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A Dolan and Davis 1992 paper titled

“An Intensity Scale for Atlantic Coast Northeast Storms”
Journal of Coastal Research 8(4) 840-853 noted

“that based on confirmed field evidence that a 5 foot (1.5 m)
deep water wave will result in measurable beach face
erosion along the North Carolina coast.”
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Boston, MA Station ID:
8443970

Latitude: 42° 21.2' N
Longitude: 71° 3.2' W
Mean Range: 9.49 ft.

Diurnal Range: 10.27 ft.
Established: May 3 1921

Present Installation: Nov 16
1988 NOAA Chart #: 13272
Time Meridian: 75 W


http://tidesandcurrents.noaa.gov/mn.html
http://tidesandcurrents.noaa.gov/gt.html
http://tidesandcurrents.noaa.gov/gt.html

16

14.5

14

135

Boston
Flood Categories (in feet)

Flood Stage: 13.5
Action Stage: 12

Major widespread coastal flooding is expected. Evacuations of low lying coastal areas is likely along with
numerous closures of coastal roadways within several hours of high tide. People living in vulnerable coastal
areas must take action now to protect life and property.

Significant flooding of low lying coastal locations is expected from Revere and Winthrop southward through
Hull. Road closures and some evacuations of coastal sections is likely. Large swells and wave action will
produce significant beach erosion.

Flooding of low lying coastal locations is expected from Revere and Winthrop southward through Hull. Road
closures and some evacuations of coastal sections may be required. Large swells and wave action will
produce minor to moderate beach erosion.

Minor flooding of low lying coastal locations is expected from Revere and Winthrop southward through Hull.
The combination of high tides and large swells will result in wash over onto coastal roadways and some road
closures may occur around the time of high tide.

**Coastal flooding can occur at a stage of 12 feet, when onshore
winds are present along with 20 foot seas.** Boston Harbor gage
data and forecasts are in feet Mean Lower Low Water (MLLW).
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Year
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010

Predicted Tide Hours
>10.5 ft MLLW

316
307
336
365
355
313
261
301
296
264
201
233
262
262
204
240
304
4820

Observed Tide Hours
>10.5 ft MLLW

251
334
432
380
417
305
294
273
298
338
274
403
374
348
345
406
596
6068

Hours Waves
>4.92 ft (1.5 m)

961
891
1217
828
1201
1048
1309
828
1063
1135
1330
1607
1282
1034
1381
1523
1622
20260

Hours Tide >10.5 ft
and
Waves >4.92 ft

32
51
121
64
96
49
92
59
60
76
82
129
93
95
84
85
206
1474
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Figure A: Typical summ er and winter beach and dune profiles.

Equilibrium beach profiles

The equilibrium beach profile results from steady wave forcing during the seasonal cycle.
Summer wave conditions move sand onto the beach.

Winter storm waves move sand offshore.

Unusually large storm events result in a disequilibrium profile, and sand may be permanently
lost to deep water.

Summer and winter beach profiles are expressions of the seasonal cycle of wave energy.
Due to storms, waves are larger and more energetic in winter than summer.

Long periods of stormy weather, such as El Niflo winters, erode beaches to the
underlying cobbles or bedrock and deposit sand far offshore in deep water,

leaving the beach in disequilibrium.
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Mar-10
May-05
Apr-07
Dec-10
Feb-10
Nov-10
Feb-98
Mar-01
Jan-06
Jan-98
May-11
Sep-96
Jan-10
Oct-96
Oct-04
Oct-09
Mar-05
Apr-96
Dec-96
Oct-05
Jun-09
Jan-03
Apr-05
Feb-03
Oct-06
Nov-03
Apr-97
Dec-09
Feb-99
Oct-11
Sep-04
Aug-11
Apr-11
Feb-06
Jun-07
Oct-10
Nov-96
Nov-02
Nov-09
Sep-00
Apr-00
Jan-96
May-06

Tide>10.5
87
57
43
65
56
46
55
44
43
42
48
61
52
45
47
40
41
35
39
31
59
31
47
22
38
31
50
36
34
55
27
60
33
35
32
43
38
33
27
26
25
37
34

Wave>4.92
349
201
214
296
209
292
275
231
203
296
171
122
214
137
271
170
235
134
180
259

58
176
142
162
158
165
174
288
197
110

89

33
105
133

72
137
166
178
263

54
200
222
176

Tide>10.5&Wave>4.92
65
38
36
37
34
30
33
34
25
24
18
15
21
19
19
19
24
17
20
18
11
19
15
19
16
15
14
17
18
15

9
6
13
17
7
14
13
13
13
8
12
15
9

Avg
14.53
4.824
7.765
11.12
12.29
8.588
12.29
14.53
10.82
10.82
4.824
3.706
10.82
9.471
9.471
9.471
14.53
7.765
11.12
9.471
2.471
10.82
7.765
12.29
9.471
8.588
7.765
11.12
12.29
9.471
3.706
0.706
7.765
12.29
2.471
9.471
8.588
8.588
8.588
3.706
7.765
10.82
4.824

Avg + StdDev
15.54
9.322
9.216
8.58
9.465
7.484
9.465
15.54
7.585
7.585
9.322
4.269
7.585
6.82
6.82
6.82
15.54
9.216
8.58
6.82
3.338
7.585
9.216
9.465
6.82
7.484
9.216
8.58
9.465
6.82
4.269
1.404
9.216
9.465
3.338
6.82
7.484
7.484
7.484
4.269
9.216
7.585
9.322

Total -Avg
50.47
33.176
28.235
25.88
21.71
21.412
20.71
19.47
14.18
13.18
13.176
11.294
10.18
9.529
9.529
9.529
9.47
9.235
8.88
8.529
8.529
8.18
7.235
6.71
6.529
6.412
6.235
5.88
5.71
5.529
5.294
5.294
5.235
4.71
4.529
4.529
4.412
4.412
4.412
4.294
4.235
4.18
4.176

Avg of + numbers
7.06
7.06
7.06
7.06
7.06
7.06
7.06
7.06
7.06
7.06
7.06
7.06
7.06
7.06
7.06
7.06
7.06
7.06
7.06
7.06
7.06
7.06
7.06
7.06
7.06
7.06
7.06
7.06
7.06
7.06
7.06
7.06
7.06
7.06
7.06
7.06
7.06
7.06
7.06
7.06
7.06
7.06
7.06

Avg of + numbers
+StdDev
15.35
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15.35
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15.35
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15.35
15.35
15.35
15.35
15.35
15.35
15.35
15.35
15.35
15.35
15.35
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15.35
15.35
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15.35
15.35
15.35
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Massachusetts Shoreline Change Project

To help make informed and responsible decisions. coastal managers. shorefront
landowners, and potential property buyers need information on both current and
historical shoreline trends. including reliable measurements of erosion and accretion
rates in non-stable areas. The goal of the Massachusetts Office of Coastal Zone
Management (CZM) Shoreline Change Project is to develop and distribute scientific
index/site mop  gata that will help inform local land use decisions
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CZM's Shoreline Change Project illustrates how the shoreline of Massachusetts has
shifted between the mid-1800s and 1994. Five relative high water lines and change
rates at 40-meter intervals along the ocean-facing shore have been determined using
> data from historical and modern sources. CZM has incorporated these shoreline
jobs & grants change data intoc MORIS. the Massachusetts Ocean Resource Information System
calendar which can be readily accessed by the public

links

publications
archives

View the Shoreline Change Map: Please proceed to the Shoreline Change Fact
Sheet. which explains the use and limitations of this project and leads to an online
map with available shorelines. transects. and rates of change

contact us

Shoreline Change Map
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SWASH: a New Method for Quantifying Coastal Change
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Introduction

(Coastal erosion is @ sericus nationzl problem with long-term ecoenomic and social conseguences. Developed areas are threatened with Gillions of dollars in property damage a5 & result of storm impacks and
long-term erosion. Owver the last few decades, data on the position of the shoreline has emerged as the principal source of information for local, state, and federzal government agencies charged with
m=z=naging cozstzl erosion. This mezsure of the shifting land/water interface iz alzo 2n impartant saurce of infarmation for scientific investigstions of coastal change, for determinations of the sediment
budget, and for conducting numerical simulatiens of shoreline change.

Despite the importance of this measure of coastal change, the methods available for collecting shoreline position datz are very limited. The most commonly applied methoed-shoreline interpretation from

zerizl photography-is expensive, labor-intensive, and involves 2 considerable amount of subjectivity in identifying the shoreline. There is 2 significant need for @ method that can provide 2n unambiguous
znd repeatable measzure of shoreline position, can cover large sections of coast within 2 single low tide pericd, iz inexpensive to operate, and can be used for both long-term monitering 2nd rapid-response sur of sterm
impacts. In response to this need, theUSGSdevelopedSWASH, a vehide-based system for measuring shoreline position which utilizes recent advances in the Global Positicning System (GPS).5WASHstands for "Surveying
Wide-Ares Shorelines.”

Methodology

T T

TheSWASHsystem is mounted on & six-wheel amphibious all-terrain vehicle (click here for image of the buggy and details of instruments used). As the vehicle transits the coast, an array of GPS sensors
are used to make high-accuracy measurements of horizental pesition, vertical position, and beach slope. Following the field survey, position and slope data 2re combined to compute shoreline position,
defined as the horizontal location of 2 target elevation contour's intersection with the beach. See SWAS hematic for more details. In keeping with historical socurces on shoreline information, the Mean
High Water (MHW) contour iz usuzlly choszen a=s the definition of the shoreline.

In contrast to shorelines derived by most previcus methods, SWASHshorelines have well-defined error bars, important for determining the statistical significance of shoreline change. Errer bars are
czlculated on 2 point-by-point basis as a function of beach slope and the deviztion between the elevation driven and MHW.SWASHcan survey more than 70 km of shoreline within 2 single low tide pericd
and provide near real-time information on shoreline changes during storms=.5WASHis zlso very inexpensive to operate relative to previous methods for obtaining shoreline position.

Current Survey Program and Example Results

T [TheSWASHsystem is currently being applied te study storm-induced and fair weather shoreline change on beaches in North Carolina and Massachusetts. The most extenszive set of measurements are
within the Cape Cod National Seashore, where both the short-term impact of storms and the longer seasonal cycle of change has been measured in a continuing survey program initiated in April 19398,
This dy ares map shows the along-coast reference line uszed in the following example results. An example of the short-term impact of 2 Northeaster storm on 43 km of Cape Cod's cuter coast is given
in this figure. The shoreline erosion response was extraordinarily non-uniform, with zenes of significant erosion (more than 20 m of shoreline recession) alternating with zones of virtual stability (less than
=z m of change). In the pericd of decreasing waves following the storm, the pattern of change almost entirely reversed. with the erosionzl zones showing strong zccretion and the stable zenes still
exhibiting no significant change. Similar results have been obtained for other storms on Cape Cod, as well as along the Outer Banks of MNorth Carclinz. Although the processes responsible for these
erozional "hotspots” are unknown, their identification has important implications for management of both culturzl 2nd environmental rescurces along the coast. Reszearch iz ongoing to better characterize
the locations and persistence of erosional hotspots and to understand their cause or causes.

The seasonal cycle of shoreline position variability on Cape Cod is given in this Shoreline peosition is averaged over the "bluff-backed coast" (kilometers 17.5 to 45.0 on the Cape Cod study area map) and plotted as
= function of time =since the first survey in April 1938, Although much variability exists from survey te survey, there iz = clear yearly signal of erosion and zccretion which is tied to variztions in overzll storminess between
winter and summer. This data series, when extended for several more years, will help characterize the natural high-frequency variability of shoreline position, both in winter and summer, information important for
guantifying the error in estimates of long-term shoreline change.

For dizcussion, comments, or guestions on the SWASH system contact: Jeff List (jlist@usg=.gov) or
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