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IN TRO DUC TION

This re port, the first of a bi en nial se ries that will be pub -
lished in con junc tion with the Maine Beaches Con fer ence, sum -
ma rizes qual i ta tive morphologic char ac ter is tics and changes
ob served at Maine beaches that are mon i tored as part of the State
of Maine Beach Pro fil ing Pro ject, termed herein as SMBPP
(Maine Sea Grant Ex ten sion, 2003).  This ef fort is in sup port of
the goals out lined in Pro tect ing Maine's Beaches for the Fu ture:
A Pro posal to Cre ate an In te grated Beach Man age ment Pro -
gram (Beach Stake holder Group, 2006).  The con cept of mon i -
tor ing Maine's beaches was en dorsed by the Joint Stand ing
Com mit tee on Nat u ral Re sources of the Maine Leg is la ture and a
law was signed by Gov er nor Baldacci in 2006 cre at ing the
Beaches Ad vi sory Group and a biennial re port to the Maine Leg -
is la ture on many as pects of the State of Maine's beaches, in clud -
ing the ge ol ogy de scribed here.

The pur pose of this geo log i cal pro gram is to mon i tor
beaches along the Maine coast line us ing a sim ple, cost-ef fec tive
method that en ables vol un teers and lo cal stake holders to help
col lect and un der stand the coastal changes that im pact their com -
mu ni ties.  The data help make beach man age ment de ci sions and
pro vide the ba sis for uni ver sity re search.  Sev eral sci en tific the -
ses and re search pa pers have been pub lished us ing the re sults of
the pro gram (Hill and oth ers, 2002), and the pro gram was the ba -
sis for sim i lar pro grams in other states (O'Connell, 2001).  The
SMBPP is funded and man aged by com bined ef forts of the
Maine Geo log i cal Sur vey (MGS) of the De part ment of Con ser -
va tion, the Uni ver sity of Maine's De part ment of Earth Sci ences,
Maine Sea Grant, Uni ver sity of Maine Co op er a tive Ex ten sion,
South ern Maine Com mu nity Col lege, and the Maine Coastal
Pro gram at the State Plan ning Of fice with ad di tional sup port
from the Na tional Oce anic and At mo spheric Ad min is tra tion's
Of fice of Ocean and Coastal Re source Man age ment.  Sig nif i cant 

time, per sonal equip ment, and ex penses are also con trib uted by a 
large team of cit i zen vol un teers who con duct field work monthly
and re cord mea sure ments in an elec tronic da ta base.

As of 2007, the beach pro fil ing pro gram mon i tors 15
beaches within 9 dif fer ent com mu ni ties (Fig ure 1).  Vol un teers
are cur rently mon i tor ing a to tal of 59 dif fer ent pro file lo ca tions
on a monthly ba sis.  Some of these beaches have been mon i tored
since in cep tion of the pro gram in 1999, while oth ers have joined
the pro gram in sub se quent years.

This re port re views gen eral beach and dune char ac ter is tics, 
to pog ra phy, and gen eral shore line change char ac ter is tics at each
beach pro file lo ca tion on a year-by-year and sea sonal (sum mer
vs. win ter) ba sis since the start of data col lec tion and con tin u ing
through April 2007 (where data were avail able).  Re sults of this
re port are based only on beach pro file data that were avail able
for down load from the Maine Shore Stew ards On line Data Col -
lab o ra tive website (Maine Shore Stew ards, 2007) as of the end of 
April 2007.  There fore, gaps may ex ist for data at some lo ca tions
which have not been en tered into the on line da ta base.

Data col lec tion meth od ol ogy

The SMBPP in cor po rates the use of trained vol un teers to
col lect monthly beach pro files that start at a known point (usu -
ally a point marked in the dune or in a seawall) and con tinue
shore-per pen dic u lar to roughly the low wa ter line at se lect lo ca -
tions.

The SMBPP uti lizes the Em ery Method of beach pro fil ing
for data col lec tion (Em ery, 1961) (Fig ure 2).  This method is a
sim ple, quick, in ex pen sive, and rel a tively ac cu rate way to de ter -
mine the change in el e va tion (∆Y) over hor i zon tal dis tance
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(∆X).  These data re sult in the cre ation of a “beach pro file” that
doc u ments the to pog ra phy of the beach – and spe cific fea tures –
at a given point in time (Fig ure 3).  Vol un teers re cord top o -
graphic data on a stan dard ized data sheet (Uni ver sity of Maine,
1999), but also re cord notes on beach fea tures along the pro file,
such as the pres ence of a scarp or edge of dune veg e ta tion.  Col -
lected data are then en tered on line by vol un teers into a da ta base
that is used to man age and view col lected beach pro file data. 
This da ta base also al lows for data down load for ad di tional anal -
y sis.  This on line da ta base was the source of the data for this re -
port.

At some lo ca tions, MGS has been able to use a Real Time
Ki ne matic Global Po si tion ing Sys tem (RTK-GPS) to sur vey the
start ing points for the beach pro files (Ma gel lan Nav i ga tion, Inc.,
2007).  This en ables the start ing marks to be lo cated in a three-di -
men sional (x, y, and z) frame work of earth co or di nates.

Spa tial and tem po ral ex tent of data

The lo ca tions of beaches in volved in SMBPP are shown in
Fig ure 1.  Gen er ally, there are 2-4 pro fil ing lo ca tions along each
beach.  Along each col lected pro file, top o graphic points are gen -
er ally col lected at ap prox i mately 3 m in ter vals from the start ing
point, usu ally a stake in the dune crest or mark on a seawall, sea -
ward to the low-wa ter line (see Data Col lec tion Meth od ol ogy).

Vol un teers have col lected beach pro file data – in ter mit -
tently in some cases – since 1999 at some beaches.  Most vol un -
teer groups have en tered ap pli ca ble data into the on line da ta base
through 2007 (and many with re sults from the 2007 Pa tri ots' Day 
Storm), though many beaches also have gaps in data en try.  In
gen eral, beach pro files are col lected around the same time each
month dur ing times of low tide.  Tem po ral datasets for each set of 
pro files are shown in Ta ble 1.
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Beach Name Town Acronym No. of profiles Dates* Mark surveyed

Willard South Portland WI 6 2001-2007 Yes

Higgins Scarborough HI 3 1999-2007 Yes

Scarborough Scarborough SC 4 1999-2007 Yes

West ern/Ferry Scarborough WS 3 1999-2007 Yes

East Grand Scarborough EG 4 1999-2007 Yes

Kinney Shores Saco KS 2 1999-2007 Yes

Ferry (Saco) Saco FE 4 2000-2007 Yes

For tunes Rocks Biddeford FR 4 1999-2006 No

Goose Rocks Kennebunkport GR 4 2002-2007 No

Goochs Kennebunk GO 4 2001-2006 Yes

Laudholm Wells LH 5 2003-2007 No

Drakes Island Wells DI 4 2001-2007 No

Wells Wells WE 4 2003-2007 No

Ogunquit Ogunquit OG 4 2001-2007 No

Long Sands York LS 4 2002-2007 Yes

* not all dates are con tin u ous and may in clude breaks in months or years

Ta ble 1. Spa tial and tem po ral as pects of SMBPP data.
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Fig ure 1.  Lo ca tion map of the coast of south west ern Maine show ing the 15 beaches in volved in the State of Maine Beach Pro fil ing
Pro ject.  The col ored line along the coast shows the ap prox i mate geo graphic extent of pro file cov er age.  The back ground im age is
cour tesy of the Maine Of fice of GIS.



4

P. A. Slovinsky and S. M. Dickson

Fig ure 2.  The Em ery Method of beach pro fil ing for data col lec tion (Em ery, 1961).  The ho ri zon and the lower of two grad u ated poles
is used as a level to in ter sect the sec ond pole to make a read ing in the change in el e va tion (y) over a known dis tance (x).  Field read ings
are taken and en tered into a website for compilation.

Fig ure 3.  Data col lected us ing the Em ery Method is used to con struct a beach pro file.  The pro file is a transect from a start ing point (a
metal pin, post, or other fixed mark) on a dune or seawall to ward the ocean.  The pro file mea sure ments ex tend to the wa ter line at the
time of the sur vey and are usu ally made at low tide.



The Beaches

Back ground ge ol ogy and char ac ter is tics

The 15 dif fer ent beaches involved in this mon i tor ing pro -
gram are each unique in terms of ge ol ogy, mor phol ogy, de vel op -
ment char ac ter is tics, and gen eral lo ca tions of the beach pro files. 
Ae rial im ages of the beach and the pro file lo ca tions are shown at
the start of each beach sum mary.  Each sec tion pro vides a short
sum mary which de scribes the ge ol ogy of each beach, in clud ing
his toric ero sion rates (if avail able) and in for ma tion on the lo ca -
tions of beach pro file marks, if sur veyed.  Many of the beach ge -
ol ogy de scrip tions have been adapted from Heinze (2001).  Each 
beach is subsequently de scribed in terms of gen er al ized an nual
and sea sonal changes.

An nual and sea sonal beach pro file changes

The shapes of an nual and sea sonal beach pro files are
heavily de pend ent upon both long-term and short-term (storm-
in duced) ero sion or ac cre tion.  Typ i cally, an nu al ized mean beach 
pro files re move short-term changes (vari ance) and pro vide a
more sta ble lon ger-term rep re sen ta tion of the beach pro file
shape.

The shapes of sea sonal beach pro files are highly de pend ent 
on storm-in duced ep i sodes of ac cre tion or ero sion.  For this
study, “win ter” months have been gen er al ized to in clude the
months No vem ber through April.  Dur ing these months, there
are more fre quent storm con di tions and beach pro files tend to
erode dunes and lose sed i ment, re sult ing in a flat ter pro file and a
larger de posit of sand off shore within a sand bar.  Con versely,
dur ing sum mer months (char ac ter ized as May through Oc to ber
for this study) when wave con di tions are gen er ally calmer,
beaches tend to build, or prograde, and beach pro files re act by
hav ing more sed i ment on higher por tions of the pro file, re sult ing 
in a wider berm and better de vel oped dunes.

To an a lyze an nual beach changes (at each beach pro file lo -
ca tion) an an nual mean beach pro file was cal cu lated for each
year that data were avail able.  The meth od ol ogy used to cre ate
these pro files was as fol lows:

1. Avail able beach pro files were down loaded from the
website da ta base into Ex cel.

2. MATLAB pro gram ming soft ware was used to for mat the
data into ma tri ces and an a lyze the data based on av er aged 
an nual and sea sonal con di tions.

3. To cre ate mean pro file data, the hor i zon tal (x) axis data
were used to cre ate a stan dard ized x-axis (i.e., spaced at 3
m in ter vals) based on the max i mum length of the lon gest
pro file.

4. Avail able el e va tion (y) val ues at each 3 m in ter val along
the x-axis were then av er aged, thereby cre at ing a “mean”
pro file.

5. Where points were not avail able (i.e., data were col lected 
at 1 m mark in stead of 3 m), the y-val ues were in ter po -
lated us ing a best-fit lin ear re gres sion.

The tech nique em ployed to cal cu late the av er age pro file
shape along the length of the x-axis for each year did so us ing
any avail able beach pro file data; if 12 col lected pro files ex -
tended to the same hor i zon tal dis tance from the pin (x-axis), then 
all 12 were used to cal cu late the mean an nual pro file.  For ex am -
ple, if data had a max i mum hor i zon tal length of the lon gest col -
lected pro file of 200 me ters, the tech nique would use which ever
pro files were avail able (i.e., 12 pro files, then 11 pro files, 8, pro -
files, 7 pro files, etc.) to cal cu late the mean y-value along the
X-axis (Fig ure 4).  The rea son this method was em ployed was so 
that data would not be cut to the short est pro file in the cal cu la tion 
of the mean an nual beach pro file.

In or der to quan tify sea sonal changes, all col lected pro files
from all avail able years were grouped into the two dif fer ent sea -
sons:  sum mer (May to Oc to ber) and win ter (No vem ber to
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April).  For each sea son, a mean pro file was cal cu lated us ing the
same meth od ol ogy dis cussed above.  Ad di tion ally, the max i -
mum and min i mum pro file en ve lopes – shown as dashed lines –
were cal cu lated to show the max i mum and min i mum re corded
vari a tions around the mean pro file shape.  Also, plots show ing
the stan dard de vi a tion – the vari ance around the mean val ues –
were cre ated and plot ted against the stan dard ized X-axis.  This

was done so that ver ti cal sea sonal vari a tions of cer tain fea tures,
such as a sand dune or berm, could be quan ti ta tively de scribed.

This sec tion will pro vide a qual i ta tive sum mary de scrip -
tion of the an nual mean pro file changes ob served, along with the
sea sonal changes and char ac ter is tics de duced at each of the pro -
file lo ca tions at each beach, for which data were avail able.
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Fig ure 4.  A com pos ite sam ple graph of many beach pro files that are av er aged to pro duce the solid black line as the mean an nual pro -
file.  Less data are used in the av er age far ther out (to the right) on the line so the mean shape is less smooth closer to the sea ward end of
the survey.



Wil lard Beach, South Port land

Back ground ge ol ogy and char ac ter is tics

Wil lard Beach is a rel a tively small (<600 m) ar cu ate-
shaped pocket beach bound by bed rock head lands and lo cated
within Simonton Cove in South Port land.  It is mod er ately de vel -
oped and the beach and dune are mostly in a nat u ral state, with
only about 15% of the shore line be ing ar mored (Dick son,
2006b).  Two stud ies of his tor i cal shore line change have been
com pleted for Wil lard Beach. A 1977 study found that the shore -
line un der went pe ri ods of ero sion and ac cre tion, with ero sion
rates as high as 3 to 5 feet per year (Timson, 1977).  The U.S.
Army Corps of En gi neers (1982) re leased a re port which noted
that the 6, 12, and 18-foot depth con tour lines all moved in land
from 1853 to 1941.  

There are 6 beach pro files (WI1-WI6) along Wil lard
Beach, start ing at the south ern end of the beach.  Sev eral marks
have been added over the past few years, and data only ex ist
through the on line da ta base for a few lo ca tions (Fig ure 5).  MGS 
has sur veyed all the start ing points.

An nual and sea sonal beach pro file changes

Un for tu nately, the ma jor ity of data col lected for pro files at
Wil lard Beach was not avail able through the on line da ta base,
and there fore much has been omit ted from this anal y sis.  Data
were avail able for WI1, WI3 and WI4, and are in cluded herein. 
No data were avail able for WI2, WI5, or WI6.  Sub se quent data,
once in cor po rated into the da ta base, will be in cluded in up dated
edi tions of this re port.

At WI1, only data from 2000 were avail able.  The av er aged 
pro file (Fig ure 6) shows a rel a tively prom i nent berm about 10 m
in width, po si tioned at ap prox i mately the +0.5 m con tour.  This

pro file also rep re sents the avail able sea sonal data, since only 1
pro file that was col lected was avail able for anal y sis (June 2000).

At WI3, data were avail able for parts of 2001 and 2002. 
Mean pro files (Fig ure 7) show that the en tire pro file accreted
from 2001 to 2002.  Sea sonal data (Fig ure 8) in di cate that both
the win ter and sum mer pro files have a wide berm, with lit tle
change un til 0 m NAVD (at 75 m from the mark), where the sum -
mer pro file tends to have more sed i ment.  Stan dard de vi a tion
data (Fig ure 9a) in di cate marked vari abil ity at the 55 m mark in
both sum mer and win ter pro files, but no ta bly sum mer (vari a -
tions up to 35 cm).  Off shore sand stor age dur ing win ter (at 110
m) var ies to about 35 cm ver ti cally as well, in di cat ing that the
sed i ment that is lost from the beach berm area in the sum mer is
stored off shore in the win ter each sea son.

The beach at WI4 had data avail able from 2001 to 2002. 
Here, the pro file ap pears to have lost some sed i ment at the base
of the dune (at the 2.5 m NAVD el e va tion), but gained sed i ment
down the rest of the pro file (Fig ure 10).  Sea son ally, a slightly
larger berm is ev i dent in the sum mer, with both pro files hav ing
very small pro file en ve lopes (Fig ure 11).  Vari abil ity is min ute;
stan dard de vi a tion val ues for both sum mer and win ter are on the
or der of 10 cm or less (Fig ure 9b).  This in di cates sea sonal sta -
bil ity of the pro files.

Data that were avail able for anal y sis show that the en closed 
lit to ral sys tem at Wil lard Beach un der goes typ i cal sea sonal
changes (i.e., win ter and sum mer pro file shapes).  Over all, the
sys tem is rel a tively sta ble, with sed i ment that is eroded from the
dunes and pro file dur ing the win ter re turn ing in the sum mer
months.  Al though it is not in cluded herein, anal y sis of the beach
was com pleted by MGS af ter the Pa tri ots' Day Storm in 2007
(Slovinsky, 2007).  This in di cated sub stan tial hor i zon tal and vol -
u met ric losses along the dune and the beach.  Sub se quent pro fil -
ing of the beach will help de ter mine whether or not Wil lard
Beach ef fec tively re cov ers from this event.
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Fig ure 5.  There are 6 beach pro files (WI1-WI6) along Wil lard Beach, start ing at the south ern end of the beach.  Sev eral marks have
been added over the past few years, and data only ex ist through the on line da ta base for a few lo ca tions.
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Fig ure 6.  At WI1, only data from 2000 were avail able.  The av er aged pro file shows a rel a tively prom i nent berm about 10 m in width,
po si tioned at ap prox i mately the +0.5 m con tour.  This pro file also rep re sents the avail able sea sonal data, since only 1 pro file that was
col lected was avail able for anal y sis (June 2000).

Fig ure 7.  At WI3, data were avail able for parts of 2001 and 2002.  Mean pro files show that the en tire pro file accreted from 2001 to
2002.
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a

b

Fig ure 8.  Sea sonal data in di cate that both the win ter and sum mer pro files at WI3 have a wide berm, with lit tle change un til 0 m
NAVD (at 75 m from the mark), where the sum mer pro file tends to have more sed i ment.

Fig ure 9.  (a) Stan dard de vi a tion data at WI3 (top, a) in di cate marked vari abil ity at the 55 m mark in both sum mer (red) and win ter
(blue) pro files, but no ta bly sum mer (vari a tions up to 35 cm).  Off shore sand stor age dur ing win ter (at 110 m) var ies to about 35 cm
ver ti cally as well, in di cat ing that the sed i ment that is lost from the beach berm area in the sum mer is stored off shore in the win ter each
sea son.  (b) At WI4 vari abil ity is small along the en tire pro file.
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Fig ure 10.  From 2001 to 2002 some sand was lost at WI4 from the base of the dune (around 10 m out on the line), but was gained on
the rest of the pro file.

Fig ure 11.  A slightly larger berm is pres ent in the sum mer at WI4.  Both pro files have very small en ve lopes of ver ti cal vari a tion.



Hig gins Beach, Scarborough

Back ground ge ol ogy and char ac ter is tics

Hig gins Beach is an ap prox i mately 900 m long spit, bound
by bed rock at its south west ern end and the Spurwink River at its
north east ern end.  Al most 70% of the shore line is ar mored with
sea walls, with the larg est unarmored sec tion com pris ing the spit
ad ja cent to the Spurwink River.  The Spurwink River tidal in let
is down drift from the beach, and the spit has con tin ued to
prograde since net sand trans port is north east to ward the in let.
Gen er ally, the beach re ceives no new sand sup ply so sed i ment
re moved from the beach is dif fi cult to re place; a net loss of sand
was doc u mented by Timson and Lerman (1980) in the Hig gins
Beach Man age ment Plan. The plan cal cu lated shore line re ces -
sion rates from 1 to over 5 feet per year along the beach. Nel son
(1979) de ter mined an ero sion rate of 1 to 1.5 feet per year over
most of its length with greater vari abil ity at the spit end (Dick -
son, 2006a). 

Hig gins Beach has 3 beach pro files, HI1-HI3, from south -
west to north east.  HI1 is lo cated near the base of the con crete/
rip rap seawall at the Ocean Av e nue/Bay view Av e nue in ter sec -
tion.  HI2 is lo cated at the top of a seawall at the sea ward end of
Ves per Street. HI3 is lo cated at the north east ern end of a wooden
seawall front ing sev eral homes off of White Sands Lane (Fig ure
12).  The three beach pro file benchmarks along Hig gins Beach
were sur veyed by MGS in June 2006.  

An nual and sea sonal beach pro file changes

For HI1, beach pro file data were avail able for 1999, and
2001 through 2007.  Over all, the beach mon i tored at HI1 is rel a -
tively sta ble and has un der gone lit tle change from 1999-2007,
with the ma jor ity of the vari abil ity con cen trated in the first 30 m
(Fig ure 13).  These vari a tions are less than 0.5 m.  The off shore
por tions of all pro files – from about 100 m off shore and greater –
vary very lit tle, less than 0.25 m.  The 2001 and 2002 an nu al ized
mean pro files ap pear to hold the larg est vol ume of sed i ment,
while the 2007 pro file (which ac counts for the months of De -
cem ber-April) ap pears to hold the least amount of sed i ment. 
This is likely due to the sea sonal bias (win ter data only) for the
2007 col lec tion pe riod.  HI1 shows typ i cal sea sonal vari abil ity
for beach pro files in Maine (Fig ure 14).  The sum mer pro file has 
sub stan tially more sand on the beach pro file than the win ter pro -
file, with the win ter pro file be ing flat ter and more sed i -
ment-starved.  Pro file en ve lopes show that HI1 can un dergo
changes on the or der of about 0.5 m in sum mer, and al most a full
me ter in win ter.  Stan dard de vi a tion val ues in di cate that ver ti cal
berm fluc tu a tions are mostly within the first 20 m of the pro file
and are val ues of about 30 cm or less (Fig ure 15a).

Aside from mean pro files from 1999 and 2001, which ap -
pear to have started at a dif fer ent lo ca tion than the re main ing

years, HI2 shows very lit tle an nu al ized change, es pe cially in the
nearshore (Fig ure 16).  Far ther off shore (120 m and greater),
there is slightly more vari abil ity in the mean pro files.  This may
in di cate that HI2 is also rel a tively sta ble, with the ma jor ity of
changes oc cur ring at the lower por tion of the pro file.  HI2 also
shows a dis tinct sea sonal vari abil ity, with the mean sum mer pro -
file show ing a much more well de fined berm (be tween 40-120 m
from the pin) than the win ter mean pro file (Fig ure 17).  For the
sum mer mean, much of the pro file vari abil ity is con cen trated in
the first 40 m of the pro file.  The win ter mean pro file shows more
sta bil ity in the nearshore, with greater vari abil ity from the mean
start ing around 100 m off shore.  This makes sense since sand bar
vari abil ity should be greater in the win ter than in the sum mer,
since sed i ment is typ i cally re moved from the up per por tion of
the beach pro file in the win ter and stored in off shore bars.  The
cal cu lated stan dard de vi a tion val ues for sum mer and win ter pro -
files show marked berm de vel op ment in the sum mer, which var -
ies about 40 cm ver ti cally and is con cen trated near the 20 m mark 
(Fig ure 15b).

HI3 shows dra matic vari abil ity on an an nu al ized ba sis
(Fig ure 18).  This vari abil ity is a re sult of the in flu ence of the
beach spit's end and prox im ity of the pro file lo ca tion to the
ebb-tidal delta of the Spurwink River.  This area of Hig gins
Beach is called a “sed i ment sink”; that is, this area typ i cally re -
ceives sed i ment mov ing along Hig gins Beach and be comes
trapped in the ebb delta.  An nual vari abil ity is marked; from a
low in 2001, to highs in 2007, vari abil ity is on the or der of 1 m or
more, es pe cially past the 50 m mark.  Based on this data, it ap -
pears that this area of Hig gins Beach is gen er ally accreting.  Sea -
sonal vari abil ity at HI3 is not com pa ra ble with the other pro files
(Fig ure 19).  Pro file en ve lopes show vari abil ity on the or der of a
me ter or more for both sea sons, and the sum mer and win ter pro -
files do not show typ i cal char ac ter is tics of the other pro files
along Hig gins Beach.  The stan dard de vi a tions show sum mer
berm de vel op ment much far ther off shore, near the 40 m mark
with ver ti cal vari a tions on the or der of nearly 60 cm.  Vari a tions
off shore in the sum mer pro file reach nearly 80 cm ver ti cally,
while the win ter pro file is closer to 60 cm (Fig ure 15c).

The vari a tions in the pro files along Hig gins Beach may re -
late to the three dif fer ent beach types found at each of the pro file
lo ca tions.  HI1 is lo cated at the base of a large rip-rap seawall;
this wall is “ac tive” at high stages of the tide – that is, tidal wa ter
and wave ac tiv ity is in con tact with the seawall.  This is re flected
in less berm de vel op ment and gen eral low vari abil ity of the
mean pro files, es pe cially as com pared with HI2.  HI2, though it
starts at a seawall, is lo cated at a por tion of the beach that has
more sed i ment, un der goes more sea sonal changes, and is not ac -
tive dur ing high tide phases.  HI3 is heavily in flu enced by the spit 
end of Hig gins Beach, which ter mi nates at the Spurwink River
ebb-tidal delta; this area un der goes large changes due to sed i -
ment move ment and avail abil ity at the spit and ebb-tidal delta.
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Fig ure 13.  Pro file HI1 ap pears rel a tively sta ble over 8 years.  The great est vari abil ity is over the first 30 m and clos est to the rip rap
wall.

Fig ure 14.  Sea sonal vari abil ity at HI1 is typ i cal with more sand on the beach in sum mer than win ter.  The sum mer en ve lope is smaller 
and about half the ver ti cal size of the win ter en ve lope.  Win ter ero sion can eas ily be 0.5 m deeper than the deep est summer profile.
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Fig ure 15.  (a) Stan dard de vi a tion at HI1 in di cates that the berm area fluc tu ates 0.3 m or less and within the first 30 m of the pro file. 
(b) At HI2 the sum mer berm height var ies by as much as 0.4 m.  (c) A wide dry beach at HI3 re sults in the great est sum mer berm vari -
abil ity 40 to 50 m out on the pro file line.  The sum mer berm stan dard de vi a tion is about 0.6 m.

Fig ure 16.  An nual vari abil ity at HI2 is very small.  It ap pears that 1999 and 2000 transects were made from a dif fer ent start ing point
than the rest.
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Fig ure 17.  Sea sonal vari abil ity at HI2 shows the win ter and sum mer means are very sim i lar.  How ever, the sum mer berm en ve lope is
very large com pared to the win ter en ve lope which has about half the ver ti cal vari a tion in the berm and up per beach profile.

Fig ure 18.  Pro file HI3 shows a con sid er able ver ti cal change in the mean an nual pro file over 8 years.  From 2001 to 2007 the net trend
has been a rise in the pro file show ing a buildup of sand of 1.5 me ters on the pro file from 60 to 170 m.
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Fig ure 19.  Sea sonal vari abil ity at HI3 is larger than the other two sites and a me ter or more of ver ti cal change is pos si ble in win ter or
summer.



Scarborough Beach, Scarborough

Back ground ge ol ogy and char ac ter is tics

Scarborough Beach is an ap prox i mately 2200 m long
beach lo cated on the east ern side of Prouts Neck, an chored by
bed rock at both ends.  An off shore shoal shel ters part of the
beach from waves, thus cre at ing a sea ward-shaped bulge in the
beach (Nel son, 1979).  This ef fec tively di vides the beach into
two dis tinct ar eas based on sed i ment char ac ter is tics: north of the
bulge, the beach is dom i nantly sandy.  South of this point, the
beach is com posed of a mix of cob bles, sand, and gravel.

His tor i cally, Scarborough Beach is rel a tively sta ble to
slowly erod ing.  Oc ca sion ally, old salt marsh peat is ex posed in
the surf zone.  This in di cates that the beach was once an open
bar rier with a back bar rier la goon and salt marsh (Nel son and
Fink, 1980).  Over time, the dunes have re treated up and over the
old salt marsh, along with the beachface.  

Scarborough Beach has 4 mea sured beach pro files,
SC1-SC4.  SC1 and SC2 are lo cated on the north east ern side of
the main dune walk over, while SC3 and SC4 are lo cated on the
south west ern side of the walk over.  All transects start be hind the
crest of the fron tal dune (Fig ure 20).  The be gin ning marks were
sur veyed by MGS in June 2006.

An nual and sea sonal beach pro file changes

Beach pro files along Scarborough Beach all start be hind
the fron tal dune crest.  Data at SC1 were avail able for
1999-2000, and 2004-2007.  It ap pears that the beach at SC1
gen er ally went through some ac cre tion from 2004-2006, and
ero sion dur ing 2007 (Fig ure 21).  This is likely due to the fact
that the 2007 data in clude only data from win ter months (end ing
in April 2007 with the Pa tri ots' Day storm).  An nu al ized pro files
from 2004-2006 show very lit tle over all vari abil ity, with
changes on the or der of less than 0.2 m.  Sea son ally, SC1 does
not ap pear to vary much (Fig ure 22).  Both the mean pro files for
sum mer and win ter are about the same, and the pro file en ve lopes
only vary slightly from each other.  They do, how ever, in di cate
that pro files dur ing both sea sons can have changes on the or der
of up to about 1 to 2 m in el e va tion.  Stan dard de vi a tion val ues in -
di cate that the ma jor ity of nearshore ver ti cal changes are less
than 40 cm for both sum mer and win ter.  In win ter, the vari a tions
in crease mark edly off shore, up to about 75 cm (Fig ure 23a). 
This is con sis tent with win ter bar for ma tion.

An nu al ized mean data at SC2 show that sed i ment was lost
from the pro file be tween 1999-2000 and 2005-2006 (ap prox i -
mately 1 m ver ti cally along the pro file, Fig ure 24).  It ap pears

that a por tion of the dune was lost dur ing this time as well. The
an nual pro file for 2007 shows ad di tional loss of about 1 m be -
tween 2006-2007, likely due to in flu ence from the win ter data
col lected in 2007 and the Pa tri ots' Day storm.  Pro file SC2 shows 
slightly more of the typ i cally seen sea sonal vari abil ity – that is, a
more de vel oped berm and more sed i ment on up per por tions of
the pro file in the sum mer months ver sus the win ter months (Fig -
ure 25).  The win ter sea sonal pro file shows greater en ve lope
vari abil ity, up to about 3 m, while the sum mer pro file ap pears to
not change as much.  Both sum mer and win ter pro files have large 
stan dard de vi a tions, on the or der of 75 cm, which in di cates that
the pro file is highly vari able (Fig ure 23b).

For SC3, the mean pro file from 1999 ap pears to have
started at a dif fer ent lo ca tion; there fore it is dif fi cult to com pare
to the other an nu al ized data from 2000 on wards (Fig ure 26).  In
gen eral, there is con sis tent loss of sed i ment from the over all pro -
file from 2000-2007, though there ap pears to be some growth of
the sand dune.  2007 again had the least sed i ment in the pro file,
likely due to the win ter bias of the data.  Sea sonal data (Fig ure
27) in di cate that the sum mer pro file, as could be ex pected, con -
tains more sed i ment out to about 100 m, and that sand is typ i cally 
lost from this por tion of the pro file in the win ter.  The large en ve -
lope and stan dard de vi a tion as so ci ated with the sum mer data
may be caused by the in clu sion of 1999 data, which was col -
lected dur ing the sum mer months from a dif fer ent bench mark. 
En ve lope vari abil ity for the win ter data is on the or der of 1 m,
with ver ti cal stan dard de vi a tion data ap proach ing 50 cm (Fig ure 
23c).

An nu al ized data for SC4 in di cate that the over all pro file
has lost sed i ment over time, es pe cially from about 20 m from the
pin and sea ward (Fig ure 28).  There was sta bil ity be tween
2005-2006 in the up per por tion of the pro file (to about 35 m off -
shore), and then sed i ment gain in the outer por tions.  From 2006
to 2007 the en tire pro file un der went ero sion.  SC4 dis plays lit tle
sea sonal vari abil ity (Fig ure 29), in both the mean pro file shapes
and the pro file en ve lopes.  It seems that slightly more ex treme
max i mum and min i mum val ues oc cur in the win ter data (over 1
m), while the sum mer en ve lope of val ues ap pears to be on the or -
der of 1 m or less.  Stan dard de vi a tion data for both are quite sim -
i lar along the pro file, but highly vari able, with the ma jor ity of
vari abil ity on the or der of around 50 cm or less (Fig ure 23d).

Data at Scarborough Beach in di cate that the beach un der -
goes typ i cal sea sonal changes and that the beach is gen er ally sta -
ble.  How ever, some of the pro files in di cate a steady land ward
trans gres sion of the beach, mostly in re sponse to larger storm
events.
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Fig ure 20.  Scarborough Beach has 4 mea sured beach pro files, SC1-SC4.  SC1 and SC2 are lo cated on the north east ern side of the
main dune walk over, while SC3 and SC4 are lo cated on the south west ern side of the walk over.  All transects start be hind the crest of
the fron tal dune.
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Fig ure 21.  An nual vari abil ity at SC1 shows some ac cre tion from 2004 to 2006 fol lowed by ero sion in 2007 to a depth be low the 1999
start ing pro file.

Fig ure 22.  Sea sonal vari abil ity at SC1 shows very sim i lar win ter and sum mer mean pro files.  The en ve lopes are also gen er ally sim i -
lar through out most of the pro file distance.
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Fig ure 23.  (a) Stan dard de vi a tion at SC1 shows the great est vari abil ity in el e va tion oc curs in the off shore por tion.  This is most likely
due to shift ing po si tions of sand bars.  (b) At SC2 the stan dard de vi a tion is about 0.7 to 0.8 m of el e va tion through out most of the pro -
file.  (c) At SC3 the large sum mer stan dard de vi a tion may be an ar ti fact of in clud ing the 1999 data in the cal cu la tion.  The win ter stan -
dard de vi a tion is about half that of SC2.  (d) At SC4 the stan dard de vi a tion is about 0.5 m throughout most of the profile length.

Fig ure 24.  At SC2 an nual vari abil ity is greater than at SC1.  From 1999 to 2000 and 2005 to 2006 about 1 me ter of sed i ment was lost
and the dune ap pears to have re ceded.  From 2006 to 2007 the mean pro file low ered about a me ter - some of which may be due to the
2007 Pa tri ots' Day Storm.
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Fig ure 25.  Sea sonal vari abil ity at SC2 shows the ex pected in flu ence of the sum mer berm on the up per pro file with greater vari abil ity
than in win ter.  The outer pro file has greater win ter vari abil ity con sis tent with sea sonal sand bar migration.

Fig ure 26.  The beach at SC3 ap pears to start at 1999 in a dif fer ent lo ca tion than the rest of the years.  From 2000 to 2007 there is con -
sis tent loss of sed i ment on the pro files, but not as dra matic as on SC2.  The over all pro file shape is sim i lar through the years.
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Fig ure 27.  At SC3 sea sonal vari abil ity shows an ex pected be hav ior with loss on the up per pro file in win ter com pared to summer.

Fig ure 28.  The pro files at SC4 show the trend seen at SC3 with a low er ing of the mean an nual pro file from 1999 to 2007.  By 2007 the
pro file has reached its low est level with a ver ti cal loss of 0.5 to 1 me ter of beach el e va tion over 8 years.
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Fig ure 29.  Sea sonal vari abil ity at SC4 is min i mal as at SC1.  As ex pected, the win ter has the greater range in el e va tion from high est to 
low est levels.



West ern Beach and Ferry Beach, Scarborough

Back ground ge ol ogy and char ac ter is tics

West ern Beach is a roughly 1 km pocket beach, ori ented
north west-south east and lo cated on the west ern shore of Prouts
Neck, ad ja cent to the Scarborough River.  It is bound by Prouts
Neck to the south east and Ferry Rock to the north west.  Ferry
Beach curves al most cir cu larly from Ferry Rock to Black Point,
an other bed rock out crop to the north (Nel son, 1979).  Ferry
Beach is partly a pocket fring ing beach and partly a pocket bar -
rier beach.  Both beaches are lo cated at the mouth of the
Scarborough River.  A for est and a golf fair way are found be hind
West ern and Ferry Beaches.

His tor i cally, the shore lines of both Ferry Beach and West -
ern Beach have been sta ble (Nel son and Fink, 1980).  Nu mer ous
paleo-dune ridges, cross-cut ting one an other, sug gest a com plex
his tory of ep i sodic ero sion and ac cre tion at West ern Beach. 
Stud ies by Nel son (1979) and Timson (1989; 2003) in di cated
gen eral ac cre tion along West ern Beach un til the late 1970s.  The
chan nel for the Scarborough River was sta bi lized by the USACE 
in 1962.  It ap pears that, as a re sult of the sta bi li za tion, West ern
Beach un der went progradation un til about 1978.  MGS pos tu -
lates that this was most likely caused by the aban don ment of sand 
shoals on the east side of the sta bi lized chan nel, which over time
mi grated to the north east by wave ac tion and welded onto West -
ern Beach, un til the sed i ment was de pleted (Slovinsky, 2006).

West ern Beach, since 1978, ap pears to be un der go ing a pe -
riod of re ces sion since the sed i ment that fed its shore line is not
be ing re plen ished by reg u lar shoal by pass ing events, in hib ited
by the main chan nel of the Scarborough River. Shoal by pass ing
has con tin ued to a lim ited ex tent, ev i denced by the reg u lar shoal -
ing of the main chan nel. Re cords of dredg ing at the Scarborough
River in di cate that large amounts of sed i ment are be ing re moved
from the sys tem through main te nance dredg ing, thus not al low -
ing the ma jor ity of sed i ment to suc cess fully by pass the in let and
weld onto the West ern Beach shore line.  The sand shoals that are
cur rently reach ing West ern Beach (that are not re moved by
dredg ing), are not of a suf fi cient vol ume to sus tain a sta ble or
prograding shore line.  West ern Beach has un der gone dra matic
ero sion since the 1980s, and has re ceived sed i ment through a
beach nour ish ment pro ject in 2005.

West ern Beach and Ferry Beach have a to tal of 4 beach pro -
files, WS1-WS4, with 2 pro files (WS1 and WS2) lo cated along
Ferry Beach and 2 along West ern Beach (WS3 and WS4) (Fig -
ure 30).  WS4 was lost and not re lo cated.  Sev eral of the beach
pro files (WS1 and WS3) along West ern Beach and Ferry Beach
were sur veyed by MGS in June 2006.  In Feb ru ary 2007, MGS
resurveyed the pro files and es tab lished a new net work of pro -
files.  WS1 and WS3 will be re named as WS5 and WS7, re spec -
tively.  A new WS6 will be in the vi cin ity of WS2, and WS8 will
be lo cated far ther south east on West ern Beach.  The next up date
and anal y sis of pro files will in clude these new lo ca tions.

An nual and sea sonal beach pro file changes

The beach pro files at West ern and Ferry Beach start be hind
the fron tal dune crest.  Data col lected along West ern and Ferry
beaches in Scarborough were quite con fus ing due to the num ber
of times it ap pears that front and back stakes were used, and
changed po si tion.  The anal y sis of the data broke each pro file
(WS1-WS3) down into a front stake (FS) and back stake (BS).

Data were col lected at the WS1 front stake (FS) be tween
1999-2001.  Through the data col lec tion pe riod, the mean pro -
files show con sis tent sed i ment loss along the pro file from about
15 m from the pin and far ther sea ward, with the gain and de vel -
op ment of a slight berm at around the 10 m mark (Fig ure 31). 
Sea sonal data from WS1FS in di cate that the sum mer and win ter
pro file shapes are very sim i lar out to about the 15 m mark (el e va -
tion of about 2 m); past this, the sum mer pro file is more vo lu mi -
nous (Fig ure 32); how ever, stan dard de vi a tion data in di cate that
the win ter pro file past this point is more vari able (up to 40 cm),
while the sum mer pro file is more sta ble, with vari a tions up to
about 20 cm (Fig ure 33a).

For WS1BS, a data set be tween 2001 and 2006 was col -
lected.  Anal y sis in di cates that the pro file has been vari able, but
eroded during the over all time pe riod (Fig ure 34).  Be tween
2001-2002, the pro file gained sed i ment; from 2002-2003, it re -
mained sta ble to slightly accretive.  From 2003-2004, the pro file
lost a sig nif i cant vol ume of sed i ment along the ma jor ity of its
length; max i mum loss ap pears to be on the or der of 0.5 m.  Be -
tween 2004-2005, the pro file gained some sed i ment, and then
lost sed i ment be tween 2005-2006.  On a sea sonal ba sis, data in -
di cate that WS1BS un der went typ i cal sum mer and win ter
changes, with the sum mer mean ex hib it ing more sed i ment along
the pro file than the win ter mean (Fig ure 35).  Max i mum and
min i mum pro file en ve lopes in di cate that up to 1.5 m of vari abil -
ity in the pro file shapes has oc curred.  Based on stan dard de vi a -
tion data, both pro files can be vari able ver ti cally (al most up to 60 
cm), with max i mum vari abil ity at 20 m off shore, and around
45 m off shore (Fig ure 33b).

Data at WS2FS were col lected be tween 1999-2000; the
hor i zon tal length of the data set is very short.  The mean pro files
in di cate a loss of ap prox i mately 0.5 m of sed i ment along the
length of the pro file over the two years (Fig ure 36).  Sea sonal
data in di cate the ex pected dif fer ences in sum mer vs. win ter pro -
file shapes (Fig ure 37).  Sum mer berm de vel op ment, ev i denced
in the stan dard de vi a tion data, is highly vari able, up to 60 cm
(Fig ure 33c).

WS2BS an nu al ized mean data show steady ac cre tion along 
the en tire pro file, with the buildup of a dune crest at around 12 m
from the pin (gain ing about 0.5 m in el e va tion).  Far ther off shore, 
the pro file gained much more sed i ment (Fig ure 38).  The most
marked change was be tween 2004-2005, with over 1 m of ac cre -
tion.  This may be due to the mi gra tion of sed i ment into this area
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Fig ure 30.  West ern Beach and Ferry Beach have a to tal of 4 beach pro files, WS1-WS4, with 2 pro files (WS1 and WS2) lo cated along
Ferry Beach and 2 along West ern Beach (WS3 and WS4).  The fourth pro file, WS4, was lost and has been dis con tin ued.  WS2 and
WS4 are ap prox i mately lo cated on the fig ure.



due to the beach nour ish ment pro ject com pleted in De cem ber
2005.  The ac cre tion con tin ued into 2006.  Sur pris ingly, the win -
ter pro file for WS2BS shows more sed i ment vol ume along the
pro file than the sum mer pro file (Fig ure 39).  This may be at trib -
uted to the in flu ence of the beach nour ish ment, since the nour -
ish ment pro ject was com pleted dur ing the win ter of 2005, this
might skew the win ter data.  Vari abil ity for sum mer and win ter
data is rel a tively low un til about 15 m, when ver ti cal vari abil ity
reaches about 50 cm; sea ward of this, vari abil ity steadily in -
creases for both sum mer and win ter data, with win ter stan dard
de vi a tion val ues peak ing at 100 cm (1 m) at about 38 m from the
mark, and sum mer val ues ap proach ing 140 cm (1.4 m, Fig ure
33d).

Data at WS3FS were col lected be tween 1999-2003.  Mean
pro files show a rel a tive sta bil ity to slight ac cre tion along the
over all pro file length (Fig ure 40).  Sea sonal pro file com par i son
in di cates a slightly more sed i ment-rich pro file dur ing the sum -
mer, and slightly greater vari abil ity than the win ter (Fig ure 41,
Fig ure 42a).

WS3BS data were col lected from 2003-2006.  There was
lit tle change be tween 2003-2004, then sub stan tial ac cre tion be -
tween 2004-2005, likely due to the in flu ence of nour ish ment
(Fig ure 43).  There was some ero sion be tween 2005-2006.  Sea -
son ally, WS3BS shows lit tle vari a tion un til around 80 m from
the pin (Fig ure 44); here, the win ter pro file ap pears to have
slightly more sed i ment.  Stan dard de vi a tion data in di cate a vari -
able dune and berm dur ing the sum mer (with ver ti cal changes up

to 40 cm), with win ter vari abil ity be ing much less, on the or der
of 20-25 cm (Fig ure 42b).

Data at WS4 were col lected from 1999 through 2001; the
mark was never sur veyed by MGS be fore it was lost.  Pro file data 
in di cate that the shore line un der went ero sion be tween
1999-2000, with slight re cov ery in 2001, though a large off shore 
bar that was pres ent in 1999 did not re ap pear (Fig ure 45).  Sea -
sonal data in di cate gen er ally that the win ter pro file held more
sed i ment than the sum mer pro file shape (Fig ure 46).  Stan dard
de vi a tion data showed rel a tively high (up to 40 cm) vari abil ity
along both sum mer and win ter pro files alike (Fig ure 42c).

Pro files along West ern and Ferry Beaches are heavily in -
flu enced by the flood- and ebb-tidal for ma tions as so ci ated with
the Scarborough River.  The river, which is flood dom i nated,
tends to store large amounts of sed i ment within the flood-tidal
shoals, ad ja cent to Ferry Beach.  Beach and dune growth (and
ero sion) is ep i sodic, de pend ent upon the move ment of these
shoals.  Anthropogenic in flu ence in the form of beach nour ish -
ment also has an im pact on the shapes of the pro files, es pe cially
along West ern Beach proper.  The nour ish ment ma te rial, over
time, should end up in the flood-tidal delta of the river, where
sed i ment is se ques tered.  Ero sion of West ern Beach proper will
likely con tinue un less sed i ment is de liv ered to the beach at a rate
equal to that of the nat u ral shoal by pass rate at the Scarborough
River (a good es ti mate of this is the rate that the dredged river
chan nel shoals).
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Fig ure 31.  An nual pro files from the front stake (FS) at WS1 show an over all loss of sand from the beach from 1999 to 2001.
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Fig ure 32.  At WS1FS the sum mer and win ter beach is sim i lar along the up per pro file, but more sand is on the lower pro file in the
sum mer.

Fig ure 33.  (a) The pro file vari abil ity at WS1FS increases with dis tance off shore.  The win ter pro file tends to be more vari able than
the sum mer pro file.  (b) At WS1BS the pat tern con tin ues as in WS1FS above.  (c) At WS2FS the higher stan dard de vi a tion in sum mer
can be at trib uted to berm for ma tion.  (d) Vari abil ity at WS2BS is low on the up per pro file in both sea sons and, as ex pected, higher on
the outer pro file where there is more in flu ence of beach nour ish ment and tidal currents of the Scarborough River.
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Fig ure 34.  Pro file WS1BS has data from 2001 to 2006 with nearly a me ter of el e va tion change over the years.  The 2006 pro file is the
low est re corded.

Fig ure 35.  The sea sonal com par i son at WS1BS shows the sum mer beach has more sand than in win ter, typ i cal of many beaches.
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Fig ure 36.  An nual pro files at WS2FS from 1999 to 2000 show a loss of about 0.5 m of sand from the beach across the full pro file.

Fig ure 37.  As ex pected, the pro file at WS2FS has a slightly higher el e va tion in sum mer than in win ter.
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Fig ure 38.  An nual pro files at WS2BS from 2002 to 2006 show a trend of beach and dune build ing.  River chan nel dredg ing and beach 
nour ish ment late in 2005 prob a bly fa cil i tated the growth of the beach through 2006.

Fig ure 39.  The high av er age win ter pro file com pared to the sum mer at WS2BS may be due to the ad di tion of beach nour ish ment sand
in the win ter of 2005-2006.  The en ve lope of pro file vari abil ity gets very large on the outer pro file next to the Scarborough River.
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Fig ure 40.  At WS3FS there was rel a tive sta bil ity from 1999 to 2003.

Fig ure 41.  In the sum mer at WS3FS there was only slightly more sand on the beach than in win ter.  The win ter en ve lope of vari abil ity 
is less than the sum mer.
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Fig ure 42.  (a) At WS3FS the stan dard de vi a tion is larger in sum mer than win ter.  (b) At WS3BS this pat tern con tin ues with as much
as a me ter of vari abil ity in the mid dle of the pro file.  (c) At WS4 the stan dard de vi a tion is greater in win ter than in sum mer but both are
quite high across the full pro file.

Fig ure 43.  An nual pro files at WS3BS from 2003 to 2006 show the in flu ence of beach nour ish ment that be gan in De cem ber 2005. 
Over much of the pro file about 0.5 m of nour ish ment ap pears to have been lost across the mid dle of the pro file from 2005 to 2006.  
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Fig ure 44.  Win ter and sum mer means have very sim i lar shapes at WS3BS with greater vari abil ity in the pro file en ve lope in summer.

Fig ure 45.  Pro file WS4 ex pe ri enced ero sion from 1999 to 2000 with slight re cov ery in 2001.  Ero sion on the low-tide ter race (be yond 
40 m) re sulted in the ver ti cal low er ing of the beach by about a meter.
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Fig ure 46.  Un like many lo ca tions, WS4 ap pears to hold more sand on the pro file in win ter than in sum mer.



East Grand Beach, Scarborough

Back ground ge ol ogy and char ac ter is tics

East Grand Beach is lo cated along con tig u ous beach from
Old Or chard Beach north to Pine Point, and is a highly de vel -
oped stretch of ar cu ate shore line lo cated at the cen tral to north -
ern por tion of the ex pan sive Saco Bay beach sys tem.  This re gion 
stretches north wards from the Goosefare Brook tidal in let in the
south and in cludes the com mu ni ties of Ocean Park, Old Or chard
Beach proper, and Surfside (all part of Old Or chard Beach), and
East Grand Beach and Pine Point (in Scarborough).  The shore -
line along Old Or chard Beach is rel a tively sta ble to accretional
(Nel son, 1979; Slovinsky and Dick son, 2003).  Along the cen tral 
sec tion of Ocean Park and Old Or chard Beach are ar ti fi cial fron -
tal dunes that con tain bur ied sewer pipe lines that ser vice the
dune neigh bor hoods. This dune was de vel oped as part of a dune
man age ment plan in the 1980s (Timson and Denison, 1986) and
has suc ceeded in sta bi liz ing much of the Old Or chard Beach
dunes.  Much of the shore line along Old Or chard Beach is ar -
mored, though many sea walls are now lo cated land ward of veg e -
tated dunes due to a pos i tive shore line change rate.  The ap par ent
shore line ac cre tion in this seg ment of Saco Bay is due, in part, to
dune res to ra tion and man age ment so the ap par ent shore line
change used in this re port is a func tion of the man age ment ac -
tion. 

The Lit tle River In let, closed some time be tween
1859-1868 as a con se quence of rail way line con struc tion, used
to form the Old Or chard Beach-Scarborough town line, as well
as the York-Cum ber land County bound ary.  At this point, it ap -
pears that the beaches of Old Or chard Beach are rel a tively sta ble
(Kelley and oth ers, 1995; Kelley and oth ers, 2005; Slovinsky
and Dickson, 2003).

There are no SMBPP vol un teer pro files within Old Or -
chard Beach it self; East Grand Beach has 4 mea sured beach pro -
files, EG1-EG4.  All 4 pro files are lo cated ad ja cent to each other, 
start ing with the northeasternmost, EG1, lo cated within the dune 
just south of 9th Street.  EG2 is lo cated just sea ward of 11th Street,
while EG3 and EG4 are lo cated con sec u tively to the south west
(Fig ure 47).  Start ing lo ca tions were sur veyed by MGS in June
2006.

An nual and sea sonal beach pro file changes

Beach pro files along East Grand Beach all start from be -
hind the fron tal dune crest.  East Grand beach pro files form a
con tin u ous dataset from 1999-2007, one of the only lo ca tions to
do so.  At EG1, in spec tion of the mean pro file shapes in di cates a
well de vel oped dune that has mi grated land ward slightly and
gained el e va tion con sis tently over the data col lec tion pe riod (for
ex am ple, in 1999 the dune crest was lo cated at 40 m from the pin

and 2.8 m in el e va tion; by 2007, the crest was lo cated at 24 m
from the pin at an el e va tion of 3.5 m (Fig ure 48).  This in di cates
that the dune is mi grat ing land ward through the pro cess of
overwash, and that enough sed i ment is avail able for the dune to
gain el e va tion.  The win ter and sum mer mean pro files are ex -
tremely sim i lar in terms of over all shape and vari abil ity based on
en ve lope and stan dard de vi a tion data (Fig ure 49).  The berm ap -
pears to vary be tween 25-35 cm ver ti cally, at a po si tion be tween
20-40 m from the mark (Fig ure 50a).

Sim i lar to EG1, mean an nu al ized pro files at EG2 show
dune growth and land ward mi gra tion from 1999 (at 35 m off -
shore and 2.8 m el e va tion) to a max i mum dur ing 2004 (22 m
from pin and 3.7 m), with a slight loss in dune el e va tion from
2004-2007 (Fig ure 51).  Con sis tent with many other lo ca tions,
the 2007 over all pro file con tains less sed i ment, ex cept for the
2003 pro file.  There is lit tle dif fer ence in the sum mer and win ter
mean pro file shapes, though the win ter pro file ex hib its a much
larger min i mum and max i mum en ve lope (Fig ure 52).  Stan dard
de vi a tion vari abil ity is larger for the win ter pro file, up to 50 cm
ver ti cally, over a large hor i zon tal area, be tween 30-110 m from
the mark (Fig ure 50b).

Like the other pro files at East Grand Beach, EG3 un der -
went sim i lar changes to the dune crest – land ward move ment and 
a gain in el e va tion, with the 2007 pro file ex hib it ing the high est
dune el e va tion (at 3.2 m com pared with 2.6 in 1999).  Gen er ally,
there has been lit tle change to the pro file past 50 m from the pin
(Fig ure 53).  Sea son ally, there is lit tle dif fer ence be tween the
sum mer and win ter mean pro files, though the sum mer pro file
ex hib its a slightly greater vol ume of sed i ment along the berm
(Fig ure 54).  The max i mum vari abil ity based on pro file en ve -
lopes and stan dard de vi a tions (Fig ure 50c) is about the same for
sum mer and win ter, about 25 cm of ver ti cal vari a tion on av er age.

An nu al ized pro files at EG4 (Fig ure 55) show changes
sim i lar to the other 3 pro files; that is, the land ward mi gra tion and
growth of the fron tal dune crest.  The dune crest, be tween
1999-2007, mi grated about 5 m in land and gained ap prox i -
mately 0.5 m in el e va tion.  The 2003 mean pro file was again the
“lean est,” sim i lar to the other EG pro files.  Sea sonal data (Fig -
ure 56) in di cate that the EG4 sum mer pro file ex hib its slightly
more sed i ment along por tions be tween 30-120 m from the mark.  
There is lit tle sea sonal vari a tion of the dune shape, and the pro -
file vari abil ity en ve lopes are quite sim i lar, though far ther off -
shore, the vari abil ity based on stan dard de vi a tions in creases to
near 50 cm ver ti cally (Fig ure 50d).

The pro files at East Grand Beach ap pear to be rel a tively
sta ble, though steady land ward mi gra tion of the dune crest is ap -
par ent in the data.  How ever, the dune crest is gain ing in el e va -
tion as it mi grates land ward, in di cat ing enough of a sed i ment
sup ply to fa cil i tate such pro cesses.  This in di cates a healthy, yet
some what transgressive, beach sys tem.
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Fig ure 48.  At East Grand Beach (EG1) a very con tin u ous data set doc u ments the growth and slight land ward mi gra tion of the fron tal
dune ridge from 1999 to 2007 and a gen eral trend of sea ward ac cre tion of the beach until 2006.

Fig ure 49.  Sea sonal dif fer ences at EG1 are very small and, on av er age, the pro file shape ap pears the same year-round.
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Fig ure 50.  Win ter and sum mer pro files and vari abil ity at EG1 (a) are also very sim i lar as in di cated by the stan dard de vi a tion val ues . 
EG2 (b), EG3 (c), and EG4 (d) all show sim i lar stan dard de vi a tions and no large win ter-sum mer dif fer ence with a com mon value of
0.25 m for most of the profile length.

Fig ure 51.  Pro files at EG2 are sim i lar to EG1 and doc u ment a net trend of dune growth and pro file buildup from 1999 to 2006.  Ero -
sional ep i sodes in 2003-2004 and 2006-2007 mark the low est lev els of the beach over 8 years.  Re cov ery af ter 2004 was to pre vi ous
levels.
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Fig ure 52.  The win ter and sum mer mean pro files at EG2 are very sim i lar and mimic EG1.  The win ter en ve lope shows greater change 
than the sum mer en ve lope.

Fig ure 53.  EG3 also ex hib its land ward dune crest move ment while it built to a higher el e va tion.  The great est changes were in the
dune rather than on the beach.
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Fig ure 54.  Sea sonal means at EG3 are sim i lar to one an other and both show lit tle dif fer ence in the en ve lopes of all the pro file data.

Fig ure 55.  At EG4 the data also sup port a land ward move ment of the dune ridge.  Be ing far ther south, the ridge is smaller and not as
well de fined as it is to the north.  Here also, 2003 and 2004 were lean years on the pro file.  In 2007 the data do not show as much ero -
sion (rel a tive to ear lier years) as the pro files far ther to the north (EG1-EG3).
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Fig ure 56.  As at the other EG pro file sites, the win ter and sum mer mean pro files at EG4 are very sim i lar.  This lo ca tion shows a slight
ten dency to have a lit tle more sand on the pro file in the sum mer season.



Kinney Shores, Saco

Back ground ge ol ogy and char ac ter is tics

The beaches of Kinney Shores are part of a north-south
trending bar rier spit that con sti tutes the north ern end of the
south ern bar rier com plex in Saco Bay, ter mi nat ing at Goosefare
Brook.  The shore line along this stretch is con sid ered to be some -
what sta ble to slightly ero sive.  Ar eas of shore line sta bil ity may
re late to nearshore out crops that de velop salients and help dis si -
pate wave en ergy (Slovinsky and Dick son, 2003).  Field re -
search and in spec tion of ae rial pho to graphs have lo cated rel ict
sand spits in the Goosefare Brook marsh sys tem (Farrell, 1972;
van Heteren and oth ers, 1996).  These fea tures rep re sent past
shore line po si tions and a sea ward progradation of the shore line. 
His tor i cal ae rial pho tos in di cate that Goosefare Brook was un -
sta ble, and at one point its main chan nel was lo cated farther to
the south.

Kinney Shores has 2 mea sured beach pro files, KS1 and
KS2.  KS1 is lo cated within the dune just south of the south ern
ter mi nus of Ocean side Drive.  KS2 is lo cated in Bay view, at the
top of a seawall east of Shore Av e nue (Fig ure 57).  The start ing
points were sur veyed by MGS in June 2006.

An nual and sea sonal beach pro file changes

Beach pro files at Kinney Shores start within a seawall
(KS1) and be hind the fron tal dune crest (KS2).  Kinney Shores
beach pro file data in clude the years from 1999 to 2007.  An nu al -

ized mean pro file data for KS1 (Fig ure 58) in di cate that the
beach un der went berm ac cre tion from 1999 to 2005, with the
full est berm in 2005, then ero sion from 2005-2007, though there
was slightly more sed i ment on the up per por tion of the pro file
(be tween 2.5 and 4 m in el e va tion) in 2006.  Sea sonal data at KS1 
(Fig ure 59) in di cate a slightly more vo lu mi nous berm for the
sum mer mean pro file, and slightly more sed i ment stored far ther
off shore (be tween 0 and –1 m) for the win ter mean pro file. 
Based on stan dard de vi a tion data (Fig ure 60a), the berm also ap -
pears to be in slightly dif fer ent lo ca tions from sum mer to win ter;
in sum mer, the berm var ies by about 60 cm, with its crest at the
30 m mark.  In win ter, the berm var ies ver ti cally around 55 cm,
with its crest at the 25 m mark.

Sim i lar to KS1, KS2 an nu al ized data (Fig ure 61) showed
gen eral ac cre tion, though it ap pears that the ac cre tion con tin ued
from 1999 through 2006, with loss of the berm and vol ume along 
the pro file be tween 2006-2007; this most likely is at trib ut able to
the in flu ence of the win ter data of 2007.  KS2 sea sonal data (Fig -
ure 62), like that of KS1, show a more in flated berm for the sum -
mer mean com pared to the win ter mean pro file, and again, more
sed i ment stored far ther off shore for the win ter mean pro file.  The 
berm at KS2 has greater ver ti cal vari abil ity; stan dard de vi a tion
val ues are around 80 cm dur ing the sum mer and about 65 cm
dur ing the win ter (Fig ure 60b).  The berm's hor i zon tal lo ca tion
ap pears rel a tively sta ble, at about 40 m from the pin.

Pro files at Kinney Shores ap pear to be sta ble to accretive,
and un dergo typ i cal sea sonal changes.

43

State of Maine's Beaches in 2007



44

P. A. Slovinsky and S. M. Dickson

Fig ure 57.  Kinney Shores has 2 mea sured beach pro files, KS1 and KS2.  KS1 is lo cated within the dune just south of the south ern ter -
mi nus of Ocean side Drive.  KS2 is lo cated in Bay view, at the top of a seawall east of Shore Av e nue.  
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Fig ure 58.  Kinney Shores pro file KS1 starts at a seawall and has a long and com plete se ries of data from 1999 to 2007.  Av er age an -
nual pro files show 1999 and 2000 as the low est years and 2005 a rel a tively high year in terms of beach and berm el e va tion.  From 2005 
to 2007 the beach has ex pe ri enced erosion.

Fig ure 59.  Sea sonal dif fer ences in the KS1 pro file are min i mal as shown by the av er age win ter and av er age sum mer pro file po si tions.  
As ex pected, the sum mer berm (around 20-30 m dis tance) shows a slightly higher mean and a higher el e va tion in the en ve lope of pro -
files than in the win ter.



46

P. A. Slovinsky and S. M. Dickson

a

b

Fig ure 60.  (a) Stan dard de vi a tion data for KS1 show the vari abil ity as so ci ated with the berm to be slightly far ther sea ward in sum mer
than in win ter.  This is con sis tent with sum mer growth in the berm.  (b) Data at KS2 show sum mer vari abil ity across the pro file line
from the berm po si tion sea ward is greater than that in win ter.  Com pared to KS1, the berm elevation changes more.

Fig ure 61.  Kinney Shores pro file KS2 starts in a dune and av er age an nual pro files show gen eral ac cre tion from 1999 to 2006.  From
2006 to 2007 shows some loss of the berm and a low er ing of the low-tide ter race on the outer profile.
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Fig ure 62.  At KS2 the sum mer profile has a slightly larger berm and vari abil ity at the berm lo ca tion than the win ter pro file.  Both
win ter and sum mer pro files are gen er ally alike.  As ex pected, the win ter pro file is slightly straighter com pared to the sum mer profile.



Ferry Beach, Saco

Back ground ge ol ogy and char ac ter is tics

The beaches of Ferry Beach and Camp Ellis are part of a
north-south trending bar rier spit that con sti tutes the south ern
bar rier com plex in Saco Bay, ter mi nat ing at the Saco River.  The
shore line along this stretch is highly ero sive at the south ern end. 
Ar eas of shore line sta bil ity may re late to nearshore out crops that
de velop salients and help dis si pate wave en ergy (Slovinsky and
Dick son, 2003).  Ferry Beach and severely erod ing Camp Ellis
make up the southern ex tent of the Saco bar rier in the south. 
Ferry Beach and Camp Ellis Beach are lo cated ad ja cent to the
north ern jetty of the Saco River.  

The Saco River, sta bi lized in 1865, his tor i cally pro vided
the ma jor ity of sed i ment to the bay (Kelley and oth ers, 1995;
Kelley and oth ers, 2005; Slovinsky and Dick son, 2003).  Di -
rectly af ter sta bi li za tion by the con struc tion of jet ties on both
sides of the in let, the shore lines ad ja cent to the Saco River
prograded in re sponse to ebb tidal shoal aban don ment, un til
about 1900 (U.S. Army Corps of Engineers, 1955).  Af ter this
time, the shore line has con tin ued to erode due to a de crease in
avail able sed i ment to ad ja cent beaches caused by jetty con struc -
tion and damm ing, wave re flec tion and propagation wave ef fects 
along the north ern jetty, di ver sion of avail able sed i ment far ther
off shore by the jet ties, and the con struc tion of sea walls along the
ma jor ity of Camp Ellis Beach (Slovinsky and Dick son, 2003). 
Ferry Beach ap pears to be erod ing, on av er age, about 0.3 me ters
(1 foot) per year, with the lim its of ero sion ex tend ing ap prox i -
mately 1,800 me ters (6,000 feet) north of the jetty.

Ferry Beach has 4 mea sured beach pro files, FE1-FE4, with 
var i ous dif fer ent lo ca tions (i.e., front stake and back stake) for
each due to the in sta bil ity of the shore line.  The pro files are clus -
tered within the dune sys tem on the north (FE1 and FE2) and
south (FE3 and FE4) sides of Ferry Park Av e nue, near the Ferry
Beach Ecol ogy School (Fig ure 63).  The start ing points were
sur veyed by MGS as lo cated in the field in June 2006.

An nual and sea sonal beach pro file changes

The beach pro files at Ferry Beach all start land ward of the
fron tal dune crest.  How ever, Ferry Beach faces acute ero sion
prob lems; thus, the beach pro file start ing point lo ca tions have
changed nu mer ous times since data col lec tion be gan, mak ing a
set el e va tion and con tig u ous anal y sis much more dif fi cult.  Thus, 
at this point, none of the sur veyed el e va tions have been ap plied
to the data.  Data avail able from the website were also spo radic,
with nu mer ous years miss ing. 

Pro file FE1 was bro ken down into FE11 and FE12.  FE11
con tains data from 2000, 2001, 2003, and 2005, while FE12 has
data from 2001-2003; there may be ad di tional be gin ning points
as well.  It is ex tremely dif fi cult to as cer tain over all changes at

FE11, since it ap pears that the start ing point in 2000-2001 (a
front stake) was dif fer ent than those for 2003 and 2005 (a back
stake).  There ap pears to have been slight ero sion of the pro file
be tween 2000-2001, and more sub stan tial sed i ment loss and
sub se quent land ward dune mi gra tion and slight el e va tion loss
be tween 2003-2005 (Fig ure 64).  Due to the num ber of changes
in the benchmarks of the start ing points, sea sonal changes were
not an a lyzed at FE11.

An nu al ized data for FE12 (Fig ure 65) showed loss of sed i -
ment along the pro file from 2001-2002, and then loss of dune be -
tween 2002-2003, with the ad di tion of sed i ment along the
off shore por tion of the pro file (be tween 8 m and 40 m from the
mark).  No sea sonal or stan dard de vi a tion data were de vel oped
for FE12 due to the in abil ity to re late the num ber of benchmarks
used ac cu rately with the data.

Sim i lar to FE1, pro files at FE2 were col lected at sev eral
dif fer ent start ing points, a front stake (FS) and a back stake (BS),
dur ing dif fer ent years of data col lec tion.  The beach at FE2FS
(Fig ure 66) saw gen eral ac cre tion from 2000-2002, then sub -
stan tial ac cre tion from 2002-2003 (or pos si bly the start ing point
changed).  From 2003-2005, the en tire pro file lost el e va tion. 
Sea sonal pro files (Fig ure 67) in di cate lit tle dif fer ence be tween
the sum mer and win ter pro files or their en ve lopes.  Stan dard de -
vi a tion data (Fig ure 68a) in di cate that the win ter and sum mer
beach at FE2FS is quite vari able dur ing both sea sons, vary ing
be tween 50-75 cm ver ti cally along a large por tion of the pro file
(be tween 10-50 m from the mark).

The pro files at FE2BS, which were col lected from
2005-2007, in di cate that the beach un der went lit tle change from
2005-2006 over all; how ever, in 2007, the dune was eroded by
sev eral me ters, though there was slight ac cre tion along the berm
por tion of the pro file, be tween 35 and 55 m from the mark (Fig -
ure 69).  Sea sonal data in di cate that there is gen er ally a higher,
more de vel oped and sta ble fron tal dune crest in the sum mer,
while the crest is lower and more vari able in the win ter (Fig ure
70).  Dur ing the sum mer, a slightly more prom i nent berm ap -
pears.  Stan dard de vi a tion data in di cate that there is rel a tively lit -
tle vari abil ity in the sum mer pro file el e va tions, with only slightly 
more vari abil ity in the win ter – at the dune crest, and far ther off -
shore, up to 40 cm of ver ti cal vari abil ity (Fig ure 68b).

At FE3FS, the pro file un der went ac cre tion from
2000-2001, sta bil ity from 2001-2002, large amounts of ac cre -
tion from 2002-2003 (un less the start ing point changed), and
slight ero sion from 2003-2005 (Fig ure 71).  The ero sion was
con cen trated at the dune and lower por tions of the pro file, from
15 m from the start ing mark and greater.  Sea son ally, the win ter
pro file shows a slightly better de vel oped dune, and more sed i -
ment stor age in the off shore (Fig ure 72).  There does not ap pear
to be much of a berm in ei ther sea son.  Sea sonal vari abil ity, based 
on the stan dard de vi a tion data (Fig ure 68c), in di cates that the
beach un der goes rel a tively ma jor changes in both the win ter and
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Fig ure 63.  Ferry Beach has 4 mea sured beach pro files, FE1-FE4, with var i ous dif fer ent lo ca tions (i.e., front stake and back stake) for
each due to the in sta bil ity of the shore line.  The pro files are clus tered within the dune sys tem on the north (FE1 and FE2) and south
(FE3 and FE4) sides of Ferry Park Av e nue, near the Ferry Beach Ecol ogy School.



the sum mer, in the dune area (on the or der of 50 cm), and into the
off shore, up to about 75 cm of ver ti cal vari abil ity, es pe cially in
the win ter.  This may be in di cated by the ero sive na ture of the
beach dur ing the win ter sea son.

An nu al ized pro files at FE3BS were col lected from
2005-2007.  The beach un der went slight ac cre tion at the dune
be tween 2005-2006, and then loss of dune el e va tion on the or der
of 0.5 m from 2006-2007 (Fig ure 73).  The por tions of the pro -
files far ther off shore seem to have changed lit tle.  The win ter and 
sum mer mean pro files are about the same, though slightly more
vol ume of sed i ment ap pears in the berm area of the pro file in the
sum mer mean pro file (Fig ure 74).  Stan dard de vi a tion data (Fig -
ure 68d) in di cate that the sum mer beach is rel a tively sta ble, with
vari a tions less than 20 cm along the pro file.  Win ter vari abil ity is
mark edly in creased at the dune (changes above 40 cm), and in
the off shore, where vari a tions are also on the or der of 40 cm. 
This may in di cate that ero sion of the dune dur ing win ter leads to
off shore stor age of sed i ment dur ing the same time pe riod.

Pro file FE4 had sev eral dif fer ent benchmarks over the
years, the first from 2000-2003 (la beled as FE4FS), and the sec -
ond from 2005-2007 (la beled as FE4BS).  An nu al ized mean data 
for FE4FS (Fig ure 75) show that the beach un der went ac cre tion
from 2000-2001; this ac cre tion con tin ued in 2002.  In 2003, the
dune and berm un der went ero sion from the dune to about the 20
m mark, and ac cre tion oc curred sea ward of this.  Sea son ally,

FE4FS (Fig ure 76) dis played more sed i ment in the dune and the
berm in the sum mer than the win ter.  Ac cord ing to stan dard de vi -
a tion data (Fig ure 68e), the sum mer pro file exhibits greater vari -
abil ity, up to al most 75 cm at the lo ca tion of the berm.

Data for the beach at FE4BS (data from 2005-2007)
showed that the dune and beach un der went dra matic ero sion –
com plete loss of the fron tal dune crest and its el e va tion, from
2005 to 2006 (Fig ure 77).  This ero sion was ap prox i mately 4-5
m hor i zon tally and al most 0.5 m ver ti cally.  This was likely due
to the May 2005 north east storm.  Anal y sis of sea sonal data (Fig -
ure 78) and stan dard de vi a tion data (Fig ure 68f) for FE4BS
shows that the sum mer pro file var ies very lit tle, while the win ter
pro file var ies greatly (up to 100 cm) in dune el e va tion and po si -
tion and along the pro file.  

The pro files at Ferry Beach ex hibit a marked dif fer ence
sea son ally; sum mer typ i cally tends to see a slightly more de vel -
oped dune crest and berm, while win ter shows an ero sive pro file, 
with sub stan tial loss in the fron tal dune and berm, with lit tle re -
cov ery to pre-win ter con di tions (though it ap pears a “new” sum -
mer shape fol lows the next sea son.  This area is heavily eroded
dur ing win ter storm events, with dune re moval on the or der of 3
to 6 me ters (10-20 feet) dur ing sub stan tial events (i.e., 2005
north east ers and Pa tri ots' Day storm).  The fact that pro file start -
ing lo ca tions have been moved so many times is in dic a tive of the
ero sive na ture of this stretch of beach.
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Fig ure 64.  An nual pro files at FE11 in clude two sep a rated data sets due to re lo ca tion of the start ing pin.  From 2000 to 2001 the beach
lost sand across the en tire pro file.  In the sec ond in ter val, 2003 to 2005 more sand was lost re sult ing in a land ward shift of 0.2 to 0.3 m
hor i zon tally.  Due to dif fer ent start ing points, sea sonal changes were not calculated at FE11.
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Fig ure 65.  An nual pro files at FE12 from 2001 to 2003 (the in ter val of years miss ing in the pre vi ous graph).  Sand was lost off the pro -
file from 2001 to 2002 and the dune ex pe ri enced a loss from 2002 to 2003 while the off shore pro file built up.

Fig ure 66.  An nual pro files at FE2FS saw gen eral ac cre tion from 2000 to 2002 with ei ther more ac cre tion or a new start ing point by
2003.  Ero sion with a ver ti cal loss of about 0.5 m dom i nated the pro file from 2003 to 2005.
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Fig ure 67.  Sea sonal pro file shapes at FE2FS are very sim i lar from win ter to sum mer with a steep, rather lin ear beach and sim i lar en -
ve lopes of max i mum and min i mum pro file elevations.

a

b
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d

e
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Fig ure 68.  Stan dard de vi a tion data at FE2FS (a) show 0.5 to 0.75 m of ver ti cal vari abil ity in both sum mer and win ter sea sons.  At
FE2BS (b) the sum mer-win ter vari abil ity is smaller than for FE2FS but the win ter dune crest el e va tions show slightly more vari abil ity 
than in sum mer.  Stan dard de vi a tion data at FE3FS (c) show a 0.5-0.75 m change in win ter beach el e va tion, slightly more than in sum -
mer.  At FE3BS (d) the sum mer beach ap pears to vary lit tle in el e va tion while the win ter beach ex hib its about 0.4 m of vari abil ity in
the dune and off shore por tions of the pro file.  The great est vari abil ity at FE4FS was in the berm area dur ing win ter (e).  Stan dard de vi -
a tion data at FE4BS (f) show el e va tion changes on the or der of 0.2 to 0.4 m. in both winter and summer seasons.
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Fig ure 69.  An nual pro files at FE2BS show a gen er ally higher and more sta ble fron tal dune.  From 2005 to 2007 the beach was rel a -
tively sta ble.  In 2007 the dune eroded and the berm gained a small amount.

Fig ure 70.  Sea sonal pro file shapes at FE2BS show gen er ally sim i lar win ter and sum mer beach con di tions.  A higher fron tal dune
crest can ex ist in sum mer and the crest be comes more vari able in el e va tion in the winter.



54

P. A. Slovinsky and S. M. Dickson

Fig ure 71.  An nual pro files at FE3FS ex pe ri enced ac cre tion from 2000 to 2001 and sta bil ity from 2001 to 2002.  The growth in 2003
is likely an ar ti fact of a new start ing lo ca tion.  From 2003 to 2005 the pro file eroded, par tic u larly on the lower half.

Fig ure 72.  Win ter and sum mer mean pro files at FE3FS are sim i lar through the mid dle sec tion but show a better de vel oped dune in
win ter and win ter sand stor age offshore.
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Fig ure 73.  An nual pro files at FE3BS from 2005 to 2007 show slight dune ac cre tion from 2005 to 2006 and then dune low er ing of
0.5 m by 2007.  The outer pro files are gen er ally sim i lar in shape over the 3 years.

Fig ure 74.  Sea sonal mean pro files at FE3BS are very sim i lar with a lit tle more sand in the sum mer berm area.  The en ve lope of pro file 
vari a tion is very tight in both win ter and summer.
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Fig ure 75.  An nual pro file data at FE4FS show gen eral ac cre tion from 2000 to 2002.  In 2003 the dune and berm ex pe ri enced net sand
loss while there was some sand gain on the outer pro file in this in ter val of time.

Fig ure 76.  At FE4FS the dune had more sand in the sum mer than in the win ter, con trary to some of the other nearby lo ca tions.
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Fig ure 77.  An nual beach pro files from 2005 to 2006 at FE4BS show dra matic loss of the fron tal dune crest and an over all low er ing of
the pro file's high est el e va tion.  This amounted to a land ward shift of the pro file of 4 to 5 m and a low er ing of the beach by about 0.5 m.

Fig ure 78.  Sea sonal data at FE4BS show a higher win ter mean with greater win ter vari abil ity in beach el e va tion.  Sum mer beach pro -
files are con sis tently similar.



For tunes Rocks Beach, Biddeford

Back ground ge ol ogy and char ac ter is tics

For tunes Rocks Beach is lo cated on the south east ern side
of Fletcher Neck, part of Biddeford Pool.  Biddeford Pool con -
sists of two transgressive bar ri ers that con nect bed rock is lands to 
the main land.  Hulmes (1980) doc u mented long-term ero sion
along For tunes Rocks and Mile Stretch Beach. Sea walls front
most of the south ern por tion of For tunes Rocks Beach and, con -
se quently, Nel son (1979) was un able to de ter mine a rate for
shore line change. Along the nat u ral shore line, Nel son mea sured
re ces sion of about 1.6 feet per year. This beach ap pears to have
chronic sand loss and net shore line re ces sion and or ac tive sea -
walls along the fron tal dune ridge (Dick son, 2006a).

For tunes Rocks has 4 mea sured beach pro files, FR1-FR4. 
The over all beach is shown in Fig ure 79.  The start ing marks for
the pro files have not been sur veyed by MGS as of April 2007.

An nual and sea sonal beach pro file changes

The beach pro files at For tunes Rocks Beach start be hind
the fron tal dune crest and also within sea walls.  Beach pro file
data were col lected at the For tunes Rocks lo ca tions from
1999-2006.  At FR1, an nu al ized changes showed lit tle dis tinct
pat terns of gen eral ac cre tion or ero sion (Fig ure 80).  The beach
ap peared to be sta ble from 1999-2001, with ac cre tion from
2001-2002 re sult ing in the most vol u met ri cally sed i ment-rich
pro file in 2002.  From 2002-2003, the pro file un der went some
loss, es pe cially from about 25 m off shore sea ward.  In 2004, the
beach was at its lean est shape.  By 2005, the pro file was sim i lar
in shape to the pro file from 2001, with slightly more sed i ment
stored off shore.  Some ero sion of the up per por tion of the pro file
oc curred be tween 2005-2006.  Sea son ally, the beach at FR1
(Fig ure 81) shows a typ i cal sum mer shape, with more sed i ment
stored in the berm area than the win ter pro file.  Stan dard de vi a -
tion data (Fig ure 82a) in di cate that the berm at FR1 is rel a tively
sta ble, chang ing its po si tion lat er ally lit tle be tween sum mer and
win ter.  The berm ap pears to be po si tioned at about 30 m from the 
mark, with ver ti cal vari abil ity on the or der of 40 cm.

It ap pears that data col lected at FR2 are from two dif fer ent
marks – one was used from 1999-2002, and a sec ond (be hind the
dune) from 2003-2006.  The beach at FR2 accreted from
1999-2002, and this trend con tin ued from 2003-2005 (Fig ure
83).  In 2006, the dune ap pears to have been eroded slightly, and

the berm ap pears to have lost much of its sed i ment vol ume.  On a
sea sonal ba sis, FR2 (Fig ure 84) ex hib ited some what sim i lar
pro file shapes, with slightly more vol ume of sed i ment in the
berm in the sum mer pro file.  The pro file en ve lopes are nearly
iden ti cal, and the stan dard de vi a tion val ues are quite sim i lar as
well.  The berm, po si tioned be tween the 30-40 m marks, ap pears
to vary ver ti cally on the or der of about 50 cm (Fig ure 82b).

The beach at FR3 showed steady ac cre tion from
1999-2002, and a well de vel oped berm in 2002.  By 2003, the
berm had been eroded (Fig ure 85).  Ero sion con tin ued into
2004.  In 2005, slight ac cre tion oc curred on the up per most por -
tion of the pro file (be tween 0 to –2 m be low the pin), with sed i -
ment loss from about 45 m from the pin sea ward.  In 2006, the
dune ap pears to have accreted, while there was ad di tional sed i -
ment loss in the mid dle por tion (berm) and off shore por tions of
the pro file.  Sea son ally, FR3 data (Fig ure 86) in di cate a more de -
vel oped berm dur ing the win ter rather than the sum mer, with
more slightly more sed i ment stored off shore in the win ter.  The
win ter berm var ied ver ti cally by about 60 cm, and was lo cated
around the 25 m mark.  The sum mer berm var ied only around 40
cm.  How ever, the sum mer data in di cate large amounts of vari a -
tion – on the or der of 50-60 cm – over a large stretch of the pro file 
in the off shore, be tween 55 and 120 m from the mark (Fig ure
82c).  This may in di cate that FR3 sees vol umes of sed i ment pass
off shore dur ing the sum mer months as sed i ment is moved along
the beach.

Data at FR4 in di cate that the beach was sta ble from
1999-2001, then accreted from 2001-2005, with the most vol -
ume in the pro file in 2005 (Fig ure 87).  In 2006, the up per por -
tion of the pro file (from about –2 m be low the pin and higher)
lost sed i ment, while the re main der of the pro file re mained rel a -
tively sta ble.  Over all, the pro file gained sed i ment from
1999-2006. Sea sonal data (Fig ure 88) in di cate that the sum mer
pro file tends to hold more sed i ment along the dune and up per
por tion of the pro file, with the win ter pro file hav ing slightly
more sed i ment vol ume in the off shore por tion.  Stan dard de vi a -
tions (Fig ure 82d) in di cate that there is more vari abil ity along
the en tire pro file in the sum mer (up to 50 cm) than the win ter. 
The berm at this pro file is lo cated much closer to the pin (10 m),
as op posed to the other pro files along For tunes Rocks Beach.

Pro files along For tunes Rocks Beach in di cate vari abil ity
from year to year, but gen eral sta bil ity over the time pe riod of
data col lec tion.  Sea son ally, the pro files vary as ex pected.
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Fig ure 80.  An nual beach pro files at FR1 from 1999 to 2006 show no strong ero sion or ac cre tion trends, but an nual el e va tions can be
0.5 to 1 m dif fer ent from the pre vi ous year.

Fig ure 81.  Sea son ally, the beach at FR1 shows a typ i cal sum mer shape with a larger berm than in win ter.  As ex pected, the en ve lopes
of max i mum and min i mum pro files show greater sum mer vari a tion in beach el e va tion com pared to winter.
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Fig ure 82.  Stan dard de vi a tion at FR1 (a) shows the berm lo ca tion is rel a tively sta ble from win ter to sum mer.  At FR2 (b) the berm el e -
va tion var ies by some 0.5 m (be tween 30 and 40 m dis tance).  At FR3 (c), a vari able win ter berm is ap par ent, while off shore vari abil ity 
is greater in sum mer.  Data at FR4 (d) show that the sum mer pro file ex hib its greater vari abil ity along its en tire length than the win ter
profile.

Fig ure 83.  An nual pro files at FR2 sug gest one lo ca tion  was used from 1999 to 2002 and an other be hind the dune crest was used from
2003 to 2006.  From 1999 to 2002 the beach accreted and from 2003 to 2005 this trend con tin ued.  In 2006 the dune ap pears to have
had some slight erosion.
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Fig ure 84.  The win ter and sum mer means ap pear sim i lar over all at FR2 with slightly more sand in the sum mer berm.  The en ve lopes
are very sim i lar also.

Fig ure 85.  The an nual pro files at FR3 show steady ac cre tion from 1999 to 2002.  A berm de vel oped in 2002 but was not as large in
2003 and ero sion con tin ued into 2004.  2005 had a high berm and 2006 saw more ac cre tion in clud ing some 2006 dune growth in the
up per pro file but loss in the lower profile.
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Fig ure 86.  Sea son ally, FR3 has a better-de vel oped berm in sum mer and more sand stored off shore in win ter.  This sum mer-win ter
pat tern is ex pected.

Fig ure 87.  An nual means at FR4 show the beach was rel a tively sta ble from 1999 to 2001, and then it accreted from 2001 to 2005.  In
2006 the up per pro file lost sand while the rest re mained rel a tively sta ble.  Over all there was a net gain in sand over the 8 years.
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Fig ure 88.  Sea son ally, the sum mer pro file at FR4 holds more sand along the dune/rip rap wall and the off shore holds more sand in the
win ter.  This sea sonal shift is ex pected.



Goose Rocks Beach, Kennebunkport

Back ground ge ol ogy and char ac ter is tics

Goose Rocks Beach is an ap prox i mately 3 km long sandy
pocket beach that stretches south west-north east and is bound by
two tidal in lets, the Lit tle River to the north east and the Batson
River to the southwest.  The shore line along the beach is quite ar -
cu ate, mainly due to wave re frac tion around off shore is lands and 
shoals. Dy namic beach spits are lo cated at both ends of the
beach, ad ja cent to the tidal in lets.  South west of the sand beach is
a head land with mixed sand and gravel beaches on Nessler and
Mar shall Points.  Ac cord ing to Nel son (1979), the his tor i cal
limit of ero sion is land ward of many homes within the dune sys -
tem.  Ap prox i mately 60% of the shore line along Goose Rocks
Beach is ar mored (Beach Stake holder Group, 2006).  There are
no new sig nif i cant sources of sand to re place sed i ment trans -
ported into the tidal in lets or eroded from the beach and car ried to 
off shore sand bars (Dick son, 2006a). 

Goose Rocks has 4 mea sured beach pro files, GR1-GR4. 
The over all beach is shown in Fig ure 89.  The start ing points
have not yet been sur veyed by MGS.

An nual and sea sonal beach pro file changes

Beach pro files at Goose Rocks Beach start be hind the dune
crest and also within sea walls.  Pro files at Goose Rocks Beach
tend to be very flat and long (out to about 500 m from the pin) and 
vari able, mostly due to the shel tered area and in flu ence of off -
shore is lands and shoals.  Con tin u ous data were col lected from
2002 through 2007.  The beach at GR1 is ad ja cent to the Batson
River ebb-tidal delta, and re flects this vari abil ity in the pro file
shapes (Fig ure 90).  There is no con tig u ous pat tern of ei ther ero -
sion or ac cre tion, with changes be ing highly vari able.  There was 
gen eral ac cre tion along the pro file from 2002-2003, with con tin -
ued buildup of sed i ment ad ja cent to the seawall and berm into
2004, though some vol ume of sed i ment was lost on the mid dle
por tion (be tween 100 and 240 m from the pin).  From 2004 to
2005 there was sed i ment loss along the en tire pro file.  The beach
front ing the dune/wall con tin ued to re cede into 2006, though
more sed i ment ap peared in the cen tral por tion of the pro file.  By
2007, the beach front ing the seawall sta bi lized, and ad di tional
ac cre tion took place in the cen tral por tion of the pro file.  Sea -
sonal mean data (Fig ure 91) show that there is gen er ally lit tle
change from win ter-sum mer, though the win ter pro file shows
slightly more sed i ment nearer to the seawall.  Pro file en ve lope
vari abil ity in di cates that both sea sons are some what vari able,
with val ues be tween the min i mum and max i mum en ve lopes on
the or der of 1 m.  Stan dard de vi a tion data (Fig ure 92a) show that 
the berm has more vari abil ity (55 cm) in the win ter than the sum -

mer (45 cm).  The berm's po si tion ap pears to stay the same,
around 20-35 m from the pin.

GR2 is much shorter in length than GR1.  It ap pears that the 
pro files at GR2 col lected in 2002-2003 may have started from a
dif fer ent lo ca tion than the re main ing years (Fig ure 93).  If not,
then the beach un der went ac cre tion from 2002-2004.  A berm,
pres ent in the 2002 pro file at the 25 m from the pin mark (at an el -
e va tion of 1.5 m be low the pin), was eroded by 2003.  Data from
2003-2007 in di cate that the beach changed lit tle over this pe riod
of time and is rel a tively sta ble.  On a sea sonal ba sis (Fig ure 94),
GR2 dis plays the typ i cal sed i ment-rich sum mer berm, with sed i -
ment loss in the nearshore and growth of a sand bar far ther off -
shore in the win ter.  Based on the mean sea sonal shapes, berm
fluc tu a tion ap pears to be about the same for sum mer and win ter. 
This is con firmed by stan dard de vi a tion data (Fig ure 92b),
which show changes on the or der of about 40 cm for both sea -
sons.  The po si tion of the berm ap pears to re main about the same.

The beach at GR3 ap pears to have been rel a tively sta ble be -
tween 2002-2004, then un der went a pe riod of ero sion in 2005
(this be ing the most ero sive pro file of the data, Fig ure 95).  In
2006, the berm ap pears to have re cov ered, and this trend con tin -
ued into 2007.  Like GR2, GR3 shows a sea sonal bias (Fig ure
96), with more sed i ment in the berm area dur ing the sum mer, and 
more sed i ment in the bar area dur ing win ter.  Pro file en ve lope
vari abil ity ap pears to be about the same for win ter and sum mer,
though the sum mer berm ap pears to reach a slightly higher el e -
va tion.  Stan dard de vi a tion val ues (Fig ure 92c) for the berm are
greater in the sum mer pro file.  It seems the greater ver ti cal vari -
abil ity is lo cated far ther from the mark at GR3 (around 40-50 m
from the pin) than GR2 (25-30 m).

Pro files col lected at GR4 are lo cated near the Little River,
and thus, are lon ger like the pro files from GR1.  From
2002-2004, there was ero sion of the berm area, with some
growth off shore (Fig ure 97).  From 2004-2005, the berm be gan
re cov ery while the off shore por tion of the pro file re mained sta -
ble.  2006-2007 saw con tin ued berm growth, with lit tle changes
in the off shore.  Sea son ally, the sum mer pro file (Fig ure 98) ex -
hib its more sed i ment ad ja cent to the dune and berm than the win -
ter pro file.  Stan dard de vi a tion data (Fig ure 92d) in di cate that
the berm fluc tu ates ver ti cally al most 70 cm in the sum mer, and
60 cm in the win ter.  Vari abil ity is greater than 40 cm along the
ma jor ity of the pro file, and in creases to nearly 80 cm off shore,
likely at trib ut able to sand bar mi gra tion ad ja cent to the Little
River.

Pro files along Goose Rocks Beach are in flu enced by the
bound ing rivers, and off shore, wave-shel ter ing out crops and is -
lands.  The beach has been vari able, with loss, es pe cially in
2005, though it ap pears that the beach has the abil ity to re cover
from such loss.  Sea sonal vari abil ity is typ i cal.
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Fig ure 90.  An nual mean pro files at GR1 near the Batson River show the dy namic shift ing of sand bars on the low-tide ter race.  On the
up per pro file the beach wid ened from 2002 through 2005, but in 2006 and 2007 re turned to the 2002 po si tion.

Fig ure 91.  The sea sonal com par i son at GR1 shows that the win ter and sum mer beaches are very sim i lar in shape.  The en ve lope of
pro file vari a tion in height is over a me ter in most locations.
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Fig ure 92.  Stan dard de vi a tion of the pro files at GRI (a) shows the most vari abil ity on the up per beach pro file (20-60 m) with more
move ment in win ter com pared to sum mer.  At GR2 (b) sum mer and win ter berm fluc tu a tion is very sim i lar and the pro file re sponds
sim i larly in both sea sons.  At GR3 (c) there is some vari abil ity across the pro file in the stan dard de vi a tion.  The sum mer berm po si tion
shows higher vari abil ity in el e va tion than in the win ter.  At GR4 (d) the berm fluc tu ates more in sum mer (0.7 m) than win ter (0.6 m)
and, like GR1 this may be due to the influence of the adjacent tidal channel.

Fig ure 93.  At GR2 the mean an nual pro files show a very lin ear and more con stant beach that at GR1 due to the lack of in flu ence of the 
Batson River sand bars.  The start ing point seems to have moved in 2003.  From 2003 to 2007 the beach changed very lit tle in el e va tion 
and ap pears quite stable.
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Fig ure 94.  Sea son ally, GR2 shows the typ i cal sum mer berm and higher beach pro file in the cen tral sec tion.  In the win ter sand bar
for ma tion on the lower pro file raises the win ter mean above that of the sum mer.  The en ve lope of pro file el e va tions shows there can be 
well over a me ter of ver ti cal change on most of the profile.

Fig ure 95.  The mean an nual pro files at GR3 show a rel a tively sta ble beach from 2002 to 2004.  In 2005 the low est pro file ero sion oc -
curred along the up per beach.  The fol low ing two years (2006-2007) show re cov ery from the ero sion to a level seen in 2003.
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Fig ure 96.  GR3 shows a pat tern like GR2 with more sum mer sand on the berm and more sand off shore in a bar lo ca tion in the win ter. 
This is the ex pected pro file change and it is driven by sea sonal vari abil ity in wave en ergy.  The en ve lope of pro file vari a tion is in ex -
cess of a me ter, sim i lar to GR2.

Fig ure 97.  Pro file GR4 is near the Little River and shows a long and flat low-tide ter race on the pro file.  Above the ter race, the beach
width has been vari able since 2002.  The berm area eroded from 2002 to 2004, but re covery oc curred from 2004 to 2006.  By 2007
some of the pro file be low the berm be gan to show ero sion while the low-tide ter race re mained stable.
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Fig ure 98.  Sea son ally, GR4 has a sim i lar pro file in win ter and sum mer, but there is slightly more sand on the up per pro file in sum -
mer.  In win ter the low-tide ter race holds more sand, as is ex pected dur ing the stormy months.



Goochs Beach and Mid dle Beach, Kennebunk

Back ground ge ol ogy and char ac ter is tics

Goochs Beach is an ap prox i mately 1.3 km long east-west
trending pocket bar rier lo cated ad ja cent to the mouth of the
Kennebunk River and bounded by bed rock head lands of Oaks
Neck and Old Fort Point.  Ap prox i mately 90% of Goochs Beach
is fronted with a wooden seawall (Beach Stake holder Group,
2006), though a very small ac tive fron tal dune is lo cated ad ja cent 
to a jetty at the river mouth.  The beach pro file is gen er ally flat
and low and, due to the lack of sand ex change with most of the
dune sys tem and re peated wave ac tion on the seawall, has a min i -
mal sum mer berm.  Mid dle Beach, west of Goochs Beach, is a
mixed sand and gravel beach fronted with a large con crete
seawall.  No his tor i cal shore line change mea sure ments are avail -
able since this beach has been en gi neered since air pho tos were
first taken (Dick son, 2006a).

Goochs Beach has 3 mea sured beach pro files, GO1-GO3,
with a sin gle pro file lo cated at the east ern end of Mid dle Beach
(GO4).  All pro file start ing points are lo cated on the seawall. 
GO1 is lo cated within the wall just south of Pen in sula Drive,
while GO2 is lo cated just east of Surf Lane.  GO3 is lo cated in the 
wall just west of where Beach Av e nue ap proaches the ocean and
turns par al lel to the seawall.  GO4 is lo cated within the seawall at 
the east ern end of Mid dle Beach, di rectly off of Beach Av e nue
(Fig ure 99).  The start ing points for these pro files were sur veyed 
by MGS in July 2006.

An nual and sea sonal beach pro file changes

Pro files along Goochs and Mid dle Beach all start along a
seawall, with the first point be ing the level of sed i ment be low the 
wall.  Over all beach pro file data col lec tion be gan in 2001 and
has been con tin u ous through 2007.  The beach at GO1 was rel a -
tively sta ble to slightly accretive from 2001-2002, and ero sive
from 2002-2003 (Fig ure 100).  In 2004, the beach gained sed i -
ment at its up per por tions – near est the seawall - and also in the
berm area.  There were only slight changes in 2005-2006, mainly 
a slight in crease in the berm el e va tion.  In 2007, data bi ased by
only the win ter months, the mean pro file in di cated that sand el e -
va tions were low est of all years ex cept for a por tion of the 2003
pro file, along the berm, which was flat and not well de vel oped. 
Sea son ally, GO1 (Fig ure 101) shows rel a tively lit tle change in
the up per por tion (berm area) of the pro file (from about 1m and
above).  The berm here ap pears to be about 10 m in size dur ing
the sum mer.  Stan dard de vi a tion data (Fig ure 102a) show that
the berm at GO1 var ies about 30 cm ver ti cally; in fact, vari a tion
along the en tire pro file is on the or der of 30 cm, and in creases to
be tween 35-40 cm in the off shore, for both sum mer and win ter.

The beach at GO2 un der went lit tle change be tween
2001-2002.  Be tween 2002-2003, al most the en tire mid dle por -
tion of the pro file (to about 0 m in el e va tion) eroded (Fig ure
103).  Ero sion con tin ued into 2004, though there was some el e -
va tion in gain in the up per por tion of the berm.  In 2004-2006, the 
mid dle por tion of the pro file re cov ered some sed i ment vol ume. 
The win ter of 2007 eroded the en tire pro file dra mat i cally, re -
mov ing about 0.3 m of sed i ment along the en tire length of the
beach pro file.  GO2 ex hib its a dis tinct dif fer ence in the sum mer
ver sus win ter pro files, with more sed i ment vol ume along al most
the en tire pro file in the sum mer (Fig ure 104).  Though over all
pro file en ve lope vari abil ity ap pears to be the same, the sum mer
pro files ap pear to typ i cally achieve a higher el e va tion than win -
ter.  Stan dard de vi a tion val ues (Fig ure 102b) are about the same
for both pro files over all – around 20 cm or less, in di cat ing that
the pro file is quite sta ble.  The win ter data show a small area of
ver ti cal vari abil ity dur ing the win ter lo cated at the 10 m mark.

There was ac cre tion be tween 2001-2002 at GO3 (Fig ure
105), with slight ero sion back to 2001 pro file shape in 2003. 
Ero sion con tin ued in 2004, low er ing the por tions of the pro file
be low 1.5 m.  Some re cov ery oc curred in 2005-2006.  Con sis tent 
with other pro files, 2007 re sulted in sub stan tial low er ing and
ero sion of the over all pro file.  Sea sonal data at GO3 (Fig ure
106) show a dis tinct sum mer ver sus win ter pro file dif fer ence,
with the en tire sum mer pro file be ing more sed i ment rich than the
win ter one.  Both pro file en ve lopes are sim i lar, though it seems
the win ter pro file has a bit more vari abil ity.  The stan dard de vi a -
tions along the win ter and sum mer pro files are quite sim i lar,
though the win ter ap pears to be a slight bit more vari able, on the
or der of 20 cm ver ti cally (Fig ure 102c).

The gravel beach at GO4 ap pears to have gone through
slight ac cre tion be tween 2001 and 2002, es pe cially at the berm
area (Fig ure 107).  2003 saw some ero sion of the up per por tion
of the beach pro file – from about the 1.2 m to 3 m con tour lines. 
From 2003-2004, the berm re cov ered.  There was gen eral beach
sta bil ity through 2005, with the mean pro file very sim i lar to the
2004 shape.  In 2006, the up per por tion of the pro file un der went
ac cre tion, while the lower por tion un der went ero sion.  The 2007
an nu al ized shape is the lean est, show ing the most ero sion from
all the years data were col lected.  Sea sonal data (Fig ure 108) in -
di cate that GO4 un der goes some berm vari abil ity dur ing the
sum mer months.  This berm fluc tu ates about 20-30 cm for both
sum mer and win ter (slightly more in the sum mer), and is lo cated
at the 10 m mark ac cord ing to stan dard de vi a tion data (Fig ure
102c).

Data in di cate that Goochs Beach, in gen eral, is some what
sta ble.  How ever, it is heavily in flu enced by storm events, such
as the Pa tri ots' Day storm, which re moved large vol umes of sed i -
ment from the pro file.
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Fig ure 100.  Mean an nual pro files for GO1.  The beach ap pears to be rel a tively sta ble, be ing most ero sive in 2003 and 2007.

Fig ure 101.  Mean sea sonal pro files for GO1.  The sum mer pro file ex hib its a more sed i ment-rich shape, with a more de fined berm.
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Fig ure 102.  (a) Stan dard de vi a tion data for mean sea sonal pro files at GO1.  The pro file ap pears to be some what vari able in sum mer
and win ter.  (b) Stan dard de vi a tion data for GO2 in di cate that the pro file is sea son ally sta ble, with only slightly more vari abil ity along
the up per por tion in the win ter.  (c) Stan dard de vi a tion data for GO3 show that both pro files are rel a tively sta ble, with slightly greater
vari abil ity in the win ter.  (d) Stan dard de vi a tion data for GO4 show a dis tinct berm for ma tion that is vis i ble at the 10 m mark.

Fig ure 103.  Mean an nual pro files for GO2.  The beach had the most sed i ment in 2002 and was most ero sive in 2007.
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Fig ure 104.  Mean sea sonal pro files for GO2.  The sum mer pro file has a greater vol ume of sed i ment than the win ter pro file.

Fig ure 105.  Mean an nual pro files for GO3.  Typ i cal of the other pro files, the beach at GO3 un der went an nual vari abil ity, with 2007
be ing the most erosive.
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Fig ure 106.  Mean sea sonal pro files for GO3.  The sum mer pro file has con sis tently more sed i ment along its length than the win ter
pro file.

Fig ure 107.  Mean an nual pro files for GO4 show that the pro file was gen er ally rich est in 2002 and most ero sive in 2007, with vari abil -
ity in the other years.
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Fig ure 108.  Mean sea sonal pro files for GO4 in di cate that berm fluc tu a tion on the or der of 20-30 cm oc curs dur ing both sum mer and
winter.



Laudholm Beach, Wells

Back ground ge ol ogy and char ac ter is tics

Laudholm Beach forms a bar rier com plex that stretches ap -
prox i mately 2.1 km from the fed eral jetty at the Webhannet
River north east along Drakes Is land Beach to the in let of the Lit -
tle River.  Laudholm Beach is 0.7 km long and ter mi nates at its
north eastern end at the Lit tle River as a spit.  It is only slightly de -
vel oped at its south west ern end, while the re main der is un de vel -
oped and unarmored.  Ex ten sive back-bar rier salt marshes ex ist
land ward of Laudholm Beach.  

Laudholm Beach is unarmored and has con tin ued to mi -
grate in a land ward di rec tion.  MGS es ti mates an ap prox i mately
15 m off set be tween the crest of the fron tal dune along Laudholm 
Beach and the crest of the seawall along Drakes Is land (Dick son, 
2006a).

Laudholm Beach (Fig ure 109) has 5 mea sured beach pro -
files, LH1-LH5.  None of the points have been sur veyed by MGS 
as of this re port.

An nual and sea sonal beach pro file changes

Pro files col lected at Laudholm Beach gen er ally start be -
hind the fron tal dune.  At LH1, two lo ca tions were uti lized to ini -
ti ate pro fil ing; the first for data col lected in 2001-2002, and the
sec ond for data from 2003-2007 (Fig ure 110).  The beach saw
dra matic ero sion from 2001 to 2002, with the com plete re moval
of a fron tal dune crest.  In 2003, a new bench mark was ini ti ated. 
Ero sion oc curred along the ma jor ity of the pro file be tween
2003-2004, though the dune crest it self ap pears to have gained
slightly in el e va tion.  From 2004-2005, ad di tional ero sion oc -
curred, mostly of por tions of the pro file be low 1 m be low the pin
el e va tion.  2006 saw ero sion of the dune crest and a slight ac cre -
tion in the off shore (be yond 60 m from the pin).  In 2007 ad di -
tional ac cre tion oc curred along the ma jor ity of the pro file, but
pre dom i nantly off shore, sea ward of the 60 m mark.  There is lit -
tle dif fer ence be tween the sum mer and win ter mean pro file
shapes un til about the 60 m mark – here, the win ter pro file ex hib -
its better bar for ma tion and off shore sand stor age (Fig ure 111). 
The 60 m mark may sig nify some type of ravinement (ero sion)
sur face that in hib its ad di tional land ward sed i ment trans port. 
The win ter en ve lope of vari abil ity is also much greater – al most
2 m.  Stan dard de vi a tion data (Fig ure 112a) show that the win ter
pro file has much more vari abil ity, be tween 40-50 cm, along a
large por tion of the pro file (20 m to 110 m) than the sum mer pro -
file, which has vari abil ity be tween 20-40 cm along this stretch. 

At LH2, data were avail able for 2003 through 2007.  Rel a -
tively sub stan tial ero sion oc curred be tween 2003 and 2004,
while lit tle changes oc curred be tween 2004 and 2005 (Fig ure
113).  The 2006 an nu al ized shape in di cates lit tle change in the
dune and berm, while there was sub stan tial vol u met ric change in 
the off shore, start ing at around 50 m from the pin.  In 2007, the
dune and berm was eroded slightly – on the or der of 1-2 m, and
there was some ad di tional stor age of sed i ment in the off shore. 
Sea son ally, LH2 ex hib its typ i cal sum mer vs. win ter pro file
shapes, with a better de vel oped berm in the sum mer pro file, and
more stor age off shore in the win ter pro file (Fig ure 114).  Based
on the stan dard de vi a tion data, the sum mer pro file is much more
vari able than the win ter (Fig ure 112b).  Win ter fluc tu a tion along 
the en tire pro file is on the or der of 20 cm or less, while the sum -
mer vari abil ity ranges be tween 20-40 cm.

The beach at LH3 also had data avail able for 2003-2007. 
Sim i lar to LH2, the beach in this area saw sub stan tial ero sion
along its en tire length, from about the –1 m be low the pin mark
from 2003-2004 (Fig ure 115).  The 2005 mean pro file shows
that ad di tional ero sion oc curred, though the dune area re mained
sta ble.  In 2006, ero sion of the berm area con tin ued, while the re -
main ing por tions of the pro file re mained sta ble.  In 2007, the
dune ap pears to have accreted slightly, while the re main der of
the pro file changed very lit tle.  The sea sonal com par i son of pro -
files for LH3 in di cates greater berm de vel op ment for the sum -
mer pro file, while pro file en ve lope min i mum and max i mums
ap pear to be greater for the win ter pro file (Fig ure 116).  Stan dard 
de vi a tions again in di cate, sim i lar to LH2, that the sum mer vari -
abil ity is much greater than win ter along a large por tion of the
pro file (20-140 m from the mark, Fig ure 112c).

Data were avail able only from 2003 to 2006 for LH4.  Sim -
i lar to the other pro files, the beach eroded sub stan tially from
2003-2004 (Fig ure 117).  Lit tle change, aside from a slight ad di -
tion of sed i ment to the berm, oc curred in 2005.  The berm eroded
to its low est point in 2006, with the ma jor ity of the ero sion con -
cen trated in the landwardmost 70 m of the pro file.  Sea sonal data
(Fig ure 118) in di cate better berm de vel op ment, within the first
45 m of the pro file, for the sum mer pro file, while the win ter pro -
file shows more sand stor age off shore, past the 65-70 m mark. 
Stan dard de vi a tion data (Fig ure 112d) show rel a tively large (50
cm) ver ti cal fluc tu a tions of the berm dur ing the sum mer at the 45
m mark, while dur ing the win ter, the berm only var ies around 20
cm.

Pro file lo ca tion LH5 was added in 2006.  Over all, it ex hib -
ited lit tle change be tween 2006 and 2007, though there ap peared
to be a bit of re ces sion in the berm area of the pro file, be tween 1

79

State of Maine's Beaches in 2007



80

P. A. Slovinsky and S. M. Dickson

.901 er
 ugi

F
 pa era seli forp 5 eh

T  .7002 lirp
A fo sa 

S
G

M 
yb de

ye vrus neeb ton evah seli forp eht rof skra
m gn itrats eh

T  .seli forp hcaeb deru sae
m 5 sah hcae

B 
mlohdua

L  
-

.er ugif eht no deta col 
yleta

 m ixorp



and 3 m be low the pin (Fig ure 119).  Some sed i ment accreted in
the form of nearshore bars far ther off shore.  Sea son ally, LH5 ex -
hib its a dis tinct dif fer ence from other pro files (Fig ure 120).  The
win ter shape has more sed i ment vol ume in the berm, and far ther
off shore than the sum mer mean shape.  Stan dard de vi a tion data
(Fig ure 112e) show a slight bit more vari a tion in the berm el e va -
tion (al most 40 cm) in the win ter, ver sus around 20 cm in the
sum mer.  These char ac ter is tics may re late to the prox im ity of
LH5 to more abun dant gravel and peat de pos its on the pro file
com pared to the oth ers that have sand over more of the pro file. 

Laudholm Beach has ex pe ri enced some se vere pe ri ods of
ero sion of the fron tal dune and the berm is of ten com posed of
gravel and cob bles in the win ter.  Vari abil ity of the pro files sea -
ward of the dune is some what atyp i cal due to the mixed grain
sizes of sand, gravel, and cob bles.  The larger sed i ment sizes are
sorted and trans ported more in the win ter than in the sum mer
hence some of the pro file vari abil ity in win ter is due to the higher 
wave en ergy.  Sum mer sand of ten cov ers the cob ble sur face on
the cen tral por tions of the pro files as sand bars mi grate ashore
from be yond the ex tent of pro fil ing.
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Fig ure 110.  Mean an nual pro files for LH1 in di cate that two sep a rate benchmarks were used.  Ero sion oc curred from 2001-2004, then 
the pro file sta bi lized some what in 2005-2007, though sed i ment was lost at the dune.
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Fig ure 111.  Mean sea sonal pro files for LH1 show that the sum mer pro file is only slightly better de vel oped, and that more sed i ment is
lo cated off shore in the winter.

Fig ure 112.  (a) Stan dard de vi a tion data for LH1 in di cate that both sum mer and win ter pro files are vari able, though the win ter pro file
has mark edly more vari abil ity than the sum mer.  (b) Stan dard de vi a tion data for LH2 show that vari abil ity along the pro file in the
sum mer is greater than dur ing the win ter.  (c) Stan dard de vi a tion data for LH3, like LH2, show that sum mer vari abil ity is greater than
the win ter.  (d) Stan dard de vi a tion data for LH4 in di cate large ver ti cal vari abil ity in the sum mer berm.  (e) Stan dard de vi a tion data for
LH5 show slightly higher vari abil ity in the berm dur ing the win ter than the sum mer.
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Fig ure 113.  Mean an nual pro files for LH2 in di cate that the pro file was most accretive in 2003 and most ero sive in 2007.  It ap pears to
be gen er ally ero sive.

Fig ure 114.  Mean sea sonal pro files for LH2 show that the sum mer gen er ally has a better de fined berm, with more sed i ment stor age
off shore in winter.
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Fig ure 115.  Mean an nual pro files for LH3.  The pro file has gen er ally un der gone ero sion through the study pe riod.

Fig ure 116.  Mean sea sonal pro files for LH3 show better berm de vel op ment dur ing the sum mer, with bar for ma tion ap par ent in the
winter.
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Fig ure 117.  Mean an nual pro files for LH4 show gen eral ero sion dur ing the study pe riod.

Fig ure 118.  Mean sea sonal pro files for LH4.  A dis tinct berm is ap par ent in the sum mer pro file, while off shore sed i ment stor age ap -
pears in the winter.
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Fig ure 119.  Mean an nual pro files for LH5 show gen eral sta bil ity be tween 2005-2006.

Fig ure 120.  Mean sea sonal pro files for LH5 show ab nor mally more sed i ment in the up per por tions of the pro file in the win ter rather
than the summer.



Drakes Is land Beach, Wells

Back ground ge ol ogy and char ac ter is tics

Drakes Is land Beach and Laudholm Beach form a bar rier
com plex that stretches ap prox i mately 2.1 km from the fed eral
jetty at the Webhannet River north east to the in let of the Lit tle
River.  Drakes Is land Beach, lo cated ad ja cent to the jetty, is ap -
prox i mately 1.4 km in length, and is highly de vel oped with a
seawall along 70% of the beach (Beach Stake holder Group,
2006).  Laudholm Beach, which ter mi nates at its north east end at 
the Lit tle River as a spit, is only slightly de vel oped at its south -
west ern end, while the re main der is un de vel oped and
unarmored.  Ex ten sive back bar rier salt marshes ex ist along both
beaches.  

Shore line change along Drakes Is land Beach has re mained
rel a tively un changed in a hor i zon tal sense due to the pres ence of
sea walls (Dick son, 2006a).

Drakes Is land (Fig ure 121) has 4 mea sured beach pro files,
DI1-DI5.  The start ing points for each pro file have not yet been
sur veyed by MGS.

An nual and sea sonal beach pro file changes

Drakes Is land is pre dom i nantly fronted by sea walls, ex cept 
for the beach area ad ja cent to the jet ties at the Webhannet River,
which is fronted by rel a tively ex pan sive dunes.  Data avail able
for DI1 were from 2001-2003 and 2005-2007.  An nu al ized pro -
file data for 2001-2002 showed dra matic ac cre tion along the en -
tire pro file (Fig ure 122).  It is pos si ble that this is a rem nant
in flu ence of the beach nour ish ment pro ject that was com pleted
in the win ter of 2000 (Dick son, 2001).  The 2003 pro file in di -
cates that the beach con tin ued to prograde along its en tire length.  
By 2005, the beach ap pears to have eroded slightly, start ing at
about 50 m from the pin, while the up per por tion of the berm ap -
pears to have grown slightly.  In 2006 the en tire pro file con tin ued 
to accrete; this trend sur pris ingly con tin ued in 2007.  Over all
there is lit tle dif fer ence in the sea sonal pro file shapes, with the
win ter berm tend ing to be slightly higher than the sum mer (Fig -
ure 123).  The stan dard de vi a tion data (Fig ure 124a) in di cate
that the sum mer berm is rel a tively vari able, with up to about 60
cm of ver ti cal vari a tion oc cur ring.  Win ter data in di cate that vari -
abil ity is on the or der of 40 cm or less.

The beach at DI2 un der went sim i lar ac cre tion from
2001-2002, with the de vel op ment of a sub stan tial berm and vol -
ume of sed i ment in the off shore.  In 2003, the beach ap peared to
be about the same, with slight ero sion near the 50 m mark (Fig -
ure 125).  By 2005, ero sion was ap par ent in the up per and lower

por tions of the pro file.  In 2006, the lower por tion of the pro file,
from 50 m sea ward, un der went ac cre tion.  The up per por tion of
the pro file also gained some vol ume.  In 2007, al most the en tire
pro file ap pears to have gained sed i ment.  The sea sonal dif fer -
ences at DI2 (Fig ure 126) ap pear to be more typ i cal, with a
slightly more de vel oped berm as so ci ated with the sum mer pro -
file, and more sed i ment lo cated off shore in the win ter pro file. 
The sum mer pro file en ve lope shows more vari abil ity in the el e -
va tion of the berm than the win ter pro file.  Stan dard de vi a tion
data in di cate slightly more vari abil ity in the berm el e va tion – on
the or der of 30 cm – while win ter data show lit tle vari abil ity
along the en tire pro file (Fig ure 124b).

An nu al ized changes at DI3 were char ac ter ized by anal y sis
from two dif fer ent pro file lo ca tions; DI3FS (front stake), at
which data were col lected from 2001 to 2003, and DI3BS (back
stake), where data were col lected from 2005-2007.  The 2001
an nu al ized pro file at DI3FS ex hib ited a slight berm, which was
lost by 2002, in ad di tion to ad di tional sed i ment loss along the
rest of the pro file (Fig ure 127).  In 2003, the berm had re ceded
farther, but ac cre tion oc curred along the re main der of the pro file, 
start ing at about 20 m from the pin.  When data col lec tion was
con tin ued at DI3BS in 2005, it ap pears that the beach un der went
ac cre tion in the suc ces sive years, through 2007 (Fig ure 128). 
The most ac cre tion oc curred at the pro file's mid-point, at about
the 70 m from the pin mark.  Over all ac cre tion be tween
2005-2007 reached about 0.5 m.  Sea sonal changes at DI3FS
(Fig ure 129) in di cated more prom i nent berm for ma tions and
sed i ment off shore in the win ter pro file rather than the sum mer
pro file.  Sea sonal data from DI3BS (Fig ure 130) gen er ally
showed the same char ac ter is tics, though a slightly more prom i -
nent berm (al beit small) was noted.  Stan dard de vi a tion data for
all stakes were com bined, and show that the pro files dur ing sum -
mer and win ter gen er ally un der went lit tle vari abil ity (20 cm or
less) (Fig ure 124c).

The beach at DI4 ap pears to have had slightly more sed i -
ment on its up per por tion, ad ja cent to the seawall/dune in 2001
than in 2002.  Ac cre tion oc curred in 2002 along the lower por -
tions of the pro file, how ever, from about 20 m from the pin sea -
ward (Fig ure 131).  The 2003 mean pro file showed con tin ued
ac cre tion on the lower por tion of the pro file.  It ap pears that the
beach un der went ero sive ep i sodes be tween 2003 and 2005, with
low er ing of the over all pro file el e va tion along its en tire length. 
In 2006, the beach accreted back to ap prox i mately the 2003 pro -
file lev els.  Sea son ally, DI4 ex hib ited char ac ter is tics of a more
sed i ment-rich sum mer beach pro file, with the av er age beach el e -
va tion of the sum mer pro file be ing ap prox i mately 0.2 m higher
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than the win ter pro file (Fig ure 132).  In ter est ingly, the sum mer
pro file max i mum en ve lope ex hib its the ephem eral pres ence of a
sig nif i cant bar off shore, at the 80 m from the pin mark, a char ac -
ter is tic more typ i cal of the win ter pro file.  Stan dard de vi a tion
data for DI4 (Fig ure 124d) in di cate sig nif i cant off shore sed i -
ment vari abil ity dur ing the sum mer (up to 60 cm of ver ti cal vari -
a tion, be tween 80-105 m from the mark) and the win ter (near

60-70 cm) with the vari abil ity be ing far ther off shore, near the
120 m mark.

It ap pears that the jet ties along the Webhannet River help
trap sed i ment that is mi grat ing to the south, along Drakes Is land
Beach.  This is oc cur ring mostly in the win ter months, and may
be re spon si ble for some of the re verse sea sonal trends seen along 
the Drakes Is land pro files.
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Fig ure 122.  Mean an nual pro files for DI1 in di cate that the beach un der went ac cre tion through the study pe riod, es pe cially be tween
2001-2002.
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Fig ure 123.  Mean sea sonal pro files for DI1 show rel a tively lit tle dif fer ence be tween the sum mer and win ter pro file shapes.

Fig ure 124.  (a) Stan dard de vi a tion data for DI1 in di cate large amounts of sum mer vari abil ity, es pe cially in the berm.  (b) Stan dard
de vi a tion data for DI2 in di cate slightly more vari abil ity in the berm in the sum mer than the win ter.  (c) Com bined stan dard de vi a tion
data for the dif fer ent benchmarks at DI3 show that the pro file gen er ally un der goes lit tle sea sonal vari abil ity.  (d) Stan dard de vi a tion
data for DI4 in di cate sig nif i cant off shore vari abil ity in sum mer and win ter.
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Fig ure 125.  Mean an nual pro files for DI2 show that the up per por tion of the pro file changed lit tle, aside from berm loss, and that the
ma jor ity of an nual vari abil ity oc curs far ther offshore.

Fig ure 126.  Mean sea sonal pro files for DI2 in di cate that dur ing the sum mer, a more de fined berm forms, while dur ing the win ter,
sed i ment stor age off shore increases.
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Fig ure 127.  Mean an nual pro files for DI3FS show that be tween 2001 and 2003, the berm re ceded, while the amount of sed i ment off -
shore in creased.

Fig ure 128.  Mean an nual pro files for DI3BS show that the up per por tion of the pro file re mained mark edly sta ble be tween
2005-2007, with rel a tively large amounts of ac cre tion far ther offshore.
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Fig ure 129.  Mean sea sonal pro files for DI3FS show that dur ing the win ter, more sed i ment is lo cated on the up per por tion of the pro -
file in a se ries of berms, and off shore, than in summer.

Fig ure 130.  Mean sea sonal pro files at DI3BS show that dur ing the win ter, more sed i ment ap peared to be lo cated along the pro file
than dur ing the summer.
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Fig ure 131.  Mean an nual pro files from DI4 show that the beach un der went ac cre tion be tween 2001-2003, ero sion be tween
2003-2005, and ac cre tion in 2006.

Fig ure 132.  Mean sea sonal pro files for DI4 in di cate that the sum mer pro file typ i cally has a greater vol ume of sed i ment along the en -
tire profile.



Wells Beach, Wells

Back ground ge ol ogy and char ac ter is tics

Wells Beach is a highly de vel oped bar rier beach that ex -
tends from its north ern ter mi nus at the Webhannet River south -
ward to the rocky head land of Moody Point.  The beach here has
un der gone gen eral ero sion, aside from an area of ac cre tion ad ja -
cent to the jetty at the Webhannet River.  Jet ties were con structed
in the 1960s in or der to sta bi lize the en trance to the river; in so
do ing, a sed i ment “trap” was cre ated that tends to ac cu mu late
sed i ment on ei ther side of the jetty.

Moody Beach is an ap prox i mately 1.9 km long stretch of
bar rier that trends north east-south west.  It is bound in the north
by the bul bous head lands of Moody Point, and its south ern end
con tin ues into the con tig u ous stretch of Ogunquit Beach.  To -
gether, Moody Beach and Ogunquit Beach com prise one of the
lon gest con tin u ous bar rier spits in Maine.  Cur rently, Moody
Beach is not part of the SMBPP vol un teer mon i tor ing.  

Wells Beach has 4 mea sured beach pro files, WE1-WE4. 
The over all beach is shown in Fig ure 133.  None of the start ing
marks had been sur veyed by MGS at the time of re port prep a ra -
tion.

An nual and sea sonal beach pro file changes

Data at the Wells Beach pro files were avail able for the
years of 2003-2007.  The an nual mean pro files for the data col -
lec tion pe riod from WE1 ex hibit marked vari abil ity.  What ap -
pears as a sig nif i cant ac cre tion along the dune and berm be tween
2003-2004 (Fig ure 134), with dra matic deep en ing of the pro file
and sed i ment loss start ing at the 30 m mark (roughly 3 m be low
the pin) is a re sult of the lack of a fixed start ing pin on the
seawall.  The 2005 mean pro file is quite sim i lar to the 2003 pro -
file shape.  The pro file start ing point moved be tween 2006 and
2007 so the ap par ent 1-1.5 m of el e va tion gained along the en tire
pro file from 2005-2006 is an ar ti fact of dif fer ent start ing points. 
An ad di tional 0.5 m of el e va tion oc curred in 2007.  This much
change is pos si ble, due to sand trans port in the long shore drift
around Ca sino Point.  Sea sonal data (Fig ure 135) in di cate that
DI1 tends to have a much more sed i ment-rich berm in the
summer rather than the winter.  Both sea sonal pro file en ve lopes
in di cate large pos si ble vari a tions of over 1 m.  Stan dard de vi a -
tion data (Fig ure 136a) in di cate that the win ter pro file has
slightly more berm fluc tu a tion (up to al most 60 cm) than the
sum mer pro file, con cen trated at about the 40 m mark.

The beach at WE2 un der went ero sion along its en tire
length from 2003-2004 (Fig ure 137); this con tin ued into 2005,
which ex hib ited the low est el e va tions of all pro files col lected. 
The 2006 mean pro file in di cates that ac cre tion oc curred along

the ma jor ity of the pro file, while the 2007 pro file ex hib ited ero -
sion back to the 2005 pro file level (out to about 40 m from the
pin), then slightly less ero sion along the re main der of the pro file.  
Based on avail able sea sonal data (Fig ure 138), WE2 ex hib its the 
typ i cal sum mer vs. win ter pro file shape, with more sed i ment in
the up per por tions of the pro file dur ing the sum mer rather than
the win ter.  The berm el e va tion is higher in the sum mer as well. 
The pro file en ve lopes and stan dard de vi a tions in di cate greater
vari abil ity in the en tire pro file in the sum mer rather than the win -
ter.  Sum mer berm vari abil ity, based on sea sonal data, ap pears to
be great est at about the 40 m mark, with up to about 50 cm of ver -
ti cal change (Fig ure 136b).

Pro file data at WE3 in cluded 2003 and 2005-2007.  Again,
the 2003 pro file had the larg est vol ume of sed i ment, while the
2005 pro file ex hib ited the lean est, most ero sive fea tures (Fig ure
139).  Pro file re cov ery oc curred in 2006 and 2007, though the
pro file never came close to reach ing its 2003 el e va tions.  Sea -
sonal data (Fig ure 140) show a well de vel oped sum mer berm
that flat tens with win ter.  Pro file en ve lopes show rel a tively dra -
matic berm vari a tions are pos si ble dur ing the sum mer.  Stan dard
de vi a tion data (Fig ure 136c) in di cate that the larg est sum mer de -
vi a tions oc cur around 40 m off shore, likely the po si tion of the
berm, which fluc tu ates on the or der of 40 cm.  The larg est vari a -
tions in win ter data tend to oc cur off shore (120 m and greater
from the pin), fluc tu at ing over 50 cm.

Un like WE1-WE3, the beach at WE4 was not at its full est
in 2003.  Be tween 2003 and 2005, the beach un der went ac cre -
tion at the up per most por tion of the pro file (within 10 m from the
pin), and in the berm area, be tween 20-30 m from the pin (Fig ure 
141).  The lower por tions of the pro file did un dergo ero sion. 
From 2005-2006, the ar eas of ac cre tion that oc curred pre vi ously
were eroded, but ac cre tion oc curred along the pro file from about
35 m and sea ward from the pin.  The en tire pro file ap pears to
have accreted in 2007.  Sea sonal data (Fig ure 142) in di cate a
typ i cal sum mer vs. win ter pro file re la tion ship, with much
greater vol umes of sed i ment in the berm area dur ing the sum mer, 
and more sed i ment off shore in the win ter.  Stan dard de vi a tion
data show that the berm does not fluc tu ate sig nif i cantly dur ing
the sum mer (gen er ally 25 cm or less), though vari abil ity of el e -
va tion in the win ter ap pears to be much greater (about 50 cm).  In
fact, the en tire pro file ap pears to be much more vari able in the
win ter rather than the sum mer, in di cat ing sea sonal sta bil ity (Fig -
ure 136d).

Gen er ally, the beaches at Wells un der went sig nif i cant ero -
sion in 2005, with slight re cov ery in 2006 and 2007.  The jet ties
at the Webhannet River ap pear to sig nif i cantly in flu ence the pro -
file shapes that are more prox i mal to the struc tures, since they
trap any sed i ment that is mi grat ing in a north ern di rec tion, to -
wards the river mouth.
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Fig ure 133.  Wells Beach has 4 mea sured beach pro files, WE1-WE4.  The start ing marks for the pro files have not been sur veyed by
MGS as of April 2007.  The 4 pro files are ap prox i mately lo cated on the fig ure.
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Fig ure 134.  Mean an nual pro files for WE1 showed sta bil ity be tween 2003-2005; it is dif fi cult to gauge pro file changes since the
start ing point changed be tween 2005-2006.  Ac cre tion oc curred be tween 2006-2007.

Fig ure 135.  Mean sea sonal pro files for WE1 show that the pro file has a better de vel oped berm in the sum mer rather than the win ter.
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Fig ure 136.  (a) Stan dard de vi a tion data for WE1 in di cate that the win ter berm has slightly more vari abil ity than the sum mer shape. 
(b) Stan dard de vi a tion data for WE2 show that the sum mer pro file has much more vari abil ity than the win ter pro file, with a well de -
fined berm.  (c) Stan dard de vi a tion data for WE3 in di cate that the larg est sea sonal fluc tu a tions oc cur in the sum mer and at the berm
po si tion of the pro file.  (d) Stan dard de vi a tion data for WE4 show that the win ter pro file is much more vari able than the sum mer pro -
file.

Fig ure 137.  Mean an nual pro files from WE2 show that the beach un der went ero sion from 2003-2005, then re cov ery in 2006, and ad -
di tional ero sion in 2007.
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Fig ure 138.  Mean sea sonal pro files at WE2 ex hibit typ i cal sum mer vs. win ter shapes, with more sed i ment in the berm area dur ing the
summer.

Fig ure 139.  Mean an nual pro files for WE3 show that the beach eroded from 2003-2005, and be gan re cov ery in 2006-2007.
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Fig ure 140.  Mean sea sonal pro files at WE3 ex hibit a typ i cal sum mer pro file shape, with a better de vel oped berm, while the win ter
pro file is flatter.

Fig ure 141.  Mean an nual pro files for WE4 show ero sion from 2003-2005, then ac cre tion in 2006 and 2007.
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Fig ure 142.  Mean sea sonal data at WE4 show a typ i cal sum mer vs. win ter beach shape.



Ogunquit Beach, Ogunquit

Back ground ge ol ogy and char ac ter is tics

Ogunquit Beach, lo cated just south and con tig u ous with
Moody Beach, ex tends south wards from the bound ary with
Moody Beach for ap prox i mately 2.2 km and ter mi nates at the
Ogunquit River as a bar rier spit that abuts a bed rock head land. 
The Ogunquit spit most likely formed with trans gres sion of the
sea over a low-ly ing coastal plain of gla cial outwash (Heinze,
2001).  The spit is prograding into the in let as a re sult of a net
south erly long shore trans port of sand.  Once sand reaches the in -
let, it cir cu lates in a coun ter clock wise gyre, and is de pos ited both 
in the ebb and flood-tidal del tas.  

Dunes along this beach are pri mar ily ar ti fi cial and were
built in 1974 and 1975 by the De part ment of Ag ri cul ture's Soil
Con ser va tion Ser vice (Dick son, 2005). The dunes are cored
with gravel and sand im ported from an up land source. The top
el e va tion of the dune ex ceeds the floodplain height and the sea -
ward slope of the dunes is un nat u rally steep.  Be hind the dunes is
an ex ten sive back bar rier salt marsh sys tem. Ero sion has re -
moved part of the frontal dune in the last de cade, al though there
are pe ri ods of dune ac cre tion as a re sult of a rel a tively suc cess ful
dune man age ment plan by the Town of Ogunquit. Nel son (1979)
found no sig nif i cant ero sional or accretional trend, al though the
data are strongly in flu enced by the dike con struc tion in the
1970s. More re cent anal y sis by MGS shows that the dune is rel a -
tively sta ble though the sea ward edge may re cede rap idly 3 to 6
me ters (10 to 20 feet) in re sponse to large storm events (such as
the se ries of north east ers the week of Me mo rial Day 2005 or the
Pa tri ots' Day Storm in 2007).  All of Ogunquit Beach is part of
the Coastal Bar rier Re sources Sys tem (Dick son, 2006a).

Ogunquit Beach has 4 mea sured beach pro files,
OG1-OG4.  The over all beach is shown in Fig ure 143.  The
start ing marks have not yet been sur veyed by MGS.

An nual and sea sonal beach pro file changes

The beach pro files along Ogunquit Beach all start within or 
be hind the fron tal dune crest.  Data at OG1 were avail able be -
tween 2001 and 2006.  From 2001-2002, the pro file un der went
ac cre tion, es pe cially from the berm sea ward (Fig ure 144).  Ero -
sion oc curred in 2003, re mov ing sed i ment from the up per por -
tion of the pro file, while ar eas of the pro file be low about -4 m
be low the pin (at the 120 m mark) accreted.  2004 data in di cate
that the pro file con tin ued to erode along its en tire length, most
no ta bly in the off shore area where stor age oc curred in 2003. 

Pro file low er ing and ero sion con tin ued in 2005 and 2006, with
2005 be ing the most ero sive.  Be tween 2001 and 2006, the pro -
file lost up to 0.5 m of sed i ment ver ti cally along its length.  Sea -
sonal data at OG1 (Fig ure 145) show that the beach pro file
un der goes typ i cal sea sonal changes, with ac cre tion in the berm
and up per por tions of the pro file (out to 130 m from the mark)
dur ing the sum mer, and ero sion and off shore sed i ment stor age in 
the win ter.  The max i mum en ve lope for the sum mer pro file
reaches a much higher el e va tion than the win ter one.  Stan dard
de vi a tion data (Fig ure 146a) show large sum mer berm vari a -
tion, be tween 40 and 60 cm, over a large por tion of the pro file
(out to 130 m).  The vari able berm crest ap pears to be lo cated at
about 40-50 m from the mark.  Win ter vari abil ity ap pears to be
30 cm or less.

Data at OG2 were avail able for 2001-2007.  The beach at
OG2 un der went sim i lar changes as OG1, with sub stan tial ac cre -
tion be tween 2001-2002, re ces sion in 2003 (back to near 2001
con di tions, Fig ure 147).  The 2004 mean pro file shows lit tle
change from 2003, with some ac cre tion in the off shore por tion of 
the pro file.  Slight ero sion along the pro file oc curred in 2005,
with fairly dra matic ero sion into 2006.  2007 saw slight berm
growth and re cov ery, but loss of sand in the off shore.  Sea sonal
data (Fig ure 148) in di cate lit tle dif fer ence be tween the sum mer
and win ter pro file shapes, with a slightly better de vel oped berm
dur ing the sum mer.  The stan dard de vi a tion data (Fig ure 146b)
show that the berm and beach for both sum mer and win ter are
quite vari able, with win ter changes on the or der of up to 60 cm
ver ti cally, and 40-50 cm ver ti cally dur ing the sum mer.

Sim i lar to OG1 and OG2, the pro file at OG3 un der went ac -
cre tion from 2001-2002, fol lowed by ero sion to near 2001 con -
di tions in 2003 (Fig ure 149).  Ad di tional ero sion oc curred in
2004, with sub stan tial berm loss in 2005 and 2006.  2007 saw
slight berm re cov ery, though the dune ap pears to have been
eroded and the pro file low ered in the off shore.  Sea sonal data
show typ i cal win ter vs. sum mer pro file shapes (Fig ure 150),
with an in flec tion point at 110 m off shore.  The cal cu lated stan -
dard de vi a tion data show sum mer berm vari abil ity up to about 40 
cm, con cen trated at about the 60 m mark (Fig ure 146c).  Win ter
data show vari abil ity of 30 cm or less.

Un like the oth ers, OG4 dem on strated very sim i lar pro files
be tween 2001-2002, with only slight ac cre tion at the berm at the
40 m mark in 2002 (Fig ure 151).  No data were avail able from
2003.  In 2004, the pro file eroded at the berm and up per por tions, 
but stayed the same far ther off shore.  2005 saw ad di tional berm
low er ing and the en tire pro file's el e va tion low ered.  The dune
and berm con tin ued to re cede in 2006.  In 2007, the dune low ered 
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Fig ure 143.  Ogunquit Beach has 4 mea sured beach pro files, OG1-OG4.  The start ing marks for the pro files have not been sur veyed
by MGS as of April 2007.  The 4 pro files have been ap prox i mately lo cated on the fig ure.



fur ther, though a small berm de vel oped at about 20 m from the
pin.  Ero sion con tin ued far ther off shore on the pro file.  Sea sonal
data (Fig ure 152) show a slightly more prom i nent sum mer
berm, with more sed i ment off shore in the win ter.  The high est
vari abil ity was in the berm, which fluc tu ated dur ing the sum mer
up to 60 cm, at about the 40-50 m mark.  Win ter vari abil ity was
about 20 cm along the en tire pro file (Fig ure 146d).

The beach pro files at Ogunquit in di cate that the beach is
un der go ing ero sion dur ing the time pe riod that data were col -
lected.  Sig nif i cant ero sion seems to ac com pany larger storm
events, like the May 2005 north east ers and the Pa tri ots' Day
Storm of 2007.  Pro files also ap pear to un dergo ex pected sea -
sonal changes – with sum mer berm de vel op ment (al beit highly
vari able), and win ter off shore sed i ment stor age.
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Fig ure 144.  Mean an nual pro files at OG1, aside from some ac cre tion in 2001-2002, showed a con sis tent ero sive trend through 2006.
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Fig ure 145.  Sea sonal pro file data at OG1 ex hibit a typ i cal sum mer vs. win ter beach pro file shape.

Fig ure 146.  (a) Stan dard de vi a tion data for OG1 show that sum mer berm vari abil ity is great, while the win ter pro files do not fluc tu ate 
as much.  (b) Data at OG2 in di cate that both sum mer and win ter pro files have a large amount of vari abil ity, es pe cially in the berm
area.  (c) Data in di cate that the beach at OG3 un der goes larger fluc tu a tions dur ing the sum mer (in the berm area) than the win ter.  (d)
At OG4, stan dard de vi a tion data show that the sum mer pro file shape is highly vari able, while the win ter shape is much more sta ble
and con sis tent.
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Fig ure 147.  Mean an nual pro files at OG2 show that the pro file was at its most accretive shape in 2002, and gen er ally, has been ero -
sive through 2006, with slight ac cre tion in 2007.

Fig ure 148.  Sea sonal mean data show that OG2 does not un dergo marked changes be tween the sum mer and win ter.
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Fig ure 149.  Sim i lar to OG2, the mean an nual data at OG3 ex hibit the most sea ward pro file in 2002, with con sis tent ero sion through
2006, and some ac cre tion in 2007.

Fig ure 150.  Sea sonal pro file data at OG3 show a typ i cal win ter vs. sum mer pro file dif fer ence.
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Fig ure 151.  Mean an nual data for OG4 show con tin ued ero sion through 2006, with slight ac cre tion in 2007 at the up per por tion of the 
pro file.

Fig ure 152.  Sea sonal mean pro file data for OG4 dem on strate tra di tional win ter vs. sum mer pro file shapes.



Long Sands Beach, York

Back ground ge ol ogy and char ac ter is tics

Long Sands Beach in York is an ap prox i mately 2.2 km long 
stretch of fring ing beach gen er ally ori ented south west-north -
east.  It is bounded by bed rock of Cape Neddick to the north, and
Cow Beach Point to the south.  Long Sands Beach is heavily ar -
mored with a seawall along its en tire stretch.  There are lit tle to
no nat u ral sand dunes along the beach.  Hor i zon tal shore line
change along the beach is dif fi cult to de tect due to the pres ence
of sea walls.

Long Sands Beach has 4 mea sured beach pro files,
LS1-LS4, all lo cated on park ing signs built into the seawall.  LS1 
is lo cated east of Ocean side Av e nue, while LS2 is lo cated mid -
way be tween Ju ni per Road and Bea con Street.  LS3 is lo cated
along Long Beach Av e nue just south of Mitch ell Road, and LS4
is lo cated along Long Beach be tween Tralee and Din gle Roads
(Fig ure 153).  All start ing points were sur veyed by MGS in
2005.

An nual and sea sonal beach pro file changes

At Long Sands Beach, all pro files start from a seawall.  The
data avail able at LS1 were from 2001-2002, and 2005-2007.  It
ap pears that a dif fer ent start ing point was used at LS1 for
2001-2002 data col lec tion, and data from 2003-2004 were not
en tered into the on line da ta base (Fig ure 154).  From 2001-2002,
LS1 ex pe ri enced slight low er ing ad ja cent to the seawall, but
berm growth at about the 30 m mark.  From 2005-2006, the up -
per por tion of the pro file (from about 70 m from the mark land -
ward, or about an el e va tion of 0.6 m NAVD) un der went slight
re ces sion and scarp ing ad ja cent to the wall.  Dur ing the same
time, sea ward of the 70 m mark, the beach accreted.  In 2007, the
up per por tion of the pro file, from about 100 m from the mark
land ward, accreted back to a 2005 po si tion, while sea ward of
100 m, some ero sion oc curred.  Sea sonal data (Fig ure 155) show 
that the win ter pro file had much more sed i ment than the sum mer
pro file; this may be due to skew ing of data since two dif fer ent
start ing benchmarks were used (i.e., 2001-2002, and
2005-2007).  The stan dard de vi a tion data (Fig ure 156a) show
that both sum mer and win ter pro files un dergo about the same
amount of vari a tion, on the or der of 20-30 cm, along the en tire
length of the pro file.

At LS2, data were only avail able from 2005-2007.  Dur ing
this pe riod, the pro file ap pears to have un der gone con sis tent ac -
cre tion along its en tire length (Fig ure 157).  Sea sonal data show
lit tle prom i nent sum mer berm de vel op ment (Fig ure 158),
though there ap pears to be a slightly larger vol ume of sed i ment
on the up per por tion of the pro file (within 20 m of the mark) dur -
ing the sum mer.  Stan dard de vi a tion data (Fig ure 156b) in di cate
sim i lar vari abil ity (20-30 cm) be tween sum mer and win ter
(slightly higher in sum mer) along the en tire pro file.

LS3 dem on strates a marked break in slope for all pro files at 
the 40 m from the pin mark, at an el e va tion around 1 m NAVD
(Fig ure 159).  This may mark the base of the seawall or an un -
der ly ing sub strate that is dif fi cult to erode, or for sed i ment that is
try ing to mi grate on shore to move past.  From 2005-2006, slight
ac cre tion oc curred at the top of the pro file, while sea ward of the
40 m mark, the beach deep ened about 30 cm un til the 90 m mark,
where the 2006 and 2005 pro files be came quite sim i lar again.  In
2007, ac cre tion oc curred, with the beach sea ward of the 40 m
mark gain ing ap prox i mately 50 cm in el e va tion be tween
2006-2007.  Sea son ally, LS3 ex hib its a more var ied sum mer pro -
file in terms of to pog ra phy along the up per por tion of the pro file,
and a greater vol ume of sed i ment start ing at the 40 m mark (Fig -
ure 160).  The stan dard de vi a tion data (Fig ure 156c) in di cate
that the pro file un der goes more vari abil ity dur ing the win ter, es -
pe cially be tween the 40-95 m area, rang ing from about 40-50 cm
ver ti cally.  The sum mer pro file var ies only by about 20 cm un til
off shore (at 90 m), where vari abil ity ap proaches that of the win -
ter pro file.  This sea son able dif fer ence is likely due to dif fer ent
in com ing wave di rec tions and the interannual vari abil ity in sand
bar lo ca tions.

At LS4, data were avail able from 2002, and 2004-2007. 
Like LS3, the up per por tions of the pro file are quite sim i lar un til
a marked in flec tion point at around the 20 m mark (el e va tion be -
tween 0 and 1 m NAVD); again, this may mark a hard bot tom,
base of seawall, or some less erodable un der ly ing sur face (Fig -
ure 161).  From 2002-2004, the en tire pro file gained el e va tion,
with the most no ta ble changes sea ward of the 20 m mark.  Lit tle
change oc curred from 2004-2005, and ap par ently the pro file
eroded slightly be tween 2005-2006.  In 2007, ac cre tion added
sed i ment to the pro file sea ward of the 20 m mark.  The sum mer
mean pro file ex hib its a greater con cen tra tion of sand along the
pro file from about the 20 m mark sea ward (Fig ure 162).  There
is more vari abil ity in the win ter pro file at around the 10 m mark
(about 30 cm ver ti cally), though the stan dard de vi a tions of the
sum mer and win ter pro files stay sim i lar sea ward of this, with
around 20 cm of ver ti cal vari abil ity (Fig ure 156d).

The beaches at Long Sands Beach gen er ally ap pear to be
sta ble to accretional.  The pro files are gen er ally flat, with lit tle
prom i nent berm fea tures.  This may be caused by the large
seawall that fronts the en tire beach – which pre cludes land ward
mi gra tion of the beach and dune sys tem.  Since many high tides
reach the seawall (it is a reg u larly “ac tive” struc ture re flect ing
waves back sea ward across the pro file) a solid “four-sea son
berm” does not have the chance to de velop along this type of
beach.  The lim ited amount of sed i ment within this beach sys tem
means that sea sonal vari a tion – sum mer beach and win ter bar
for ma tion – is im per a tive for the beach to main tain it self.  If sig -
nif i cant sed i ment is lost off shore, the low ered pro file may not
fully re cover.
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Fig ure 153.  Long Sands Beach has 4 mea sured beach pro files, LS1-LS4, all lo cated on park ing signs built into the seawall.  LS1 is lo -
cated east of Ocean side Av e nue, while LS2 is lo cated mid way be tween Ju ni per Road and Bea con Street.  LS3 is lo cated along Long
Beach Av e nue just south of Mitch ell Road, and LS4 is lo cated along Long Beach be tween Tralee and Din gle Roads.
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Fig ure 154.  An nual mean pro files at LS1 ap pear to have been col lected from 2 dif fer ent start ing points.  From 2001 to 2002 LS1 lost
some sand near the seawall, but there was also sig nif i cant berm growth.  Slight ero sion near the seawall took place from 2005 to 2006. 
From 2006 to 2007 the pro file near the seawall gained sand at the ex pense of the lower profile.

Fig ure 155.  Sea sonal pro file means at LS1 show more sand on the win ter pro file than the sum mer, even near the seawall, but this may 
be an ar ti fact of two pro file start ing points. The en ve lope of pro file vari a tion is about a me ter in both win ter and summer.
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Fig ure 156.  At LS1 (a) stan dard de vi a tion data show more sum mer vari abil ity in sand el e va tion against the seawall than in the win ter.  
Most of the pro file has 0.2 to 0.3 m of vari a tion in both sum mer and win ter.  At LS2 (b) stan dard de vi a tions are sim i lar in sum mer and
win ter with slightly higher vari abil ity in sum mer.  At LS3 (c) win ter vari abil ity is sig nif i cantly higher than in sum mer.  At LS4 (d) the
up per pro file has more vari abil ity near shore while the rest of the pro file is similar between the seasons.

Fig ure 157.  An nual mean pro files at LS2 show ac cre tion from 2005 to 2007.  From 2005 to 2006 the larg est gain was on the lower
pro file, but by 2007 the up per pro file showed a gain of about 0.2 m.
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Fig ure 158.  Sea sonal data at LS2 show win ter and sum mer pro file po si tions are very sim i lar.  The en ve lope of pro file el e va tions
shows a greater range in sum mer than in win ter.  There is lit tle in di ca tion of sum mer berm formation.

Fig ure 159.  An nual mean pro files at LS3 show vari abil ity only on the lower pro file.  Sand was lost from 2005 to 2006 on the lower
pro file, but it ver ti cally gained 0.5 to 1 m of sand in 2007.
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Fig ure 160.  Sea sonal pro file means at LS3 are not as sim i lar as they are at LS2.  Closer to the base of slope, the sum mer mean is
higher than off shore where the win ter mean is higher.  This cross over be tween sea sons is ex pected as sand shifts off shore in the win ter
months.  The win ter en velope is con sid er ably larger than the sum mer en ve lope and sug gests sand bars on the lower pro file may be at
dif fer ent lo ca tions over several winters.

Fig ure 161.  An nual mean pro files at LS4 show the lower pro file build ing up over a pe riod of 5 years.  This rise in the beach el e va tion
oc curred mostly be tween 2002 and 2004 and less change has taken place in re cent years.
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Fig ure 162.  Sea sonal pro file means at LS4 show typ i cal on shore move ment of sum mer sand near the base of the steep slope.  Vari -
abil ity in the en ve lope of win ter pro files is greater than in sum mer and prob a bly due to the higher waves in winter.



Dis cus sion of Data Lim i ta tions and Rec om men da tions

This first edi tion of the State of Maine's Beaches re port is
meant to pro vide a gen eral qual i ta tive de scrip tion of the changes
ob served at each pro file lo ca tion for beaches involved in the
SMBPP mon i tor ing pro gram.  The data col lected by vol un teers
en able the for ma tion of a con tig u ous tem po ral dataset that is vi -
tal to track ing lon ger-term changes along Maine beaches.

The Em ery Method is con sid ered to be a fast, rel a tively ac -
cu rate, sim ple method for col lect ing top o graphic data.  The pri -
mary ad van tage of the method is that it can be used to com pare
changes in a par tic u lar lo ca tion over time through re peated sur -
veys.  Its lim i ta tions in clude ver ti cal and hor i zon tal in ac cu ra cies
from the sim ple equip ment, vari able sharp ness of the ho ri zon,
and hu man er ror in po si tion ing the equip ment or even in re cord -
ing val ues.  Ver ti cally, the method is an ap prox i ma tion of true
slopes be cause the ho ri zon is used as a “level” even though there
is cur va ture to the Earth's sur face.  This lat ter er ror is not es pe -
cially im por tant for re pro duc ing sur vey lines for com par i son
over time.  Some of these er rors are ap par ent in the datasets.  For
ex am ple, many pro files saw a sub stan tial in crease in the stan -
dard de vi a tion val ues as one pro ceeds far ther from the start ing
point.  This is not likely from more nat u ral vari abil ity in the off -
shore, but likely is due to pro fil ing er ror; that is, as a pro fil ing
team moves far ther from a start ing point, it is much more dif fi -
cult to stay on the ex act same line of the pre vi ous month's pro file.  
This in creases the er ror as so ci ated with the Em ery method of
pro fil ing as one sur veys far ther sea ward.

We rec om mend that a sub stan tial ef fort be placed upon up -
dat ing the on line da ta base with miss ing beach pro file data, since
some beaches (Wil lard Beach for ex am ple) was miss ing con sid -
er able amounts of data, even though data have been col lected
through 2007, which pre cluded anal y sis.

We also rec om mend that all pro files be gin at a back stake,
lo cated far ther in the back dune, be hind the fron tal dune crest, or
be hind a seawall (not on the wall) when ever pos si ble.  Pro file lo -
ca tions that had mul ti ple start ing points were very dif fi cult to
work with in terms of de ter min ing which start ing point was used, 
if it was a new front stake or back stake, etc.  

We rec om mend that all start ing lo ca tions be ac cu rately sur -
veyed with the MGS RTK-GPS so that ex act lo ca tion (with ac cu -
rate x, y, z earth co or di nates) can be de ter mined.  This should be
com pleted in sum mer 2007.  New back stake lo ca tions may be
set dur ing this field ef fort.

Fu ture of the pro gram and fu ture re ports

The Maine Geo log i cal Sur vey will be com ple ment ing the
SMBPP data with along shore sur veys of the sea ward edge of
dune veg e ta tion.  We will also be add ing nearshore sur veys that
ex tend pro file lines into the off shore in or der to cre ate a con tig u -
ous beach pro file that ex tends well into the surf zone.

Fu ture re ports will be is sued in con junc tion with the Maine
Beaches Con fer ence, and will in clude anal y sis of changes ob -
served since the last re port.  

We would like to thank all of the vol un teers that make this
pro gram pos si ble; with out your in ter est and ded i ca tion, this data
col lec tion ef fort would be im pos si ble and much less would be
known about the be hav ior and trends on Maine's most pop u lar
rec re ational beaches.

Please check the Maine Geo log i cal Sur vey website for ad -
di tional elec tronic cop ies or newer edi tions of this re port.
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Ap pen dix A:  Gen er al ized Wave Con di tions by Sea son

This Ap pen dix pro vides a short sum mary of the hy dro dy -
namic con di tions that were pres ent dur ing the win ter, sum mer,
and fall months of each year that beach pro files were col lected
(from 1999-2007).  Here, sum mer months are de fined as May
through Au gust, fall months are Sep tem ber to De cem ber, and
win ter months are de fined as Jan u ary through April.  

Data were avail able from the Na tional Data Buoy Cen ter
(NDBC) Sta tion 44007, which is sit u ated 12 NM south east of
Port land, ME.  Where gaps in data ex isted, the Gulf of Maine
Ocean Ob serv ing Sys tem (GoMOOS) Buoy C02 (Casco Bay)
was used.  The data pro vided was the mean sig nif i cant wave
height, which is the av er age of the high est 1/3 of waves re corded
over a cer tain time pe riod (1 hour).

Fig ure A1 shows av er aged mean sig nif i cant wave height
data for the time pe riod of 1999-2007.  Typ i cal wave heights in
the Gulf of Maine fol low a sea sonal trend; the high est waves are
gen er ally re corded dur ing the win ter months, as so ci ated with
more prev a lent and pow er ful north east storms, which cre ate
larger, ero sive waves.  Sum mer months are typ i cally calm, with
dom i nant south west winds, and wave heights are gen er ally
around 0.7 m.  In the fall, mean wave heights in crease to around 1 
m, mostly due to the in flu ence from waves gen er ated by trop i cal
cy clones and early sea son north east storms.

For each year that has com plete yearly data (1999-2006), a
fig ure is pro vided show ing over all sig nif i cant wave height data
over the course of the en tire year (Fig ures A2-A9).  In these fig -
ures, thick black lines di vide the yearly data into 3 sea sons - win -
ter, sum mer, and fall.  Note that a yearly fig ure was not pro duced
for 2007, since data were only an a lyzed through the win ter of
2007.  For each in di vid ual year, ad di tional fig ures are pro vided
that show sig nif i cant wave height data for the win ter, sum mer,
and fall months (Fig ures A10-A34).  Data are dis cussed in terms
of sea son al ity for each year.

Win ter, 1999

The mean wave height for win ter 1999 was 1.14 m, with a
max i mum of 5.58 m be ing re corded dur ing a storm in the third
week of March.  Jan u ary in cluded many events where waves ex -
ceeded 2 m, with 2 storm events ex ceed ing 4 m.  58% of waves
were equal to or greater than 1 m in Jan u ary, with over 17% ex -
ceed ing 2 m.  Feb ru ary was char ac ter ized by 2 large events, one
in the first week that ex ceeded 4 m, and a sec ond at the end of the
month that ex ceeded 5 m.  The rest of the month was rel a tively
quiet.  March had a very ac tive first sev eral weeks with 4
back-to-back storms ex ceed ing 3 m, with 2 of these reach ing

over 4 m (and one reach ing 5 m).  The larg est waves of win ter
were re corded in the 3rd week of March, with wave heights
reach ing over 5.5 m.  Waves dropped to gen er ally be low the
1-1.5 m mark in April, as only 8.5% of re corded waves ex ceeded
1 m (Fig ure A10).

Sum mer, 1999

Mean wave height for sum mer was 0.68 m, with a max i -
mum wave height of 2.45 m, reached in the last week of May. 
May was char ac ter ized by 2 events that ex ceeded 1.5 m, and only 
20% of waves ex ceeded 1 m.  June was rel a tively quiet, with no
waves re corded over 2 m, though one event ap proached 2 m at
the end of the month.  July had waves less than 1.5 m through its
en tirety, with only 6.3% of waves ex ceed ing 1 m.  Au gust had a
string of smaller events with waves less than 1.5 m, though one
event at the end of the month ex ceeded 1.5 m and ap proached
2 m, though none ex ceeded 2 m (Fig ure A11).

Fall, 1999

The mean wave height for fall was 1 m, with a max i mum of
3.87 m reached in early No vem ber.  Sep tem ber in cluded a calm
start, but had 3 events in the sec ond half of the month that ex -
ceeded 2.5 m.  Oc to ber was ac tive, with nu mer ous smaller events 
in the 1-2 m range, and 2 events ex ceed ing 2.5 m.  No vem ber was 
more ac tive, with about 46% of waves be ing larger than or equal
to 1 m.  The larg est event of fall oc curred in early No vem ber,
with waves ex ceed ing 3.5 m.  To wards the end of the month, a se -
ries of storms reached near 3.5 m and con tin ued into De cem ber. 
De cem ber in cluded 4 events that ex ceeded 2.5 m, with 2 of these
ex ceed ing 3 m (Fig ure A12).

Win ter, 2000

The mean wave height for win ter was 1.13 m, with a max i -
mum wave height of 4.97 m achieved in Jan u ary.  Jan u ary was
char ac ter ized by 4 events that ex ceeded 2 m, three of these ex -
ceeded 3 m, and 2 ex ceeded 4 m, in clud ing the max i mum wave
height which was re corded on Jan u ary 11.  Feb ru ary was gen er -
ally calmer in terms of max i mum wave heights, but 46% of re -
corded waves were greater than or equal to 1 m.  3 events
ex ceeded 2.5 m, with a max i mum of 2.75 m re corded on Feb ru -
ary 20.  The first half of March was gen er ally calm, with wave
heights be low 1.5 m; how ever, wave ac tiv ity in creased in the
sec ond half of the month, with nu mer ous events at or above 2 m,
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though only one event ex ceeded 3 m (3.78) to wards the end of
the month.  April was very ac tive, with 50% of waves ex ceed ing
1 m.  The larg est event (reach ing 4 m) oc curred on April 10,
while a lon ger du ra tion event, with waves greater than 2 m, oc -
curred from April 19-April 23 (Fig ure A13).

Sum mer, 2000

The mean wave height for sum mer was 0.76 m, with a max -
i mum of 2.92 from early June.  May marked a much lower over -
all wave cli mate than April, with only 22% of waves be ing
greater than 1 m.  Three events ex ceeded 2 m, in clud ing the max -
i mum wave height of 2.38 m on 5/19.  June was char ac ter ized by
typ i cal sum mer con di tions, with the ma jor ity of waves less than
1 m, aside from a large, near 3 m event that oc curred around 6/8. 
July was sim i lar to June, with only 1 event ex ceed ing 2 m on
7/16.  Au gust was a rel a tively calm month, with only 15% of
waves ex ceed ing 1 m.  The larg est event oc curred on 8/24, with
waves reach ing 2 m, though a lon ger du ra tion event (only reach -
ing 1.5 m) oc curred 8/13-8/17 (Fig ure A14).

Fall, 2000

The fall of 2000 had a mean wave height of 0.83 m, with a
max i mum re corded wave height of 4.47 m in De cem ber.  Sep -
tem ber was a calm month, with only near 19% of waves reach ing 
or ex ceed ing 1 m in height.  The larg est waves, near 2 m, were re -
corded to wards the end of the month.  Oc to ber had the high est
waves at the start of the month, with 4 events reach ing or ex ceed -
ing 2 m by 10/7.  The lat ter por tions of the month were gen er ally
calm.  No vem ber was char ac ter ized by 2 larger events oc cur ring
at the be gin ning and end of the month.  The first event had waves
near 2.5 m, while the sec ond, larger event, oc curred from
11/26-11/29, with peak waves of 3.66 m re corded on 11/28.  De -
cem ber 2000 was rel a tively calm at the start of the month, with 4
events oc cur ring from the mid dle of the month to the end that ex -
ceeded 2 m.  The 2 larg est events oc curred at the mid dle of the
month (reach ing over 4 m), while at the end of the month, waves
reached near 5 m (Fig ure A15).

Win ter, 2001

Mean wave height was 0.98 m, with a max i mum of 6.69 m
reached in March.  Jan u ary was rel a tively calm.  Though over
23% of waves ex ceeded 1 m, only 0.1% ex ceeded 2 m.  Feb ru ary
was char ac ter ized by a large event, with waves ex ceed ing 4.5 m,
in the first week of the month (2/6), and 5 events had waves
greater than 2 m, with 2 events hav ing waves greater than 3 m. 
March was very ac tive, with over 18% of waves re corded ex -
ceed ing 2 m, and 12% ex ceed ing 3 m.  Some of the larg est waves
of the year were re corded in the be gin ning of the month dur ing a
long du ra tion (waves greater than 2 m from 3/6-3/9) event, with
waves reach ing near 6 m.  The end of the month had the larg est
waves, with waves ex ceed ing 6 m on 3/23, and a sec ond event

reach ing 5 m on 3/31 and into April.  April was calmer, with the
larg est event con tin u ing from the end of March storm, with
waves in the 5 m range. Only 1 ad di tional event ex ceeded 2 m
near 4/13, while re main der av er aged be low 1.5 m (Fig ure A16).

Sum mer, 2001

Mean wave height was 0.69 m, with a max i mum of 2.39 m
oc cur ring in May.  May only had 1 event ex ceed ing 2 m near
5/18, with about 80% of waves re corded be ing be low 1 m in
height.  June was very calm, with only 7% of waves re corded ex -
ceed ing 1 m in height.  The larg est event oc curred early in the
month, with waves ex ceed ing 2 m on 6/3.  July was also very
calm, with less than 5% of waves only ex ceed ing 1 m.  All events
were be low 1.5 m in height.  Au gust was a bit more ac tive, with
an event at the be gin ning of the month that ex ceeded 2 m, and a
smaller event ex ceed ing 1.5 m to wards the end of the month
(Fig ure A17).

Fall, 2001

Mean wave height was 0.92 m, with a max i mum of 2.63 m
re corded in Oc to ber.  Sep tem ber marked the start of ac tive hur ri -
cane swell, with al most 32% of waves ex ceed ing the 1 m mark. 
Waves reached 2.5 m on 1 oc ca sion, near 9/20.  Oc to ber was a
very ac tive month, with 40% of waves reach ing or ex ceed ing 1
m.  The larg est event was at the be gin ning of the month, with
waves ex ceed ing 2.5 m, while a sec ond, lon ger du ra tion event
(10/13-10/16) ex ceeded 1 m for its du ra tion, and reached near
2.5 m on 10/15.  A num ber of smaller events neared 2 m dur ing
the sec ond half of the month.  No vem ber was char ac ter ized by
smaller events reach ing be tween 1.5-2 m in the first half of the
month, and a lon ger du ra tion event 11/25-11/30 (waves be tween
1.5-2.5 m, with a peak near 11/28).  De cem ber be gan with the
end ing of a storm left over from No vem ber, with waves touch ing 
near 2 m.  The larg est event oc curred near Christ mas, with waves 
reach ing near 2.25 m, and stay ing gen er ally at or greater than 1 m 
through 12/31 (Fig ure A18).  

Win ter, 2002

The mean wave height was 1.06 m, with a max i mum of
3.95 m reached in March.  Jan u ary had 2 events that ex ceeded
2 m in height, and about 1/3 of waves re corded ex ceeded 1 m in
height.  The larger events were near 1/7 and on 1/24.  Feb ru ary
was much more ac tive than Jan u ary, with over 53% of waves re -
corded ex ceed ing the 1m mark.  The first part of the month was
gen er ally calm, with waves < 1.5 m.  The larg est event oc curred
from 2/11-2/14, with waves ex ceed ing 3 m.  6 events ex ceeded
2 m, mostly in the sec ond half of the month.  March was an other
ac tive month, with 51% of waves ex ceed ing 1 m, and 10% ex -
ceed ing 2 m.  The 2 larg est of these oc curred at the be gin ning
(3/4, max i mum over 3.5 m), and at the end of the month (3/27,
ap proach ing 4 m in height), with 5 to tal events ex ceed ing the 2 m 
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mark.  April was a bit calmer, with larger events ex ceed ing the
2 m mark.  44% of waves were above the 1 m mark.  The larg est
event oc curred at the end of the month, with waves ex ceed ing
2.5 m near 4/29-4/30 (Fig ure A19).

Sum mer, 2002

The mean wave height was 0.77 m, with a max i mum of
4.87 m in May.  May was gen er ally dom i nated by smaller,
1-1.5 m, events, with about 28% of waves ex ceed ing 1 m in
height.  The larg est event oc curred be tween 5/14-5/16 (above
1m), with peak waves near 4.9 m on 5/14.  June was rel a tively ac -
tive, with 32% of waves greater than 1 m in height.  5 events ex -
ceeded 1.5 m, with 2 events reach ing or ex ceed ing 2 m.  The
larg est oc curred on 6/16-6/17, with waves reach ing about 4.5 m.  
July was more typ i cal of sum mer con di tions, with around 9% of
waves only ex ceed ing 1 m in height.  The larg est event oc curred
be tween 7/22-7/23, with waves reach ing 1.5 m.  Au gust was a
very calm month, with more than 95% of waves re corded be ing
less than 1 m in height, and no waves ex ceed ing 2 m (Fig ure
A20).

Fall, 2002

The mean wave height was 1.05 m, with a peak of 5.87 m
reached in No vem ber.  Sep tem ber was rel a tively calm, with only
22% of waves ex ceed ing 1m in height.  4 events reached or ex -
ceeded 1.5 m, but none ex ceeded 2 m.  Oc to ber was much more
ac tive, with over 41% of waves ex ceed ing 1m, and 17% ex ceed -
ing 2 m.  The lon gest du ra tion event oc curred from 10/12-10/20,
with sev eral wave events ex ceed ing 1 m the en tire time, and
reach ing a peak of 5.7 m on 10/17 (3 sep a rate events reached 3 m
or more).  An other event oc curred later in the month, around
10/27, that reached 3 m as well.  No vem ber was an other ac tive
month, de fined by 2 very large storm events, both of which oc -
curred in the first half of the month.  The first, which peaked at
over 5 m, oc curred be tween 11/7-11/10 (all greater than 1 m),
and the sec ond be tween 11/16-11/19, with a peak on 11/18 near
6 m, which was the larg est event of the year.  De cem ber con tin -
ued the ac tive fall/early win ter pat tern, with 48% of waves re -
corded over 1 m, and over 10% greater than 2 m.  6 events
ex ceeded 2 me ters, with the larg est to wards the end of the month, 
with waves reach ing over 4 m near 12/26.  The lon gest du ra tion
event with waves greater than 1 m oc curred be tween
12/11-12/16, with waves reach ing be tween 3 and 3.5 m (Fig ure
A21).  

Win ter, 2003

The mean wave height was 1.11 m, with a max i mum of
6.15 m in Jan u ary.  Aside from this large event, with waves
greater than 2 m from 1/4-1/5 and peak ing at over 6 m on 1/5, the
month was gen er ally calm, with wave heights gen er ally at or less 
than 1.5 m.  The first half of Feb ru ary was calm, though 1 event

tops 2 m.  The re main der of the month in cludes 2 ad di tional
events that ex ceed 2 m, with the larg est reach ing 4 m and be ing of 
lon ger du ra tion (2/18-2/21 above 2 m).  March had a higher per -
cent age (46%) of waves over 1 m, with many events be tween
2-3 m, es pe cially in the be gin ning of the month.  The lat ter half of 
the month in cluded 2 events that reached 2 m, and sev eral
smaller 1-2 m events.  April had a very high per cent age of waves
that ex ceeded 1 m (68%), but very few large wave events.  Many
of the events had lower waves (1-2 m) of lon ger du ra tion.  2 lon -
ger du ra tion events where waves were greater than 1.5 m were
from 4/9-4/14, and 4/20-4/24 (with a peak at 2.5 m). A third,
shorter du ra tion event reached over 2.5 m on 4/28 (Fig ure A22).

Sum mer, 2003

The mean wave height was 0.74 m, with a max i mum of
2.56 m.  May marked a dis tinct tran si tion from the win ter
months, with only 26% of waves ex ceed ing 1 m, and only 1.5%
ex ceed ing 2 m.  It was com prised of 3 smaller events be tween
1-1.5 m for the first half of the month, lower waves for the sec -
ond half, ex cept for a larger event that reached 2.5 m on 5/25 dur -
ing a 5/24-5/27 event.  June was even calmer, with only 11 % of
waves ex ceed ing 1 m, and none ex ceed ing 2 m.  July was rel a -
tively calm as well, with only 4 events ex ceed ing 1 m, and none
of these ex ceed ing 2 m.  Au gust was just as calm, with rel a tively
the same amount of wave ac tiv ity, ex cept only 9% of waves ex -
ceed ing the 1 m mark (Fig ure A23).

Fall, 2003

The mean wave height was 1.05 m, with a max i mum of
7.09 m re corded in De cem ber.  About 43% of waves in Sep tem -
ber were above 1 m.  It ex hib ited sev eral lower wave height
(1-2 m)-lon ger du ra tion swells in the be gin ning of the month. 
The sec ond half of the month was punc tu ated by 3 higher wave
height events, with the larg est be ing on 9/29-9/31, peak ing at
around 3.5 m.  Oc to ber was more ac tive than Sep tem ber, with
50% of waves above 1 m, and around 9% of these above 2 m.  3
events (10/1, 10/5, and 10/15) ex ceeded 3 m, with 1 event reach -
ing over 4 m on 10/15-10/16.  No vem ber was slightly less ac tive, 
with the ma jor ity of waves in the first half of the month less than
1.5 m.  The sec ond half was char ac ter ized by 3 events, the sec ond 
of which was a long du ra tion event (11/20-11/25) with wave
heights greater than 1.5 m and peak ing at near 3 m.  The third
event on 11/30 had the larg est waves, with a peak near 3.5 m. 
De cem ber was very ac tive in terms of larger waves, with al most
14% of waves ex ceed ing 2 m, and 5% ex ceed ing 3 m.  The larg -
est waves of the year were re corded in De cem ber.  The larg est
event oc curred 12/6-12/7, with waves peak ing at over 7 m be fore 
the NDBC buoy went off-line be tween 12/7-12/16.  An other
event oc curred on 12/18-12/19, with waves reach ing up wards of
5 m.  the rest of the month was much calmer, with an ad di tional
event reach ing near 2.25 m be tween 12/25-12/27 (Fig ure A24).
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Win ter, 2004

The mean wave height was 0.91 m, with a max i mum of
3.81 m.  Jan u ary was char ac ter ized by un usu ally low waves,
with only 10% ex ceed ing 1m, and no waves ex ceed ing 2 m in
height.  Feb ru ary was more typ i cal of win ter months, with sev -
eral events ex ceed ing 2 m, with the larg est be ing on 2/4 (over
3 m) and 2/22 (near 2.6 m).  March con tin ued a pe riod of win ter
wave ac tiv ity, with nearly 54% of waves greater than 1 m, and
10% greater than 2 m.  Sev eral long du ra tion events over 1 m oc -
curred dur ing March (be tween 3/9-3/13, peak on 3/12 of 3.8 m),
and 3/18-3/22 (peak near 2.5 m), and the rest of the month con -
sis tently greater than 1 m.  April was also quite con sis tent, with a
large event at the be gin ning of the month, peak ing with waves
near 4 m on 4/2-4/3.  The re main der of the month gen er ally ex -
hib ited lower over all waves on the or der of 1-2 m, with sev eral
events reach ing the 2-2.5 m mark on 4/15 (Fig ure A25).

Sum mer, 2004

The mean wave height was 0.73 m, with a max i mum of
2.11 m.  The sum mer months were rel a tively calm, with May be -
ing the most ac tive in terms of waves con sis tently over 1 m
(26%).  The ma jor ity of the ac tiv ity in May was in the sec ond
half of the month, with sev eral smaller events be tween 1-1.5 m. 
June was slightly more ac tive in terms of dis tinct events that ex -
ceeded 1 m, with four events, though none reached 2 m in size. 
Waves above 2 m were only re corded in July, ac count ing only for 
0.1% of that month's to tals.  This event, which oc curred on 7/15,
was a lon ger du ra tion event that lasted from 7/15-7/18 with
waves above 1 m.  Au gust was a rel a tively calm month, with an
ac tive be gin ning and mid dle, with the rest of the month quiet. 
Only 13% of waves were above 1 m in Au gust, and none were
above 2 m (Fig ure A26).

Fall, 2004

Mean was 1.10 m, with a max i mum of 5.06 m, larg est of the 
year.  Sep tem ber was gen er ally calm, with about 84% of waves
less than 1 m.  The larg est event, 9/9-9/11, just ex ceeded 2 m,
while a sec ond event at the end of the month reached 1.5 m.  Oc -
to ber was much more ac tive, with 55% of waves ex ceed ing 1 m,
and al most 12 % reach ing or ex ceed ing 2 m.  It is char ac ter ized
by 2 small and 1 ma jor events, with the large, long du ra tion event 
last ing from 10/21-10/30 (greater than 1 m, with 10/24-10/26
greater than 2 m and a peak of 4.3 m on 10/25).  No vem ber was
less ac tive on the whole, but reached a larger peak wave height. 
The first half had nu mer ous 1-2 m events, with the larg est of the
month, peak ing near 5 m, oc cur ring on 11/29.  De cem ber was an
ex tremely ac tive month, with 60% of waves ex ceed ing 1 m, and
15% ex ceed ing 2 m.  Seven events over 2 m were re corded, with
5 of these ex ceed ing 3 m, and 3 ex ceed ing 4 m.  The five larg est
events oc curred on 12/2 (4.3 m), 12/8 (4.8 m), 12/11 (3.5 m),

12/24 (4 m), and the larg est on 12/27-12/28, reach ing 4.8 m (Fig -
ure A27).

Note for 2005

Much of the wave data from the NDBC 44007 buoy were
miss ing due to a buoy mal func tion from 1/28-5/17.  In or der to
fill the data, MGS used avail able data from the GoMOOS Casco
Bay buoy (CO2) and West ern Maine Shelf buoy (B02) to fill the
data gaps.  BO2 data were used from 1/28-2/15, while CO2 data
were used from 2/15-5/17 due to an ad di tional gap in the CO2
data.

Win ter, 2005

The mean wave height was 1.22 m, with a peak of 4.79 m. 
Jan u ary was a very ac tive month, with 9 events hav ing waves
over 2 m, and 3 of these events with waves above 3 m.  Gen er ally, 
the larg est events were in the sec ond half of the month: 1/15,
1/17-1/18, and the larg est on 1/24-1/25, reach ing 3.4 m.  A lon -
ger du ra tion, lower wave height (1.5-2m) event oc curred from
1/27-1/29.  Al most 57% of the waves dur ing Feb ru ary were
greater than 1m, with about 21% greater than 2 m, mak ing for a
very ac tive win ter month.  The be gin ning of the month saw a
long du ra tion event from 2/3-2/9, with waves peak ing over 3 m
on 2/4-2/5.  Four ad di tional events re corded waves greater than
3 m,  in clud ing a short event on 2/11, 2/15, which reached max i -
mum wave height of 4.5 m, 2/19 (4 m), and 3.3 m on 2/22.  March 
con tin ued the ac tive win ter, with 5 events ex ceed ing 2 m, 2 of
these ex ceed ing 3 m in height.  The larg est event reached over
4.5 m around 3/13, with a smaller event around 3.5 m on 3/1. 
Two smaller events oc curred at the end of the month, with wave
heights reach ing 2.5 and 3 m re spec tively.  April was also very
ac tive, with al most 52% of re corded waves ex ceed ing 1 m and
al most 17% ex ceed ing 2 m.  April was dom i nated by 3 large
events, the larg est at the be gin ning of the month, peak ing at
4.5 m on 4/4.  Two ad di tional events oc curred, to 2.5 m on 4/25,
and to 3.5 m on 4/28 (Fig ure A28).

Sum mer, 2005

The mean wave height was 0.83 m, with a max i mum of
5.95 m, the larg est of the year.  May was an ab nor mally ac tive
month, char ac ter ized by two very large events.  The first took
place be tween 5/7-5/12, with a peak of near 4 m on 5/8, and
waves con sis tently greater than 2 m be tween 5/7-5/9.  The sec -
ond "event" oc curred as part of a se ries of north east storms
struck the coast dur ing the week of 5/25, with wave heights ap -
proach ing 6 m on 5/25, and stay ing above 3 m for 5/24-5/26. 
June was much less ac tive, more typ i cal of "sum mer" months. 
Only 16% of re corded waves were at or above the 1 m mark.  The
larg est event oc curred dur ing 6/14-6/17 (waves greater than
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1 m), with a peak of 2.27 m on 6/16.  July was also quite calm,
with less than 10% of waves above 1 m, with no events above 2
m.  Au gust con tin ued the sum mer calm, with even less per cent -
age of waves above 1 m.  The larg est event reached 1.7 m on 8/22 
(Fig ure A29).

Fall, 2005

The mean wave height was 1.03 m and the max i mum was
5.05 m.  Sep tem ber be gan with a large event reach ing 2.5 m, then 
re mained rel a tively calm (<1.5 m) un til the end of the month,
when a storm cre ated wave heights up to 2.85 m on 9/30.  Oc to -
ber started rel a tively calm, with only a short-term event reach ing
3 m on 10/9.  How ever, 21% of waves in Oc to ber were greater
than 2 m in height.  A long du ra tion event oc curred from
10/13-10/16 with wave heights greater than 2 m and a peak of
3.5 m.  This was fol lowed by 2 larger, shorter events, with waves
reach ing 3.8 m on 10/24, and up to 4.8 m on 10/26.  No vem ber
was also quite ac tive, with 4 events reach ing or ex ceed ing 2 m. 
The larg est event oc curred on 11/10, reach ing 3.71 m.  Two ad di -
tional events oc curred af ter this, ex ceed ing 2 m on 11/17-11/18,
and a lon ger du ra tion event from 11/23-11/25 that ex ceeded 3 m.  
De cem ber in cluded only 3 events that ex ceeded 2 m, with the
larg est event oc cur ring 12/16-12/17 and reach ing over 5 m in
height (Fig ure A30).

Win ter, 2006

The mean wave height was 0.99 m and the max i mum was
5.39 m, oc cur ring in Jan u ary.  Jan u ary was quite ac tive in terms
of the per cent age of waves that were at or greater than 1 m, with
over 46%.  How ever, only 3 events ex ceeded 2 m.  These oc -
curred on 1/5 with waves reach ing 3 m, 1/15 with waves near
2.4 m, and the larg est event on 1/19 with waves sur pass ing 5 m. 
The re main der of the month was gen er ally at or be low 1.5 m. 
Feb ru ary had sev eral large events oc cur at the be gin ning of the
month, with waves ex ceed ing 3 m on 2/1, and again do ing so on
2/4.  The next larger event oc curred on 2/13, and 2/18, which
both reached about 2.8 m.  The rest of the month was at or be low
1.5 m.  March was quite in ac tive for a win ter month, with only
20% of waves ex ceed ing 1 m, and only 4.5% ex ceed ing 2 m.  It is
marked by 2 large events, the first with a peak on 3/11 with
waves at 2.1 m, fol lowed by calm un til the stron gest storm of the
month occurred be tween 3/26-3/29, with waves peak ing over 3
m on 3/27.  April's larg est event, reach ing 3.7 m, oc curred at the
be gin ning of the month on 4/5-4/6.  This is the only event that
eas ily sur passed the 2 m mark.  Two ad di tional events on 4/25
and 4/27 reach the 2 m mark.  The re main der of the month is gen -
er ally calm (Fig ure A31).

Sum mer, 2006

The mean wave height for sum mer was 0.85 m, and the
larg est event oc curred in mid-May, with 3 events ex ceed ing 3 m
in May.  About 44% of waves were be low 1 m in May, with 42%
be tween 1 and 2 m; of the re main ing 14%, only about 1% was
greater than 3 m.  June had an ac tive start to the month, with an
event reach ing al most 3 m around June 10.  The re main der of
June, July, and Au gust were rel a tively quiet, with a mean value
of 0.70 m.  About 85% of the waves re corded dur ing this time
were less than or equal to 1 m in height (Fig ure A32). 

Fall, 2006

The mean wave height for fall was 1.01 m, with the larg est
waves re corded around Oc to ber 30-31, 2006, reach ing over 6 m
in height.  In Sep tem ber, 63% of the re corded waves were be low
1 m in height, with 35% be tween 1-2 m and only 2% ex ceed ing
2 m in height.   In Oc to ber, 65% of re corded waves were less than
1 m in height, with 25% be ing be tween 1-2 m, and about 10%
over the 2 m mark.  No vem ber was char ac ter ized by more wave
ac tiv ity, with only 46% of re corded waves be ing less than 1 m in
height (35% be tween 1-2 m, and 19% greater than 2 m in height).  
De cem ber was gen er ally calmer, with re corded waves not ex -
ceed ing 3 m (Fig ure A33).

Note for 2007

Data were down loaded the Gulf of Maine Ocean Ob serv -
ing Sys tem's Buoy C02 (Casco Bay) for Jan u ary 2007 to April
2007.  The NDBC Sta tion 44007 was dam aged dur ing the win ter
of 2007.  

Win ter, 2007

The win ter of 2007 had a mean wave height of 1.19 m. 
About 49% of waves re corded were less than or equal to 1 m in
height, with 36% be tween 1-2 m.  Of the re main ing 15%, about
4% of waves were greater than 3 m.   The month of Jan u ary had a
mean value just over 1 m, with 49% less than 1 m and 44% be -
tween 1-2 m.  2 events ex ceeded 3 m in height.  Feb ru ary saw a
rel a tively pow er ful, but short, storm that caused wave heights to
reach 6 m on 2/15.  56% of waves were be low 1 m, and 38% be -
tween 1-2 m.  March be gan with large waves, in ex cess of 6 m
from 3/2-3/4.  A sec ond storm hit be tween 3/17-3/18, with waves 
be tween 4-5 m.  The month of April was dom i nated by the "Pa tri -
ots' Day" storm, which bat tered many ar eas of the Maine coast -
line with large waves.  Dur ing this storm, wave heights reached
over 8 m around 4/17, and were above the 3 m mark from
4/16-4/19.  The lat ter part of the month was gen er ally calm (Fig -
ure A34).  
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Fig ure A1.  Mean sig nif i cant wave height data cal cu lated for the time pe riod of 1999-2007 for each month of the year.  Dur ing win ter
months, wave heights av er age around 1.1 m, while dur ing the sum mer, this drops to near 0.75 m.  In the fall, waves av er age around
1 m.  

Fig ure A2.  Sig nif i cant wave height data for 1999 re corded at NDBC Sta tion 44007.  Note the in creased fre quency of larger events
and higher wave heights that oc curred in the win ter as op posed to the fall and sum mer.
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Fig ure A3.  Sig nif i cant wave height data for 2000 re corded at NDBC Sta tion 44007.  There were sev eral large events in both the win -
ter and the fall, while the sum mer was mark edly calmer.

Fig ure A4.  Sig nif i cant wave height data for 2001 re corded at NDBC Sta tion 44007.  Larger wave events were con cen trated in the
win ter, with a gen er ally calm sum mer and fall.
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Fig ure A5.  Sig nif i cant wave height data for 2002 re corded at NDBC Sta tion 44007.  Un like the other years, the larg est events were
con cen trated in the fall and early sum mer.

Fig ure A6.  Sig nif i cant wave height data for 2003 re corded at NDBC Sta tion 44007.  The larg est events were con cen trated in the
early win ter and late fall, with a very calm sum mer.
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Fig ure A7.  Sig nif i cant wave height data for 2004 re corded at NDBC Sta tion 44007.  The larg est wave events were con cen trated in
the fall and mid-win ter, while sum mer was gen er ally calm.

Fig ure A8.  Sig nif i cant wave height data for 2005 re corded at NDBC Sta tion 44007 and GoMOOS Buoy C02 (Casco Bay).  2005 was
a very ac tive storm year, with nu mer ous large events in the win ter and fall, and a sig nif i cant event in the early sum mer (which re -
corded the larg est wave heights of the year).
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Fig ure A9.  Sig nif i cant wave height data for 2006 re corded at NDBC Sta tion 44007.  The larg est wave events oc curred in early win ter 
and mid-fall, with a slightly ac tive early sum mer.

Fig ure A10.  Sig nif i cant wave height data for the win ter of 1999.  There were six events where wave heights ex ceeded the 4 m mark.
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Fig ure A11.  Sig nif i cant wave height data for the sum mer of 1999.  Wave heights were gen er ally less than 1 m, with only one event
ex ceed ing the 2 m mark.

Fig ure A12.  Sig nif i cant wave height data for the fall of 1999.  Five events had wave heights that ex ceeded the 3 m mark.
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Fig ure A13.  Sig nif i cant wave height data for the win ter of 2000.  Three events had wave heights that met or ex ceeded the 4 m mark.

Fig ure A14.  Sig nif i cant wave height data for the sum mer of 2000.  Typ i cal with other sum mers, wave heights were gen er ally less
than 1 m, though sev eral events ex ceeded the 2 m mark.
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Fig ure A15.  Sig nif i cant wave height data for the fall of 2000.  Late fall had sev eral events that ex ceeded the 3 m mark.

Fig ure A16.  Sig nif i cant wave height data for the win ter of 2001.  Wave heights were gen er ally less than 2 m, and sev eral events in
Feb ru ary, March, and April ex ceeded the 4 m mark.
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Fig ure A17.  Sig nif i cant wave height data for the sum mer of 2001.  Three events (in May, June, and July) ex ceeded wave heights of
2 m.

Fig ure A18.  Sig nif i cant wave height data for the fall of 2001.  The mean value was near 0.92 m, and most events had waves that were
be low 2.5 m in height.
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Fig ure A19.  Sig nif i cant wave height data for the win ter of 2002.  Four events ex ceeded the 3 m mark, but over all wave heights were
above 1 m for over 50% of the time.  The larg est events oc curred in Feb ru ary, March, and April.

Fig ure A20.  Sig nif i cant wave height data for the sum mer of 2002.  Un sea son able large events, in ex cess of 4 m, oc curred in May and
June, with the re main der of the sum mer be ing rel a tively calm.
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Fig ure A21.  Sig nif i cant wave height data for the fall of 2002.  2002 had a very ac tive fall; there were sev eral large events that ex -
ceeded 5 m (in Oc to ber and No vem ber) that also ex ceeded the win ter 2002 storm events.

Fig ure A22.  Sig nif i cant wave height data for the win ter of 2003.  The win ter had a large event, with wave heights ex ceed ing 6 m, in
Jan u ary.  Other than an other event that ap proached 4 m in Feb ru ary, the win ter was oth er wise void of large wave events.
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Fig ure A23.  Sig nif i cant wave height data for the sum mer of 2003.  Only a sin gle event in May ex ceeded the 2 m wave height mark.

Fig ure A24.  Sig nif i cant wave height data for the fall of 2003.  The fall was char ac ter ized by six events ex ceed ing the 3 m mark, with
the larg est in De cem ber ex ceed ing the 7 m mark.
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Fig ure A25.  Sig nif i cant wave height data for the win ter of 2004.  Jan u ary was rel a tively calm, with larger events that ex ceeded 3 m
oc cur ring in Feb ru ary, March, and April.

Fig ure A26.  Sig nif i cant wave height data for the sum mer of 2004.  The sum mer months were rel a tively calm, with the larg est event
oc cur ring in July.



137

State of Maine's Beaches in 2007

Fig ure A27.  Sig nif i cant wave height data for the fall of 2004.  The be gin ning part of fall - through mid Oc to ber, was rel a tively calm. 
A large event oc curred in late Oc to ber, and sev eral large wave events that ex ceeded 4 m were re corded in De cem ber. 

Fig ure A28.  Sig nif i cant wave height data for the win ter of 2005.  Win ter 2005 was very ac tive, with nu mer ous storm events pro duc -
ing waves that ex ceeded the 3 m mark, the larg est of which oc curred in Feb ru ary, March, and April.
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Fig ure A29.  Sig nif i cant wave height data for the sum mer of 2005.  Sim i lar to the sum mer of 2002, two very large un sea son able
events pro duced waves that ex ceeded the 4 m mark in May.  The sec ond event was the re sult of a se ries of north east storms that bat -
tered the coast line for a pe riod of a week.  The re main der of the sum mer was gen er ally calm.

Fig ure A30.   Sig nif i cant wave height data for the fall of 2005.  An ac tive Oc to ber saw three events pro duce waves over 3 m, while ad -
di tional events in No vem ber and De cem ber oc curred.
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Fig ure A31.  Sig nif i cant wave height data for the win ter of 2006.  The larg est event oc curred in Jan u ary, ex ceed ing 5 m.  Four ad di -
tional events ex ceeded the 3 m mark, in Feb ru ary and April.

Fig ure A32.  Sig nif i cant wave height data for the sum mer of 2006.  May was ac tive in the sum mer, with sev eral events pro duc ing
waves in ex cess of 3 m.  Aside from an event in early June, the re main der of the sum mer was calm.
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Fig ure A33.  Sig nif i cant wave height data for the fall of 2006.  The fall was ac tive, with five events in Oc to ber and No vem ber that ex -
ceeded the 3 m mark, two of these pro duc ing waves that reached 4 m.

Fig ure A34.  Sig nif i cant wave height data for the win ter of 2007.  The win ter of 2007 was char ac ter ized by a rel a tively calm Jan u ary
and early Feb ru ary.  A short event pro duced waves reach ing 6 m in mid-Feb ru ary.  March had a large event that pro duced waves that
ex ceeded 6 m, and one that ex ceeded 4 m.  April saw the Pa tri ots' Day storm, which pro duced wave heights that ex ceeded 8 m.
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