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Summary

ShoreZone is an aerial imaging, coastal habitat classification and mapping system used to inventory
alongshore and across-shore geomorphological and biological attributes of the shoreline. The
georeferenced, oblique, low altitude aerial imagery is acquired during the lowest tides of the year and
then used to classify habitat attributes into a searchable database. This data is used for coastal
planning, identification of vulnerable resources, oil spill response planning, habitat modeling,
recreational planning and scientific research.

The conceptual framework for the ShoreZone habitat mapping and classification system was
developed and tested on shorelines near Victoria, British Columbia in the summer of 1979. The
standardized protocols for both the imagery collection and habitat classification, which were
developed shortly thereafter, have been updated as throughout the years. Improvements in
technology has allowed for the collection of more detailed data from the high resolution digital
imagery, although the basic attributes have remained consistent for ShoreZone mapping, which now
covers over 120,000 km of the west coast of North America and into the Arctic. The imagery and
habitat data, including previous protocols and summery reports for Alaska, Oregon and Washington
State, are accessible from either the NOAA ShoreZone or ShoreZone.org websites. Some of the British
Columbia imagery is available through the Coastal and Ocean Resources ArcGlIS site while the habitat
mapping data can be obtained by contacting Coastal and Ocean Resources or GeoBC.

This current version of the ShoreZone protocol builds on the 2014 protocol document and details
several additions and revisions including:

e Use of Structure from Motion software to process ShoreZone video captures to render
orthophotos and allow better estimation of zone widths,

e Revised Bioband classification and codes and new metrics including percent cover estimates,

e Estimation of wave energy dissipation in the intertidal area (Iribarren category),

e Revised coastal Flood Zone and Stability Indices,

e And the development of new comprehensive Coastal Vulnerability Index to estimate the
vulnerability of a unit to sea level rise.

This protocol is not meant to be specific to any geographic region but is applicable to all ShoreZone
mapping done from January 1, 2016 until the next revision of the protocol is published. For mapping
completed previous to January 1, 2016, please consult the 2014 ShoreZone protocol (Harper and
Morris, 2014).


https://alaskafisheries.noaa.gov/mapping/szflex/
http://www.shorezone.org/
http://mcori.maps.arcgis.com/apps/Viewer/index.html?appid=c76377500f814914ad90149f229d4d66
mailto:sarah@coastalandoceans.com?subject=BC%20ShoreZone%20Data
https://www2.gov.bc.ca/gov/content/data/about-data-management/geobc

Q Coastal and Ocean Resources
A

Table of Contents

SUIMIMIAIY eieiiiitieee e et e ee ettt reee e e e e et ettt ereeeeeeeeeestaa e eaaeeseesssnnnnsaeeessssssnnnnsseeessssssnnnnssseeessssssnnnnnnseeeeessssnnnnnnseeees ii
TADIE OF CONTENES ...ttt et e e et e e st e e s it e e s bb e e s bt e e sbbeesabbeesabeeesaneeenns iv
[ o) B = o 1= P U PTROPR PSRRI v
[ o) H = (U =TT ORI Vi
Section 1.0 Introduction 10 ShOrEZONE.......ccccuiiiiiiiiiiiee e s s 1
1.1 THE ShOreZONE SYSTEM .oiiiiiiiiei ettt s et e e st e e s st e e e s s aba e e e ssabbaeeessaseeeeesnsseeeessnsenes 1
1.2 History of ShoreZone DEVEIOPMENT ......eeiiiiiiiiiiiiiiieiiie ettt et e e e e e e seaarbeeeeeeeessenssrenees 3
1.3 Applications fOr SHOreZoNe Data.......cccuuiieiiiiiiiiiiiiee e e e s s bae e e s saeees 7
Section 2.0 ShoreZone IMaging ProtoCOIS ........uuiiiiiiiiiiiiie et e e s 9
Section 3.0 ShoreZone Habitat Mapping ProtOCOIS........cccuviiiiiiiiiiiiiiieeeeee et e e e e eeanes 12
3.1 Spatial Framework for ShoreZone MapPing.........ccciicccireeeiee e e e s eesarreereeeeeees 12
3.2 Physical ShoreZone AttribULES.......cuuiiiiiiieece e e e s s aaaee e s 17
3.2. 1 Unit Level PhySiCal ATIIIDULES .....veevieiieeccciieeeee ettt e e e e e e e e s eenaraaeeeeeeeeas 17
3.2.2 Component Level Physical AttriDULES . ........vvveeiiiiiiciciireeeee et eearraere e e e 36
3.3 Biological ShOreZone ATIFDULES .......eviiiiiiiieiee e e s s ae e e s sabaeee s 45
3.3.1 Component Level Biological AttribULES .....cccviiiiiiiiiiieciee e 45
3.3.2 Unit Level Biological AtErIDULES ....cvviiiiiieiieeeeee ettt e eeearee e e e e e s eenabaaeeeeeeeeas 58
Section 4.0 ShoreZone Verification STUdIES.......cccuviiiiiiiiiiieie e 62
ACKNOWIEAZEMENTS ittt e et e e e sttt e e e s bbe e e e s abaaeessssbaeeessasaeeeesnssaeeesssnseeeeannns 66
= (=T =T o Tol =TSP U PR VRPOPRURROPI 67
Appendix A ShoreZone Geodatabase Data DiCtiONArY ......ccccvvveeiieiiiiiiiiiiieeeeeee e eerrrrereeee e 69



Q Coastal and Ocean Resources
A

List of Tables

Table 1. Chronology of ShoreZone protoCol reVISIONS.........cuviriririreirecie ettt 5
Table 2. Guidelines for determining the dominant Structuring ProCess.........ccueuvirevereneneeneereeresie e 18
Table 3. Definitions of the wave-structured Coastal Classes.........ccvivereveeveeesiese e eveeaes 19
Table 4. Coastal Classes associated with processes other than wave energy........ceveeeceeveenrvevvennn. 20
Table 5. Mapper guidelings fOr CoOastal Class........u it ceerreersree e st ere e eeseersessee e sbe s esse st enes 21
Table 6. Definitions for the Wave EXposure attribUte.......coccoeueieieieicinincecece e 22
Table 7. Intertidal Slope Category definitioNS.... ... e s st st e e e 25
Table 8. Iribarren Number calculation table...........coeee e e e e 26
Table 9. Lookup table for the Unit level ORI attribULE........cciiveie ettt v e er e 28
Table 10. Definitions of the categories of the Unit level ORI attribute.........cccovevvevvvine e, 29
Table 11. ESI shore type values for the Estuaring environNmMent.......cccceee e veivevenccnienieeee e 30
Table 12. Features recorded for the Vulnerability Observations..........ccccvvevevenineienienieneeeesscseeneens 32
Table 13. The ranking matrix for the ShoreZone Coastal Vulnerability Index attributes.........c.ccoeuuu.... 34
Table 14. Criteria for defining ShoreZone CVI RANKS..........c.ovvvveiiciceie ettt e eeesseer e seesneone 34
Table 15. Categories and codes for the Component level Process attribute.........cccoecevverecveceenreervecneennnn. 37
Table 16. Definitions of the FOrM COUES.......omm ettt et r s e e e st sresan e 38
Table 17. Guidelines for mapping CoOmMPONENt FOMMS.......cceiiiiiiiniininr et ere e se e sresaesre st seeseenes e 39
Table 18. Definitions of the Material COUES. ...ttt e s en e 40
Table 19. Guidelines for mapping Component Materials........ccceeiicviiveeirveieciie e v e 41
Table 20. The lookup table for the ORI attribute at the Component level..........cooveeieveinivverecceeeene e 42
Table 21. List of the codes used for the Shore Modification Code attribute.......c.cccceoveeeecniececeiceierinen, 43
Table 22. The percent alongshore length categories for Shoreline Modifications..........cocceeevverereienenns 44
Table 23. Cultural feature codes and deSCriPLiONS......coiveieieieiiirir e s st e e e e sees 44
Table 24. Bioband metrics for the Biobands in €ach ZoNe..........ceovioiececice e 48
Table 25. Definitions for the supratidal Biobands.........ccccceeieieiceierveiiee ettt e eer e e e e 50
Table 26. Definitions for the invertebrate Biobands..........cccccoeiviieie et 52
Table 27. Definitions for the intertidal/subtidal vegetation Biobands..........cccceceevivereerivesererie e 54
Table 28. Guidelines for assigning the Biological Wave Exposure attribute.......cccocovevevvvncenicreneieens 59
Table 29. Definitions of the Habitat Class Cat@BOrIES. ... ittt cre e eer b 61
Table Al. Definitions for attributes in the Unit table of the ShoreZone geodatabase.........c..cccoveuvveeenens 69
Table A2.Definitions for attributes in the ESI table of the ShoreZone geodatabase........cccccceveevvcveeennns 73
Table A3. Definitions for attributes in the Photos table of the ShoreZone geodatabase............ccc.......... 73
Table A4. Definitions for attributes in the Xshr table of the ShoreZone geodatabase.........cccevcvveenenne. 74
Table A5. Definitions for attributes in the XshrShoreMods table of the ShoreZone geodatabase......... 76
Table A6. Definitions for attributes in the XshrCVM table of the ShoreZone geodatabase..................... 77
Table A7. Definitions for attributes in the Bioband table of the ShoreZone geodatabase...................... 78



Q Coastal and Ocean Resources
A

List of Figures

Figure 1. The extent of ShoreZone imagery and habitat mapping as of March 2017........ccccecvvvivvrennene. 2
Figure 2. Chronology of ShoreZone imagery acquUiSitioN..........coceveveececeeces e e e e 4
Figure 3. ShoreZone mapping associated with each protocol.........ceeeveevecere s 6
Figure 4. Comparison of video images taken near Polly Creek in Cook Inlet in 2001 and 2009................. 8
Figure 5. Team Salmon Shark imaging the coast around Prince RUPErt......cccoeveeveeciiierieiieisveniereeeeins 10
Figure 6. Angle and height of oblique aerial image acquUISItioN.......c..cueivivivininireccce e 10
Figure 7. A screen capture of the imagery viewing interface on the NOAA ShoreZone website............. 11
Figure 8. Example of the delineation of the digital shoreline of Nunivak Island in the Bering Sea.......... 13
Figure 9. Discrepancies between the Coast 63 digital shoreline and satellite..........ccccooveeevecececeececenns 14
Figure 10. Across shore zones and COMPONENTS......cciviiriireerieieeieeie e se st ste st st seesee st s e e e e e e bes s sensensens 15
Figure 11. Examples of eroding tundra cliff and inundated tundra.........ccccceveieinininncncececece e 16
Figure 12. The Structure from Motion processing teChNIQUE.........ccecveveeeieceiie e 23
Figure 13. Example of SfM orthophoto used for width measurement..........ccccevvevrveereccecvecce e, 24
Figure 14. Determining the Aspect of €ach UNit........ccoco oot 27
Figure 15. Illustration of the type of wave morphology for each Iribarren category........cccvvvvvvevcerenee. 27
Figure 16. Examples of aerial images used to determine the flood zone width........c.cccccuvvvninininennne. 31
Figure 17. Examples of indicators for determining the rate of erosion or accretion.......ccecececeeveierenen 32
Figure 18. Examples of Biobands on a rocky shore and of a sediment shore.........cccccooeveeeiecvinireeneenee. 45
Figure 19. Illustration of the metrics for the supratidal, intertidal and subtidal Biobands..................... 49
Figure 20. Illustration of the width metric for the supratidal Splash Zone Biobands...........ccccecuvvrvennne. 49

Vi



Q Coastal and Ocean Resources
A

Section 1.0
Introduction to ShoreZone

1.1 The ShoreZone System

Coastal habitats serve a number of important ecological functions including nesting, breeding or refuge
areas for wildlife, fisheries, food web support, sediment trapping, and nutrient cycling (Beck et al.
2001). Information regarding the distribution and type of coastal biota is critical for making sound
management decisions. Local, state, and federal regulatory agencies require this information for
planning, zoning, leasing, and permitting. The current management focus on marine habitat
conservation is a response to the general degradation of coastal ecosystems brought on by ocean
margin development, overutilization of marine organisms, the lack of knowledge about coastal
ecosystems and how to manage them (Crowder et al. 2006). In order for conservation measures to be
effective, coastal habitats and the biological communities associated with them need to be defined
(Costello 2009). The spatial distributions of characteristics, unique, and at-risk habitats, and the current
ecological status of each need to be defined as well (Groves et al. 2002). However, this level of detail is
often absent over the relevant spatial scales of conservation planning (Lourie and Vincent 2004).
ShoreZone is a coastal imaging and habitat mapping system developed to describe the complexity of
the supratidal, intertidal, and nearshore subtidal zones that comprise the coastal margin and address
some of those identified knowledge gaps.

ShoreZone uses aerial imagery of the coastline (Section 2.0) to partition a digital representation of the
shoreline into relatively homogenous segments, as defined by a suite of environmental attributes.
ShoreZone then describes the physical and biological attributes of each unit (Section 3.0). This protocol
describes the data standard that is the heart of the ShoreZone program, both in terms of the collection
of imagery and the classification of the unit attributes. Such a standard enables queries of data over
large geographic regions. This is especially important now that ShoreZone has been implemented along
~120,000 km of the coast of the Pacific Northwest from Oregon to the Arctic in Alaska (Figure 1).
Section 1.2 provides background information about the development of ShoreZone since its initiation
in British Columbia in 1979.

ShoreZone data (imagery and habitat mapping) from Alaska, Oregon and Washington State is
accessible from the NOAA ShoreZone site and from ShoreZone.org which has been maintained by The
Nature Conservancy in the past. The Alaska dataset is also part of the Alaska Ocean Observing System
data portal (search for ShoreZone under the available data layers). The full mapping geodatabase can
also be downloaded and queried for information. The ShoreZone coastal mapping data and imagery
have been used for a multitude of purposes over time. Some of these applications are detailed in
Section 1.3.

This protocol document serves to detail the methods used to classify each attribute of the ShoreZone
geodatabase for ShoreZone mapping done after January 1, 2016, although it is also broadly applicable


https://alaskafisheries.noaa.gov/mapping/szflex/
http://www.shorezone.org/
http://portal.aoos.org/
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the rest of the dataset. This document is therefore meant to be for users of that geodatabase, which is
available for download from the NOAA ShoreZone site. Please see Table 1 below for a list of previous
ShoreZone protocols with links to those documents and Figure 3 for the geographic areas they were
applied to. Summary reports for the habitat mapping done in each survey completed in Alaska, Oregon
and Washington State are also available through the NOAA ShoreZone website and provide specific
details about each survey area with summary maps and statistics.
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Figure 1. The extent of ShoreZone imagery and habitat mapping as of March 2017.


https://alaskafisheries.noaa.gov/mapping/szflex/szapps.htm
https://alaskafisheries.noaa.gov/habitat/shorezone-logs
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1.2 History of ShoreZone Development

The conceptual framework and coding system of the Physical ShoreZone Mapping System was first
developed in 1979 for the British Columbia Ministry of Environment. This initial imaging and mapping
system was originally tested on the shoreline of Saltspring Island near Victoria in the summer of 1979.
It was during these pilot projects that the use of oblique video imagery for mapping the shoreline was
tested. This technique has become an integral component in the process of ShoreZone mapping. A
decade of further development resulted in the first physical mapping protocol being published by the
British Columbia Ministry of Environment (Howes et al. 1994), with a companion biological
classification published shortly after (Searing and Frith 1995). The fully integrated biophysical mapping
system was first applied to Gwaii Haanas National Park with the remainder of British Columbia being
completed from 1991 to 2007. The State of Washington was imaged and mapped between 1994 and
2002, with the coast of Oregon imaged in 2011 and mapped in 2013. The first Alaska ShoreZone
mapping occurred in 2001 and is ongoing today. The protocols have continued to be updated to reflect
improvements in imaging technology and the consequent refinement of attributes that can be
classified from that imagery. Figure 2 shows a map of the sequence of imagery acquisition over the
history of ShoreZone while Table 1 lists the various protocols published and Figure 3 shows where each
protocol was implemented for mapping.
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Table 1. Chronology of ShoreZone protocol revisions. See Figure 3 for map of where each protocol was used
for habitat mapping.

Year Authors Protocol document title Revisions
Physical shore-zone analysis, | Original pilot project using aerial video, habitat
1980 Owens . e . .
Saltspring Island, B.C. classification using standardized codes
Howes, Harper, Physical shore-zone mappin . .
1994 P y . PP ) 8 Documentation of standardized methods
Owens system for British Columbia
British Columbia biological
1995 | Searing and Frith . & Documentation of standardized methods
shore-zone mapping system
Berry, Harper, . . .
y. P Washington State ShoreZone | Same as 1994 protocol but with anthropogenic
2004 | Bookheim, Sewell, ,
Inventory User’s Manual features added
and Tamayo
ShoreZone Mappin
. Pping Same as 2000 protocol but with procedures
2004 | Harper and Morris Protocol for the Gulf of .
modified for the Gulf of Alaska
Alaska
ShoreZone Coastal Habitat
Harney, Morris, . Same as 2004 protocol but updated with an
2008 Mapping Protocol for the ) o
and Harper illustrated data dictionary
Gulf of Alaska
. ShoreZone Coastal Habitat | Same as the 2008 protocol but with new
Harper, Morris, . .
2013 and Dale Mapping Protocol for wetlands forms and Biobands, and maps and
y Oregon an illustrated data dictionary for Oregon
Same as 2013 protocol but with maps and
images from Alaska and updated to include
eriglacial landforms, wetland forms and
i Alaska ShoreZone Coastal p. lglac W i
2014 | Harper and Morris . . Biobands, and assessments of coastal flooding
Habitat Mapping Protocol )
and erosion although those assessments were
not applied to the North Slope mapping
project
Revised to include Structure from Motion
orthophoto processing in the mapping
workflow, estimation of shoreline Aspect, the
introduction of categories for Intertidal Zone
Cook. Dale ShoreZone Coastal Imaging | Slope, quantitative estimates for the Biobands,
2017 ’ Vi and Habitat Mapping Enhanced mapping protocols, physical ESI

Morrow and Ward

Protocol (this document)

mapping to full NOAA standards, revision of
criteria for Flooding Index and Stability Index
in the Coastal Vulnerability Module, the
addition of a Coastal Vulnerability Index and
qualitative wave energy dissipation categories.
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1.3 Applications for ShoreZone Data

The ShoreZone database has broad utility for oil spill planning and response, research, habitat and
species modelling, shoreline planning, habitat conservation, emergency and risk management, and
potentially detecting change over time. Below are some projects that utilized ShoreZone imagery or
mapping as well as some uses currently in development. This is not meant to be an exhaustive list of all
projects that have utilized ShoreZone but illustrate a few examples of past potential uses.

Emergency and Risk Management

The utility of the ShoreZone data in an emergency was highlighted prior to the grounding of the Kulluk
drill rig that was adrift in the Gulf of Alaska in late December 2012. ShoreZone imagery was used by the
Incident Command Team along with modelled drift trajectory forecasts to rapidly assess remote
shorelines near Kodiak Alaska (http://www.nytimes.com/2015/01/04/magazine/the-wreck-of-the-
kulluk.html). The data and imagery revealed reefs and offshore pinnacles in the drift path which would
have seriously damaged or sunk the rig. Instead, based in part on the information provided by
ShoreZone, efforts were made to divert the rig further south to Ocean Beach where it grounded with
relatively little environmental damage.

Habitat and Species Modelling

A habitat suitability model was constructed for the European green crab (Carcinus maenas) to identify
potentially suitable habitats for this invasive species in coastal Alaska, British Columbia, and
Washington using ShoreZone habitat mapping attributes (Harney 2007). A literature review and expert
surveys were conducted to determine which ShoreZone attributes were considered critical to green
crab colonization and should be included in the model. The ShoreZone database was then queried to
rank shoreline units possessing those attributes with respect to habitat suitability for the green crab
based on the number of critical habitat attributes that co-occurred within that unit. The modelled
results were then compared to 15 known green crab occurrence sites on the west coast of Vancouver
Island with a high level of positive correlation found between the model and the known sites. The
model was intended to be used to design a monitoring program to look for green crab incursion in
more northerly locations.

Marine Spatial Planning

There is a growing body of research demonstrating that marine zoning has a positive effect on resident
communities of fish, mammals, birds, invertebrates, algae and plants. Zoning plans are intended to
reduce present and potential conflicts among users and activities, provide business and user groups
with regulatory guidelines, improve efficiency in permitting decisions, and provide general
management directions for resource managers. Coastal and Ocean Resources conducted an ecological
assessment for the Marine Planning Partnership for the North Pacific Coast (MaPP) program which
used ShoreZone coastal habitat attributes as data layers in its spatial analysis. The MaPP partnership
used a collaborative process for developing a coastal and marine zoning plan for the coast of British
Columbia. More information can be found online at http://mappocean.org/. ShoreZone has also been
used by The Nature Conservancy in its ecoregional conservation assessments in the Pacific Northwest
and provides coastal habitat data that readily integrates into the Marxan spatial planning program for
computed conservation scenarios.



http://www.nytimes.com/2015/01/04/magazine/the-wreck-of-the-kulluk.html
http://www.nytimes.com/2015/01/04/magazine/the-wreck-of-the-kulluk.html
http://mappocean.org/
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Public Outreach/Education

Alaska’s coastlines are remote and logistically inaccessible to most residents and visitors, but are a
national treasure in terms of diverse natural history and scenery. In the process of mapping the coast’s
biological and geological habitats for ShoreZone, an archive of hundreds of thousands of high
resolution digital images was created. This archive was used to create an exhibit of prints called
‘Coastal Impressions: A Photographic Journey along Alaska’s Gulf Coast’. The exhibit was also published
as a hard copy and a digital online booklet with annotated descriptions of the natural history, ecology,
and/or coastal processes shaping the coastline within each image. The exhibit and booklet has reached
thousands of Alaskans and visitors since its debut showing at the Alaska Marine Science Symposium in
Anchorage in January 2012. The exhibit was sponsored by the Cook Inlet Regional Citizens Advisory
Council (CIRCAC) and developed in partnership with NOAA Fisheries, Alaska Fisheries Science Center
Auke Bay Laboratories, and the Alaska ShoreZone program. The exhibit was so well received that
several agencies (BOEM, NPS, NOAA, Arctic LCC and CIRCAC) developed a second exhibit titled Arctic
Impressions: A Photographic Journey along Alaska’s Arctic Coast featuring photos from the Bering,
Chukchi and Beaufort Seas. That exhibit was unveiled at the Alaska Marine Science Symposium in
January 2014 and an interactive online photo booklet was produced.

Change Detection

Coastal habitats are constantly in flux, but natural and anthropogenic factors can cause change to
occur more rapidly (i.e. more severe storm activity due to sea-level rise, isostatic rebound, climate
change). These changes can affect coastal communities and their resources. Recent technological
developments could allow ShoreZone imagery to be used to monitor change over time. This is
especially valuable because all the Pacific Northwest has been imaged in the last 30 years, and some
areas are now starting to be re-imaged. Figure 4 shows an example of imagery acquired in 2001 and
again in 2009 in Cook Inlet, Alaska. The supratidal cliff in the example had eroded significantly during
the 8-year interval. Erosional coastlines like this are especially vulnerable to sea-level rise and
increased storm intensity associated with climate change.

Figure 4. A) Video image taken during a ShoreZone survey in 2001 near Polly Creek in Cook
Inlet. B) The same section of coast imaged during a ShoreZone survey in 2009. The red circles
indicate a point of reference between the photos. It can clearly be seen that the supratidal cliff
eroded in the 8 years between the surveys due to the loss of trees that were at the edge of the
cliff in 2001.


https://www.circac.org/a-photographic-journey-along-alaska-gulf-coast/
http://nps.maps.arcgis.com/apps/MapTour/index.html?appid=ec5692a51cfe43cf9017f544b9c1963f&embed
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Section 2.0
ShoreZone Imaging Protocols

ShoreZone imaging surveys are meticulously planned to ensure the capture of oblique coastal aerial
imagery suitable for classification with the ShoreZone habitat mapping protocols. Logistical challenges
that need to be planned for include tides, weather, marine mammals, fuel positioning and travel to and
from the survey area. Imaging surveys are generally conducted during the lowest tide windows of the
year when tidal elevations will be lower than zero feet (mean low water) in the U.S. and below 1 m in
Canada. These tide windows range from 2 to 4 hours in duration each day of the tide window, although
in some regions where astronomical tidal ranges are small (e.g. Beaufort Sea) and surges driven by
meteorological conditions dominate water level changes, survey windows are less sensitive to tides
and can be considerably longer.

Helicopters are the preferred aircraft for an imaging survey as it gives the maximum maneuverability,
especially when imaging complex shorelines. The ShoreZone imaging team consists of three to four
people, depending on the capabilities and size on the helicopter (see Figure 5). The
videographer/geomorphological commentator sits in the rear left seat and takes continuous high
resolution (HD) video of the shoreline and provides a verbal description of the physical characteristics
of the shoreline. The video is captured as a digital file on flash cards with an external, simultaneous
hard-drive backup. The photographer/biological commentator sits in the front left seat and takes high
resolution still images, with one photo being taken every three to five seconds depending on the speed
of the helicopter and complexity of the shoreline. The current photo resolution standard is 13.5
megapixels with photos saved as digital files on flash cards. A digital backup of the photos is created at
the end of each day. The photographer also provides commentary regarding the biological
communities present on the shoreline with particular focus on biota less easily identified in the
imagery, such as subtidal kelps. The pilot is responsible for keeping the helicopter at a consistent
distance from the waterline (100 m), at a consistent elevation (100 m) (see Figure 6) and at a
consistent speed (60 knots). The distance from the waterline, elevation and speed can all vary
depending on the morphology of the shoreline (wide tidal flats or platforms require higher elevation
for proper imaging and complex shorelines require slower speeds) or weather (poor visibility often
requires slower speeds for proper imaging). If there is room, a navigator sits in the rear right hand seat
and gives direction to the pilot and ensures the smooth and continuous running of the GPS system
which takes a positional fix every second. The time on the GPS is synced to the video and still camera
each morning immediately before lift-off to ensure accuracy in the spatial positioning of the imagery. If
there is not room for a navigator, the GPS recording is run by the videographer.
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Figure 5. The ShoreZone team imaging the coast around Prince Rupert, BC in June

2015, consisting of the pilot, photographer/biologist, navigator and
geomorphologist/videographer (from left to right).

Figure 6. Oblique aerial images are acquired at 100 m altitude and 100 m
offset from the shoreline leading to imagery at a 45° angle to the intertidal.

10
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The desired end products of these imaging surveys are oblique (45° angle to the beach), continuous
video and photos of the intertidal zone at extreme low tide levels. The imagery is a critical part of the
ShoreZone dataset. The Alaska, Oregon and Washington State imagery is accessible online through the
NOAA ShoreZone site or ShoreZone.org, along with many of the survey flight logs that detail the area
of the coast covered each day and any challenges encountered. Metadata (date, time, positional
information, resolution, file size etc.) is attached to each video file and still image. The imagery from
British Columbia is not currently part of that dataset although the long-term plan is to have the entire
catalogue available online. However, a smaller subset of the more recent BC ShoreZone imagery is
available through the Coastal and Ocean Resources ArcGIS site. All the imagery on these websites is
georeferenced and attached to the helicopter flight line (see Figure 7).

TETTITE

Airport B &

Lat/
Long 1 km

I ! 0.5 mi

Latitude: 64° 20.04008' N Longituder 165° 22.56534' W ShoreZone | Esr, HERE, Garmin, NGA, USGS, ’E

Figure 7. A screen capture of the imagery viewing interface on the NOAA ShoreZone website. This
section is from Nome in Norton Sound which was imaged in summer 2015. The light red dots are the 1-
second positional fixes for the video and the blue dots are the geo-referenced photo points. Clicking on
any of those points allows the user to view the imagery (video and photo) at that point. Thematic

layers are also available for the physical and biological attributes mapped as part of the ShoreZone
habitat classification.
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Section 3.0
ShoreZone Habitat Mapping Protocols

ShoreZone habitat mapping is done through interpretation of the oblique aerial ShoreZone imagery.
The final format of that mapping is as a geodatabase which includes spatial referencing information for
each ShoreZone unit. The following sections describe the attributes found in that geodatabase, starting
with the spatial framework ShoreZone uses to link those attributes to a specific section of the coast
(Section 3.1) and followed by detailed descriptions of the main physical (Section 3.2) and biological
(Section 3.3) attributes that comprise the dataset. A data dictionary that defines the fields in the
geodatabase maintained by NOAA for Alaska, Oregon and Washington State habitat mapping can be
found in Appendix A. This geodatabase can be downloaded from the NOAA ShoreZone website. That
downloadable geodatabase has slightly different field names to those described in Appendix A
although the definitions for the attributes are the same. A data dictionary for the NOAA ShoreZone
geodatabase is also found on the NOAA ShoreZone website, although it is in the process of being
updated. A guide to querying out data from the ShoreZone database in ArcGIS and MS Access is also
available. The British Columbia ShoreZone geodatabase can be requested from either Coastal and
Ocean Resources or GeoBC.

3.1 Spatial Framework for ShoreZone Mapping

The first step in ShoreZone mapping is the delineation of a digital shoreline into linear segments. These
segments are the main spatial feature of the ShoreZone dataset and are called Units. All the physical
and biological attributes of the Unit are attached to that linear segment of the digital shoreline so they
are spatially explicit. A Unit is defined in ShoreZone as “a relatively homogenous stretch of the coast in
terms of substrate composition, slope, width and wave exposure, as interpreted from ShoreZone
oblique, low altitude, aerial imagery”. If any of those attributes change significantly a new Unit will be
broken out on the digital shoreline. Small features that differ somewhat from the composition of the
overall unit are described in the database attributes as forms within the larger Unit but are not
spatially explicit within the Unit. There are also point features in the ShoreZone dataset, called
Variants. These Variants are the mouths of rivers and streams that flow into the main Unit, although in
older mapping point features may capture other anomalous features such as shipwrecks, marine
mammal carcasses, etc. (see Table 1 and Figure 3 for the protocol used to map each section of the
coast). The Variant is attached to the Unit at the point where the feature crosses the digital shoreline
(which is usually the digital representation of the Mean High Water line). A small subset of physical and
biological attributes is classified for each Variant.
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To link the digital unit or variant to the attributes in the geodatabase, each is given a unique identifier.
This identifier is made of a Region Code, Area Code (with multiple Areas nesting in each larger
geographic Region), Unit Number and Subunit Number with each separated by a slash (ex.
10/03/0001/0). This is collectively called the Physical Identifier, or ‘Phy Ident’. The Subunit Number is
only applicable to point features so it always has a value of ‘0’ for linear Units. Variants will be
numbered according to their occurrence in the Unit (ex. 10/03/0001/4 would be the fourth stream
mouth in unit 10/03/0001/0). See Figure 8 for an example of how ShoreZone Units are displayed on a
digital shoreline.

RECE bs14_bt_02877.jpg A
- . /

7ore

el /bs14_bt_02870.jpg

Figure 8. Example of the delineation of the digital shoreline of Nunivak Island in the Bering Sea.
The inset shows a mosaic of the high resolution digital still images of the section of shoreline
highlighted by the red box, with the corresponding Unit breaks shown on the photos. The blue
dots show the helicopter flight line with each dot representing a 1-second positional fix for the
video imagery and the red dots showing the photo locations.
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The spatial framework of ShoreZone is dependent on the digital shoreline. ShoreZone mapping can
only be accurately displayed if the digital shoreline is accurate, so it is important to use the best
available at the time. In Alaska, the operational standard for most ShoreZone mapping is the NOAA
Coast63 shoreline which is a rough cartographic representation of the Mean High Water line derived
primarily from United States Geological Survey (USGS) topographic maps at 1:63,360 scale (1 inch=1
mile). Much of this is based on ca. 1950 aerial photographs. Since then, substantial changes have
modified the shoreline, including coastal erosion, major storm events and the 1964 earthquake in
Alaska that altered the shoreline up to 15 m in some places.

Tests conducted by the National Park Service (NPS) in Alaska along three park shorelines have shown
discrepancies of well over 100 m between the digital shoreline and what is seen on the imagery (Figure
9). When significant discrepancies between the digital shoreline and the imagery are identified during
mapping, ShoreZone mappers typically do not make alterations to the digital layer. Missing shoreline
features, those that are present on the digital shoreline but not observed in the imagery are generally
not deleted since these could be offshore reefs that do not appear on the imagery but should remain
part of the basemap. It can happen that more shoreline is noted in the imagery than appears on the
digital shoreline, for example, a lagoon behind the beach that is tidal in nature but is not represented
digitally. This discrepancy is recorded by putting a multiplier in the geodatabase field called Shore
Problem that indicates how much more shoreline length should be represented by the digital
shoreline.

Case 1 - 1950's shoreline vs.
IKONOS ORTHO
Harris Moraine, Northwestern
Lagoon, Kenai Fjords
Yellow control points (1meterixy
GPS) within 1 meter of photoid
Ikonos imagery.
lkonos imagery and 1:63,360
shoreline discrepancies shown

.
500m
8 Kotzebue Sound, Kiligmak Inlet £

Discrepancies exceeding 500
meters

100m . i e e ‘ between USGS derived 1:63,360
- 3 o shoreline and
2003 Orthomosaic(stated
accuracy +H-1.1m RMSE

National Parks in Alaska. A) shows Kenai Fjords and B) shows Kotzebue Sound.

The unit is the primary part of the ShoreZone spatial framework and provides the structural
foundation. To provide a more detailed description of the shore, each alongshore unit is also vertically
partitioned into across-shore zones (which is where ShoreZone gets its name) and components which
are across-shore subdivisions of each of those zones.
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ShoreZone defines three across-shore Zones: the supratidal (A Zone), the intertidal (B Zone) and the
subtidal (C Zone) (see Figure 10). The supratidal zone lies between the Mean Higher High Water
(MHHW) and the upper limit of marine influence. The supratidal is also referred to as the splash zone,
with the upper edge often marked by the presence of terrestrial vegetation. The intertidal zone lies
between the Mean Lower Low Water (MLLW) and Mean Higher High Water (MHHW) indicated by a
line of swash debris or the base of the black lichen on rocky shores. This region is inundated by the
daily tide cycle. The subtidal zone is defined as anything below the water line on the imagery for the
purposes of ShoreZone mapping.

Figure 10. Across-shore zones and components on a steep (left panel) and moderately inclined (right
panel) shoreline.

During the classification, each across-shore zone is subdivided into Components, which are defined
based on morphology and sediment texture. Features such as dunes, beach berms, beach faces, and
beach terraces are examples of across-shore features that would be broken out as separate
Components within a zone. The Components are numbered from highest to lowest elevation along an
across-shore profile within each Zone (e.g. Al is the highest supratidal Component; A2 is next lower
and closer to the intertidal; B1 is the highest intertidal Component and B2 would be the lower
intertidal; the subtidal generally only has one Component, the C1). The Components can be thought of
as forming an across-shore transect as a person would observe when walking from the terrestrial area
(dominated by terrestrial vegetation) seaward towards the low-water line.

Component boundaries are estimated from observed changes in slope and texture that define
different morphologic forms. For example, the B1 could be dominated by a pebble-sand beach face,
while the B2 is characterized by a wide mud tidal flat. The general assumption is that each component
is uniform in the alongshore direction. In reality, there may be some alongshore variation so each
across-shore Component can be defined by primary, secondary and tertiary descriptors if necessary.
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As ShoreZone moved into the Bering Sea, Chukchi Sea and Beaufort Sea, the typical definitions of the
supratidal and intertidal zones needed to be refined for Arctic coasts which have small tide ranges, ice
dominated morphologies, and wide supratidal zones meaning the boundary of the supratidal can be
difficult to determine from the imagery. Thus, for Arctic coasts, the supratidal zone is defined as the
area infrequently submerged by extreme meteorological tides or storm surge, and often marked at the
uppermost edge by the tidal debris lines, ice scour or by damaged or dead vegetation. The intertidal
zone is defined as being regularly submerged by normal meteorological tides and is often marked by a
recent tidal swash line. In the absence of a swash line this may be determined by a difference in
surface texture or by a slope break (see Figure 11).

Storm Log Line
(Storm Surge Limit)

Figure 11. Examples of eroding tundra cliff (left) and inundated tundra (right) typical of those on
Arctic coasts in Alaska. Note that the intertidal zone widths are often narrow, while storm surge
extent may be very wide.
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3.2 Physical ShoreZone Attributes

The overall goal of ShoreZone physical mapping is to provide a description of the coastal
geomorphology and a basic framework for the biological characterization of the coast. As described in
the previous section, ShoreZone breaks the digital shoreline into a series of alongshore segments, and
then links a systematic description of the across-shore morphology to each of those line segments by
using a standard set of codes. The basic premise is that the physical attributes (such as morphology,
substrate and energy) are the ‘building blocks’ of the coastal ecological system upon which the
biological components form communities. The physical attributes are therefore characterized first in
the ShoreZone mapping workflow, followed by the biological attributes which are defined in Section
3.3. Section 3.2.1 describes the alongshore attributes which are called ‘Unit Level’ attributes and
Section 3.2.2 describes the across-shore attributes which are called ‘Component Level’ attributes.
Please note that these attributes and definitions are applicable to the sections of the coastline
classified after January 1, 2016 (see Figure 3 for the specific sections of the coastline). Although most
of the definitions have remained consistent over the entire extent of ShoreZone, a few attributes have
been added and/or modified over time, so the protocol specific to the section of shoreline of interest
should be consulted prior to any analysis.

3.2.1 Unit Level Physical Attributes

Coastal Class

The Coastal Class attribute summarizes the dominant structuring process (Table 2), slope, width, and
morphology/substrate character of the intertidal zone of the unit. Most intertidal coastal morphologies
are a result of wave energy acting on the shoreline (Table 3). Shores that are not dominated by wave
action include estuarine, anthropogenic, current-dominated, glacial ice, lagoon and permafrost
shorelines (Table 4). Please note that a ‘50% Rule’ applies to these Coastal Classes, meaning that at
least 50% of the intertidal zone of the unit needs to be structured by the given process for these
Coastal Class to apply. The exception is Coastal Class 31 and the specific criteria for assigning that Class
is given in Table 4. To improve consistency between mappers guidelines have been developed for
assigning Coastal Class (Table 5). An online data dictionary with photographic examples of each Coastal
Class from multiple regions will be made available on the NOAA ShoreZone website in 2018. Please
note that this attribute has been referred to as ‘Shoretype’ in some previous versions of the protocol.

Coastal Class is often used to model distribution of coastal resources that require particular sediment
conditions. It can be used in conjunction with other attributes such as Wave Exposure or Biobands to
refine any modelling exercise.
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Table 2. Guidelines for determining the dominant structuring process for the ShoreZone Unit.
Dominant
Structuring Process

Guidelines for Classification

The dominance of wave energy as a structuring process is evident from eroding
shoreline landforms (e.g. cliffs or platforms) or accretional landforms resulting
Wave Energy from wave-generated sediment processes (e.g. spits, barrier islands, swash bars,
berms). For stable shorelines without evidence of erosion or accretion, wave
energy is assumed dominant if no other structuring process is evident.

Riparian processes are usually found in an enclosed embayment with restricted
wave fetch and significant freshwater input. These freshwater influences often
Riparian create deltaic forms and may result in marsh formation in the upper intertidal
zone. The substrates are commonly fine (e.g., muds) and can include organics
such as peats.

Anthropogenic processes are considered dominant when man-made structures
and/or substrates comprise more than 50% of the intertidal zone.

Current dominated shorelines are generally salt-water, high current channels
caused by tidal flow or are found between islands or the constricted entrances to
saltwater lagoons. Intertidal zone widths are often narrow and wave fetch is
restricted.

In an area dominated by glacial processes, glacial ice fronts dominate the
intertidal zone (tide water glaciers). This will be restricted to a few locations.

A lagoon is an enclosed water body that is connected to salt water by either a
permanent inlet, ephemeral inlet or storm wash-over such that the water body is
Lagoon permanently or at least occasionally salty. The tidal range is often restricted due
to asill height or narrow channel. Wave fetches are limited and wave exposure
low.

In periglacial process dominant areas, permafrost and pore ice control the
shoreline morphology. Thermokarst features such as ground ice slumps can
dominate the coastal morphology. Thaw subsidence resulting from melting of
permafrost can create unique morphologies such as inundated tundra (e.g., thaw
subsidence has obviously contributed to submergence of the tundra surface
below mean sea level).

Anthropogenic

Current

Glacial

Periglacial
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Table 3. Definitions of the wave-structured shore types (after Howes et al. 1994) for the Coastal
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Class attribute. See Table 5 for guidelines on assigning these Coastal Classes.

Coastal Class

Substrate Sediment Width Slope
Description Code

Wide Steep (>20°) n/a -

(30 m) Inclined (5-20°) Rock Ramp, wide 1

Rock n/a Flat (<5°) Rock Platform, wide 2
Narrow | Steep (>20°) Rock Cliff 3

(<30 m) | Inclined (5-20°) Rock Ramp, narrow 4

Flat (<5°) Rock Platform, narrow 5

Wide Steep (>20°) n/a -

(>30m) | Inclined (5-20°) Ramp with gravel beach, 6

Gravel Flat (<5°) Platform with gravel beach, 7

Narrow LSteep (>20°) Cliff with gravel beach 8

(<30 m) Inclined (5-20°) Ramp with gravel beach 9
Flat (<5°) Platform with gravel beach 10

Wide Steep (>20°) n/a -

Inclined (5-20°) Ramp w gravel & sand 11

Ro.ck & Sand & Gravel (>30 m) Flat (<5°) Platform with G&S beach, 12
Sediment Narrow LSteep (>20°) Cliff with gravel/sand 13
(<30 m) Inclined (5-20°) Ramp with gravel/sand 14

Flat (<5°) Platform with gravel/sand 15

Wide Steep (>20°) n/a -
(>30 m) Inclined (5-20°) Ramp with sand beach, 16
Sand Flat (<5°) Platform with sand beach, 17
Narrow LSteep (>20°) Cliff with sand beach 18
(<30 m) Inclined (5-20°) Ramp with sand beach, 19
Flat (<5°) Platform with sand beach, 20
Wide Flat (<5°) Gravel flat, wide 21

Steep (>20°) n/a -
Gravel (l\lz;rgomm; Inclined (5-20°) Gravel beach, narrow 22
Flat (<5°) Gravel flat or fan 23

Wide Steep (>20°) n/a -

Inclined (5-20°) n/a -
Sand & Gravel (>30 m) Flat (<5°) Sand & gravel flat or fan 24

Narrow |Steep (>20°) n/a -
Sediment (<30 m) Inclined (5-20°) | Sand & gravel beach, 25
Flat (<5°) Sand & gravel flat or fan 26

Steep (>20°) n/a -
Wide Inclined (5-20°) | Sand beach 27
(>30 m) | Flat (<5°) Sand flat 28
Sand/Mud Flat (<5°) Mudflat 29

Narrow LSteep (>20°) n/a -
(<30 m) Inclined (5-20°) Sand beach 30

Flat (<5°) n/a -

Coastal and Ocean Resources
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Table 4. Coastal Classes associated with structuring processes other than wave energy.

Dominant
Structuring
Process

Description

Coastal
Class

Riparian

Organics, fines and vegetation dominate the unit; may characterize
units with large marshes in the supratidal zone IF the marsh represents
>50% of the combined supratidal and intertidal area of the unit, even if
the unit has another dominant intertidal feature such as a wide tidal
flat or sand beach. This coastal class may also be applied if a significant
amount of marsh (25% or more) infringes on the intertidal zone.

31

Low vegetated peat are areas of low-lying peat banks; usually
vegetated in the supratidal zone, but not always vegetated in the
intertidal zone. Minimal mineral sediment is present.

39

Anthropogenic

Permeable man-made structures such as rip-rap, wooden crib
structures where surface oil from a spill will easily penetrate the
structure.

32

Impermeable man-made structures such as concrete seawalls and steel
sheet pile.

33

Current

Current-dominated shore types occur in elongate channels with
restricted fetches and where currents (tidal or otherwise) are the
dominant structuring process.

34

Glacial

Glacial ice dominates a few places on the Alaska coast where tide-
water glaciers are present. These locations are characterized by
unstable ice fronts.

35

Lagoon

Lagoons represent a special coastal feature that has some salt-water
influence but may be largely disconnected from other marine
processes such as tides and high wave exposure. Lagoons are
distinguished from estuaries, which must have fluvial or deltaic
landforms. Intertidal zones are often narrow and restricted in
elevation. Saltwater influxes may be only episodic.

36

Periglacial
(Permafrost)

Inundated tundra occurs where thaw-subsidence on low-relief
shorelines causes the tundra surface to sink below mean sea level.
Often the polygon fracture patterns associated with ice-wedges
polygons are evident.

37

Ground ice slumps are areas where the thaw of high ice content shores
causes mass-wasting in distinct patterns including ground ice slumps,
thermo-erosional falls, and solifluction lobes.

38
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Table 5. Mapping guidelines used for Coastal Class attribute classification.

Category

Guidelines for Classification

Rock (Codes 1-5)

Rock substrate dominates the intertidal zone of the unit, with little or no
unconsolidated sediment or organics (<10% of the overall unit area).

Rock and Sediment
(Codes 6-20) vs. Sediment
Dominated (Codes 21-30)

When a unit consists of a beach with rock outcrops/platforms, the
Coastal Class should be coded to emphasize the beach sediment (Codes
21 to 30) unless the rock outcrops/platforms make up 25% or more of
the total intertidal area of the unit. When the rock outcrops are 25% or
more, the Coastal Class should be coded to reflect the influence that the
rock has on the unit (Codes 6 to 20).

Supratidal rock with
intertidal beaches

When a unit consists of a supratidal cliff/ramp with an intertidal beach,
the Coastal Class should be coded to reflect the importance of the beach
(Codes 21 to 30) even if the cliff/ramp slightly infringes (<3 m) on the
high intertidal zone. When the cliff/ramp significantly infringes on the
intertidal zone (>3 m), a “Rock and Sediment” classification should be
applied (Codes 6 to 20).

Coastal Class 11

When a unit consists of a prominent cliff in the supratidal and > 3 meters
in the intertidal, in conjunction with a beach face containing sand and
gravel (>25% of unit) and an intertidal zone wider than 30 meters, slope
is ignored and Coastal Class 11 is used.

Coastal Class 13

When a unit consists of a significant cliff in the supratidal and > 3 meters
in the intertidal, in conjunction with a beach face containing sand and
gravel (>25% of unit) and an intertidal zone < 30 meters, slope is
observed and Coastal Class 13 is used.

Sand Rule

To include sand in Coastal Class assignment, particles that are 2 mm and
finer must be observed as >10% of the sediment type, or when a patch of
sand is 10m or more in diameter.

Veneers

When a boulder/cobble/pebble beach is observed in a protected or semi-
protected area, it should be noted that these materials are almost always
a veneer overlying sand. This should be taken into consideration when
coding the materials and choosing a Coastal Class. If the geologist’s
commentary mentions sand in nearby units with similar wave exposures,
apply the presence of sand to the unit. Close examination of the lower
intertidal in the digital still photos will often reveal the presence of sand,
even if the commentary lacks mention of it. If there is no evidence or
commentary regarding sand, do not assume it is present.
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Wave Exposure

Wave energy is a dominant physical attribute of the intertidal that affects community structure directly
through episodic disturbance events and indirectly by controlling substrate dynamics over short and
long term periods. The lack of bare space is often the limiting factor governing community structure in
the rocky intertidal, thus, the most profound direct effect of waves on community structure is the
creation of bare space allowing recruitment from the plankton. Denny et al. (2004) discusses the forces
generated by waves on intertidal organisms in terms of patch dynamics, one of the most important
processes by which rocky intertidal communities are structured. Unconsolidated substrates can be
moved by the direct impact of waves, by wave run-up, and by wave generated currents. On beaches
with mobile substrates, the particles can be rolled or entrained continually, seasonally, or episodically
in high wave energy environments. Mobile substrates typically harbor fewer organisms than stable
substrates, for example, rounded pebble and sand beaches are typically depauperate of macrobiota,
while stable substrates such as bedrock, large boulders, and angular pebble beaches are relatively
species rich. Intertidal fauna in heavy surf must have thick shells and strong muscular attachments
(limpets and snails), permanent attachments (barnacles), or the ability to seek refuge in crevices or
interstitial spaces (crabs and worms). The floral community must likewise adapt to the forces of the
nearshore surf and swash zone, and in the absence of wave run-up, must also tolerate long hours of
desiccation. The measurement of wave energy is therefore fundamental to understanding the
structure of intertidal communities.

The Wave Exposure attribute is an estimate of the amount of wave energy that could potentially
impact the intertidal zone of the unit. Howes et al. (1994) recommended that wave exposure be based
on maximum fetch, where wave exposure increases with increasing fetch distance; therefore, the
Wave Exposure attribute in ShoreZone is assumed to be a function of the fetch window of the unit. The
standard definition of fetch is the length of water over which a given wind can be blown. However, that
maximum fetch can be modified by several factors. Changes in coastal orientation, presence of
offshore islands, or the proximity to shoaling bathymetry will attenuate the height and wavelength of
open ocean waves. Protection may also be provided by a short sea fetch resulting from the distribution
of land masses surrounding the unit. Thus, ShoreZone uses this attenuated or modified effective wave
exposure to characterize the wave climate for alongshore units (Table 6).

Table 6. Definitions for the Wave Exposure attribute.

Effective Fetch Range (km) Wave Exposure
Category
<1 Very Protected
1-10 Protected
10-50 Semi-Protected
50-500 Semi-Exposed
500-1000 Exposed
>1000 Very Exposed
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It is a rare to have the exposure change directly from the Exposed category to the Protected category
in adjacent units, although it does occasionally occur. In most cases, there will be a transition zone that
includes a few units of Semi-Exposed to Semi-Protected or both. For example, the entrance to a bay
will tend to have a slightly higher exposure than the head of the bay due to its location and processes
such as wave refraction.

Intertidal Zone Width

Coastal and Ocean Resources has adopted the use of Structure from Motion (SfM) with our oblique
aerial imagery to measure width. SfM is a digital image processing technique for generating 3-D spatial
data for use in mapping and GIS applications, and for indirect measurements of objects. SfM operates
under the same principals as stereoscopic photogrammetry so that 3-D structure can be resolved from
a series of overlapping, offset images (Figure 12) and requires at least 50% overlap between images.
The images for ShoreZone are acquired from a fast-moving helicopter but 1-second still imagery
captures from the video still have at least 60% overlap provided the flight speed does not exceed 100
km/hr. The ShoreZone workflow was modified in this protocol to include the creation of SfM
orthophotos using those video captures which are imported into Google Earth. Google Earth GIS tools
are then used to measure the width of the intertidal zone from the estimated Mean High Water line to
the edge of the water in the imagery (Figure 13). This represents a significant technological
improvement over past estimates of width, which was done purely from the imagery and whatever
reference points could be found on the shoreline.

Figure 12. The Structure from Motion processing technique for video frames with
60% overlap.
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Figure 13. An Ortho-rectified image created using Structure from Motion with
overlapping ShoreZone video captures. They are exported to Google Earth for width
measurements of the intertidal shoreline.

Intertidal Zone Area

The area of the unit intertidal zone (in m?) calculated using the Intertidal Zone Width multiplied by the
Digital Shoreline Length which is calculated in ArcGIS using the best available digital shoreline. This
method assumes that the digital shoreline length is relatively straight, as opposed to highly crenulated
and that the width of the intertidal zone does not vary much along the length of the unit. The Intertidal
Zone Area could potentially be used to calculate estimates of the amount of substrate in each unit or
calculating biomass estimates for the Biobands when used in conjunction with the percent cover
estimates.

Aspect
Aspect is the shore normal compass direction the unit faces (Figure 14) and is useful to estimate the

amount of insolation a unit receives. Shore unit Aspect can also affect the volume of debris
accumulation, wave energy input, and wind and sun-induced desiccation. South-facing shorelines
receive more sunlight which can cause evaporation from organisms directly exposed to its rays;
therefore, some flora and fauna are more common on north facing beaches (or on north facing
boulders) than on south facing aspects. The Aspect is recorded as one of the 8 cardinal compass points
(i.e. N, NE, E, SE, S, SW, W, NW).
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Figure 14. Determining the Aspect attribute of each alongshore Unit.

Intertidal Slope Category

This attribute is the slope of the B Zone, calculated using the equation: Slope = tan™(Tidal
Height/Intertidal Zone Width). Tidal Height is the projected (modelled) tide height or sea level
elevation (in meters) of each unit on the day and time the imagery was taken. This estimate is taken
from the nearest or most relevant tide station (from the NOAA Tides and Currents website). It should
be noted that this estimate is only as accurate as the tide station information (which can be
problematic along remote areas of the Alaska coast) and the width estimation using Structure from
Motion. To account for that potential uncertainty, we created categories (Table 7) for the slope
attribute to alleviate some of the potential sources of error as well as reduce inter-mapper variability.
Although this is a new attribute, it is backward compatible with the rest of the ShoreZone dataset as
previous estimates can be rolled into these categories if desired.

Table 7. Intertidal Slope Category definitions.

Slope Category Degree Range
Flat <2
Low Incline 2-4
Moderate Incline 5-10
High Incline 11-20
Steep 21-45
Very Steep >45
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Iribarren Category

Wave Exposure provides a good estimate of the total energy acting on a Unit; however, the
morphology of the wave that results from the interaction of that energy with the slope of the beach
face can also be an important factor in structuring the biotic community.

Wave morphology can be modelled for each unit by calculating how the slope and wave energy might
interact using an algorithm called the Iribarren number (Battjes 1974). Table 8 shows the calculated
Iribarren values for each Intertidal Slope Category/Wave Exposure category combination in the
ShoreZone classification. This calculation also requires the wave height, period and interval for each
Wave Exposure category. This information was taken from the U.S. Army Corps of Engineers wave
prediction curves (Department of the Army 1984). These values are then rolled into four categories:
Spilling, Plunging, Collapsing and Surging (see Figure 15 for illustration). The Plunging and Collapsing
categories generally represent highly dynamic shorelines if the substrate is unconsolidated (Komar
1998).

Table 8. Iribarren Number value table for each Wave Exposure and Slope Category combination.

Wave Exposure Category
Very Semi- Semi- Very
Protected AL Protected | Exposed LR Exposed
Flat 0.03 0.05 0.06 0.10 0.10 0.10
Low 0.15 0.27 0.32 0.49 0.48 0.52
> Incline
o
5 Moderate | 0.55 0.64 0.99 0.97 1.05
= Incline
Q o
8_ ngh 0.64 1.14 1.31 2.04 2.01 2.16
o Incline
\ Steep 1.77 3.13 3.61 5.59 5.53 5.93
Very 3.06 5.41 6.25 9.69 9.57 10.27
Steep
Iribarren Number

Iribarren Categories: Blue =