Homes -
'.§O%+ SII)%w 30%. “ ‘85%. 40% .- 20%
| Mobile Homes

95% 95% 8% 90%  75% ' 65%

Table 1. Evacuation rates to be used for planning in Maryland.




Storm Severity

The table addresses two storm scenarios. The [irst is a strong storm, a

+

_eategory Jor Worse.'-"The‘ sccond storm is weaker. The difference'obviously is that

“more. people are at risk in the more severe storm, and evacuation will be greater

from moderate-risk and low-risk locations.

Action by Officials

It is assumed that offnmals will tell pcople to leave from high-risk and

moderate-risk locatlons and tell all mobtle home dwellers in - coastal counties to

evacuate in the severe storm. In the weaker storm only moblle homc re51dents and
people who live in hlgh nsk locat:ons are told to leave.-

It is also assumed that officials are succcssful at commumcatmg the
evacuation not:ccs to res;dents The Glor:a data attests to the greater likelihood -of
people - leavmg if they belleve offlcmls have told them to. The only way to ensure
that everyonc will.hear the notice is to have 1t'd1ssemmated door-to-door- If that

is not possiblc vehicles with loudspeakers ar'e the second ‘best methad, If off'tclals

. cannot dtssemmate the cvacuatlon notices in either of those manners evacuatlon

rates will be 25% lower in hxgh-nsk arcas and 50% lower in moderate-nsk-and low-

risk areas.

Risk Area
High-ris-k areaS'tefcr primarily to barrier islands -and'- -other land areas

exposed to the open ocean where wave battering and scour are ma_]or hazards in

| addltlon to f'loodmg Moderate-risk areas are subject to floodmg in moderate to

strong storms but do not experience significant battering and scour. Low-'risk areas

arc subject only to wind and are adjacent to moderate-risk locations.
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Housing

Table I distinguishes between m'ob_.ilc homes and other housing. None of the

four survey locations contained a largc percentage of mobile h'bmcs, but they

should be considered separately for planning. Evacuation will be greater from

mobile homes tharn from other housing, all 6thc_r factors being thc--sa_lﬁe.




Evacuation Timing
By Residents

With so few people evacuating from Crisfield and Anne Arundel county, it’s

_ difficult to ma'ke very confident statements about-'th'e exact"timc. evacuees léft.

‘The matter is further compllcatcd by the fact that 1ntcrv1ewecs were bemg asked '

to rccall falrly precise m[‘ormatmn from something that occurrcd two years

prev1ously. Its,clca-r, however, that evacueces left carhcr from Occan City and

Crisfield than from Annc Arundel (MR-Fig. 23). In fact, of the 26 Anne Arundel

residents who indicated the time they left their homes, 65% said they lef't after 9

pm on the 26th, and 42% séid they left at midnight or later. By contrast, in Ocean

City only 23% left after 9 pm and only 11% left after midnight. This reflects the |

greater risk perceived by residents in the first two sites (being closer to the storm)
and dlffercnccs in the t1mmg of actions taken by local offlcmls
Evacuatlon timing, however will vary. grcatly f rom storm to storm and

little can be generalized from Glona. For p]anmng*purposes thrcc dlffcrcnt sefs oi‘

- assumptions depicted in Flgurc 1 should be ana]yzcd The thrcc curves in Flgurc 1

ref]ect thrce dlffcrcnt rates at which evacuces leave, rcflectmg in turn threc
dni'fctent levels of urgency.

' The left-most c¢urve represents response Qwhen‘ forccaéts ate éarly and
rcsidel}ts are . told to -evacuate with plc'ntyt of warning. That sccnario should

probablylbc :célled optimiétic., The mlddlc curve 1s probably morc typxca]

Warmng is not qulte so early in relation to- landfall Fmally, thc r:ght -hand curvc‘

will pcrtam when a storm accelerates, mtensd‘ ies, or changes course uncxpcctedly

People will lcave very promptly 1f it is madc clear to them that they must All '

three curves should be used for planning bccause ‘all three wﬂl occur eventually
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Fewer than 20% of cventual evacuees will leavc before bemg told to leave.

When told howcver peoplc will leave as promptly as .they behevc thcy must.

: Gwcn the luxury of time,. most people will not ¢vacuate late at mght and will wait -

until mommg 1f they haven’t lcft by Il pm or mldmght Pcoplc J lcavc in the

middle of the mght if officials makc it clear that cncumstances make it

1mperat1ve that they do so Peoplc f: rom high-risk locatlons (barner 1slands) ‘tend

1o leave earher than othcr evacuees.
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‘Demand for Public Shelters
by Residents

Far more evacuecs used pubhc shelters in Cnsfneld (32%) and Anne Arundet
(49%) than in Ocean City (14%) (MR-Fxg 25), and both instances dcmoustratc
important influences on shelter use. Low income residents tcnd to use publ:c
shclters more than other groups and 34% of the Cnsf;eld sampie mdwated having -
household incomes _bc_low 510,000 and 65% below $25,000.

Income ccrtai‘nly can’t éxplaih the high shclter‘usc in Anne Arundel,
bccausc this was one of the most afflucnt of the 19 sample locations in the ovcfall
study. The earlier evaciees lcave, however, the lcss likely they are to use pubhc_
shelters probably because they arc more hkcly to ]cavc the local area “when
cvacuatmg early and bccausc t‘ncy have made arrangements with -fncnds, relatlves,"
or motels. - Recall thét the Annc Arundel cylacuces. left much later than‘ot}}ers"in:-‘
the Maryland sample's (65%‘ after 9 pm ahd 41% at -:_ni_dnight or later). Such -lgt_c
night .cifa_cuation tends to maximize shelter use, primarily because ‘it‘ is occu'r'rin-'g
witﬁ a sense of urgcncy, leaving no time to 'ﬁaké alternative arrangements ;with
fr:cnds relatives, and motels or leaving too 11ttle time to travcl thc dlstancc '
necessary to go out«of town, particularly at mght

Ocean City cxcmplifics the oppositq extreme. Residents of high-risk

locations such as Ocean City tend to leave earlier and travel greater distances,

“therefore rclying less upon public shelters. Residcnts of beach communities USua'lly

have h:ghcr incomes and choose not to stay at pubhc shclters and can afford
motels if arrangcments can't be madc with f rlcnds and relatives.
Table 2, sh‘owmg guidelines for pro_;cctmg normal shelter demand, ref lects

these patterns. Late, urgent cva'cuat'ions, which will roughly double normal sheiter



- Income
High
Mccl.

Low B

Figures will be higher if officials é:mc'ouragé_ use of ‘public shelters.

Note;

Risk Area

5% 10% 10%
15%  20% 25%

. 40%  40%

- Figures will be higher for retirees.

Figures will be lower for developments with on-site shelters (e.g., c‘ﬂubhquses).

Figures will be lower where churches and other or.ganizations ._s!heltér members.

Table 2. Evacuees going to public shelters:
planning assumptions for Maryland. .-
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demand, are not a function of location. Shclter dcmand (as a percent of all

evacuecs) in Anne Arundcl county, for cxamplc, w:ll usually be less than half the

level observed in Gloria, It‘should also be noted that emergency management

offlclals in some communities cncourage shclter usc more than others, and such

policies should be taken mto account in planmng, becausc off1c1als can take

actions which either increase or decrcase she-lter_ use. Other f actors. 10 note are that

retirees living in "retiremcnt areas" are more likely to use public shelters than

other groups, some communmes have churchcs and other orgamzatmns which
reduce publlc sheltcr use by being more actlve than normal in prov;dmg their

own shelters, and somc housing dcvelopmcnts and mobllc home parks prowdc'

onsite shclter which will alleviate demand i‘or pubhc shelter.




Evacuatlon Out—of-Town
by Residents

'Very'.few péopld evacuating from Crisfield went -”out-of‘-t'owh (30%);

compared to Ocean City (83%) and Anne Arundel (67%) (MR-Fig. 30). The Anne

Arundel rateis 'somcwhat misleading, however. Recall'that the samplc w.as'd'ra\ﬁrn'

from sevcral towns sprcad over a fairly large reach of coastlmc ‘and although

evacuees may have been leaving their own "town" they dldn t go vcry far Seventy-

six percent reach-ed their destination in 30 minutes or less, and all the cvacuecs in

~our sample took less than an hour (MR-Fig. 31). In contrast,” in Ocean City less

than half took 30 minutes or less to reachr their destinations, and 25% said thcy

took more than two hours,

Thc dxffcrences are accounted for pnmanly by mcomc (low mcome
res:dents don 't go as far), cvacuatxon timing (late night, urgent evacuees don’t g0 as

far), and risk. rarea (_cvacuces from high-risk bcach, -areas go farthcr) ~Table 3

reflects these gcneralizations Note too, that emcrgcncy managcment offlmals can

influence this response. In some locatmns agencies have pol:c:cs to dnscouragc

-evacuees from staying in the local area. Communi»tics_which aggressively provide

. and publicize public shelters will have fewer evacuees leaving the local area.

12




N

Very Strong Storm,
Early Evacuation

Risk Area
High Mod Low

Weak Storm

‘Typical Timing

Risk Area

High Mod _Low

50% 35% 25%

Note!

40% 25% 20%

Figures will be lower for low income and elderly retired evacuees.

~ Figures will be lower for last minute evacuations,

Figures will be higher if officials ehcourage evacuees to leave area.’

Table 3. Percent of cvacuces'leaving local area:
planning assumptions for Maryland.

13

N .
([



Vehicle Use
- by Residents -

The ‘average number of vehicles used per evacuating household in Gloria
~was about the same for Ocean City (1.2), Criéfiéld (1.1), and'Annc Aruhdcl (1.0}

{MR-Fig.'s 36-3?) Mor¢ pcople in the latter two locatlons uscd no vchlclcs at all,

probany waik:ng short dlstanccs to friends or to shcitcrs or riding w:th someone

else.

Normally 65% to 75% of the vehicles availablg}:.'to a household are used in

evacuations, and Crisfield and Ocean City each used 71% in Gloria.  Evacuees

from Anne Arundel, however, indicated that only 49% of the availab'lc_ vehicles

~ there were ‘used. This refiects the fact that more vehicles were available in that

area to begin with, and because of the timing and urgency of the evacuation fewer

of them were taken, not"wanting to separate family members at night with a storm

imminent. For planning pu‘rposcs it would be lprudcﬁt. and r;:a_sonable_ to asspme
that apprbximatcly. 70%.lof_ available vehicles wili be used in most cveﬁtculations,
however, |

No one 'in Ocean City said they r.cquired'assistancd f‘ro:_n pu_blic agcﬁcics in
evacuating, but !l% of thc Crisfield evacueces and 3% ‘of 'the Anne 'Arﬁndcl
evacuees {1 person out of 32 interviewed) did (MR- Flg 41) Of those rcspondcnts
who did not evacuoate 'in Glona, some (mcluding 17% in Ocean 'City) said they
would have needed assis-tancc if they had evacuated (MR Fig. 42). 'Thcy were not
asked whether they would require agcncy assistance or could rcly upon fnends and
rciatl.vcs_. Even in communities whcrc agencies prepare lists of people and

addresses nccding ¢vacuation assistance, it is common to find: that those"’pcople-

14
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have already been provided for by friends and relatives when public vehicles

arrive to collect them.

15



Piarming Assumptidns |
for Ocean City Vacationers

‘Visitor Characteristics

Based upon the best .availabic, but rough, information, 42% of the visitors to-

: Occ_an City rt_:si_de clsewhcré in Maryland (18% in the 'Baltimc'-,rc areg,' 1.8% in the
" Prince Georges area, 3% in _fhe Frederick area, 5_% on the Eastern ‘shure)‘, 22% come
from Pcnnsylvania, 8% fromr ‘./irginia (4% from northern V.ir_ginia,u2.4% from the
Winchester aréa), 6% . from New Jcrs:y, 5% from Nev;'.“York,-B% from Ohio, 2%
- from Wesi,Virginia 2% ‘from'D.C. 2% from Connecticut, and 1% from-Dclawurc
V(Wllmmgton) Thus three fourths of the vacatloncrs could eas:ly return homc in a
few hours if a hurncanc were to threatcn Thg vast _ma_lo.nty of v1s:tors arrive via
their own cars .-and stay for less than a week. All these fac_tors aré relevant to how
vacationers to the area will rcupond to a hurricane threat. A summary of response

assumption recommendations appears in Table 4.

Evacuation Rates

Vaca'trionc;s;"ra;e not usually reluctant to evacuate their lodéing | or
campground whén adviséd. ‘In many insfances .yauétioncrs; éspccially RV operators,
depend vcry hcﬁvily upon the accommodation mauagcmc'nt for guidance Having
prepaid {'or lodgmg has not been a dctcrreut to vacationér evacuation in thc past.
Up to half the vacationers can be cxpectcd to leave, but posmbly return after the
threat w1thout hcarmg an official evacuatmn notice for their locat:on 7 This
occurs largcly because’ they are seeking to avmd cloudy, ralny weather, even if it is

not hfe threatcmng

16
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Evacuation Rates: = 95% in severe storms

85% in weaker storms :
50% in abscnce of evacuation notice 1{‘ weathcr dctcrloratcs

Evacuation Timing: Generally same as f or residents, but earlier if weather dct-crioratcs.

Leaving County:

Public Shelters:

90% in severe storms: (except in last minute evacuations)
70% in wcak storms, :f space is ava11ablc iocally

< 5% in severe storms (cxccpt in last mmute evacuatxons)
>15% in weak storms
Nate.'
Vacatwmeirs are frequently influenced by mformation

received from hotel/motel management.
This is particularly true of RV parks.

Table 4. Planning assumptions for Ocean City vacationers.
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Evacuation 'ﬂ‘iming

Vacatroners leave about thc same time as. other evacuees and the same

K

response curves should be applred If weather condrtrons are unpleasa_nt, however

va_catroners .wrll leave earlier.

Public She]lters
Few people look forward to spendmg cven part of therr vacation m a public
shelter. If‘ they don’t know friends or relatives to stay with m the area, they will
' return home or relocate to motels farther mland In a weak storm with the threat
- less certarn a few more evacuatmg vacationers wrll g0 to local shclters hopmg to

avord an unnecessary trrp outsrde the area.

Leaving the Local Area
For reasons already mentioned, when vacatloners eévacuate they are most
likely to leavc the area entrrely to escape uot only the hurrrcane but deterroratrng

" weather.- If more than a few days remain of therr planned stay, they will probably

return if the storm misses the area.

Vehicle Use
Vacatroners will take their own cars when evacuating.- RV operators will
probably wrsh to relocate therr vehicles to safer locations mland “but usual!y
_depend upon campground or park management for advrce in thrs regard When

Diana threatened the Myrtle Beach, South Carolina area ‘in 1984, sorne

campgrounds virer.e almost ‘comp]etely eva-cuatedf inciu-ding RV, whereas in others

‘ only half the vehrcles were removed. The varratroa was almost entrrely a functron

of gurdance offered by management.
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