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Habitat Mapping

Substrate and biotopes can be spatially delineated from remotely sensed data of the
seabed using ArcGIS tools. Multibeam echosounder (MBES) backscatter can be
classified into acoustic classes which in turn can be refined into more detailed
habitats using data from overlapping sample data with information on sediment type
and/or biological assemblages.

This document will endeavour to describe different methodologies, both manual and

automated, that can be used to generate habitat maps.

Manual Classification

The first step involved in generating a EUNIS habitat map from acoustic survey data
is the separation of the data into hard and soft substrates. Rock outcrops are clearly
visible on Shaded Relief imagery and the simplest method of mapping these reef
habitats is by tracing the extent of the outcrop highlighted on the image.

Digitising Rock Outcrops

The process is surmised in the following steps:
(i) Create a polygon file in which to store the traced polygon features i.e. rock
outcrops.

Open a new map in ArcMap and add the shaded relief image, “SR_Kenmare”
(C\ArcGIS\ClassData\SupervisedClassification), to the map. Then, click on the

ArcCatalog icon 51 in ArcMap, the Catalogue Tree appears on the right-hand side of
the viewer. Navigate to the “SupervisedClassification” folder in the tree, then right-
click this folder and select the New-Shapefile command.

& DigitisingRockOutcrops.mxd - ArcMap - Arcinfo.
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A dialogue box appears requesting the user to specify a name, a file type and a
coordinate system. Type in “RockOutcrops” as the name of the shapefile and select
Polygon as the Feature Type from the dropdown menu.

Create New Shapefile 23]

Neme: FRockDutzrond

Feature Type: | Polygon v

Spatial Reference

Dest

ordinete System

[ Show Details Edi.

contain M values. Lsed to store iaute data.
[ Coordinates will containZ values. Used to store 3D data,

Next, assign a coordinate system to the new shapefile. This can be done by selecting
from a predefined list of coordinate systems or by simply importing the coordinate
system of an existing shapefile or raster. Click on Edit button and choose the Import
option from the resulting dialogue box. Then navigate to the SuprevisedClassification
folder where the shaded relief image, "SR_Kenmare”, is stored.

Browse for Dataset ]

Lookin: | SupervissdClassification v & aE

Type
Raster Dataset

Name: [ sk_xenmare | Add

Show of type: [ Gengraphic detasets v Cancel

When located, select the image and click Add. The UTM Zone 29N coordinate system
can now be assigned to the newly generated polygon shapefile.

! GCE_WGs_t084
453257519943299)
0,000000000000000000)

Click Apply and OK to save the actions, and OK again to close all dialogues. The
“RockOutcrop” file can now be added to ArcMap for editing.
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(ii) Overlay the polygon file on the shaded relief imagery in ArcMap (Use the Add

Data icon & to add the “RockOutcrops” file to the existing map using the following
pathway: C\ArcGIS\ClassData\SupervisedClassification).

(iii) Trace the rock outcrops when in Edit mode.

Begin an editing session by clicking on the Start Editing command from the Editor
Toolbar dropdown. (If the Editor toolbar is not visible, it may need to be added, just
go to Tools-Customise and tick Editor from the list of toolbars). Specify the “Rock
Outcrops” file as the file that is to be edited. Zoom into an area (keep scale at
1:10000) using the zoom tool and then click on the Polygon tool in the Construction
Tools Panal (in the lower left window of the viewer). Click once on the map to begin
tracing, and click once each time there is a change of direction, when the outcrop
has been fully traced, double-click to end. Move on to the next outcrop and repeat
the procedure until all the rock outcrops have been traced. Click on the Edit-Save
Edits command from the Editor Toolbar dropdown menu to save all the digitised
reefs.

& DigitisingRockOutcrops.mxd - ArcMap - Arclnfo

File Edt Wiew Bookmarks Insert Selection Geoprocessing  Customize  Windows  Help
OE& $EE x =2 - b1 VI EEEED
KM@ kil I -
Edtor~ k"

Table OF Corkents = — =
Elsss a
= = Layers
= [ Rockouterops
|

- cRuckOubcrops

=1 SR_Kenmare
ReGB

MRed: Band_1

[ Green: Band_2

MM Glus: Band 3

[JRockouterops

B
[ construction Toals

<3 Polygon

[] Rectangle

@ Freshand

V| 17 Auto Complete
il Polygon

) T —
| @larcrool... | ETableo... | |

Orawing~ R (=) #El []- A - /<

2]

438397,799 5735085468 Meters

The rock outcrop layer as it is stands corresponds to a EUNIS level 2 map. To
generate a higher level EUNIS map, ground truth data in the form of video drops will
be used to classify the rock outcrops into biotopes. (This will be covered in detail in
the Maximum Likelihood Classification section further on).
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Tracing Soft Substrates

MBES backscatter imagery displays the strength of the returning echo. Different
amplitudes correspond to different substrates and can be grouped into similar
acoustic classes as a proxy for sediment type. The simplest way to delineate different
substrates using backscatter is to view the image initially in greyscale to see how
many acoustic groups can be made by a visual inspection. When decided on the
number of acoustic groups present, the user can classify the image into this number
of acoustic ranges and colour-code it accordingly. In the following example the data
are classed into 3 acoustic groups.

Open ArcMap and add the backscatter data for Kenmare, “"backscatter”, using the
following pathway: C\ArcGIS\classData\SupervisedClassification.

% TracingAcousicClasses.mxd - ArcMap - Arcinfo

File Edt ‘view Bookmarks Insert Selection Geoprocessing Customize ‘Windows Help

OgE& 1B % o o b 12547 v GIE B T tever: [ backscatter ot =17 Laver [ backseatter.ti =1z
AEAM@ iEille=s -0 8 @ A ) STt o e R B AR R ) B - Georeferencing < 2
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Table OF Contents *x ~
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A visual inspection of the image shows that there are at least 3 different acoustic
classes present: low, medium and high. In order to define the boundaries of these
classes more clearly, the data can be colour-coded to display the 3 acoustic ranges.

Click on the name of the backscatter image in the Table of Contents (TOC) on the

left-hand side of the screen. The Layer Properties dialogue will open, hit on the
Symbology tab and a new menu opens.
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Layer Properties.

| Gieneral | Source | Exient | Display | Stmbology | Fiekds | Jains & Aelates|
Show:  Drawraster grouping values into classes ]
[ Lrique valuss |
I |
Shretched Fields
pRase value Marmalzation | <tonex |
Classification -
Natural Bresks (Jenks) Classes|s v
Color Rarp M 7"""”"”"""7.,‘
| Symbol  Range Label |
44 - 123 44-123
- 147 123,0000001 - 147
147 - 238 147,0000001 - 236
[ Show class breaks using cell values Displiy NoData a5 [——11
[ Use hilshade effect Al ]
0K ][ Cancel | [ Apol

Select Classified as the method for displaying the data and select "3” as the number
of classes from the Classes dropdown menu.
Classification Method, if the user wishes to manually put in values for the range
breaks, or view a frequency histogram of all backscatter values, then click on the
Classify button). When satisfied with the range and number of classes, choose a
colour ramp from the dropdown list and click OK.

(Natural Breaks is the default

% TracingAcousicClasses.mxd - ArcMap - Arcinfo
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The final step requires converting these acoustic groups into vector format for
further processing and groundtruthing. This can be done by tracing the classes from
the colour-coded backscatter following the exact same steps used in the “Digitising
Rock Outcrops” section. (i.e. create a new polygon file and trace the extent of each
acoustic class when in Edit mode).
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Unsupervised Classification

This classification technique involves grouping data into classes with similar
acoustical characteristics.

Generating Acoustic Classes

As an alternative to tracing the acoustic classes, the colour-coded backscatter data
can be automatically converted into a shapefile delineating the acoustic classes using
ArcTools in 2 steps:

(1) Reclass the backscatter tiff into an ArcGIS grid displaying 3 classes
This step is necessary as the acoustic data ranges need to be saved into a new raster
before a polygon displaying the classes can be generated. Click on the ArcToolbox

icon and browse for the Reclassify tool which is located in the Spatial Analyst
Toolbox (ArcToolbox\Spatial Analyst Tools\Reclass). Click on the Reclassify tool to
open the dialogue box.

=0 )

Specify “backscatter.tiff” (in its current display showing 3 acoustic ranges) as the
Input raster, ensure Value is specified as the Reclass field. The current acoustic
ranges should be listed as the Old values and integers, “1”, “2” and “3” listed as the
New values. Give the Output raster a name, “reclass”, and save it to the
“SupervisedClassification” folder. Click OK. The new raster will appear in ArcMap

LS L B Georsterencng
napping > © XTooksProx b - 5 B B @ B& E a-8G B

[ rable of Co... | @ ArcTonbox | @B @ 0 &
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(2) Convert reclassed raster into a polygon

It is necessary to convert the reclassed raster into a polygon so that it can be
merged with the reef data to provide a complete map of substrates within the study
area. In ArcTools, select the “Raster to Polygon” tool.

oo i
[l ArcToolbax
- & 30 Analyst Tools
- & Analysis Tools
@ &) cartography Tools
& & Conversion Taols

- e From kML

(=& From Raster

%5, Raster ko ASCIL
#,, Raster to Float

", Raster ko Point
", Raster to Polygon
", Raster to Polyline
#, Raster Ta Video
- By From WFS
- B Metadata
& ToCAD
& To Collada
& To Coverage
& To dBASE
& To Geodatabase
& TokML
& ToRaster
& To Shapefile
- @ Data Interopersbity Tools
#/- & Data Management Tools
1 &) Editing Tools
@ B Geocoding Tools

L

- B Geostatistical Analyst Tooks
& Linear Referencing Tools
& Multidimension Tools

- B Network Analyst Tools
& @ Parcel Fabric Tools

- @ Schematics Toals

- & Server Tooks

@ &) Spatial Analyst Tools
B Spatial Statistics Tools
- Tracking Analyst Tools
= & ®Todls Fro

| & arcToolbox | =] Table OF Conterts

A dialogue box will appear once the tool is selected. Select the “reclass” raster as the
Input raster (the “Value” attribute will automatically be entered in the Field box).
Give a name to the Output file, call it “AcousticClasses” and save it to the
“SupervisedClassification” folder.

S Raster to Polyson

Input rasker Qutput polygon

|reclass _ﬂ EI features

Field {optional)

| vaLLE V! The output feature class that
Qutput polygon Features will contain the converted
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Simplify polwgons [optional]
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A polygon shapefile displaying the three acoustic classes will now be added to
ArcMap. Click on the Layer Properties of the shapefile to symbolise the data by its
“gridcode” attribute. (Click on the name of “"AcousticClasses” shapefile in the Table of
Contents on the left-hand side of the screen. The Layer Properties dialogue will open,
hit on the Symbology tab and a new menu opens).

Layer Properties @@
s s — ; HTWL Porep
Generdl | Sowce | Selecion | Display | Syrboiogy | Fields Defirition Query | Labels | <Callout
Show
e — | Draw using unique values of one field.
Categories | Walue Field Color Ramp |

e i [mRiDEODE 7 (I T T

Unique values, many 1 | |

Match to symboks in <
Quantitios | Smbol Value Label Count
Charts O <all other values> <all other values> i
Multiple Attributes <Heading> GRIDCODE 209233
1 1 60417
| 12 2 125331 : |
| 3 23485
() 8| : |

| |
[(Add Al Values | [ AddValues. Reme Remave 41 | [ Advanced -

Select Unique values from the list of categories in the display options and specify
“Gridcode” as the Value Field. A map showing an unsupervised classification of
substrates for the study area can now be displayed in ArcMap.

& UnsupervisedClassification.mxd - ArcMap - Arclnfo

File Edit View Bookmarks Insert Selection Geoprocessing Customize  Windows  Help
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The last step involves merging the reef data with the acoustic classes. In order to
avoid any areas of overlap between the polygon features, the “AcousticClasses” layer
will be clipped using the” RockOutcrops” layer.
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Distinguishing Between Rock and Coarse Sediments

There is little difference in the strength of the returning signal when reflected off of
rock and very coarse sediments, therefore, it is difficult to distinguish between these
two substrates using backscatter alone (See Fig. 10).

7 g
> Soft sediment
Za ¥

Coarse sediment

(a) (b)

Fig. 10. MBES backscatter image displayed in greyscale. (a) Darker shades correspond to rock and
gravels, paler shades correspond to softer sediments such as muds and sands. (b) Rock outcrops traced
from shaded relief imagery can be overlain on the backscatter to help distinguish between coarse
sediments and rock.

One solution to separate rock from coarse sediments is to overlay the traced rock
outcrops from the shaded relief imagery and subtract (i.e. delete) the extent of the
reefs from the file showing the acoustic classes. This will result in a clipped file that
just displays sediments. This is a very simple task that can be easily done using the
Erase tool in ArcToolbox. Open ArcMap and add the ™“AcousticClasses” and
“RockOutcrops” shapefiles to a new map.

& UnsupervisedClassification.mxd - ArcMap - Arcinfo
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Click on the ArcToolbox icon and browse through the toolsets for the Erase tool
(located in the following pathway: ArcToolbox\AnalysisTools\Overlay). Once the tool
is highlighted a dialogue box opens requesting the user to specify the files required
to perform the task.

 Erase

Input Features Qutput Feature Class
|amust\ctlasses _Y_l Ej
Erase Features The feature class that will
RockOutcraps = contain only those Input
|Out T _"1 =] Features that are not

B — coincident with the Erase
‘C:lArcGISlCIassData\SuDervisedc\assiF\cat\on\Sadiments‘shp | Features.
®¥ Tolerance {optional)
i | !Meters v}

[a]4 ] [ Cancel I [Envirunments..‘ I I <= Hide Help ] I Tool Help

Select the “AcouticClasses shapefile” from the Input Features dropdown list - this is
the file which is to be clipped. Select the “"RockOutcrops” file from the Erase Features
dropdown list - the features of this file will be used to erase coincident features in
the Input file. Give the output file a name, “Sediments.shp”, and save it to the
“SupervisedClassification” folder. Finally, click OK. The clipped file displaying the
extent of sediments will appear on the map once processing is finished. Symbolise
the data to display the 3 acoustic classes using the Layer Properties dialogue.

% UnsupervisedClassification.mxd - ArcMap - Arclnfo
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Supervised Classification

Supervised classification is the process of identifying areas on an image or a map
using data from direct observations. The goal of classification is to assign each point
in the study area to a class.

Groundtruthing Acoustic Classes

The most common method of identifying acoustic classes is to use information on
sediments obtained from direct sampling of the area enclosed by the acoustic class.
Sampling is usually undertaken during the course of the MBES survey, ideally the
backscatter data is used to target the sampling effort in order to get representative
samples from each of the acoustic classes provisionally identified. Once the sample
data are acquired, they undergo Particle Size Analysis (PSA), the output of which is
typically a point shapefile with Folk sediment classes assigned to each point.
(Appendix 1 details how Folk classes are defined based on PSA of sample data).

In the following example, samples classed to Folk will be used to identify the acoustic
classes. Add the “Sediments” shapefile, and the sample data shapefile, “Folk”, to a
new map.

& SupervisedClassification.mxd - ArcMap - Arcinfo
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The overlapping samples can be labelled using the “Folk” attribute. (Go to the Layer
Properties of the Folk shapefile and click on Label Features command, if the correct
attribute is not selected as the label, then click on the Label tab in the Layer
Properties and select "Folk” from the Label Field dropdown menu).

The acoustic class attributes can now be updated to a sediment type (sandy, mud,
sand and gravel) based on the sediments identified from the samples which overlap
each of the 3 acoustic classes. (The procedure for updating attibutes is outlined in
detail in the Maximum Likelihood Classification section).
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Automated Classification

There are a number of softwares currently available offering a choice of methods for
the production of thematic seafloor maps. MBES datasets can be processed using
angular range analysis (using CARIS HIPS/SIPS Geocoder, and IVS Fledermaus
Geocoder), and image based classification (using Quester Tangent QTC Swathview)
in order to generate a variety of end products.

Comparing Different Interpretation Techniques

A bespoke comparison of interpretation methods was undertaken using the Kenmare
dataset. The three software packages used to generate substrate maps included
ESRI ArcGIS, QTC Swathview and Fledermaus Geocoder. Statistics on the difference
between the extent of substrate classified by each technique were produced. In
general, the similarity between the maps generated was relatively high, the main
reason for the differences between the classifications were in the discrimination of
sand from muddy sand, and the lack of any sand class in the results from
Swathview. The results of all comparisons are presented in the following set of maps.

ArcMap Results Swathuiew Results Geocoder Results

(a) (b) ()

ArcMap v Swathview ArcMap v Geocoder Swathview v Geocoder

I s with the some desstiction (59%)
[ ———

B e e the o ltiction (2%
[ [RS——

(d) (e) (f)

Fig. 11. Substrate maps generated from (a) ArcMap, (b) QTC Swathview and (c) Fledermaus Geocoder.
(d) The results show an 89% similarity between the outputs from ArcMap and Swathview. (e) The degree
of similarity between the results from ArcMap and Geocoder was 82%, and finally, (f) there was an eighty
percent similarity between the substrate maps produced using Swathview and Geocoder.

B e e e o niction (%)
[ (R ———
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Maximum Likelihood Classification

Overview

Maximum Likelihood Classification is a multivariate tool that uses sample data to
generate unique signature files from a band of rasters. Each signature contains
multivariate statistics of each class identified. The entire area is classified, pixel by
pixel, using this signature information so that in the end, all pixels are assigned to
the class to which they most likely belong.

Process

In the following example, 3 raster layers containing information on the seabed in the
form of depth, energy and substrate, along with biological samples, will be used in
the supervised classification of the seabed into different EUNIS habitats.

EUNIS biological
samples

Kinetic energy

Backscatter

Bathymetry
-

The following are the steps to perform a supervised classification:

1. Identify the input bands.
Produce training sites from known locations of desired classes.
Develop a signature file.

View and edit the signature file if necessary.

i » W N

Run the classification.
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Identify the input bands

Open ArcMap and add the rasters “bathy”, “ke” and “backscatter” from the following
pathway: C/ArcGIS/ClassData/SupervisedClassification/InputRasters. These rasters
display information on bathymetry, kinetic energy and substrate hardness
respectively.

& Untitled - Archap - Arclnfo EEX
Flle Edit Wew Bookmarks Insert Selection Geoprocessing Customize Windows Help

DeE& taa x| oo (vwmn S EEE 2 ey 12 Layer: [ bathy =
QANO R4+ B N0/ E ZAAZT L BTEHENEE AN | CRME | codammgr 7
Edior=| kb | 2 AT i | TN ph L snappmgvlﬁlgm ; wockPro- | b B - g H B-@ | B& H 3-MG, '@E
Table OF Contents R ox ~
888 3

= = Laye

Yalue
High s -11,23
Low 171,24
=] ke
Walue
9 High : 4,971
Low ; 4.00065

=2 backscatter

Walue
sz
Low : 58
. E
[] rcToolbox | =) Table OF Contents am | &g >
Drawing - (K |53 42 [ - A - 77 @) aial w0 viB I UlA-®-2

421888.277 5743654.773 Meters

Multivariate analysis of these raster data at training sites (i.e. sample locations) will
enable areas that cannot be groundtruthed to be identified. The rasters showing data
on bathymetry, backscatter and kinetic energy will have a range of values unique to
each class. It is this information that will be used to classify the entire study area
into different EUNIS habitats.

Note: These raster data have been clipped to display pixel values for the areas
covered by sediments only. This is done for each raster individually using the
"Extract by Mask” command in the Spatial Analyst Tools in ArcToolbox
(ArcToolbox\SpatialanalystTools\Extraction). Specify the input raster ("backscatter”,
"KinEnergy” or “bathymetry”) and specify the “"Sediments” shapefile as the Mask
feature. Give the output clipped file a name and save to the "ClippedRasters” folder
in the "SupervisedClassification” folder.
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There are 2 approaches to generating the training sites. The user can buffer existing
sample data which has been classified into unique classes or the Training Sample
Manager (located on the Image Classification Toolbar) can be used. In this instance,

the former approach will be described. Add the shapefile,

“"EUNIS_Samples”, from

the following pathway: C/ArcGIS/ClassData/SupervisedClassification/SampleData.

& Untitled - ArcMap - Arclnfo

File Edik View Bookmarks Insert Selection  Geoprocessng  Customize  Windows  Help

B = Layers

= M bathy

Yalue
High : 11,23
Low 171,24
= ke
Yalue
9 High : 48,571
Low : 4,00068
=] backscatter
walue
Jj rih: 220

Low : 58

ArcToolbos | F=] Table OF Contents

 Drawing~[ R |0 £ [ - A - 0 (0] ard
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e - @ 7B AR 2 5 ) B | B cometerencng~
a2 by - D o ey OTBIB] ¢ ko) & 0 2555 8 W6 - @ 0 6 8 @ 3o 5 GBI
Table OF Contents 2% | = = :
Eleos = .
¢

453425.055 5729423554 Meters

The point sample data must be converted into a polygon file in order to develop the
signature file that will be used to classify the entire area. Buffering the sample data
will result in a polygon file. A polygon will enable more pixel values from the
underlying rasters to be analysed at the signature generation stage of the
classification process. Before buffering the point data, the attributes of the file need
to be examined to ensure that the attribute field containing the class values (unique
to each class type present) will be included in the buffered, polygon output file.

SAMPLE_ID

EUNIS_

KMGO0g |AS5.361
[HMGD13 |a5272
[kMcoe7 [a5272
[kmMGoz2 (a5 361
[kmGo2e | a5 361
[HmG0s4 |5 .351

[ | B (0out of 66 Selected)
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In this example, the attribute field which needs to be included in the buffered file is
the field entitled "Class”. Each value in this field corresponds to a unique, EUNIS
class identified in the samples. This field has to be in short integer format.

Buffering

Considering the pixel size of the input imagery is 5m, a buffer of 25m was used in
order to select a sufficient number of pixels that could uniquely describe the class
but which were not too far from the sample location. To buffer the point sample
data, click on the Buffer tool from ArcToolbox or from the dropdown Geoprocessing
Menu (located on the Main Menu). Select the EUNIS Sample point file,
"EUNIS_Samples” as the input data, give the output file a name, “TrainingSites”,
specify a buffer distance of 25m and finally, dissolve the fields based on the class
attribute (see dialog box below).

 Buffer

Input Features Dissolve Field(s)
|EUNIS_Samples Ea| _@ (optional)
Cutput Feature Class
[ cx\arcaIsisupervisedtiassification| SampleData! Trainingsites shp ] @] The list of field(s) from the input
e features on which to dissolve the
Gl Dutput buffers. Any huﬁers sharing
|' —— 2% [ viciare Fl attribute values in the_llsted fields
B o O (carried over from the input
O Field features) are dissolved.
Side Type (optional) The Add Field button. which is
only used in ModelBuilder, allows
End Type (optional) expected fields to be added to the
LIME Dissolve Field(s) list in order to

Dissalve Type {aptional) complete the Buffer tool dialog
[T | box.
Dissalve: Field(s) {optional)

[ FD

[ sampLE_ID

[[] EUNIS_fin

Class

Select All ] [ Unselect Al
[o]4 1 [ Cancel ] [Envlronments‘.. ] I << Hide Help ] I Taol Help

A polygon file will now display in ArcMap displaying a 25m buffer around each sample
point file. Each polygon will have a class value associated with it. Use the Identify

tool ﬁl to check the class value associated with each polygon.
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Customize

Layer; [€ bathy
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Editor | » F - P " snapping~|O | @ |O| 2 ° xrookPro-| & | i - ¢ I8 (|
Table OF Contents 2 x ~
Tdentify = =
Identify from: -
S Fiayers ¥ [€ Trainingsites =l
= B Trainingsites & TrainingSites
a EUNIS_Samples
.
B
a bathy 1
Vsiue Locatior: | 426,995,648 5,729,969.001 Meters ]
otz Field | Value
. dro s
Low : -71.24 Shape Folygon
| Class @
a ke
Yalue
0 High : 45,971
Low : 400065
backscatter
Value
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Low : 58
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-]
ArcTaclbo | B Table OF Conternts ojm [ |

Drsving- & (.G Lo e [ v vt wlB 1 Ul A B
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Develop a Signature File

The next step involves using ArcToolbox Multivariate Tools to firstly generate a
signature file and then, to use this file in conjunction with the raster data to classify
the entire survey area. To generate the signature file, select the Create Signature
tool in ArcToolbox at the following address: SpatialAnalystTools\Multivariate.

*- Marine Institute

Foras na Mara

ArcToolbox

T x

ArcTaolbox

~

-8 3D Analyst Tooks
i & Analysis Taols
- &3 Cartography Tools
- & Conversion Tools
2 @ Data Inkeroperability Tools
- &3 Data Management Tools
) 5 Editing Tools
2] G Geocoding Tools
- BB Geostatistical Analyst Tools
) & Linear Referencing Touls
- B Multidimension Tools
- BB Metwork Analyst Tools
3} ﬂ Parcel Fabric Tools
- B Schematics Tools
) & Server Todls
=& Spatial Analyst Tools
(+/- 8 Conditional
[ &y Density
-8 Distance
(+ 8 Extraction
(#-8 Generalization
(+- 8 Groundwater
(& Hydrology
()-8 Inkerpolation
(-8 Local
(- B Map Algebra
(+/- 8 Math
=& Multivariate

+-#% Band Collection Statistics

#%,,, Class Probability
L # Create Signatures
i :(\ Dendrogram
‘,, Edit Signatures
o Tso Cluster
%7 Iso Cluster Unsupervised Classification
", Maximum Likelihood Classification

- # Principal Components
(¢ 8 Neighborhood
B Overlay
. B Dackar Craskinn
ArcToobox | [ Table Of Corterts |

|
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A dialog box appears requesting the name of the input rasters and training site and
the final output signature file. Select the rasters “bathy”, “ke” and “backscatter” from
the dropdown list as the Input Raster Bands. Select “TrainingSites.shp” as the
Feature Sample Data and call the output file, “Signature”.

“\ Create Signatures

Input raster bands Qutput signature file
— The output signature file
Sheabbar |
. ke
&, backscatter | A _gsg extension must be
| % specified.
A
|3
|
|
Tnput raster or feature sample data -
[ Trainingsites T B
sample field {optional) 5
Class ~|
OutpUE signature File
| C\ArGISIClassD: lassificat g |
Compute covariance matrices (optional)
of | [ cencel | [Environmerts... | [ <<tidetie | [ Tedbe

The output signature file is a .GSG which can be opened and examined in Textpad.
Each class can be distinguished now by its statistical characteristics.

signature2.gsq

# Signatures Produced by ClassSig from
#  Class Grid __1000001
#  and Stack __1000000

#  Hunber of selected grids
e
#  Layer-Humber  Band-name
* 1 keSn_clipike_Sn_clip
% 2 bathyom_clip tif~Band_ 1
o 3 bs bl _clipsbs bl clip
# Type Number of Classes Nunber of Layers  Number of Parametric layers
1 8 3 3
e e S B S S S S B S e
# Class ID Fumber of Cells  Class Nams
1 397
# layers 1 F 3
# Means
10.62558 -38.75526 15609068
# Covariance
1 55.00911 ~42.23061 19.60150
2 —42.23061 8281185 2163341
3 19.60150 21.63341 99.80483
#
# Class ID Wumber of Cells  Class Name
H 316
# Layers 1 2 3
* Means
16.66441 ~39.95804 126.06329
# Covariance
1 46.90594 -28.57844 5.20064
2 —28.57844 4777745 ~19.62152
3 520064 ~13.62152 26.13884
#
# Class ID Wunber of Cells  Class Name
3 470
# Layers 1 2 3
# Heans
16.15006 -51.88930 123.09787
# Covariance
1 22.59447 22.72121 ~5.13034
2 2272121 8050502 ~49.41162
3 —5.13034 -49 41162 4890298

#
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Run the Classification

The final step in the classification process is to use the statistical characteristics of
each class generated in previous step to classify the whole area. In order to do this
both the input rasters and the signature file containing the statistical characteristics
of each class will be used by the Maximum Likelihood Classification Tool to generate
a final raster displaying EUNIS habitats. The MLC tool is located at the following
address: ArcToolbox\SpatialAnalystTools\Multivariate.

SR e
[ ArcToolbox ~
ezl @ 3D Analyst Tools T
B Analysis Tools
- & Cartography Tools
- & Conversion Tools
JES @ Data Interoperability Tools
Data Management Tools
- B Editing Taols
[ @ Geocoding Tools
B @ Geostatistical Analyst Tools
& @ Linear Referencing Tools
& Multidimension Toals
- B Metwark Analyst Tools
[ @ Parcel Fabric Tools
(- B Schematics Tools
- &P Server Tools
@ Spatial Analyst Tools
- B Conditional
%; Density
&; Distance
By Extraction
& Generalization
&y Groundwater
%; Hydrology
B Interpolation
By Local
& Map Algebra
By Math
=8 Multivariate
#%, Band Collection Statistics
“:\\ Class Probability
’:\\ Create Signatures
":\\ Dendrograrm
#, Edit Signatures
”:\\ Iso Clusker

=" Iso Cluster Unsupervised Classification
“, Maximum Likelihood Classification
’:-\\ Principal Components
(2] ﬁ: Meighbarhaad
18y Overlay
Racter Creatinn

rcToolboz Table OF Contents

A dialog box appears requesting the name of the input rasters, the signature file and
the final output raster. Select the rasters “bathy”, “ke” and “sed” from the dropdown
list as the Input Raster Bands. Select “Signature.GSG” as the Input Signature File
and call the Output Classified Raster, "EUNIS”. Finally, indicate that a confidence
assessment of the classification is generated by specifying a name and known
address for the Output Confidence Raster. Click OK.
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N\ Maximum

Output confidence raster
(optional)

Input raster bands

]

< >bathy
Sie
< backscatter

Qutput confidence raster dataset
showing the certainty of the
classification in 14 levels of
confidence, with the lowest values
representing the highest reliability.

Input signature File

i il ArcalSyClassDatalSignature. gsg

Output classified raster

I CihArcalSyClassDataSupervisedClassification|EUNIS

Reject fraction {optional)

|00

A prioti probability weighting (optional)
| EquaL

Input a priori probability File (optional)

Output confidence raster {optional)
I i\ ArcalSClassDataSupervisedClassificationlConfidence

[ K I [ Cancel ] [Enwronments... ] [ << Hide Help ] [ Taool Help ]

The MLC tool predicts the distribution of EUNIS classes in the area using information
on the statistical characteristics of raster data at groundtruthed locations. The result
of the entire process is a raster displaying EUNIS habitats on soft sediments.

# SupervisedClassification.mxd - ArcMap - Arclnfo
Fle Edt Wiew Bookmarks Insert Selection Geoprocessing Customize Windows  Help
Oy s L @@ x| oo & 118758

S MO KL -0 8@ @i

Etitoc =l kb L2 Al it LSS T e

Layer: [ EUNIS_Samples =
3 @ B _  Georeferencing - i
18 @ 2-H0/E

A~

wu |5

[= 5]
i

Trainingsites

= [ EUNIS_Samples
.
=] bathy
Velue
High : -11,23

Low : -71.24

=M ke

Velue
9 High': 45,971

Lo : 4,00065

EERERT |
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Final Edits

Converting from raster to polygon

The EUNIS habitats are currently classed as an integer in the attributes, the next
step involves updating the attributes of this layer with a EUNIS code and a EUNIS
habitat class. (Part of the process in the generation of signature files involved
simplifying the standard EUNIS codes into integers. This was done because the MLC
process requires classes in the signature file to be in integer format).

Before the EUNIS layer can be updated, it must be converted from a raster dataset
into a polygon shapefile. In ArcTools, select the “Raster to Polygon” tool.

A dialog box opens requiring the user to identify the input raster and to provide a
name and location for the output shapefile. Select the “EUNIS” layer as the input
raster and call the output file "EUNIS_sediments.shp” (save the shapefile to the
following address C\ArcGIS\ClassData\SupervisedClassification).

“\, Raster to Polyson

Iniput raster Output polygon features

[ELnrs -l @

Field {optional) - The output feature class that will contain the converted
| waLUE v polygons.

Cukput palygon features

|I&:\F\rcGIS'I:CIés§-D.;Ea.\faparvisedCIassiFicat\on\,EUNIS_sediments‘shp]

Simplify polygonz [optional]

Ok ] [ Cancel ] [Environmants... ] [ << Hide Help ] [ Toal Help ]
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The resulting shapefile displays the exact same information as the raster data. The
advantages of having these data in shapefile format is that vector files are generally
easier to edit and the data can now be merged with other vector files such as the

reef data traced from the shaded relief data.

Updating Attributes

Open the attribute table of the newly generated shapefile, "EUNIS_sediments”. The
attribute called “Gridcode” contains a series of integers which are all code for a
unique EUNIS class. These codes must now be updated with the proper EUNIS code
and the associated EUNIS description. To do this, 2 new fields must be added and

then the attributes can be filled in.

T 1 @ B - Georeferencing -

Nossro- & = ;S B B0 H&E 3B

8|
ELINIS_sediments |
GRIDCODE

LBt

s

[}

L

Lk
9

10
12

& [J EunIs

= O TrainingSites

= O EUNIS_Samples
.
= O bathy
Yalue
High : -11.23
Low : -71.24
B0k
Value
9 High : 48971
Low : 4.00068
& [ backscatter
Yalue
g ich: 220
Low : 58 )
“|
@l reTockos | =l Table Of Contents

N

RA@ Giil e W-Tik @ B2 B8 I0 708 S
Edkor>| » P Lt 2 3 Ml o \ 2 snappng- 2

Table OF Contents [ )

[He¢a g

ELINIS_sedimerts

x
FiD | Shape’ | GRIDCODE A
Palygan | s

1 |Polygon

2|Polygon
3 |Polygon
4|Polygon
5 |Polygan
& |Palygan
7 |Palygan
|Palygon
9| Palygon
10/ Polygon
11 |Polygon

oo oo B @ oo nla

I 6

12 [Prbsenn

T 1.».;

{0 out of 216846 Selected)

EUNIS _sediments

~

To add a new field, click the dropdown arrow on the top left of the attribute table and
select the “"Add Field” option. A new dialog opens and requests information about

format of the new attribute field.

Add Field

Hame: ELINIS_code |
Type: i.Texl v|
Field Properties
Length 0]
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Create 2 new fields, call the first new field "EUNIS_code”, assign a text format to it
with a character length of 10. Call the second field, "EUNIS_name”, assign a text
format to it and give it a character length of 100 (the names of some EUNIS classes
are quite long).

- - N B x

EUNIS_sediments Bad

FID_| Shape * [ GRIDCODE | EUNIS_code | EUHIS_name | ~

1 |Palygon
2 |Palygon
3 |Palygon
4 |Palygon

= Polygon

)3m§m§m§m§m @ oo oo m R R oo oo

S |Polygon

9 [Polygen
10 |Palygon
11 |Polygon
| 12 |Polygon
i 13 |Polygon
f i 14 [Palygon

‘ 44 1 e m -E (0 out of 216846 Selected)
|
M| EUNIS_sediments |

Next begin filling in the attribute information for both fields. To do this, start an
editing session by clicking the Editor-Start Editing command from the Editor
toolbar dropdown menu in ArcMap. Select the “"EUNIS_sediments” shapefile as the
shapefile you wish to edit.

Next select all attributes with a gridcode value of 1. The fastest way to do this
selection is to use the Selection - Select By Attribute command located in the
Main Menu in ArcMap.

% SupervisedClassification.mxd - ArcMap - Arcinfo

Fle Edt Vew Bookmarks Insert Selection Geoprocessing Customize Windows Help

OBES s E3Ex 90 & ‘WI . Ml EE @ Layer: [ bathy Lj‘;‘ Layer: 1{ » EUNIS_Samples =g
QAN K e BT E 0 R SRERD G A i REE Y

NPT ... o, v x| M MJS@'I ﬂ*Jl%J oM B
Table OF Contents 0 . # | Creste Features L
E@ S8 E Layer [ EunIS_sediments =] - Sogant 2 @
[ Oy shiow selectable layers in this st 2 E—
[ F | Eunts_sediments
Methodt | Create a new selection |
A" N Huwo 12 ls
“GRIDCODE” H: H- H: e
"EUNIS_code
VELINIS_name
s A
9 1 - R |
= : 4
12 -
= O Eunts g H- B B 0dx
= O Traningsites 3 L e A 2
10 & FID | shape* [GRIDCODE i EUNIS_code | EUMIS_name \ ~
e

1214 Polygon
1225 Polygon
1226 Palygon
1228 Palygon
1229 Patygon
1233 Polygon
1238 Polygon
1233 Polygon
1253 Polygon

Cear | [ ety | [ Heo ][ Load. | [ Save. | | 1288 [Polygon
- [T o om .E

(25450 out of 216846 Selected)
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"GRIDCODE" = 1

®
@ [ backscatter
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(@] ArcToolbox: | ] Table Of Contents
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To update several attributes at the same time, click the Attribute icon E on the
Editor toolbar and click on the name of the shapefile that is being edited on the
Attributes Tab (right-hand side of the screen). Next, type “A5.14” into the
EUNIS_code field on the Attributes tab and hit Enter. Define the EUNIS_name as
“Circlittoral Coarse Sediment” and also hit Enter.

Attributes

= € EUNIS_sediments ~
L@ 100014 .

B 100016

B 100019

B 100021

| FiD
GRIDCODE 1
EUNIS_code A5.14
EUNIS_mams Circalittoral coarse sediment]

EUNIS_name

Text (Length = 100)
Mull values not allowed

Next select all attributes with a gridcode value of 5 and update the EUNIS_code and
EUNIS_name fields using the same method. When all the attributes have been
updated, click Save Edits from the Editor Toolbar dropdown. To end the editing
session, click on the Stop Editing command from the Editor toolbar dropdown menu.

The following list shows which EUNIS classes are represented by integers.
- A5.14

- A5.25

- A5.272

A5.334

- A5.335

- A5.351

0 - A5.343

2 - A5.361

H = OONOU -
1

(The complete list of EUNIS habitats are available on the JINCC website:
http://incc.defra.gov.uk/pdf/EUNIS Correlation 2007-11 20101206v2.pdf ).
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The final updated shapefile can now be symbolised by EUNIS code or the name of
the EUNIS habitat.

& SupervisedClassification.mxd - ArcMap

Fie Edt View Bookmarks Insert Selection Geoprocessing  Customize
D& sl S| x|o o d- |25 T
RANQ K e BT[N @ 7F M

Ediors ~ o Ll | IS N o

2 Laver: [@ bathy =% Layer: [ Eunis_samples =l
= wE [£F | 5 R % B - Georsferencing - 5
2 R T _'0 i

| B H 3-HG B -

Table OF Cantents B x

EloecslE

_habitats
EUNIS_code
M as.14
M 2515

5,25
a5.27
as.272
I a5 334
I 25,335
£5.343
W As.351
I 5361
@ [ Eumis
= O Trainingsites

= [ EUMIS_Samples
.

= MLC - Input Layers
# [ bathy

| @91 ArcToolbox | F] Table OF Contents
Dvawmgvmﬂ E O- A

(@) 430621.713 5720531,248 Meters

Repeat the entire MLC procedure to classify the Rock Outcrops into EUNIS classes.
This time the 3 input raster layers will be the clipped bathymetry, clipped KE and
clipped backscatter rasters (the original rasters displaying bathymetry, backscatter
and Kinetic Energy will need to be clipped by the “RockOutcrops” shapefile. (This is
done for each raster individually using the “Extract by Mask” command in the
Spatial Analyst Tools in ArcToolbox). The signature file required to run the MLC tool
is generated from classified video drop data in point format which has been buffered
and reformatted (EUNIS code has been simplified to an integer in order for the MLC
to work).

When the rock outcrop raster data have been classified, it must again be converted
to a vector polygon file and its attributes must be updated with standard EUNIS data.
The classified EUNIS rock outcrops can then be displayed in ArcMap.

Since both the classified rock outcrop and sediment data are in vector format, have

the same attributes and are part of the same map, it makes sense to merge both
polygon files into one final EUNIS Habitat shapefile for Kenmare.

Merging Shapefiles

To do this, click on the Merge tool from the Geoprocessing Menu on the Main Menu in
ArcMap. Select the "EUNIS_Sediments.shp” and the "EUNIS_Reefs.shp” as the Input
Datasets, give the output dataset a name “EUNIS_Kenmare.shp” and a location
(C\ArcGIS\ClassData\SupervisedClassification), and then click OK.

mu . 27
EL ) 2 y k



European Union

S

ATLANTIC AREA

Transnational Programme

European Regional
Development Fund

Investing in our common future

Input Datassts — | Output Dataset

L]

le | | |+ &

The output dataset that will contain

< ZEUNIS_Sediments all combined input datasets.

< SEUNIS_Reefs

Output Dataset

iC:\Ar:GIS\CIassData\SupErv|sE\:IC\asslﬂEatmn\EUNIS_Kenmare‘shp |
Field Map {optional)
UNIS_code (Text)
(Long)

- Marphatype (Text)

& = |x |+ B]

~

ot | canel ] [Ewronments...] [ <<tiderep | [ ToolHel

This merged file is the final EUNIS habitat map for Kenmare and can now be
displayed in ArcMap. Symbolise the shapefile using the EUNIS name attribute and
view the map in Layout mode with a legend naming each EUNIS habitat.

”,

EUNIS Habitats

I ~3.11 - Kelp with cushion fauna and/or foliose red seaweeds

A4.21 - Echinoderms and crustose communities on circalittoral rock

Il 4211 - [Caryophyliia smithi]] and [Switia paliida] on circalittoral rock
I #5.14 - Circalittoral coarse sediment
I 45.15 - Deep circalittoral coarse sediment

£5.25 - Circalitoral fine sand

A5.27 - Deep circalittoral sand
A5.272 - [Owenia fusiformis] and (Amphiura filformis] in deep circalittoral sand or muddy sand

[ 45334 - Melinna palmata] with [Magelona] spp. and [Thysiara] spp. in infralittoral sandy mud

[N 45.335 - [Ampelisca] spp.. [Photis and other tube-building amphipods and in infralittoral sandy mud
A5.343 - [Philine aperta) and [Virgularia mirabilis] in soft stable infralittoral mud

[ #5351 - (Amphiura filformis], [Mysella bidentata] and [Abra nitida] in circalittoral sandy mud
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Appendix 1 - Folk Classification and Modified Folk Classification
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M Mud
M Sandy mud
(gim Shghtty gravelly mud
{)sh Slightly gravellty sandy mud
am Gravelly mud
3 Sand
mS Muddy sand
(s Slightly gravely sand
(gimS Slightly gravely muddy sand
gms Gravally muddy sand
g5 Gravelly sand
G Gravel
mG Muddy gravel
msG Muddy sandy gravel
sG Sandy gravel
The above dassiication is based on that of R LFolk.
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Figure 1 Folk classification (used on BGS 1:250.000 scale seabed sediments map
series and on BGS DigSBS250 digital dataset)
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Modified Folk classification used in MeshAtlantic project.
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