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Introduction

The consequences of choices we make about barrier island development come into sharp

focus when a major hurricane hits the coast. Fortunately, better weather models, which now more

accurately predict storm paths and surges, help assure human safety. Effective evacuation plans and

greater lead time help people protect themselves and their property.

As we learn more about the dynamic nature of our sand-based islands, we enact laws and

regulations to ensure that we correctly situate and construct buildings on barrier islands. Local huild-

ing codes and insurance criteria aim to lengthen the structural life of buildings. Coastal setback

requirements increase the survivorship of individual buildings by accommodating local long-term

shoreline retreat  erosion! rates. Building codes mandate deeper pilings and stronger connections

between a structure's roof and sides, which result in increased structural survival through storms. In

this way, the Coastal Area Management Act protects public trust areas, such as beaches and wetlands,

and encourages wise use of the resources.

The two 26-minute videos The,hcience Behind the Storm and Lessons Learned together with

this instructional guide and other resources wiH help people understand complex hurricane impacts

and barrier island dynamics. More importantly, these programs will help students grasp issues con-

cerning development on the islands. Each video is divided into timed segments to facilitate discus-

sion. Suggested questions, vocabulary, activities and resources are provided in this guide.
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Vocabulary

Discussion Questions:

bulary terms
Discussion Questions:

azard zone
migration

k line

Segment 2:
"Effects of Hurricane Fran"
 I0-20 minutes!

"Ff1'ects of Hurricane Fr;in" cliscu»»e» the impacts of the
h<irricane after it macle landfall at I>aid Head Island. N.C. The
video graphically depicts physical changes t<> the barrier island»,
structural chang<.s to coastal devel<>pmcnt,:incl wind and w;Iter
danlag» acros» the state. I',xp»rt» give reasons f<!r the varying types
of damage that resulted fr<!m Hurricane Fran. Scientists explain
h<nv geological. features such as dune» and offshore rock» influ-
ence the exterlt of »torill claiIlage and beach recovery.

1. Why are overw:i»hes inlportant for harrier island migration!

2. When beach sand is»tripped fr<>rn dunes and berms into ne;lrby
coastal water», where does it go?

3. What conditions can trap this sand;incl make it unavailable fnr
beach recovery?

Segment 5:
"Barrier Island Response"
�0-26 minutes!

"Barrier Island ltespon»e" fn< uses on th» dynamics of
barrier islands and h<>w they respond to natur;ll f'orces, Geological
features ot th» harrier islands � inlets, dunes and beaches � are
shown in a historical context and in respon»e to the f'orces of
Hurricine Fran. lliis segment illustrates overwash and island
migr;ltion and includes a sunlm;iry of how to inanage island
devek!pment for the future.

1. What are»ome of the possibl» rea»nn» that d;ullage fr<>m Hurri-
cane Fran was more severe on north Topsail I»land than nn soutll
lop»ai I I»land?

2. What evidence tound on barrier i»land beach»»»upports island
rIligratlon theories!

3. What are the pr<>cess»» that cause 1!arrier i»land» to migrate
lan<la ard?

acute erosion

beach profile
beach nourishment
berm

chronic erosion
foredune ridge
scarp  dune!
seasonal erosion

surf zone











Activity 4: Designing with Nature

For grades 6-12

Inquiry Question

What <Iesign for an oceanfront house meet» CAMA regulations and
is hurricane re»i»tant!

What to Do

Have students reviev Segment 2 and the con»truction practices
nece»sary for l>uilding a hou»e t<! re»i»t a hurricane's forces. C'ive
student» hlank paper and have them design their house. Include
such mandatory features as pilings and roof-to-floor-to-piling
connections. Using a 2-f x>t er<>»i<!n rate on a ISO-f<i<>t-deep lot,
dctcrn!ine where this house shoukl sit on an oceanfront lot.

Sources of Information

Contact the N,C. Divi»i in <if C<iastal Management, county govcrn-
men!» and huilding contractors I'or construction crite! ia. Use
computers. scanners and digital c«mera» t > prepare architectural
drav:ings.

Activity 5: Preparing for Hurricanes

For grades 6-12

Inquiry Question

Whether you live inland or on the c<>ast, l!<>~v d i y<>u prepare your
house !nd your fat!tily for a hurricane?

What to Do

I Ising information from state anti local govenrn!cnt» and the World
Wide Web, design a l>rochure on hurricane preparedness for
distril>uti >n during Hurricane Awareness Week, which takes place
the week  .>f thc Independence Day holiday.

Sources of Information

Contact thc Mat!onal Weather Service fof Informilllon on Hurrtcarle

Av;areness Week. Consult World Wide Web sites and th<: tracking
and cvact!ation m!ps ac<.ompanying this guide.



N.C. Standard Course of Study
Correlation Examples

Science

Grade

level

Goal 2: The learner will develop the ability to use science process skills.
The setliack requirement» f'<ir building on ocean hazard areas requires a

knowledge <if the average en>sion rate for that site multiplied by >0. Therefore. the
closest a liuilding <.an bc constructed is determined by that clistance fron> the first line
of stable, natural vegetati<>n.

Goal 3r The learner will develop a positive attitude toward science.
Pn>tecti<in of a tiarrier island's pulilic areas requires an understancling of public

rights, government p<>licie» and the needs of private landowners.

5 Goal 4: The learner will gain understanding of energy concepts.
The relation between a land form  barrier islands! and weather  hurricanes'! i»

dern< >nstrated.

6-12 Goal 5: The learner will have an understanding of the relevance of current
topics in science.

The recurring nature of storms and the ensuing devastation are current t<ipic»
requiring an understanding <if meteorology and geology.

6-12 Goal 6: The learner will construct an understanding of scientific concepts
through patterns and cycles in the natural world.

Scientific research clarifies the patterns of hurricanes and island erosion.

Goal 7: The learner will have an understanding of geology  earth/environmen-
tal science!.

'I'he new under»tanding of sand moventent as it relates to the underlying
geol<>gy <>f barrier island» provides clues to predicting hurricane impact recov<.ry rates.

9-12

Goal 8: The learner will have an understanding of meteorology  earth/envi-
ronmental science!.

M<>deling and other new te<'hnologies explain the nature oi hurricanes.

9-12

5-12 Goal 1; The learner will develop an understanding of the nature of science.
Th<.. ge<il<igical »cience» provide the basis for policy that regulates development

on I>arrier islar>ds. In turn, change» in policy rcflect new scientific knowledge, The
pattern <>f hurricane» ha» hi»toric significance and is becoming more predictalile.



Social Studies

Grade

level

8 Goal I: The learner will assess the influence of geography on North Carolina's
economic, social and political development.

Th» increased number of people living on North Car<>lina's barrier islands has
intensified the physical and economic impacts of natural disaster».

8-12 Skill I: The learner wiH acquire information from a variety of sources.
The <>ral history of hurricanes from older people. th» %<>rid Wide Web, various

new» media and bo<>ks all are sources of hurricane science and human imp:rcts.

Skill II: The learner will use information for problem-solving, decision-mak-
ing and planning.

C<>astal policies and regulations require citizen input, scientific knowleclge;<nd
a balance between conservation and econon>ic use.

Skill III: The learner will participate effectively in civic affairs.
Th«Coastal resources Commission is a state regulatory body that h<>lds pubtrc

meeting» to discuss island development policy.

9-12 Goal 9: The learner will explain how the political and legal systems resolve
conflict and provide balance for competing interests.

Developing and regulating coastal construction in rLlati<>n r<> public trust rights
requires public debate.

Computer Skills

Grade

level

5-12 Goal 1: The learner will understand important issues of a technology-based
society and the ethical use of computer technology.

T< chn<>k!gy play» a role in many areas of society, including sciences such as
meteorology, and its impact is making our v.orld a global community.

Goal 2: The learner will gain computer knowledge and skills.
Learning the fundamental skills <>f operating a computer mill help the student

access necessary inf<>rmati<>n, s<>lve problems;md comn>unicrrte effectively.

Goal 3: The learner will use a variety of computer technologies to access,
analyze, interpret, synthesize, apply and communicate information.

By applying essential c<>rnputer skills to access, analyze and share weather and
hurricane data, students learn to process information.
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VOCABULARY

acute erosion � Rapicl, short-tertlt er<>sion caused hy high energy events such as no thea»tern
st<>rms and hurricanes that <>ft«n remove beach and dune sand offshore or v,'a»h sand <>ver Ihe island.

beach profile � A transect <>f thc beach fr<»n the pnmaty sand dune to th» water that indicates
zones hase<i on t<>pngraphy and slope, bi<>l<>gy, chen>i»try and geok>gy.

beach nourishment � Restoring sand to or widening a la«ach hy dredging and pumping sand I'rom
offsh<>re or sound;treas t<> replace sancl lo»t l>y erosion.

berm � A nearly kv«l crest of a 1>each parall«1 t<> sh<>re that marks the normal limit of wave action.
Coastal Area Management Act  CA1HA! � Act that created the Coastal Resources Commission and
gave it responsil>ility for designing»tate r«gulations to manage development activities in th<.. coa»tal
area. CANNA applies to 20 c<>a»tal cnuntie». tltc estuarin«water» within these cnunti«» and Ihe Atlantic
0<«an 5 miles seav ard,

chronic erosion � i.ong-t<:rm erosion caused hy rising sea level and continuing coa»tal processe».
Coastal Resources Commission  CRC! � C<»nmission th tt c<>n»ists of tn«mt>ers appointed hy the
go< ernor to re«<>mrnend c<>astal regulations,

erosion � Coastal processes in which shoreline» retreat. On barrier islands, erosi<>n rela e» to island
migration.

eye of the hurricane � The center ol a 1>arri«anc, which i» marked la> lo<v pressure and little wind.
eye wall of the hurricane � Th» arc<t immecliately around the ey<. in v,hich air rapidly rises and
produces inten»< low pressur«near the storm c<.nter. This area has the»>ost vi<>lent vvind activity of a
hurrican«.

foredune ridge � The primary dune line that f<>rms a near-continuous ridg» and the first sct of
<lunes found landward of the beach.

hardening of the shoreline � The practice of using hard structures such as sea v,all», j«tti<.s or
groin» t<> stabilize eroding»h<>re!ines.

high wind warning � A warning is»ued to inland areas where svinds «r«expected to average 4 !
mph or higher.

hurricane categories � The five hurricane «las»itications, xvhich «rc based on ciisaster potential.
Category five h.urricanes are the mos  serious.

inlet hazard area � Thc I;tnd,tdjacent to inlets that is especiall~ vulneralal« to erosion, f1o<>ding and
other advers<. effe< ts of sand. v, ind ancl v, atcr. Ikuikling in thi» «rea require» permits,
island migration � Shoreline retr«at and lande ard movement ol f>arriere i»lands through ovum.ash
and inlet migration in re»ponse to rising sca level.



landfall � Tft tir»e and pl;rce th;rt tfic eyc of a hur.ricanc f'irst touches 1;md. For cxar»pie, Hurric;rne
Fran made landf'all near Wifmington at 8 p.ni.

ocean hazard area Oceanfr<>n  areas iden ified by the Coastal Are;r M,ri>ager»cr>t A<.  .is liaving
special vulnerability to er<isi<in <>r other adverse effects of sand, ivind and iv; ter, Lfncon r<>fled or
incompatible developnicnt could end;rnger life <>r property. Ocean hazard area» include beaches,
frontal duties, inlet lands and <>tlrer areas in which ge<ikigic, vegetative;rod soil conditions indicate a
substantial possibility <if excessive erosion <ir t]ood darn;rge.

overwash  or washover! � Transp<>rtation of' beach and dune san<1, typically fror» liigh ivater and
storm surge during a storm, across the d«ne line to the f>ack side uf barrier islands.

peat A rich, fibrous organic r>>at <>f accur»ulatccl plant material, typic;rlly found in marsh or wet-
land ecosys em».

scarp � Erosional cliff <>f a feei inclres t<> scvcral feet tl>;rt marks the lan<lward limit of the most
recent lrigh energy storm event». 'I'he s<".rrp m;ry bc a cliff on the face <>f a dune or a cut anywhere on
the level beach tierm.

seasonal erosion � Sand 1<>ss that results f'rom seasonal variations in wave energy, L<>w-energy
sur»r»cr waves often restore lieaclr sands, ivhile higtier energy winter waves rem<>ve beach sand to
offsliore bars.

setback Hne � The prescribed dis ;rnce from tl>e first line of' s ; file natural vegetation or from the
rr>errsurement hne rf<>r>g the prirtrrrry <>r fr<>ntal <hrne that determines hoiv close to the ocean a struc-
ture can bc built. The equati<in to determine the distance is the;rverage er<>sion rate multiplied by '"> !
for rcsidenti;rl s nrctures and multiplied by  >0 f<>r structur<.» <>ver >, ! ! > sq rare f'eet. For example. to
build on an <>ceanfront lot isith an average crosi<in rate ot 3 f'cet. tEie structure would be "se . back" >0
x >, <>r <� feet, from the first line of nat iral, stable vegetation.

storm surge � A 1<>w-pressure induced rise in sea level associated with,i hurricane. The storm
surge usu; lly precedes a hurricane's 1;rndfall and. when accompariicd by high waves. causes most of
the dr mage to life and property. Hurric;me I'ran had a s <>rm surge of 8 f'eet,

surf zone � Area of water close to the shore. linc ivhere w;ives break.
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Resources

Books and Field Guides

Ackern>an, Jenn>fer. "Islands at. the I'.dgc.",'<<cztiozza/ Geographic. Aug<>st 19<�. 2-3>I.

Azz>os, William, and Stephen Amos. The Az<dzzhon .<'ociet P.X'<ztzzre Gz<ide to the At/ctzztic czzzd Gzz1f C!< ast< 4'eiv
York: Knopf, I'!88.

Harncs, Jay..%'<>rrh Cczro/i»cz '.r Ftzzrrica>ze History:.  .ltapel Hill. N.C.: UVC Press, 199!.

 :lcary, Wiffia<r< J.i eel!. Fzzzvro>z»>e>ztzz/ Co<usta/ C 'ev/very> C'cue Loo/zozzt to Cape Fear. AG I!<�  Available from W.
J. Clcary. Department of' Farth Science, Ill<, .-W>fnaingt<>n. Wiltttingt<>n, NC 284 !'>-329.. $13.;!

Frankcnberg, Dirk. The,'Vazurc <>f Ih< Ozzte > Bc<»/ i; E>zz'ir<»zmezzt<d Proces<ra>s, Fice1d >ztes. cz>zd L!<z'ehrpmerzi isszzex
C'vrvl/a tv Ocraco/v. Chapel Iiill, N.C.: I INC I'ress, 19<.

Frankenberg, Dirk. The A<zatzzr< v1 Xc>rib c'<zrvlina 's .'>'<>zztbe>'>z  ;oczst. Bczme>'Fs!ands. c.'oastal IV!ztezx', czzzd
ttt//a>zdh Chapel Iiill, X.C.: I.V . Press. 1<!<�.

Cosner, Kenneth I.. Guide to t/>< col/cz>zzic kea<hvre. Boston: }Ioughton Mifflin, 1979.

leathcn»an, Stepltcn I'. Barrier Istizzzd F/a>zdhoo/z. College P:<rk, Mcl I:niversity <>f Marylan<l. I'ress, 1982.

Mcyer. Peter. Xatzz>'<z c zzide to the Carolina Coast. W>l>tt>ngton, lc�c,: Av>an-Cetacean Press. 1992.

Unde>sea Oar'is< Thc>.$< ierzoe vjHardbvtzvms. Fourteen minutes. X<>rth Carolina Sea Cirant.  Available from
Envir<>nmentaf Media Corporation, P.O. Box 9'!, Lteauf<>rt, SC 2'!'�1-009'!, Or call I-800-FAV-1',IzI C.!

World Wide Web Resources

L3uke I.tnivcrsily Vrol>ram for the Study of Developed Shorelines, Hazard Area Mapping>�
http:!/v~~..geo.cluke edu 'psds f>ax<naps.him

Natzonaf Hurricane  .enter � http;//warn.nhc.noaa.g<>v,

Nati<>naf Weather Sets ice � http: ' '~mw'.nv, s.n<>aa.gov/

I«'at i< >nal >We tilter Sera icc Office, Raleigh, iv. :. � htrp //v<~~ .nxvs.no >a.gov! er! raf>z noframc.html

Nc>x p<>rt; Morchcad City Nationaf Weather S<. rv>ce Office � http:/ 'wave .nv,'s,noaa.g<>v/er,'<t>hxinvvs~ el~g.ht>»

North Carolina Severe <t<'eatf>er Rep<>r>» � Itttp:!!e~~',tnct.tamu.edu 'pcrs<>nnel/stuclcnts/>nkay/warnins nc.html

Noah  .ar<>lin < Special 4'cather Statements http:, iwin.nws.no>z>.g<»/ivvin, nc!special/html

North Carol>na State University Weather � http: 'n>e;<vvxf.nrrc.ncsu.cdu/

North Carolina Storm Tra<-king,  'uide � http,//ncstorn>track.corn/guide/evacuation,'htzuI

II.S. Hurricane an<i Tr<>pical Storm Reports http:/'iw in.n~s.noaa.g<>v,'hvin, us 'hurricane.html

Wifntington, N.C.. 1<,ationaf Weather Service  !ffice http. '/w~v<v.wilminf>ton.net/nwsifm/



Table 1. Hurricane Fran Track
 The informa inn bc.low was taken from the National Hurricane Center's web site:
http//wwv nhc .noaa.gov/fran, html. Note that times are in Greenwich Vlean Time.!

Wind Speed
 kt!

Date/Time

 UTC!

Position

Lat.  N! Lon. CW!

StagePressure

 mb!
tropical depression

tropical storm

b c I ri'l c." il I e

tropical stc>rm

htl lot Ji>c'

jandfajj near Cape j:ear

tropical storm
tropic>>i depression

extratropical

;ibsc>rlied hv a front

14

23/1200
24 '0000

1200
25/0000

1200
26,'0000

1200
27!0000

1200
28, 0000

1200
29, OOOO

o6oo
1200
1800

30. 0000
0600
1200
1800

3>1 'OOOO
0600
1200
1800

01> 0000
0600
] '�0

1800
OZ. OOOO

0600
1200
1800

03! 0000
0600
1200
1800

O.i, OOOO
0600
1200
1800

OS/0000
0600
1200
1800

06'0000
0030
0600
1200
1800

07/0000
0600
1200
1800

08/0000
�00

09/0000
0600
'1 200

1800
10/0000

0600

14.o
l.i Z

14,1
1'i, 1
14.6
1 i.'!
15.3
1 4i,c!
14,6
1 i  >
15.5
16. i
17.0
1
18.6
1'!.1
19 4
l '!. 8
20.2
205
20.8
Z1.1
? 1.5
21 7
21.9
ZZ Z
22.5
ZZ.!
23.3
Z3 6>
23.9
2.1.2
24.4
24.7
25.2
2!.7
26.4
2,.0
27.7
28.6
2c!.8
3'l.o

32-3
33.7
33-9
35.2
36.7
38 0
39,2
40. i
41,2
'i 2.0

42,8
4i.i 0

44 9
45.4
45.7
.i6 0

46,7

21.0

ZH. 2
>�, H
33.4
3:.0
40.0
i?

44.9

S0.7

55.0
S6>.3
57.5

594
 i0. I
60.6
6>0,9
61.2
6il. i
6l.7
f>2. 1
62,6
6>3 Z
63.9
6>:i.

65.7
6>6i,7

67.9
 >9  !
70. 1
aj 2
72. 2
7$

73.9
74 7
75.5
7l>, l
76.7
77

77. 8

78.7
TH 7

79.0
7c! a
79.9
H�. i
HO,S
8 !. 'i

80. 1
79  i
7S.c!
7'j. !

72.3
71 1
70,0

1012

1010
1009
l ooc!
1009
l00c!
1009
1007
1OGS
lOOZ
995
987
987
'!88
988
c!c! t

991
'!Hc!

990
9HH
98/
9H-'i

983
'�8

982
982
981
9 8
<�6
9,6
976
c!w7

975
973

96l
953
9i6
952
c�6
c! >2
c!S4
9SZ
9S 'i

954
c! >0

985
c!c! S

1000
1001
1001
lOOO
999
1000
1002
l004
1006
l008
1010

25
'

30
'

25
25
30
30
3S

55
l?S
ti5
65
65
65
65
65
60
60
60
6S
65
65
65
,0
75
'!

75
7!
75

80
80
85
9S
100
10S
105
10S
105
100
100
100
100
6>S
40
30
30
30
30
30
30

7 25
20
15
15
15




