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Outer Cape Parabolic Dune Field

Photo Source: MassGIS, 2005




Formation of Provincetown
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Glacial sediment
Deposited before
15,000 years BP

Modern sediment
Deposited after
15,000 years BP

Giese et al., 2007



Dune Field Development
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Photo Source: Peter Rosen

Dune field formed at the end of
the late 17th century due to
human settlement and related
land cover changes.

Parabolic dunes: arms anchored
by vegetation and the center
portion advances based on wind
and climate.

The dunes appeared to broaden
and migrate seaward over time.

National Park effort to re-
vegetate dunes 20-30 years ago.




Dune Migration Study

m Strong winter dry westetly-northwesterly wind drives the
dunes movement and sediment source.

m Rate of dune movement affected by amount of moisture
(Forman et al., 2008).
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Cape Cod Outer Coast

Photo Source: Cape Cod National Seashore




Marconi Station, Wellfleet
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Photo Source: Cape Cod National Seashore



Cahoon Beach, Wellfleet

Photo Source: Cape Cod National Seashore




Historic Examples

Coast Guard Station
Moved from Chatham to

Race Point, Provincetown




Recent Examples

Highland Light Move, 1996

Truro, Massachusetts




Current Examples
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Photo Source: Christopher Seufert Photography



North Beach, Chatham

Photo Sources: Cape Cod Times (January and March, 2008)




Ballston Beach, Truro
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March 30, 2008







Prepared to Move




January 27, 2009

Photo Sources: Cape Cod Times (January 28, 2009)




Marindin Surveys

Survey of Outer Cape Cod
Coast from Chatham to
Provincetown in late 1800s

229 on and offshore survey
lines recorded in Coastal

Geodetic Survey Annual
Reports, 1889 and 1891.

Cape Cod Bay

Locations reoccupied in
1950s by Zeigler et al.

m Average rate of erosion
approximately 1
meter/year, varied over
distance along shoreline.




Project Objectives

®m Develop a current model
of sediment erosion,
transportation and
deposition of outer Cape
Cod coastline.

Understand and predict
Cape Cod By the formation and
destruction of coastal
landforms on Cape Cod.

Provide valuable
information for future
management and
planning strategies.




Data Sources

CroOss-SECTION Na. 101
Mo, 7o oof 18ES.

o 64. 8 | Origin: Lat. 41° 57/ 029 |
20 | 6. 1 Long. 6G° 55° 21776 |

742 | Azimuth, 246° og’
.
£z 8
100 B5. 2
120 | 85.2
16o | 12,2 | At foot of bluff.
162 | 11. 4 | At beach station,
168 .o At crest of beach.
18 —ab |
300 — B o i
400 | —Ig.§ |
SO0 | -0, 5 |
Goo ¢ —20, 5 |

Fo0 | —23. O
|

® Marindin’s late 1800’s
origins, elevations and

depths.
m [.idar data from 2005.
m GPS Surveys 2008-9 ot

marine/terrestrial
boundary.

m Offshore bathymetric
data collected 2008-9.




Study Methods

Create GIS data layer of Marindin’s origins and transects
in ArcView 9.3.

GPS field work to gather the current marine/terrestrial
boundary:.

Lidar data (airborne laser mapping technology) data for
onshore portion.

Offshore boat fieldwork to gather bathymetric data.
Plot data in Matlab and compare current to late 1800s.

Calculate the volume change and flux rate over time.




Flux Along and Across Shore

Rate of Erosion = AQx + AQy

QQy : Net alongshore sediment flux in +y direction
Qx : Net cross-shore sediment flux in +x direction

V : Volume between (e.g.) 1888 & 2008 surveys




Convert Origins and Azimuths

LAT ORIGINAL LOMNG_ORIGINAL |LAT 27

LONG 27

LAT 270D

LONG_27DD

LAT 830D

LOMNG_830D

UTM_X

UTM_Y

41°42 16.3" 69° b5" 44 5" 4142157
41°42 256" 69° b5' 54 4" 4142250
41°42 353" 69° b&' 52.6" 4142347
41°42 453" 69° b&' 45.6" 4142447
41°42 551" 69° b5"43.8" 41425645
41743 05.0" 69° 55" 46.3" 4143044
41743 146" 69° 55" 47.2" 4143140
41743 24 4" 69° 55'43.3" 4143238
41743 33.8" 69° 55" 51.5" 4143332
41743 43.8" 69° 55" 44 2" 4143432
41°43 53.6" 69° 55" 42 5" 4143 53.0
41°44° 03.3" 69° 55" 03.6" 4144 02.7
41° 4412 4" 69° 55" 50.2" 4144 11.8
41° 44 227" 69° 55" 435" 4144 221
41° 44" 32 .3" 69° b5" 44 6" 4144 317
41°44° 417" 69° B5" 48 3" 4144 411
41° 44" 50.9" 69° b5" 46.6" 4144 503
41°45 009" 69° b&" 478" 4145003
4145 10.6" 69° 55" 50.6" 414510.0
4174520 4" 69° 55" 51.8" 41451938
41745 301" 69° 55" 511" 4145295
41745 392" 69° 55" 55.0" 4145386
41745 43.0" 69° 55" 549" 4145484
417 45 585" 69° 55' 03.5" 4145579
4146 08.3" 69° 55" 04.3" 4146 07.7
41° 46 18.5" 69° 55" 59.3" 414617.9

69 55 44.5
69 55 54 4
69 55 52 6
69 55 45.6
69 55 43.8
B9 55 46.3
B9 55 47.2
B9 55 43.3
69 55 51.5
69 55 442
69 55 425
69 55 43.6
69 55 50.2
69 55 43.5
69 55 44 6
69 55 48.3
69 55 46.6
69 55 47.8
69 55 50.6
B9 55 51.8
B9 55 511
69 55 58.0
69 55 549
69 66 03.5
69 66 04.3
69 55 59.3

41.70436111
41.70694444
41.70963889
41.71241667
41.71513889
41.71758889
41.72055556
41723277738
41.72588889
41.72866667
41.73138889
41.73408333
41.73661111
41.73947222
41.74213889
41.74475
41.74730556
41.75008333
41.7527T7778
41.7555
41.75819444
41.76072222
41.76344444
41.76608333
41.76880556
41.77163889

-69.92802778
-69.93177778
-69.93127778
-69.92933333
-69.92883333
-69.92952773
-69.92977778
-69.92869444
-69.93097222
-69.92894444
-69.92847222
-69.928778
-69.93061111
-69.92875
-69.92905556
-69.93008333
-69.92961111
-69.92994444
-69.93072222
-69.93105556
-69.93086111
-69.93277778
-69.93191667
-69.9343056
-69.9345278
-69.93313889

41.70447262
41.70705588
41.70975026
41.71262798
41.71525013
41.71800008
41.72066666
41.72338882
41.72599936
41.72877758
41.73149974
41.73419411
41.73672182
41.73958287
41.74224947
41.74486051

41.747416
41.75019371
41.752888609
41.75561024
41.75830462
41.76083232
41.76355448
41.76619329
41.76891545
41.77174872

-69.9284872
-69.93123728
-69.93073729
-69.92879284
-69.92829286
-69.92898734
-69.92923737
-59.92815404
-69.930431883

-69.9284041
-69.92793189
-69.92823748
-69.93007087
-69.92820975
-69.92851534
-69.92954316
-69.92507095
-69.92940432
-69.93018217
-69.93051558

-69.9303212
-69.93223795

-69.9313769
-69.93376593

-69.9339882
-69.93259934

4227487399
422524 0328
4225688637
422733.9572
422778.68096
422724 3323
422706.7296
4228000993
422613.7697
4227857535
4228282849

422806.097
4226566602
422614 8557
422792 6358
4227103049
422752 6319
4227282454
4226668072
422642 3572
422661.7524
4225054508
4225803016

422429 835

422369.701
4224585514

4617381.447
4617670.723
4617969417
4618276.066
4618577.845
4618883.779
4619180.063
4619481.319
4619773.256
4620079.831
4620381.636
4620651.054

4620963.34
4621279319
4621575.653
4621666.468

4622149.77
4622458 466

4622758.31
4623060.838
4623359.809
4623642175

4623943.63

4624250.49

4624541.19
4624554 504

m Convert origin latitude/longitude to North American Datum
1927 by subtracting -0.6 from latitude (Giese and Adams, 2007).

m Convert NAD27 latitude/longitude to NADS3.
m Convert latitude/longitude NADS83 to UTM, meters Zone 19N.




Create Azimuth Lines for Navigation
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B Extend Marindin’s
lines along same
azimuth to 20 m

depth.
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—— ® Data lines from
NOAA charts

- T ) available from
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GPS and Boat Survey Fieldwork

| ¥

m Terrestrial /Marine
boundary location.

m Bathymetric data.




GPS of Terrestrial/Marine
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Raw Depth Data Collected 2008

m Offshore data

snapped to nearest
azimuth line.

m Corrected for tides
and sea level (in
progress).




EAARL Lidar Data from 2005
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Intersect Marindin’s Lines with GPS




Comparison of Landform Location

Est Bluff_Toe (m)

Bluff_Toe (m)

GIS_BluffDune_Length

Difference 1890-2008

140

0.06

139.94

140

-4.02

144.02

180

42.24

137.76

240

126.64

113.36

140

43.27

96.73

65

-52.85

117.85

-47.63

120.63

-34.57

128.57

-18.49

109.49

-13.99

115.99

-12.11

104.11

2.49

114.51



Marine/Terrestrial Boundary Change Along Outer Cape Cod Coast
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Lidar Coverage of Dune Field




Marine/Terrestrial Boundary Change Along Outer Cape Cod Coast
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1890s
2005
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Interpolated
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Interpolated
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Conclusions

B An apparent anomalous zone of shoreline growth was
located off the outer Cape Cod coast.

m This growth was linked with the location of the
parabolic dune field.

® The dune sand is thought to be a sediment source for
the shoreline in this area.

® The contribution of the dunes to the overall system is a
cross-shore element to consider in the development of
a sediment model for the outer Cape Cod shoreline.
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