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INTRODUCTION

About the Training/Tutorial

A GIS (Geographic Information System) is a computer-based system for the input, storage, analyses,
and display of spatial data. This training workshop provides an introductory to intermediate training
in GIS using ArcGIS Desktop 10.4.1. No GIS experience is required. The purpose of this training is to
get you up and going using and applying GIS to your research without spending a lot of time
learning it. The training is hands-on and project-based, meaning you will learn how to apply GIS to a
project from start to finish. More specific to the software, ArcGIS 10.4.1 that will be taught, you will
learn how to:

e Use the ArcCatalog application to store, organize and manage spatial data such as creating
geodatabase and metadata.

e Use the ArcMap application to view spatial data and make maps/visuals; and learn the basics
of cartographic design.

e Use the ArcToolbox application to process/analyze spatial data, such as deriving slope from a
bathymetry model (or DEM) and doing data conversion.

e Use the Model Builder application to create models and create a project work-flow process.

e Use the Spatial Analyst Toolbar to do raster analyses, such as calculating the shortest or least
cost path from one location to another.

The training is broken up into 2 sections, an ArcCatalog section with 3 exercises and an ArcMap
section with 10 exercises. The ArcGIS Desktop 10.4.1 with a Standard or Advanced license plus
separate Spatial Analyst and an optional 3D Analyst Extensions are required.

Case Example: Interisland Ocean Cable Project

The case example being used in this tutorial is based on a project done in 2009 conducted by UH
Manoa, School of Ocean and Earth Science and Technology (SOEST). More information for the survey
project can be at: http://www.hawaiicleanenergyinitiative.org/storage/interisland cable.pdf (last
accessed 8/24/2017). Note that the methods used in this tutorial are only for the purpose of teaching
GIS/ArcGIS, and are not necessarily reflective of the actual methods used in the real project.

Case scenario: As part of a renewable energy initiative, the Hawaiian Electric Company (HECO), with
assistance from the State of Hawaii (DBEDT) is planning to integrate wind energy into the Oahu
electrical system. The wind energy is expected to come from one or more wind farms on Lanai and/or
Molokai and transmitted to Oahu via an interisland, undersea cable system. The proposed plan is to
have either 1) two, 200 MW wind farms: one on Lanai and another on Molokai to integrate with
Oahu'’s electric grid, or 2) a single 400 MW facility either on Lanai or Molokai to integrate with Oahu'’s
electrical grid system. A later phased cable extension to Maui is also being looked at.

Your Task: To determine if it's feasible to have such an undersea power transmission system and if so
suggest possible cable transmission routes.

Project Data

The data used for the project are listed below. Note that some data may have been modified to meet
the pedagogical needs of this tutorial. The dataset should not be used outside of the
training/tutorial.
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Filename

Description

Source

Coordinate System

coast_n83.shp

Hawaii coastlines

HI State GIS Program

NAD 1983, UTM 74

hillland. tif Lanai hillshade HI State GIS Program NAD 1983, UTM Z4
hillmau.tif Maui hillshade HI State GIS Program NAD 1983, UTM Z4
hillmol.tif Molokai hillshade HI State GIS Program NAD 1983, UTM Z4
hilloah.tif Oahu hillshade HI State GIS Program NAD 1983, UTM Z4

studyarea.shp

Polygon of project area

Derived from bathy10m

NAD 1983, UTM 74

bathy10m_Rast 10m bathymetry grid SOEST, UH Manoa WGS 1984
hillshade10m 10m hillshade of project area SOEST, UH Manoa WGS 1984
BRFAplan.shp Bottom restricted fishing area HI State GIS Program NAD 1983, UTM Z4
cablesExist Existing undersea cables HI State GIS Program NAD 1983, UTM Z4

DumpingArea.shp

Dumping areas in marine waters

HI State GIS Program

NAD 1983, UTM Z4

Explosives.shp

Explosive dumping areas

HI State GIS Program

NAD 1983, UTM 74

hihwnmes.shp

HI humpback whale sanctuary

HI State GIS Program

NAD 1983, UTM Z4

mma.shp

Marine managed areas

HI State GIS Program

NAD 1983, UTM Z4

oreczones.shp

Ocean recreation zones

HI State GIS Program

NAD 1983, UTM 74

sewerlines.shp

Offshore sewer lines

HI State GIS Program

NAD 1983, UTM 74

Data from Hawaii Statewide GIS Program can be found at http://geoportal.hawaii.gov/ (new site) or
http://planning.hawaii.gov/gis/download-gis-data (old site).

See Appendix B for more information on accessing Hawaii Statewide GIS Data. State agency
participants have direct access to the State's geodatabases.
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ARCGIS SOFTWARE

ArcGIS is a scalable, desktop GIS software consisting of two integrated applications; ArcCatalog and
ArcMap, and is available in three license levels: Basic, Standard, and Advanced (previously called
ArcView, ArcEditor, and ArcInfo respectively). Each license level has a different set of functionalities
that is hierarchical, going from basic to intermediate to advance. For a complete list of ArcGIS 10.x
functionality, see the matrix pdf at: http://www.esri.com/library/brochures/pdfs/arcgis101-desktop-
functionality-matrix.pdf (last accessed 8/11/2017).

£ 1f a function is greyed out, it means that you don’t have the correct license level to use it or you don't have the extension
turned on/activated. Use the ArcGIS Administrator tool to see which license level you have then if needed activate
extension/toolbar. Start button >> ArcGIS >> ArcGIS Administrator. You may need to have administrative privilege to
access this tool.

Shown below is a general comparison of the license level functionalities.

Standard Advanced

Building Maps and Exploring Geographic Information

Visualize and explore spatial pattems v v v
Build maps from database or online sources v v v
Interaciively set symbols and labels for great iooking maps v v v
View CAD data and/or satellite images v v v
Perform data conversion for CAD, raster, and dBase formats v v v
Generate map-based charts to visualize and explore data v v v
Create and edit simple feature geometry v v v

Multiuser Editing and Advanced Data Management

Allow multiple users to simultaneously edit the same data v v
Manage your data in a multiuser enterprise geodatabase v v
Store historical snapshots of your data v v

Take advantage of complete GIS editing capabilities inciuding

4 v
Interactive tools and templates .

Automate the editing process v v

Advanced Analysis and Data Conversion

Conduct advanced GIS data analysis and modeling v

Create aflas like, publication quality maps with high-end
cartographic tools

Perform data conversion for coverages v

ArcCatalog is the application for viewing and managing your spatial data. It resembles
e Windows Explorer, but is specifically designed to work with GIS data. In this regard,
ArcCatalog should always be used to delete, move, copy, or rename spatial data files. This is
where you browse and manage your spatial data, including viewing, editing or creating
documentation (i.e. metadata) for your data. It organizes and manages all GIS information such as
maps, globes, data sets, models, metadata, and services.

ArcMap is the central application in ArcGIS Desktop for all map-based tasks including
@ cartography, map analysis, and editing. This is where you create, display, and interact with
your maps. You can view, query, edit, and analyze your spatial data within a map
environment. ArcMap provides an easy transition from viewing a map to editing its spatial features as
well as providing a basis for understanding the relationship between your data.
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GIS TERMINOLOGY

This section goes over some common GIS terms that are useful to know.

Vector Data: Data format in which geographic features and spatial phenomenon are
represented as points, lines or polygons.

Raster Data (Grid): Data format in which geographic features and spatial phenomenon are
represented as a grid of cells. Each cell contains a single attribute value and its location (XY) is
defined by its place (row and column) in the grid.

Shapefile (SHP): A vector data storage format that stores the location, shape, and attribute of
geographic features in a set of related files having the same prefix but different extensions (*.shp,
*.dbf, *.shx, *.prj, *.sbn, *.sbx). Proprietary to ArcGIS/ESRI but is such a common format that it is often
used to refer to any vector GIS data. Most if not all GIS software is capable of reading shapefiles.

Coverage: A folder-based, binary vector or raster data storage format in which features of a data
layer is stored as primary features (e.g. arcs, nodes, polygons, labels, points or cells) and secondary
features (e.g. tics, map extent, links, annotation). ArcInfo coverage files are often exported as
interchange files with *.e00 extension. This file format is proprietary to ArcGIS/ESRI.

Geodatabase (GDB): A general term for any database that contains spatial information that can be
mapped, such as latitude and longitude. A geodatabase is a “container” for your spatial data. In
ArcGIS, there are three types of geodatabases, each primarily defined by their storage capacity —
personal geodatabase (*.mdb), file geodatabase (*.gdb), and ArcSDE geodatabase (*.sde). More
information on geodatabase types can be found here:
http://resources.arcgis.com/en/help/main/10.1/index.html#/Types of geodatabases/003n0000000700
0000/

Feature Dataset: A collection or group of feature classes stored in a geodatabase. For example, a
Street feature dataset may contain the features classes, major and minor roads.

Feature Class: A collection or group of common features having the same spatial representation as
points, lines, or polygons, and a common set of attribute columns. For example, cities can be
represented as a point feature class. Feature classes are stored in a geodatabase, and are also
generically referred to as layers.

Layer(s): A layer or layers define how a particular theme of spatial data is symbolized and labeled in
your map. For example, a map can contain layers, such as streets, streams, parcels, etc.

Layer File: File format with *.lyr extension that stores a reference to a data source (e.g. shapefile) and
its properties, such as symbology.

Coordinate System: A coordinate system is the spatial reference of a spatial dataset, and is what
allows GIS to easily integrate datasets with different spatial references into a common spatial
reference framework.

There are two general types of coordinate systems: one is the global or spherical coordinate system,
such as latitudes and longitudes, commonly referred to as geographic coordinate systems (GCS).
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The other is projected coordinate system (PCS), which is based on a map projection such as
Transverse Mercator, Albers Equal Area, or Robinson; all of which provide various methods to project
maps of the earth's spherical surface onto a two-dimensional Cartesian coordinate plane. These are
sometimes referred to as map projections.

Map Scale (large vs. small): A large scale map (e.g.1:25,000) is one that covers a smaller area but
show greater detail whereas a small scale map (e.g. 1:250,000) covers a larger area and shows less
detail. The figure below illustrates map scales.
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=
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LE] 30 My i <§?

T wmews 1,300,000 Large
scal
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USING ARCCATALOG

This section provides a brief overview of ArcCatalog and goes over the basics of how to use the
application to connect to and work with various types of geospatial data, including viewing and
editing metadata to add enclosures. Many of the operations shown in the ArcCatalog application can

also be done via the Catalog window in ArcMap

as well.

Exercise 1: Using ArcCatalog to Explore Geospatial Data

Open ArcCatalog and familiarize yourself with the user interface.

1

ArcCatalog. Note your ArcCatalog window may look different.

Open ArcCatalog from your desktop or go to Start button >> All Programs >> ArcGIS >>

The ArcCatalog window opens with two frames. The left frame displays a list of all “mapped”
drives on your computer. This is called the catalog tree or simply a directory tree. The right frame
is called the Catalog Display and has tabs that let you explore the contents of the directory tree

on the left side.

Connect to
File Folders

Geography Toolbar for
navigating Preview

@ arc

it View Go Geoprocessing

Customize

iog - CA\NOAA_GIS_TRAINING\OceanCableProj\Basemaps\Coastline\coast_n

Windows Help

Standard | File
Toolbar 5
Ng e @

x

QBN H[Rar 0

@ & 5 Metadata
~ ﬂ | EREETT Toolbar

File Path . Ic INOAA_GIS_TRAINIMGIOosanCableProjBasemapsiCoastiinelooast_n83 shp
Location %

_Catalog Tree

Contents Preview Dawiatbn£

Catalog Tree Panel
showing folder
connections and their
contents

= Ed Folder Connections
# & o
= 2] CANOAA GIS_TRAINING
= B OceanCableProj
== Basemaps

= 2 Coastline

# [ Hillshades
(] studyarea.shp
= 1 Bathymetry
# ] Contours
#l 3 Grid_SOEST
# [ Marine_layers
# 3 Photos
EE landingsites.dbf
= B landingsites.xisx

~

E] coast_n83shp
-] coast_n83.txt

# £ NOAA_Charts RNC

W

Contents, Preview,
Description tabs

Data

Preview
Panel

< > Previews Geography
Shapefile selected Status Bar ] 4333386719 2466917.2668 Meters

i
Preview Qptions:
= Geography, Table

mm mm

If you "mouse” over a button on a toolbar, a tool tip will pop up describing the tool/button’s function.
To display or hide a toolbar, go to Customize menu >> Toolbars >> Check appropriate toolbar to display/hide. You can
also right click in any grey area to get the content menu to display/hide a toolbar.
The Geography Toolbar is only active when in Preview window/tab.

The toolbars can be floating or docked anywhere in the ArcCatalog window.

1.1

Connecting to folder(s)

You won't be able to view your dataset unless you create a connection to it first, so the first task is to
make a direct folder connection to your GIS training folder in ArcCatalog. Once connected, you will
use ArcCatalog to access and manage all your geospatial data. Folder connections need to only be
done once; ArcCatalog will remember these connections until it is removed.
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Home Workspace = C:\NOAA_GIS_TRAINING

1. On the Standard Toolbar, click the Connect to Folder button. Alternatively, you can also right click
on Folder Connections >> Connect to Folder. Or go to File Menu >> Connect to Folder.

2. Navigate to your location of the training folder, NOAA_GIS_TRAINING >> OK.
3. The training folder should now be displayed in the Catalog Tree.

Click Connect to

File Folders
O ArcCata AENIE Connect To Folder X
File j/ View Go Geoprocessing (
Choose the folder to which you want to connect;
2 [
CATEM|
| Connect Ta Folder ESRI_downloads A
Catalo
7591 Connect to a folder or disk drive G70GIS
= B Fi 5o you can work with its contents GeopdfGDAL @
4 ]
: :l in the Catalog. inetpub -
Logs Nawvigate to your
location of
CANOAA_GIS TRAINING ¥ L NOMGISTRAINING. | yoaA GIS_TRAINING
v OceanCableProj T 1
Catalog Tree X folder

[Z8 Folder Connections .
# B Folder: C:ANOAA GIS TRAINING V
% & OceancCableProj Make New Folder oK Cancel

+ g CATEMP
H el C\Users\stephanies\Desktop\CneDri

o -

£ Folder connections can be renamed (e.g. CANOAA_GIS_Training to GIS_Data. This will only change the name of your

==

folder connections not the actual folder name. A folder with a small triangle pointing to the right as shown here
indicates it is a folder connection.

= An alternative way to add a folder connection to the Catalog Tree is by typing in the file path to your workspace in the
File Path Location Toolbar

1.2 Viewing data with the Contents, Preview, and Description tabs

The Contents, Preview, and Description tabs allow you 3 different ways to view the contents,
properties, geography, tables, and descriptive information for items highlighted/selected in the
Catalog Tree.

The Contents Tab

The Contents Tab is the default tab which shows the contents of the selected item (e.g. file, folder,
geodatabase) in the Catalog Tree.

1. In the Catalog Tree Panel, navigate to NOAA_GIS_TRAINING and expand the OceanCableProj
folder. You should see several other data subfolders. Click on any subfolder to select it.

2. Click the Contents tab if not already the default selection. The Contents tab will show the
contents of your highlighted folder or subfolder selection (e.g. OceanCableProj). Alternatively you
can also just expand the folder to see its content.
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The Preview Tab

This tab provides a preview of the selected data layer. By default, the Preview tab will show the
geography of the selected data layer. The data layer's attribute table can be viewed by selecting
Table from the Preview option drop down list.

1. In the Catalog Tree, select or click on a data layer (e.g. BRFAplan.shp) of interest in one of the
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2. Click the Preview tab. This will show you a preview of the data layer.

Type

Folder
Folder
Folder
Folder
dBASE Table
Excel File
dBASE Table

Excel File

3. Use the buttons on the Geography toolbar to navigate the Preview display.

4. To view the layer's attribute table, select Table from the Preview option drop down list.

@

File Edit
| Eh Bix

View Go
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EE)
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Preview
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to select attributes of features

|Geography

mm

zoom in, zoom out, create thumbnails) with the data layer of interest.

Refresh the Catalog tree panel (View menu >> Refresh or F5) if you don't see a file or folder in the Catalog Tree panel

after working (.e. creating, deleting, moving) with it in Windows Explorer

If the Geography toolbar is not shown, turn it on by going to Customize menu >> Toolbars >> Geography.

The Geography toolbar will become active when in Geography view of the Preview window, allowing you to interact (€.g.
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The Description Tab

This tab provides metadata information of the highlighted data layer of interest, such as coordinate
system, abstract, source, credit, and so on. This is where you can import, export, and edit metadata
associated with a particular data layer.

Metadata can come in many formats (e.g. separate xml or text files or it can be included as part of the
data file in the header). There may or may not be much information to view if the metadata itself is
not part of the data file but in an external file instead, such as a text file. Metadata in formats such as
text, HTML, XML, etc. can also be imported. However, the files have to be properly formatted in the
metadata standard and style you're using for it to be imported correctly. Sometimes that may be
more work than it's worth; in which case you can add it as an enclosure to the layer or leave it as a
separate metadata file. See section 1.3 below on how to add a metatdata enclosure.

1. Select/highlight a data layer (e.g. BRFAplan.shp) of interest from your data folder.

2. Click the Description tab. This will display the highlighted data layer's metadata. The default
metadata viewing style is Item Description. This style is designed to provide a brief description of
the data and does not adhere to a specific metadata standard.

@ ArcCatalog - CyNOAA_GIs_TRAINING{ 2 k{ Click Description tab to - O *
File Edit View Go Geoprocessing Cust see metadata
ABEAE N QEE=D
[C-\NDAA_GIS_TRAINING\OoeanCableProj\Marine_layers\BRF Apian shp V |
Catalog Tree B X | Corents Preview Description
= [Cd Folder Connections A
= E CANOAA_GIS_TRAINING i3 Print | % Edit + import
= £ OceanCableProj A
# [ Basemaps A
5 B Bathymety BRFAplan

Print, Edit or Import
metadata

= B Maring_layers

| BRFAplan.chp
[ cablestxistshp
&l Dumpinghres.shp

& Explosivesshp 1 /
B mikwnms.shp
& mma.shp

|&] oreczones.shp

Select or click on a
data layer for interest
|*=x) Sewerlines.shp

# E2 Photos
EE landingsites.dbf Tags
£l @ LandingSites xis K ¥
# @ landingsites.xdsx
Y MapScalesMeters.brt Summary
[E3 surveypts.dbf The

4 @] SurveyPtsxds

Shapefile

Thumbnail
shown here if
available

3 [ surveyptsads: [_)-escription
+# £ CATEMP B == L for t te (%)
@ £ C:\Users\steghanies\Desktoo\l ¥
" SErs\steohaniessUes GI} <- )

Shapefile selected

3. The default metadata viewing style lets you see and edit a simple, filtered set of metadata
properties for a layer. To see a layer's complete metadata, change to a different metadata viewing
style. Go to Customize Menu >> ArcCatalog Options >> Metadata tab

GIS4DAR GIS Training Workshop — September 7-8th, 2017 11



Toolbars

Customize menu >
ArcCatalog Options

Extensions...

Add-In Manager...

Custormnize Mede...

4. In the Metadata tab:
a. Under Metadata Style: select a viewing style (e.g. FGDC CSDGM Metadata).
b. Click Apply/OK

ArcCatalog Options x
Raster CAD Data Interoperability
General File Types Contents Connections Metadata Tables @
Metadata Style
The style determines how metadata is viewed, exported, and Metadata tab: Select a
validated, and which pages appear when editing metadata. metadata style

[] Automatically update when metadata is viewed,

Metadata Upgrade Notification

The internal storage format for metadata has changed. You can see
FGDC-formatted metadata in the display as read-only information, but
this content must be upgraded before it is available for editing.

[ show metadats upgrade prompt.  (\iore infa about FGDC
About managing FGDC metadats metaciata

5. To see the new metadata viewing style applied, you need to refresh the view. Go to View Menu

>> Refresh
‘AmCata\oq - C:\NQM‘GISLTRAIN|NG\OceanCableproj\Maring‘\ayers\RRFApfan‘shp = (] x
File Edit | View | Go Gepprocessing Customize Windows Help
tlBal] sete  Fxn QEESDIRE AN Iy
-y - - <,
[Cnora gL~ ,Refresh BS Lo\ Marne ayers\BRF Aplan sho RRRDBg
Cﬁbﬂtﬂ/ % X | Contenis Preview Deseriplion
= -
CS View menu > > S Prnt ¥ Egt (5 Import
Refresh to view new A
metadata Style, Mide Matadata Datailc A
(@) BRFAplan.chp {_FGDC Metadata (read-only) »
! Y
(=] cablesExist.chp
iE]Dumpjrngﬂmu.shp Identification »
B Bxplosives.chp
"ﬂ D CITATION
[E) mma.shp CiTaTion INFORMATION
@ora:mnes.shp ORIGINATOR UL T ne r janiza } 1al tf
(= Sewerlinesshp developed the da
[ EJ Photes PusLicaTion DaTE b ; t blished
landingsites.dbf or otherwise made an
@ @ LandingSites.ds Time
& landingsitesdsx e A' el . i it s
Ij MapScalesMeters bt gf..,]sr:ia;_lra:’i::; pTiEISi.‘J;_T.!\.‘,N _FG:hM. vactor digital data
[ surveypte.dbf WINE LinkaGE \\STEPHANIE\CS\GIS train_2C
o8 s i OceanCableProj\Marine_layers2\BRFAplan.sh
B surveypts.dsx DescrieTION
[ E2 CATEMP ABSTRACT |
§ #7 C\Users\steghanies\Deskioo\t ¥ < e . SN N SR : o 3
< >
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E

For more information on metadata standards for the United States, see the Federal Geographic Data Committee (FGDC)
website: http://www.fgdc.gov/metadata/geospatial-metadata-standards (last accessed 8/14/2017). As part of a global
geospatial data infrastructure initiative, the FGDC has endorsed several metadata standards that support and align with
the International Standards Organization (ISO) metadata standards. See FGDC's ISO implementation guide at:
http://www.fgdc.gov/metadata/metadata-publications-list (last accessed 8/14/2017).

1.3 Adding a metadata enclosure

External files (e.g. pdf, word doc, or jpg) related to a data layer can be enclosed within a layer's
metadata.

1.

2.

In the Catalog Tree, select the data layer (e.g. coast_n83_.shp) that you want to include an
enclosure

On the Metadata toolbar, click the Metadata Properties button

PAA_GIS_TRAINING \OceanCableProj\Basemaps\Coasting‘coast_nd3.shp V] = .,4' |-£: ﬁﬁé =
g Tree # X | Contents Preview Des
® B Logs A : Click Metadata
@ =) £ NOAA_GIS_TRAINING fcs Prnt [ f Edt [ H M properties button
= | OceanCableProj
Select the file you |2 £ Basemaps
want to add = B3 Coastline coast_n83

enclosure to (e.g. [E) coast_n83shp Shapefile
coast_n83.shp) |Z] coast_n83.xt
® [ Hillshades
# B3] NOAA_Charts RNC
B studyarea.shp Thumbnail Not

@ £ Bathymetry Available

# 1 Marine lavers

In the Metadata Properties window: Click Add button

In Add New Enclosure window: Browse to your document (e.g. coast_n83.txt). Check the Image
box if your file is an image. Also type a description of the file being enclosed. Click OK >> OK

when done.
@ Click Add |

buttaon

Endlosures

Browse to
document

Add New Enclosure @

Xml Tag: |Binarya‘Enc|owe ‘

Path [:ableProi\Basemaps \Coastine coast_n8304| | Browse..

D . | Texd file description of coastline layer from &
Hawail Statewide GIS] Checkl box rl‘f enclosure
CJim is an image
Type description
here

ok [ cancel

OK Cancel Apply
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5. You should now see the enclosure. Double click on it to view it. You can also add more
documents or delete existing enclosures.

Metadata Properties x

Enclosures

Enclosed
document.
Double click
to open

coast_n83bd

Add new or
delete
existing

enclosure

1.4 Viewing the properties of a data layer
1. Select/highlight a data layer of interest >> Right click on the data layer >> Properties.

2. View detailed information of the selected data layer by clicking on any of the tabs in the layer's
Properties window. Close out when done.

Click on any tab to

5 £2] CANOAA_GIS_TRAINING Name:  coast_n8 u - £
3 [ OceanCablePioj Tipe Shapefile Shapefile Properties EXP|OI’E properties J X
"T'BL%“C’"“”. General X7 Coordnate System-Fields indenea Feature Extect
3 castline
121] coast_néi?.ool
| coast ng3d [ Copy Cri+C T I_[ ‘_,'l L EE.
© 3 Hillshades | %¢  Delete )
# £ NOAA_Charts, Q HonoluluCty NAD 1983 HARN StatePlane Hawaii 3 {US Feet) &
& studyarea.chp Bajire i P KauaiCty MAD 1583 StatePlane Hawaii 4 (Meters)
# £ Bathymetry 0» Create Layer... (D Latlong GPSWGS 1534 |
# [ Marine_layers Tt 3 €5 MauiCty NAD 1083 StatePlane Hawaii 2 (Meters)
£ 3 Photos ) MAD 1983
[ landingsites dbf 2 MAD 1383 [PATT)
+ 8] landingsitesalsx C;.‘ MAD 1383 HARN UTM Zone 4N
[E3) surveypts.dbf - €3 NAD 1383 PACPOO UTM Zone 4N ‘
© ] surveypts.xdsx |tr Propertics.. 4 J €2 StateWide NAD 19283 UTM Zone 4N

@ Right click on layer

of interest >>

Properties
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Exercise 2: Organizing Frequently Used Coordinate Systems

This section is considered optional but highly recommended as navigating through the hundreds of
coordinate systems in ArcGIS to find the one you need, can be time consuming. Organizing
frequently used projection files into a Favorites folder of its own will provide easier access to them.
See the Hawaii Coordinate Systems page at the end of this document for more information.

In this exercise, you will add 4 of the commonly used coordinate systems to your Favorites folder.
Coordinate systems in Favorites can be accessed in both ArcCatalog and ArcMap.

1. In the Catalog Tree, right click on a data layer (e.g. coast_n83.shp) >> Properties.

2. In the Layer Properties window: Click the XY Coordinate Systems tab

3. Search for the projection with the filename: NAD_1983_UTM_Zone 4N

4. Select the projection file when found

5. Click the Add to Favorites button. Alternatively, you could also right click on the projection file

>> Add to Favorites.

@

Click XY
Coordinate

atalog Tree

CANOAA_GIS_TRAINING \DceanCable Proj'\Marine_layers\BRF Aplan)

Systems tab

|
| Shapefile Properties

8 Folder Connections
= £ CANOAA_GIS_TRAINING
5 B O(Eﬂn(ableproj

# ] Basemaps
# [ Bathymetry
= ] Marine_layers
BRFAplan.shp
= cableskxist.shp
|E)) DumpingArea.shp
= Explosives.shp
= hihwnms.shp
[E) mma.shp
=) oreczones.shp
(=) Sewerlines.shp
4 7] Photos

landingsites.dbf
@ @ LandingSites.xls
= & landingsrtes.xisx

‘| MapScalesMeters.bt

B3] surveypts.dbf
t D SurveyPts.xds
¥ & surveyptsxdse

Right click on a
layer >>
Properties

General XY Coordnate System Felds  Indexes

o S
& - (5))(click Add to

[ MAD_1983_UTM_Zone_4N
1 of 5974 items shown

=1 [ Projected Coordinate Systems
=2 B U™
=l [ NAD 1983

[ NAD 1983 UTM Zone 4

Select
projection file

O

1;urrent coordinate system:

MAD_1983_UTM_Zone_ 4N
WKID: 26904 Authority: EPSG

Projection: Transverse_Mercator
False_Easting: 500000.0
False_Northing: 0.0
Central_Meridian: -159.0

Search for
projection file

Favorites
button

Add Te Favorites |

Remove From Favorites

Cepy and Modify...
Save As...

6. Follow steps 3-5 above to add the following projections files to your Favorites folder

e NAD_1983_HARN_StatePlane_Hawaii_3_FIPS_5103_Feet

e GCS_WGS_1984

e WGS_1984_Web_Mercator_Auxiliary_Sphere

Under Favorites you should see the projections files you just added
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= @
# NAD 1983 HARN StatePlane Hawaii 3 FIPS 5103 (US Feet)
€3 NAD 1983 UTM Zone 4N
€ was 1984
@ WGS 1984 Web Mercator (auxiliary sphere)
[# ] Geographic Coordinate Systems
% [ Projected Coordinate Systems

£ The projection files you add to Favorites are stored in the Coordinate System folder in Application
Data\ESRI\Desktop10.4\ArcMap\Coordinate Systems folder in the Windows profile directory. For Example:
C:\Users\Stephanie\AppData\Roaming\ESRI\Desktop10.4\ArcMap\Coordinate Systems. The Coordinate System folder

doesn't exist or isn't created until you add a projection file to Favorites. You can also copy and paste projection files into

this folder and it will show up in Favorites.
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Exercise 3: Working with a Geodatabase

The first thing you do when starting a project is to assemble the needed data. For the sake of time
and convenience, the project data has already been downloaded for you. As noted earlier the project
datasets consist of several shapefiles. Instead of using the project datasets as they are (i.e. in their
original formats), you will create a geodatabase to store copies of the original datasets. For this
exercise, you will first, create a working folder and make a direct connection to it, then create a
geodatabase to store and manage a working copy of the original project dataset, and finally import
the original project datasets from the OceanCableProj folder to your own geodatabase (e.g.
OceanCable.gdb).

Creating a working folder

1. In the Catalog Tree, navigate to C:ANOAA_GIS_TRAINING >> Right click on the folder >> New >>
Folder. Type in a name for your working folder (e.g. STEPH).

2. If you want, create a direct connection to your working folder. Click the Connect to Folder button
then navigate to your folder and click OK.

3.2 Creating an empty geodatabase

1. In the Catalog Tree, right click on your working folder (e.g. STEPH) >> NEW >> File Geodatabase

2. Rename the new geodatabase (e.g. OceanCable.gdb). As a general best practice don't start a
folder or filename with a number, special character or have spaces

| Catalog Tree X | Contents Preview Desc!
1E x| Folder Connections N
5 £ CANOAA_GIS_TRAINING 2y
# £ OceanCableProj
# [ Solutions
+ & B
5 £3 caTemp) (31 Copy CirleC |
[ 3 E0] C:\Usersy iDriv T
{ © Bl Toolboxes | 3¢ Delete -
41 (1]l Database Sef » ’ree B X | Contents  Preview Description
= Rename F2
¥ Ll Database Co plder Connections N
3 [ GlsServers | < Refresh  F5 | I CANOAA_GIS_TRAINING i
i & H?j. My Hosted §[ Kot H:. Bl Folder | &3 OceanCableProj 10ceanCnb\e:gdb -
H [ Ready-To-l\———— 0 - | 2 Selutions
7 {3 Interoperabil T  Properties.. L8 File Geodatabase | | £ STEPH
1 3 | ‘grsonal Geodatabase B CATEMP Rename new
: o T T geodatabase (e.g.
@ Right Click folder >> OceanCable.gdb)
New == File
Geodatabase

3.3 Importing data into geodatabase

The project datasets come from multiple sources and so have different coordinate systems. If a data
layer has a coordinate system that is defined or can be read by ArcGIS then the software will
reproject on the fly in ArcMap so you can view the data layers together. However, this is only for
viewing purposes. Data layers in different projections should be reprojected into a common
coordinate system when doing GIS analysis, otherwise you may inadvertently introduce errors into
the analysis process. For this project/tutorial, you will use the projection system of NAD 1983, UTM
Zone 4 (all of the Statewide GIS data are in this projection system). For those data layers that are not
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already in this coordinate system, you will reproject them at the same time as you are importing them
into the geodatabase.

1.

In the Catalog Tree, right click on your geodatabase (e.g. OceanCable.gdb) >> Import >> Feature
Class (multiple)

In the Import Feature Class window:
e Drag and drop the following layers from the Catalog Tree to the Import Input Feature
box.
o OceanCableProj\Basemaps\Coastline\coast_n83.shp
o OceanCableProj\Basemaps\studyarea.shp

Click OK and wait for it to process. A popup box will show up when processing is complete —
close it

Catalog Tree 2| 4 Feature Class to Geodatabase (multiple) = O X
= 3 Folder Connections
= 2] CANOAA_GIS_TRAINING Input Features
| £ OceanCableProj I
=} [ Basemaps
= [ Coastline C:\NOAA_GIS_TRAINING\OceanCableProj\Basemaps\Coastiine\coast_n83.shp +
B coast_nB3.shp C:\NOAA_GIS_TRAINING\OceanCableProj\Basemaps\studyarea.shp
-| coast_n83.tt x
# £ Hillshades @
- :::E@ ety e —-=—,,,:——_f Drag and drop files t
| & Bathymetry
B B Marine. layers from Catalog Tree to 4
5 B Photos Input Features box
-
[ landingsites.dbf
2 Wl LandingSitesads Output Geodatabase
# @) landingsitesadsx
B MapScalesMetersixt C:\NOAA_GIS_TRAINING\STEPH\OceanCable.gdb I
ES surveypts.dbf
i E) SurveyPtsads
i @ surveyptsadsx
= E3 STEPH
il |3 OceanCable.gdb @
# £ CATEMP
# £ C:\Users\stephanies\Desktop\OneDriv oK Cancel Environments.... Show Help >>

# B8] Tanlhoves

3.4 Creating a feature dataset and importing data into it

=

>

Right click on your geodatabase (e.g. OceanCable.gdb) >> New >> Feature Dataset

In the New Feature Dataset window:
a. Give the Feature Dataset a name, MarineLayers>> Click Next
b. XY Coordinate System: Select NAD 1983 UTM Zone 4 (from Favorites)
¢. Z Coordinate System: use default settings >> Click Next
d. Accept the defaults for the XY Tolerance, Z, and M options >> Click Finish

Right Click on your Feature Dataset, MarineLayers >> Import >> Feature Class (multiple)

In the Import Feature Class window:
a. Click the Add button and navigate to the OceanCableProj\Marine_layers folder and
select all the shapefiles for importing (use Shift + to select all files)
b. Click OK to run

c. Close popup box when done
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@ Click Browse and navigate to

OceanCableProj\Marine_layers and
k Select all shapefiles for importing
B

%7 Feature Class to Geodatabase (multiple)

Input Features

C:\NOAA_GIS_TRAINING\OceanCableProj\Marine_layers\BRFAplan.shp
C:\NOAA_GIS_TRAINING\OceanCableProj\Marine_layers\cablesExist.shp
C:\NOAA_GIS_TRAINING\OceanCableProj\Marine_layers\DumpingArea.shp
C:\NOAA_GIS_TRAINING\OceanCableProj\Marine _layers\Explosives.shp
C:\NOAA_GIS_TRAINING\OceanCableProj \Marine_layersthihwnms.shp
C:\NOAA_GIS_TRAINING\OceanCableProj\Marine_layers\mma.shp
C:\NDAA_GIS_TRAINING\OceanCableProj\Marine _layers'\oreczones.shp
C:\NOAA_GIS_TRAINING\OceanCableProj\Marine_layers\Sewerlines.shp

o-pxq-;

Cutput Geodatabase
| C:\WOAA_GIS_TRAINING\STEPH\OceanCable,gdb\MarineLayers

[

0K Cancel Environments... Shaw Help >>

3.5 Creating a raster catalog and loading it

Raster data in a geodatabase can be imported/stored as individual layers or as a
managed/unmanaged raster catalog, which are useful when you have many raster layers. A managed
raster catalog will store copies of the rasters in ArcGIS’s grid format in the geodatabase — when you
delete a record from the catalog the raster is also deleted. An unmanaged raster catalog will store
only the path to the raster data, however, if you move the original raster images then the link in the
raster catalog will need to be reset. In this exercise, you will create an unmanaged raster catalog for
the hillshade images.

1. Right click on your GDB (e.g .OceanCable.gdb) >> New >> Raster Catalog

2. In the New Raster Catalog window:

a. Output Location: this should already be filled in but just make sure it is to your GDB
(e.g. OceanCable.gdb)

b. Raster Catalog Name: Type in a name for your raster catalog (e.g. Basemap_Hillshades)

¢. Coordinate System for Raster Column: Click the Browse to button then select NAD 83
UTM Zone 4N as the coordiante sytem to use. Notice that the Coordinate Sytsem for
Geometry Column is automatically filled in as well.

d. Raster Management Type: Use the drop down arrow and select UNMANGED

e. Click OK and wait for it to finish processing
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@ Output to your GDB
# Create Raster Catalog {e.g. OceanCable.gdb) = a %

\/

v

Dutput Location
| C:NOAA_GIS_TRAINING\STEPH OczanCable. gdo
Template Raster Catalog {optional)

Type in a Raster
Catalog Name (e.g.
Basemap_Hillshades)

@

Click Browse and Select
NAD 83 UTM Zane 4N

N
e

Raster Catalog Name \

L@!mmm v

Coordnate System for Raster Column (optional)

[ HaD_1983_UTM_Zone_4n

Coordinate System for Geometry Column (optional)

| NAD_1883 UTM_Zone_aN |

F:mﬁ!-riﬁm Keyword {opbonal)

FJ!EK_SEE!EE_I.LDEEED
0

Cutput Spatial Grd 2 (sptional)

11_4-”:4-'55

g

g

Select
UNMANAGED

“‘:'6-._,,1

2d

LS

ﬂ’iwt_sﬂﬂi‘ Grid 3 (optional)

Raster

it T

Show Help >>

3. Load raster images into the empty Raster Catalog, right click on the raster catalog (e.g.

Basemap_Hillshade) >> Load >> Load From Workspace

= |3 OceanCable.gdb

B B STEPH |
% Basemap_Hillshagez

i [ BathymetryConty Copy Ctri+C
= 9 Marinelayers
coast_nB3
- = X Delete
[E) studyarea @
i CATEMP Rename F2
i Ch\Users\stephanies\Deskto| o Refresh Fs Right Click Raster Catalog
Toolboxes e " (e.g. Basemap_Hillshades) > >
B My Toolboxes W Lameds Layer, Load > > Load From
B System Toolboxes Workspace
D T " Create Referenced Mosaic Dataset...
Database Connections v |
GIS Servers Load | Load From Workspace...
My Hosted Services Export » Load Raster Datasets... |
s O Upitie Fochits: Load XML Recordset Dog

i £ Use the Load Raster Dataset if your raster images are not in the same folder

4. In the Load From Workspace window:
a.
b.
raster catalag (e..g. Basemap_Hillshades)
C.

Input Workspace: Navigate to OceanCableProj\Basemaps folder then select Hillshades
Target Raster Catalog: this should be filled in already, but just make sure this is your

Click OK and wait for it to proccess. Close completed geoprocessing popup box.
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Navigate to

*\, Warkspace To Raster Catalog OceanCableProj\Basemaps
then select Hillshades Folder
Input Workspace s
[ C:WOAA_GIS_TRAINING\OceanCableProj \Basemaps Hilshades hsil ]
Target Raster Catalog
[ C:WOAA_GIS_TRAINING\STEPH\OceanCable. gdb'\Basemap _Hilshades =
- e
B . Make sure this is your rasaer
[ Project onthe fy foptional) catalog (Basemap_Hillshades)

oK Cancel Environments. .. Show Help >>

Check the box to Include Sub-directories within your workspace if you have subdirectories and want to use them
Check the box to Project on-the-fly if your raster images are in one coordinate system and you are loading them into a
raster catalog that has a different coordinate system. For the example above, the raster catalog was set up to be in the
same coordinate system as the hillshade images.

mm

The four hillshade images should be loaded into your raster catalog. You can preview the images in
the raster catalog using the Contents (expand window to see overview) or Preview tabs. Each of the
images in the raster catalog is of 4 different islands, but when viewed in a catalog you see a mosaic
as all the images are georeferenced and in their proper location.

The contents of the raster catalog are shown below.

[ =
»g Tree B X | Conterts Preview Description
= [ Grid_SOEST A
= Overview i
® EH bathy10m Name OBJECTID Selection
@ @ hillshade10m @ hillantif 1
= | soest_bathy_metadata.bdt &l hillmautif 2
# [ Marine_layers @@ hillmoltif 3
# £ Photos 4

landingsites.dbf

# [ landingsitesdsx aut}

surveypts.dbf T é

T surveypts.adsx A .@

# (3 Solutions ¢
= £33 STEPH

= |3 OceanCable.gdb

B Basemap_Hillshades a .
% [ BathymetryContours
m B Marinelayers
[E) coast_n83
(& studyarea
| =] CATEMP
| 5 C:\Users\stephanies\Desktop\OneDrive
i Toolboxes
| B§ My Toolboxes
| I System Toolboxes
] Database Servers v

Geography

|-

Below is a preview of the raster catalog — notice how the preview looks like a mosaic of the 4 tiffs.
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Tree B X | Conteris Preview  Description
= & Grid_SOEST
[ {# bathy10m
# B hillshade10m
=] soest_bathy_metadata.txt

# ] Marine_layers
@ [ Photos
[E3 Iandingsites.dbf
i# [ landingsitesadsx
3 surveypts.dbf
1] surveypts.sx
i [ Solutions
& [ STEPH
£ L3 OceanCable.gdb
5 Basernap_Hillshades
4 749 BathymetryContours
H %.l Marinelayers
(B coast_nB3
(B studyarea
& CATEMP
I CAUsers\stephanies\Desktop\OneDrive
‘oolboxes
Bl My Toolbexes
Bl System Toolboxes
latabase Servers v

Preview; Gaogmhy v

3.6 Import and project bathymetry grids into geodatabase

For this exercise, you will import the bathymetry raster grid and the corresponding derived
bathymetric hillshade into your GDB. Both of these grids are in coordinate system WGS 1984 - in
other words it is unprojected or in Lat/Long. You will be projecting the grids into NAD 83 UTM Zone
4N at the same as you import them into the GDB. Note you could also use the Project tool in
ArcToolbox to project the bathymetry grid and output directly to your geodatabase.

1. Right click on your GDB (e.g .OceanCable.gdb) >> Import >> Raster Datasets

2. In the Rasters to Geodatabase window:
a. Input Raster: Browse to OceanCableProj\Bathymetry\Grid_SOEST folder and select both
rasters (bathylOm_Rast and hillshade10m).
Output Geodatabase: this should already be filled in (just make sure it is your GDB)
c. Click the Environments button

d Browse to

OceanCableProj\Bathymetry\ | o
Grid_SOEST folder and select

X Racter To Geodatabase (multiple)

Tnput Rasters e both rasters N
| Nes
| C:\NOAA_GIS_TRAIMING \OceanCabieProj\Bathymetr y\Grid_SOEST \bathy 10m_rast +

C:NOAA_GIS_TRAINING \OceanCablsProjiBathymetry\Grid_SOEST \hilshade 10m
x
T
Make sure output +
geodatabase is your GDB
(e.g. OceanCable.gdb)

Output Geodatabase

[ €:1NCAA_GIS_TRAINING\STEPH |OceanCable. gdb
Configuration Keyword {opbonal)

\

@l Click Environments

m Cancel Environments. .. Show Help >>
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3. In the Environment Settings window:

a. Expand the Output Coordinates option

b. Output Coordinate System: Select As Specified Below

c. Select coordinate system: NAD_1983_UTM_Zone_4N

d. Geographic Transformations: use drop down arrow and select
NAD_1983_To_WGS_1983_3

e. Click OK

f. Back in the Raster to Geodatabase window: Click OK and wait a couple minutes for it to

process. Close completed popup.

fm‘._' Environment Settings

Expand Output

Coordinates
option

¥ Workspace

# Output Coordinat
Output Coordinate System
As Spedfied Below

| NAD_1983_UTM_Zone_4N

Select As
Specified Below

)

3c M| Select NAD 83 ==
UTM Zone 4N

Geographic Transformations
(3d | Select NAD_1983 =
Geographic Transformations Names _To WGS_1984 3 4
NAD_1983_To_WGS_1984_3
x
1
<
< >
¥ Processing Extent W v
[ Vok | cancel Show Help >>

= See ESRI webpage on NAD 83 to WGS 84 transformations (last accessed on 8/20/2017):

http://support.esri.com/en/technical-article/000005929

You GDB should contain the data files shown below.

= [ STEPH
=3 OceanCable.gdb
i Basemap_Hillshades
= Ep MarinelLayers
(E] BRFAplan
[+ cablesExist
1) DumpingArea
[E] Explosives
[E) hihwnms
(B mma
@ oreczones
(=) Sewerlines
& bathy10m_rast
()] coast_n23
= @ hillshade10m
=) studyarea
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USING ARCMAP

ArcMap is the main application where you view spatial data, create maps and do most of the GIS
analyses. When you open ArcMap, it either creates or opens a map document (*.mxd file) depending
on the startup dialog option selected. A map document may contain one or more layers of
geographic data (i.e. map layers) in one or more data frames with various supporting map elements,
such as a legend, labels, and a scale bar. Layers on a map are contained in data frames.

This section gives a brief overview of ArcMap and goes over the basics of how to use the application

to work with geospatial data. There are 10 main exercises in this section.

Exercise 1: Getting to Know the ArcMap User Interface
1.1 The ArcMap user interface
Open ArcMap and familiarize yourself with the user interface.

1. Open ArcMap from your desktop or go to Start >> All Programs >> ArcGIS >> ArcMap. A
Getting Started dialog box will pop up.

2. If you do not want to see the Getting Started dialog box again, check the option not to show
again.

£ To show the Getting Started dialog box again, go to Customize menu >> ArcMap Options >> General Tab >> Start Up
Options.

3. Click Cancel to open a new map document.

@ ArcMap - Getting Started X

Open existing map or make new map using a template Eé §§ %ﬁ
—|- Existing Maps ~ Recent ~
8 Recent
.. Browse for more...
=~ New Maps "
i My Templates QJ
= Templates
i CivilTemplates
DataTemplates
PlanningTemplates Untitled
- Standard Page Sizes Existing, recently
-+ Architectural Page Sizes opened map
150 (A) Page Sizes
.- North American (ANSI) Page Sizes
= Traditional Layouts
- Industry v s

Option to not 3 Click Cancel to |

show this dialog open a new map
document

o not show this dialog in the future, Cancel

document(s) are
shown here.
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ArcMap offers two types of map views: a data view and a layout view. ArcMap will open to the default
data view. The data view panel is where map layers are symbolized, analyzed, and compiled into GIS
datasets. A table of contents (TOC) panel organizes and controls the drawing properties of the data
layers in the data frame. The layout view is where map layouts are done. Note all the toolbars can be
floating or docked anywhere on the ArcMap window.

Note: Your user interface may look slightly different

Catalog
Tree
button

(Add Data \—{ Map Scale }—| Fditor

@ untitled - ArcMap button butten
-— File Edit View Bookmarks Insert Se| ftion Geoprocel |ng Custo

(Standard Toolbar L[ [ &% | & B x| o & [tausme Vi BEERE :puL

Layout Toolbar: r . 58 [ [ER i B |
Only active when Table Of Contents

ArcToolbox
button

TOC Listing

i %
in Layout View a Options

Ll B BRFApen Data Frame:

Q ml default name is _77,’\(

e = B coast_nd3 Layers \_1,.‘_)‘

HH -i?:f'_?-
Tools Toolbar: - % Q:j
Primary toolbar ™~ Data Layers: o

for interacting
with map layers

Drawing order is
from bottom up

>
: {

Table of Contents |

Data View Panel
when layers are
displayed

#

(TOC) Panel W

B

M

i

& Toggle between

Data View and
Layout View

E L

—iB

) (]

: Status Bar
Drawing Toolbar Drawing~ K O~ A~ [\ Aral v ~viB z UA-D P o I= showing XY
517598,049 1962235.773 Meters Coordinates

1.2 Setting the map document properties

This exercise goes over how to set the map document properties, such as map title, description,
author, credits, and relative file names. When you save a map document the data source references
are either saved with relative or absolute pathnames - the default is with absolute pathnames. To
avoid having a map document with missing data when moving files around and for portability, save
your map documents with relative pathnames. The relative pathname setting only works for data
stored in a common disk drive (i.e. data cannot span disk drives).

1. To set up the map document properties, go to File menu >> Map Document Properties

2. In the Map Document Properties window:
a. Optional: Input information about the current map document
b. Default GDB: Click the Browse to button, navigate to and select your geodatabase (e.g.
OceanCableProj/STEPH/OceanCable.gdb)
c. Check the box to store relative pathnames to data sources — this is to avoid missing
data links should the data or document be moved
d. Optional: Make thumbnail — no need for it now since you have a blank map

GIS4DAR GIS Training Workshop — September 7-8th, 2017 25



e. Click OK to close window

Map Document Properties X
General
File: C:\WNOAA_GIS_TRAINING\STEPH'\BathymetryMapping.m
Title: Bathymetry Map
Summary: Bathymetry Map of the Hawaian Islands
Description: Description of the map goes here
Author: | Stephaniz Sasphan
Credits: | NOAA, UH Manoa SOEST, DAR
Tags: [ )
Hyperlink base: |
(s Elelzﬂl MNavigate to and select your
geodatabase (e.g.
Last Printed: STEPH\QceanCable.gdb @
Ao Check the box ta
Defauilt Store Relative
Gepdatabase:  C:WOAA_GIS_TRAINING\STEPH\OceanCable. gdl P
: athname to Data
Pathnames: Store relative pathnames to data sources Sources
Thumbnail: Make Thurnbnail Delete Thumbnad
Option to make a OK Cancel Apply

thumbnail of your map |

= The Make Thumbnail button in the Map Properties window will create a snapshot of the map document/map for
previewing in ArcCatalog.

£ The option to use relative pathnames to data sources in the Map Properties window is only for the current map
document. To use relative pathnames as the default for all new map documents that you open, go to Customize menu
>> ArcMap Options >> General Tab >> General Options.

£ Default Geodatabase can also be set by right clicking on a geodatabase in the Catalog Tree >> Make Default
Geodatabase.

1.3 Adding data to the table of content
In order for you to properly explore the ArcMap user interface you'll need to add in some data layers.
1. Click the Add Data button. Always use this button to add data — do NOT use the File/Open option

2. Inthe Add Data window:

a. If not already located in your Home folder (e.g. STEPH) then Click the Home button to
navigate quickly to the working folder in which your map document and geodatabase
resides.

Navigate to and double click on your GDB (e.g. OceanCable.gdb)

c. Select the following layers to add to the map

e Basemap_Hillshades
e bathylOm_Rast
e hillshadelOm
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d. Click Add button

@ Click Add

Data button

Geoprocessing  Customize

Click Home

= [l 2272 ~| +% B3 buttonif not |5
already there
| Add Data X
i x|
Lockin: |G Home - NOAA_GIS TRAINING | 1% S B aow
Mame Type
@ OceanCable.gdb File Geodatabase
Double Click
your GDB
e ]
Show of type: | Datasets, Layers and Results v Cancel

Add Data

Look in: L OceanCable .gdb

MName

Select the 3 ster Catalog

files to add to |base Raster Catalog

YOUr map  lbase Feature Dataset
File Geodatabase Feature Dataset
File Geodatabase Raster Dataset
File Geodatabase Feature Class

Basemap_Hillshades
Bepasema p_MNauticalCharts
2P BathymetryContours
P MarineLayers

|El const_ns3

hillshade10m File Geodatabase Raster Dataset
‘E]slud'yar:a File Geodatabase Feature Class
Name: Basemap_Hillshades; bathy 10m_Rast; hilshade 10m |

Click Add
button

Show of ype:  patasets, Layers and Results v

In general, the first layer added to your map will set the coordinate system of your data frame. If you add data layers with

different coordinate systems then ArcMap will project them on the fly based on the coordinate system of the data frame. The
coordinate system of the data frame can be changed by right clicking on the data frame name in the table of contents >>

Properties >> Coordinate System Tab.

cursor, type new name.

The Go to Home button will bring to directly to the folder in which your current map document resides.

The default Data Frame name will be “Layers”. To rename it, click once on the data frame name then click again to get a text

3. Save your map document in your working folder (e.g. STEPH\BathymetryMapping.mxd)

1.4

Interacting with the map layers

Using the Tools Toolbar to navigate the map display

Now that you've added some data to your map, you can start using the Tools toolbar to move
around and explore the data in your map. The Tools toolbar is one of the primary ways that you
interact with data layers displayed on your map or Data View panel. The toolbar contains tools for
working with the contents within the active data frame of your map. The Tools toolbar can be used in
both the Data View and Layout View. Some buttons are only active when certain types of data are
present (e.g. Hyperlink button will only be active if the feature(s) has a hyperlink). Explore the tools

on the Tools Toolbar at your own pace.

Note: your Tools Toolbar may be floating or docked somewhere on the ArcMap window.

= Place the mouse pointer over a button to see the function described in the status bar and popup box
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Functions on the Tools toolbar

Button Name Function
E{ Zoom In Allows you to zoom in to a geographic window by clicking a point or dragging a
box.
El Zoom Out Allows you to zoom out from a geographic window by clicking a point or dragging a
box.
&“1 Pan Allows you to pan the data frame.
Q Full Extent Allows you to zoom to the full extent of your map.

Fixed Zoom In

Allows you to zoom in on the center of your data frame.

KWK
KA

Fixed Zoom Out

Allows you to zoom out on the center of your data frame.

Back

Allows you to go back to the previous extent.

Forward

Allows you to go forward to the next extent.

Select Features

Allows you to select features graphically, by clicking or dragging a box around them.
You can also use the Select By Polygon, Lasso, Circle, and Line tools to select
features using graphics drawn to the screen.

Clear Selection

Unselects all the currently selected features in the active data frame.

Select Elements

Allows you to select, resize, and move text, graphics, and other objects placed on the
map.

e hBEIVW @ |5 & ¥4

Identify Identifies the geographic feature or place on which you click.
Hyperlink Triggers hyperlinks from features.
HTML Pop-up | Triggers HTML pop-up windows from features.
Measure Measures distances and areas on your map.
Find Finds features in the map.
Find Route Allows you to calculate point-to-point routes and driving directions.
Ky GLCC:;%:: Allows you to type an x,y location and navigate to it.
Qpen Time Opens a time slider window for working with time-aware layers and tables.
Slider Window
Creﬁen;/éivwer Allows you to create a new viewer window by dragging a rectangle.

Exploring the Table of Contents (TOC) panel options

The TOC panel lists all the data layers in your map. This is where you can turn layers on and off,
access the layers’ properties as well as the properties of the data frames, and change the order in
which layers are drawn. You can choose how the layers are viewed in the TOC with the List by
Drawing Order (default), List by Source, List by Visibility or List by Selection buttons.

List by
Source

List by List by
Visibility| |Selection

ntet

=

TOC
Options

[ 5 __7 Layers

%l Basemap_Hillshades

= bathy10m_Rast
Value
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List by Drawing Order List by Drawing Source

Table Of Contents 3 x Table Of Contents L
EI:’C,)!E | l:@’-\lﬂ e
= layers = = layers
el bathy 10m_Rast = L CANOAA_GIS_TRAINING\STEPH\OceanCable.gdb
# [ hillshade10m =M
W Basemap_Hillshades @ [ hillshade10m

Basemap_Hillshades

List by Visibility List by Selection

Table Of Contents X Table Of Contents o x
‘;:QQ..& £ ::’:':‘;ﬂ

=] Visible . =| Selectable (no features selected)
> bathy10m_Rast g & Basemap_Hillshades [ (4 0
'-’:G')Basemap_Hillshades H ¥ =) Not Selectable

=] NotVisible @ bathy10m_Rast

4 hillshadelOm @ hillshade10m

= Tabular data added to the TOC/Data Frame will automatically go into the List by Source view

The TOC Options allows you to change the preferences and the patch size and shape of the polygon
or line used to represent a vector data layer in the TOC. The example below shows a line layer
displayed as a squiggly line and a polygon layer shown in an irregular shape instead of a square.

Table Of Contents Options x

Preferences Patches

Patch Size
Width: [ |5 pt= meight: [12 |5 ps
- & Layers Patch Shape
= cables_exist
Patch Shape e tner | 7N v s m 3
Line: — | Area: Ij “ = & BRFAplan
[

Make Default Re

Make Defauit Reset

Turning layers on and off

Turn map layers on and off by checking box next to the layer name. For layers in a group and
subgroups, turning of the main group will turn off all layers, turning off a subgroup will turn off all
layers within that subgroup.

= = Layers

m [ Basemap_Hillshades
+ [ hillshadel0m
Grouping data layers

Data layers can be grouped. To do this you need to add a new group layer. Right click on the Data
Frame name (e.g Layers) >> New Group Layer. You can also add a new basemap group as well. The
example below shows a Marine Layers Group with individual layers under it. A Basemap Group is also
shown with a raster catalog of the Hawaiian Island hillshades.
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Table Of Contents 3

‘El':' <v>B =

] = = lLayers
7 Sewerlines
# [ cablesExist
# [ Sewerlines
& BRFAplan
7 DumpingArea
o) Explosives
il hihwnms

# M mma
7 oreczones

03] Basemap Layers
Basemap_Hillshades
Change a layer’s drawing order

Change a layer drawing order by dragging and dropping it on top of or below another layer in the
TOC. Layers are drawn from the bottom up. For example, drag and drop Basemap_hillshades layer to
the bottom of the layer stack.

Table Of Contents 2 x  Table Of Contents 7 x
EEEER A= EQ{;EH
5 & Layers 8 Layers

5 [ bathy10m_Rast

3

3 bathy10m_Rast
# & hillshade10m

% [(Drag and brop )

The context menu of a layer can be accessed by right clicking on the layer name in the TOC.

¥ hillshade10m
Basemap_Hillshades

Context menu

Right Click on
layername to get
Context Menu

i

] g1 =
& hillshadet{ = “OP¥
# Basemap | X Remove

| Qpen Attribute Table

Joins and Relates »

£y’ Zoom To Layer i

'.t? Zoom To Raster Resolution

Visible Scale Range b
Data »
Edit Features b

Save As Layer File...
Create Layer Package...

| %" Properties..

Layer properties (context menu)

View a layer’s properties by right clicking on the layer name >> Properties. A quicker shortcut is to
just double clicking on the layer name. Spend a few minutes exploring the different tabs in the Layer
Properties window. When you are done, close it.
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Layer Properties X
General Source Key Metadata Extent Display Symbology Fields  Joins & Relates
LaverName: | Eivesse

Desaription: ‘

Data frame properties

View the data frame’s properties by right clicking on the data frame >> Properties. Or just double
click on the Data Frame name. Spend a few minutes exploring the different tabs in the Data Frame
Properties window. When you are done close it.

Data Frame Properties X

Feature Cache  Annotation Groups  Bdent Indicators ~ Frame Size and Position

General Data Frame Coordinate System llumination Grids
Name: Layers J
Description:
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Exercise 2: Working with Tabular Data (Excel spreadsheet)

Tabular data can be added, view, and used in ArcMap; and if the tables contain spatial information
such as XY coordinates then the data in the tables can be mapped. ArcGIS can directly read text files
(*.txt, *.csv) and Excel files (*.xIsx and *.xIs). Other tabular data sources, such as MS Access file formats
(*.mdb and *.accdb) can be accessed through an OLE DB connection. Although ArcGIS can read
tabular data in several formats as noted, they are read-only and cannot be edited without being
converted into a GIS layer.

To lay the cables you need to know where the landing sites are going to be. The State have already
identified potential landing sites for the project. The five sites: Pearl/Honolulu Harbor and Kaneohe
Bay (Oahu), Ilio Point (Molokai), Kaena Point (Lanai), and Kahalui Bay (Maui) are in an Excel file. For
this exercise, you will add the Excel spreadsheet to your map, plot out the points then create a
feature class from it to use in later parts of the training.

£ Moreinfo on using MS Access in ArcGIS (last accessed 8/20/2017): http://desktop.arcgis.com/en/arcmap/10.4/manage-
data/tables/understanding-how-to-use-microsoft-access-files-in-arcgis.htm

£ More info on using Excel in ArcGIS (last accessed 8/20/2017): http://desktop.arcgis.com/en/arcmap/10.4/manage-
data/tables/understanding-how-to-use-microsoft-excel-files-in-arcgis.htm

2.1 Adding and plotting out tabular data

1. Click the Add Data button
a. Navigate to your OceanCableProj folder and double click on LandSites.xls
b. Select the Excel sheet, landingsites$ >> Add

Add Data X

[Lockin: &) LandingSites.xls viaBRa Eraade
Name Type
A Database Excel Table
[EH landingsites$ Excel Table

Add Excel Sheet,
landingsites$

fome: [landingsitess |
Show of type: | patasets, Layers and Results w Cancel

2. Notice the TOC automatically switched to the List by Source view. Right click on landingsites$ >>
Open
- = lLayers

5 L8 CANOAA_GIS_TRAINING\STEPH\OceanCable.gdb
+ bathy10m_Rast
3 hillshade10m

Basemap_Hillshades
-1 £ CANOAA_GIS_TRAINING\OceanCableProj\LandingSites xls

Y oncingsiesS

Right Click
landingsites$ >>
Open
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The Point_X and Point_Y fields are longitudes and latitudes of the sites, and X_UTM and Y_UTM fields

are the XY coordinates in UTM Zone 4. Notice that the longitudes and latitudes are in decimal degree
format.

AR AL L X
landingsitess x
RedD POINT X POINT_Y X_UTM | Y_UTM | si
» 1 -157.044991 20917998 703322 108464 | 2314311109531 :Naena Poi
2| -157.734937 21.443566 631091.994075 23?1765.8018?]Kan:oheﬁ
3] -157.96536 2131607 607305.155913 | 2357480.918007 |Pear| Hark
4| -157.260536 21215116 680540.736896 | 23459-‘?.106258!"'10 Point
5| -156.475007 20915942 762629.937 | 2314911.6515 |Kahalui B
< >
T 1T v m - {0 out of 5 Selected)
| landingsitesS

3. Plot out the cable landing sites on the map using the X_UTM and Y_UTM fields. In the TOC, right
click on landingsites$ >> Display XY Data.

£ Alternatively, you could also go to File Menu >> Add Data >> Add XY Data

4. The fields in the Display XY Data window should already be filled in with the approximate

parameters but make sure the X Field = X_UTM, Y Field = Y_UTM, and Projection is NAD 83 UTM
Zone 4N.

a. Click OK
b. Note warning about no Object ID field. Click OK

[ Display XY Data x

A table containing X and Y coordinate data can be added to the
map as & layer

Choose a table from the map or browse for another table;

I landingsites$ ;I e

Specify the fields for the X
Teble Does Not Have Object-1D Field x
ZField: [ <None> w| " ) :
The table you specified does not have an Object-ID field so you will not be able to
select, query, or edit the features in the resulting layer, or define relates for them.
Coordinate System of Input Coordinates
Description: After you create this layer, you can export it to a shapefile or feature class if you

need these functions. To export a layer, right-click it in the Table Of Contents and

Prajected Coordinate System: choose Data> Export Data. Add the exported data to the map as a new layer,

| Name; NAD_1983_UTM_Zone_4N

" MNote warning

s 05 Part, Aeesian 1963 about object ID
T - and click OK

Cancel
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A temporary landingsites$ Events is added to your TOC. This layer will not persist after the session

ends unless the map document is saved. There should be 5 points representing cable landing sites on

your map.
= = Layers
= £ CANOAA_GIS_TRAINING\OceanCableProj\LandingSites.xls

= landingsites$ Events
)

landingsites$

2.2 Creating a feature class from tabular data

In this section, you will convert the events layer, landingsites$ Events from the previous section into a

more permanent feature class so that you can work with it later on in the tutorial.

1. Right click on landingsites$ Events >> Data >> Export Data

2. In Export Data window:
a. Export: All Features
b. Coordinate System: Use this layer’s source data
c. Output Feature Class: Save as LandingSites in your GDB (e.g.
OceanCable.gdb\LandingSites)
d. Click OK
e. Click Yes to popup asking if you want to add exported data to map

Export Data @ Select All Features X
: Al features i

Export:

Use the same coordinate system as: \
i Use same coordinate
(@) this layer's source data system as layer's

O the data frame source data

Output feature dass:

C:\NOAA_GIS_TRAINING\STEPH\OceanCable. gdb\LandgStes | i3

@ Save as LandingSites
in your GDB

cace

3. After the feature class has been created for the landing sites, you can go ahead and delete the

Excel file and the temporary landingsites$ Events from the TOC by right clicking on the filename

>> Remove. This is so you don’t have layers you don’t need any more cluttering up the TOC).

4. Save your map document
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Exercise 3: Creating and Exporting a Bathymetry Map

This exercise will guide you through some basic steps in making a map in the Layout view. You'll be
making a map showing the bathymetric grid with the landing sites by their location and include a
map inset with an extent indicator and latitude/longitude graticule grid. Additionally, you will also
include a legend, scale bar, north arrow, and other map elements to your map.

3.1 Visualizing bathymetry
1. Inthe TOC, right click on bathylOm_Rast >> Properties >> Symbology Tab

2. In the Symbology Tab:

a. Show: Stretched. For this layer the most appropriate way to show the data is stretched

display which should already be selected

b. Color Ramp: Select the color bar that goes from red to blue. Bathymetry is often shown
using red for shallow areas and blue for deeper areas
If the color is reversed (blue to red) check the Inverse box
Stretch Type: Select Minimum-Maximum
Check the box Edit High/Low Values
Change the high value to 0 and the low value to -1000. Note this is only scaling the
values for display purpose only — it does not change the values of the raster cells. The
renderer will stretch the available colors (0-255) over the indicated min-max range.
Values below the minimum value indicated are shown with the same color as the
minimum value and values above the maximum value will be shown like the maximum
color
g. Click Apply (don't click OK yet — see next step)

S0 a0

Layer Properties X

General Souce Key Metadata Exent Display Symbology Felds Joins & Relates

?:;:.;r — Stretch values along a color ramp 2l |
| Unique Values @ hange Min
Click | Classified | Chenge % 2
Stretched v BT i
| Discrete Colar ‘ Color Value Label Labsling

W [V [ |‘
Edit High/Low Values ‘

|| | -1000 | [ Low : -1000

Color Ramp: |-‘ B — . Select a color
‘ ramp

[ Display Background Value: 0 as|| -

Check the box
Edit High/Low
Values

[(use hilshade effect 1 Display NoData as|[~ | |«

Stretch @
o St = JEREEE L (Check the Invert box to
B trwert invert the color ramp
scheme

Select Minimum-
Maximum stretch type

More info about
raster rendering

3. Click over to the Display Tab:
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a. Resample during display using: click the drop down arrow and select Bilinear
Interpolation (for continuous data).
Transparency: type in 40% or 50%

c. Click Apply/OK
@| Click Display ]
Tab

General Source Key Metadsta Edent Display Symbology Felds Joins & Relates

Layer Properties

[ show MapTios

[oispiay raster resolution in table of contents Select Bilinear Interpolation
[ Allow interactive display for Effects toolbar for resampling
Resample during display using:

Orthorectification

Confrast: \jl % Ortharectification using elevation
Brghtness: 0 | % Transparency | sevation: 0

X = 40% —
Transparency: %= [—m-v—J [& hittshadetom Ral=]

Blevation adjustment
Display Qualty 2 fachor! 1
Coarse Medium Normal Z
. Z offset: 0
Geoid:

(3o)((crick ok
o] T | R

4. Don't forget to save your map document.

Your display should have something that look like the example below. Note that bathylOmRast is on

top of hillshade1l0m. Change your layer drawing order if needed.

QBathymetryMapping.mxd - ArcMap == o
File Edit View Bookmarks |Insert Selection Geoprocessing Customize Windows Help
NBES 4 @B x| ° |- [18000 U EEEE D
£ S . 6Dy
a Table Of Contents 2 x
o EHees
= £F Layers
= M bathy10m_Rast
0 Value
e ™ High:0
AR r
(%] -
X Low : -1000
4=
- = & hillshade10m
Value
J§d - High: 254
Low:0
k
o Basemap_Hillshades
®
-
bt
[}
o jgim|=u <
Drawing= K () 5 [~ A~ [kﬂhu! v]‘lD v|n I UlA -~ L -£-L-ﬁ
653337.792 2306913.218 Meters
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3.2 Symbolizing features

When a data layer is added to the TOC, ArcMap will display it using a default symbol (e.g. point, line,

or polygon) and a randomly assigned color. You may want to customize how the data are

represented in the map to better suit your needs. As an example, here you will just will color code the

landing sites by location.

1. Double click on LandingSites layer name to bring up the Layer Properties window >> Symbology

Tab (you could also right click on the layer name >> Properties)

2. In the Symbology tab:
a. Show: Categories, Unique values
b. Value Field: Select Site field
¢. Click Add All Values button
d

Uncheck the box to show all other values so it doesn’t show up on the map or in the

legend. There are no data in this category since you've already added all the values to

be mapped.

o

f. In the Symbol Selector window:
e Select a symbol to represent the landing sites
e Change the color and size
e Click OK
g. Select all category values (use Shift key to select all)
h. Select a color scheme from a list of color ramps

Right click on any category value (e.g. Ilio Point) >> Properties for All Symbols

i. If you don't like a particular symbol, color or size you can change it by double clicking

on the Point symbol to access the Symbol Selector to change it.

Layer Properties

General Source Selection Display Symbology  Fiee—" Defint
Show: Select Site

Feal Draw categories using one field. Import.
@ Categori Value Field olor Ramp
G L e T
Cateqcrles. Unigue values, many
Match to symbols in &
bnique Valies B | o writa Symbol  Vakue Label Count
Chants *  call other values> <all other values:
Muitiple Aftributes

Add All Values | Add Values . Ry Remove All Advapced ~

@ Select Site
Field

Cancel Py

an (uery Labels  Joins & Felates Time  HTML Popup

GIS4DAR GIS Training Workshop — September 7-8th, 2017

37



Symbol  Value Label Count
[ ]® call other valuess <all other values> o
<Heading > Site 5
LI i Fort . ;
Uncheck the box) e  Kaena Point Geoup Valkies
to not show all ©  Kahahs Bay Ungroup Values
other values ¢ Haneohe Bay Reverse Sarting
& Peard Harbor R -
£1El Sorting
Remove Value(s)
Flip Symbols
@ Properties for Selected Symbol(s)...
valuel (e.g. llio = Wﬁﬂm
Paint) >>
Properties for All Apply Color Scheme
Symbols

Select a color

Draw calegories using unique values of one field.

scheme

Symbal Selector

|T.r\e here to s=arch v| o f B8 . Current Symbol
Search:  (®) All Styles () Referenced Styles
ESRI A 9 *
Change Symbaol
® | A Size if needed
Cirde 1 T 1 =
5“‘”@ . coo: IRV
Y ® Selecta Sizm: 5 =
Pentagon 1 Hexagon Octagon 1 Angle: 0.00 b=
Edit Symbol...
® @ (]
Save As, Reset
Rnd Square 1 Circle 2 Square 2 -
A & @ .
Triangle 2 Pentagon 2 Hexagon 2 I
@ @ @ v

Value Field Color Ramp
‘Sde w
Symbal  Value Label Count
(@  c<allother values> <al other values>
o]
@]
[&]
o]
5]

Pearl Harbor

@ Select all category values

= = lLayers

@

Site

Double click on
Point symbol to
access Symbol

Selector to make

individual symbal

change

¢ Kahalui

= [ LandingSites

@ llio Point
@ Kaena Point

Bay

@ Kaneche Bay

@ Pearl Harbor

oy bathy10m

bl

3. Once you have the feature symbology set up you can save it for use by others.
a. Right click the layername (e.g. LandingSites) in the TOC >> Save as Layer File. In general

the layer name and *.lyr symbology file should match

b. The saved symbology file (.lyr) can be imported via Import button in Symbology Tab of

the layer properties window

ielection Display Symbology Fields Defintion Query Labels Joins & Relates Time  HTML Foy
~| Draw categories using unique values of one field. Import = Tec;(ilsr:i'llfgl;t.l:p

Value Field _ Color Ramp symbalogy file
- [ste Import Symbology ps
- Symbol Value | (@) Import symbology definition from ancther layer in the map or from a layer file:

1@  <lidhe 0 eymboiogy defintion from an ArcView 3legend fle (- avl:
s <Headi

T T
. : m What do you want to import? Selgct ".Iyr'file for
we| O PeaiHd @ Complete symbology defintion HRRNLIgG
‘ (O Just the symbols
r Just the classification Cm
Add All Values | i,

_Rast

S PN s PR
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3.3 Creating a map layout and setting the layout properties

Page Layout

1. Switch to Layout View. Click the Layout View button in the lower, left hand corner of the interface
or go to View menu >> Layout View

~ |10

Click Layout View
button

The Layout View shows the map frame (i.e. data frame) in the center of an 8.5x11 portrait map.

2. Set up page size and toggle on rulers, guides, and grid to help you position map elements in the
layout.

a. Display the ruler and guides if not shown. Go to View Menu >> Toggle on Rulers and
Guides if not already on. Alternatively, you can right click in any white space outside
the data/map frame to access context menu

b. The default page size is 8.5x11 portrait — change the page orientation to Landscape.
Page and Print Setup can be accessed via a context menu. Right click in any white space
outside of the data frame >> Page and Print Setup. Uncheck the box for Use Printer
Page Setting, select to Landscape orientation >> Click OK

c. Set %2 inch page margins using guides. Click on the ruler where you want the guides to
be placed

d. More options can be set through the ArcMap Options window. To access this, go to
Customize menu >> ArcMap Options >> Layout View Tab

View LBcEkmarks Insei ! . 0., 2, B,
& Data View
Layout View 07‘

Graphs = @ Right click _White

Reports "L f5% Zoom Whole Page i o s i

Toggle Rulers and d data frame >>
SerollBal  Guides on/off - Page and Print
E] Status Bar _ Setup
Rulers = I Page and Print Setup... !
@ Guides ci [Eﬂ Teggle Draft Mode !
(3 6nd | L
S = 5
er -~ n
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Uncheck box for

Use Printer Paper
Settings

[[] fse Printer Paper Settings R Vs
: M DR
- ‘ .,_”.3 P =
Standard Sizes: | Letter w ¥ - <
1 b ac
width: 11 | Inches v RITE
2 \.r]i-‘
Height: 8.5 | inches v 3,
COrientation: (O Portrait (@ Landscape E T E

e D Scale Map Elements propertionally to changes in Page Size

Data Driven Pages... o ] come

Click on ruler
where you want
the guide to be
placed (e.g 2"
margin)

. . TR L RO

Click an ruler
where you want
the guide to be
placed

L

3. Adjust the map frame size so that it fits within your page. Click on the map frame and drag the
corners so it snaps to the %2 inch guides you've set

4. Use the buttons on the Layout Toolbar to help you view and adjust your map layout
Specifying a Map Scale and Unit

When you zoom in/out of the map, notice the map scale changing on the Standard Toolbar. The
map scale may or may not have a unit to it. You can create a new scale unit and change how the
scale format is display (e.g. 1 in = 4000ft or 1 in = 300 meters) on your map.

1. To specify or change a specific map scale unit, click the drop down arrow >> Customize This List.

2. In the Scale Settings window:
a. Click Scale Format Tab
e Click New to create a Meters unit (since our map layers are in meters)
b. Define Scale Format window:
e Select the Relative display format
e Select Meters for the unit
e Select any other options you want,
c. Click OK when done
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——

112625498 [+] 22
1,000 | | Standard Scales  Scale Fomat
1:10.000 —
1:24.000 Format
1:100.000 Hink: Choose the format used to display scales.
1:250.000 You can always enter scales in any format.
1:500.000 i
li:p30570 |
150,080 [1in = 20,61
1:1.000.000 | 1inch = 20.61 miles
1:3.000.000 |1om = 13.06 km
1:10.000.000 1 centimeter = 13.06 klomaters

<Customize This List..5

Oﬁeﬁ

1 Click Customize
This List

Click New to create
a new unit

OK

3. Back in the Scale Settings window:
Click the Standard Scales Tab. Load a predefined list of scales.
Click Load drop down arrow >> Load from File.

a.
b.
C.

d.

Navigate to OceanCableProj\MapScaleMeters.txt and load text file. The map scales text

file is a listing of scales in Meters.

Click OK

Define Scale Format
Choose the basic display format:

O Absauste 1Inch = 33167 Meters
(@) Relative

Select Relative .
Customize the format: | jicp1ay format

Fage Units

1.00 | |Inches

Map Units
Maters
[ show thousands separators

When vaiue is less than: [ 100.00 |

Equals Indicator: | =

Select Meters as
unit

[reverse [Acapitalize units ] Abbreviate units

[oc ]| cnce

You should now see a list of custom standard scales in meters (e.g. 300, 500, etc)

Scale Settings

Standard Scales  Scale Format

1Inch = 300 Meters
1Inch = 500 Meters
1 Inch = 800 Meters
1Inch = 1200 Meters
11Inch = 1500 Meters
1 Inch = 2000 Meters
1 Inch = 3000 Meters
1Inch = 18000 Meters
1 Inch = 20000 Meters
1 Inch = 24000 Meters

Load From File

[Conly display these scales when

X

Add

Add Current

Delete

Delete All

Default Scales
From File...

ArcGIS Online / Bing b

About map scales
Cancel

Creating a spatial bookmark - optional

List of custom

1 Inch = 18000 Meters!

scales to select
from

1 Inch = 17000 Meters
1 Inch = 33167 Meters
1 Inch = 300 Meters
1 Inch = 500 Meters
1 Inch = BDO Meters
1 Inch = 1200 Meters
1 Inch = 1500 Meters
1 Inch = 2000 Meters
1 Inch = 3000 Meters
1 Inch = 18000 Meters
1 Inch = 20000 Meters
1 Inch = 24000 Meters

«Customize This List.. >

The Create Bookmark option in the Bookmarks Menu is a handy tool for saving the current map
extent and makes it easier to return to the bookmarked extent after navigating away. Saved spatial
bookmarks are listed in the Bookmarks Menu and are stored as part of the map document. The
Manage Bookmark dialog allows you to manage your saved bookmarks, including being able to

import and export bookmarks saved with other map documents.
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Right click on LandingSites layername >> Zoom to Layer. Alternatively, you could select a map
scale (e.g 18,000 meters) to change your extent

Go to Bookmarks Menu >> Create Bookmarks

In the Create Bookmark window: Type in a name for the bookmark. Save bookmarks can be
accessed from the Bookmarks Menu

Save your map document

Typeina
—— bookmark name
n | Bookmarks [ Insert Selecti Create Bookmark x ‘
l“_,!] Create Bookmark., \
ot £, Manage Bacﬁks.” r Bookmark Name: |1 in = 18000 meters (anding sites){ |
Cancel

Bookmarks
Menu >> Create
Bookmarks

@

Bookmag.[ Insert  Selection Geeproce

L:.!l Create Bookmark...
G Manage Bookmarks...

1in = 18000 meters (landing sites)

Fasum Bana / i I 1
Saved
bookmark(s)

Clip map extent to shape - optional

Lets say you want to clip the map extent to show only the study focus area. Clipping to a map extent
doesn’t actually clip the data - this is only for viewing puposes.

1.

First add the study area polygon to your map. Use the Add Data button to add the studyarea
feature class from your OceanCable.gdb

Change the symbology for the studyarea to an outline with no fill
Right click on the Layers Data Frame >> Properties. Or double click Layers data frame name

In the Data Frame Properties window:

Click Data Frame Tab

Clip Options: Select Clip to Shape

Click Specify Shape button

Select Outline of Features from studyarea layer. Then Click OK
Click Apply/OK

oo oo
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@ View Bookmarks | Data Frame Prr perties

Right click Data
Frame >> Properties

@ @ LandingSites

# O studyarea

[t:] bathy10m_Rast

® hillshadei0m
Basemap_Hillshas

" |
) p e
Feature Cache  Annotation Groups ~ Bdent Indicators  Frame  Size and Position |
General Data Frame Coordinate System Bumination Grids
Extent L]
FRatomat - Data Frame Clipping I
(O Current Visble Extent Select Cutline of
Features from
(@) Cutine of Features studyarea layer
Layer: Features:
IQitudyim ¥ ;’ L&l
Outiine of Sefectad Graphic(s)
Extent Used By Ful Extent Command () Custom Extent Degres
@ Extent of data in al layers (Default) Top; 21759429396 dd
O Other: [‘select clip to Left -158.06724612dd | might -156.319460873
 —L Betton: 20.558858704 dd
Clip Options |
e — =
Exclude Layers.... Border:
] Clip Grids and Graticues ‘
W
Sl : | >
OK Cancel - R
I e L L LE

Your map extent should now look like this:

5. Turn off or remove the studyarea layer in the TOC and save your map document
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3.4 Inserting a map inset

ArcMap opens with one default data frame called Layers. If you're making a basic map using a simple
layout then having one data frame will suffice. However, if you want to have a map inset in your map
layout then you need to add another data frame. Within a map document you can have multiple data
frames to help you create your map(s) and organize components of your map layout. The map you
will be making will have two data frames: one will be the primary map focusing on the study area,
and the second one will be an inset showing an overview of the Hawaiian Islands

1. Make sure your TOC is in the List by Drawing Order view (15t button at top of TOC).

2. Go to Insert Menu >> Data Frame. A new data frame will be added to the TOC. Notice that the
new data frame name is bold — this indicates that it is currently the active frame. Notice also that
the Data Display Panel is empty because the new data frame has no data to display yet.

Table Of Contents x|

EEEESY A=
| B <F Layers
:
Site
@ llio Point
@ Kaena Point
@ Kahalui Bay
@ Kaneche Bay
) Pearl Harbor
| bathy10m_Rast
hillshade10m
Basemap_Hillshades

=7 New Data Frame New Data Frame -
currently active (bold)

3. Rename the two data frames. To rename a data frame, click on the data frame once to select it
then click it again to get a cursor then type in a new name. Alternatively, you can access the Data
Frame Properties window >> General Tab to rename a data frame

a. Rename the Layers Data frame to “Cable Focus Area”
b. Rename the New Data Frame data frame to "Overview Map”

@ Rename Layers Data Frame
to Cable Focus Area

Table Of Conten

EL“ DJE |

Layers
# M LandingSites ] dingSites
i bathy10m_Rast & bathy10m_Rast
= hillshade10m ¥ hillshade10m
] Basemap_Hillshades Basemap_Hillshades

<4 Mew Data Frame
@ Rename New Data

Frame to Overview Map

4. Add data to Overview Map data frame. Make sure the Overview Map data frame is active - in bold
(Right click >> Activate).
a. Click the Add Data button then navigate to your OceanCable.gdb.

GIS4DAR GIS Training Workshop — September 7-8th, 2017 44



b. Select the coast_n83 feature class and Add to your map

5. In the Overview Map data frame, change the symbology for the coastline layer if you want to use
a different color than the default
a. Inthe TOC, click on the colored square symbol below the layername to bring up the
Symbol Selector window.
b. In the Symbol Selector window, select the Hollow symbol then select an outline color.
Change the outline width if you want to. Click OK.

6. In the Layout View, resize and move your Overview Map frame in the page layout (e.g. bottom left
corner of the map/page)

7. If after you resize and move the Overview Map frame the map is cut off or something then in the
TOC, right click on coast_n83 >> Zoom to Layer (to see all the islands)

£ The Tools toolbar buttons will also work in the Layout view as well as in Data view. For example, you can click on the Pan
button and change the map extent of your map frame in the layout

Here is an example map layout with an inset:

Table Of Contents i N L O | D L LV S L e
2S8
=) = Cable Focus Area
# [ LandingSites 3
# M bathy10m_Rast °_°¢ AR T, e R o T
@& bl hillshadel0m 3
¥ Basemap_Hillshades -
o = Overview Map 2
= [ coast_n3 oo
o ]
i
c:?

3.5 Inserting a map extent indicator

A map extent indicator shows the extent of the data in a data frame. For example, in the overview
map of the Hawaiian Islands you may want to show on the map frame the extent or coverage of the
Focus Area Map. The map extent indicator will automatically change as your view changes in the
main focus map.

1. Make sure the Overview Map data frame is active (right click >> Activate). Right click on
Overview Map data frame >> Properties
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a. Inthe Extent Indicator Tab: Select Cable Area Focus Data Frame

b. Click the single arrow pointing to the right - the Frame button becomes active.

c. Click the Frame button and use the wizard to change the color and border size of the
extent box. Click OK

d. Click Apply but don’t close the window yet

General Data Frame Coordinate System Mumination Grids
Feature Cache  Annotation Groups  Edent Indicators  Frame  Size and Pestio
You can add one or more extent indicators to this data frame. Each indicator

shows the extent of the data in one of the other data frames and automatically
updates if the extent changes.

Show extent indicator for these data
Other data frames: frames:

[Cable Focus Area

Click single
right arrow

Select Cable
Focus Area

" = 1ioe auou

General Diata Frame Coordinate System Humination Grids [ 3 i
Feature Cache  Annotation Goups  Ddent ndicatos  Frame  Size and Postion e i

You can add one or more extent ndicators to this data frame. Each indicator
shows the extent of the data in one of the other data frames and automatically

updates if the extent changes. I
Show extentindicator for thesedata PO ATEEN R — L
Other data frames: frames: |

Extent Indicator Frame Properties ®

= Cable Foaus Area

[Juse simple extent

Drop Shadow

15ER] 521 -

Diraft mode - just show name

ok ][ cancel

2. Changing the background color of the Overview Map Frame to create an “ocean.”
a. Click the Frame Tab
b. Change the Background color to blue.
c. Click OK

Data Frame Properties

General Data Frame Coondinate System
Feature Cache  Annotaon Groups ~ Extent Indicators  Frame ™ Size and Position

la e
=i| =

Gi % 012 ot ] o =
w I: Select a background color

Drop Shadow to represent "ccean”
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Below is the Overview Map Frame showing the extent (red square) of the Cable Area Focus Data
Frame.

P

=

3.6 Inserting a scale bar

Before you insert a scale bar in your map, first check the coordinate system of the data frame to
make sure that it is set to something that is logical for your map and easily understood. For example,
a coordinates system in WGS 84 has "“units” in latitudes/longitudes or rather decimal degrees, which
is not easily translated to meters or miles that are more easily understood.

£ Most GIS web servers will use the coordinate system: WGS 1984 Web Mercator Auxiliary Sphere.
= When using layers (turning on/off) from GIS web servers the coordinate system of the data frame will be automatically
switched to that of the GIS web server. Keep this in mind when doing analyses or calculations with units.

1. Make the Cable Focus Area data frame active if it is not — this is the data frame which the scale
bar will be based on.

2. Toinsert a scale bar, go to Insert menu >> Scale bar.

3. In the Scale Bar Selector window:
a. Select a scale bar to display (e.g. Hollow Scale Bar 1)
b. Click Properties button

Scale Bar Selector X
AREMAUNG SCaIe Oar | 1 Preview
o — —

Altemating Scale Bar 2
100

C Tuies

Single Division Scale Bar

Select a Scale
Bar style

e e
e
Hollow Scale Bar 1

=== = e~ s B

Hallow Seale Bar 2 Click Properties

[ Scale to ft page
- i . =
Propetties. .
Double Atemating Scale Bar 1
More Styles b
——— e
Save Resst
Double Atemating Scale Bar 2
v Cance

£ The Scale Bar properties can also be accessed by double click on the scale bar or by right clicking on the scale bar >>
Properties
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4. In the Scale Bar Properties window: Scale and Units Tab
a. When Resizing: Selection Adjust Width option
b. Division Value: type in the map scale you're using (e.g. 1"=18000 m). This is to ensure that
the scale when printed at the set page size will be properly defined
c. Optional - change the number of divisions and subdivsions (e.g. 2 & 2).
d. Click OK if not making any other scale bar property changes. Otherwise click Apply then
use the Numbers and Marks and Format Tab options to make more changes.

ion Geoprocessing Customize Windows Help

ann:hnaodﬁ'ﬁeiers vt EEER D P

——

| T2 A3 14 13 16 1
1 Scale Bar x |‘
Scale and Units  Numbers and Marks Format l'
Scale Change division value to
match your map scale
Division value: ‘ [18000 m (18000 meters)

MNumber of divisions: 22
MNumber of subdivisions: 23 .

[[]show one division before zero
When resizing. ..

Select Adjust width
when resizing

Adjust width s
Urits Select units that match
- . your map scale
Division Units: (meters)
Meters e
Label Position:
after bar b

Label: | Meters Symbol...

Gap: | 36pt =

.

| Conca | o

The scale bar will be added to the middle of your map. Move it to the desired location on your map.
This map scale will be correct when printed exactly at 8.5x11 with no page scaling applied (e.g. no fit
to page size on printer)

0 8,000 18,000 35,000
= F————1Meters

3.7 Inserting a north arrow

1. Use the Zoom to Whole Page button on the Layout toolbar to zoom to the entire map page.

2. Go to Insert menu >> North Arrow.
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3. In the North Arrow Selector window:

a.
b.

Select a north arrow symbol (e.g. ESRI North 55)

The default North Arrow size is really large, so click the Properties button and change

symbol size (e.g. 30)
Click OK to close window

_| Narth Arrow

1)

ESRI North -19

NOT TO SCALE
ESRI North 52 RiNeth53  ESRI North 54 @ :
Change size and
N +
i Marier color if needed
Font:
[ ] ESRI North
A Scale to fit page
Size:
ESRINoth55 ESRINoth56  ESRINorth 57 A A 0 -
N
l \ More Styles = Character.., symbol...
g \ Save. Reset
) - T R
b v OK Cancsl "

Align To:

Data Frame Rotation 5ot
Calibration Angle:
" =

Rl Netth 50 ESRI Nerth 51

Seiect a North “
Arrow Style  JaVj

4. Move the north arrow next to any desired location on your map.

3.8 Inserting a legend

1. Go toInsert Menu >> Legend

2. Inthe Legend Wizard window:
In the Legend Items: Select the basemap imagery layers that you don't want displayed

a.

in the legend
Click the single arrow point to the left to remove them from the legend.

Click Next to follow through the legend wizard, making any changes you like, such as

legend item list order, patch size, add frame, etc.

Legend Wizard X

Select the layers

Choose which layers you want to include in your legend you don’t want

Map Layers Legend kems included in the
LandingSites » legend
bathy 10m_Rast
hillshade 10m 35

Basemap_Hillshades

=l Click single left

— arrow

<< <4
B @

Click Next and
change options

presented if
needed

Set the number of columns in your legend:

Preview
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This is an example of a legend in 2 columns with legend items showing the Layer name, Heading, and

Labels.
Yegend g
LandingSites bathy10m_Rast
Site Value :
| ® HoPoint T apaa
E ©® |Kaena Point WSS .0 - 1000 |
| @ KahaliBay :
E @ Ksnsohs Bay '
: P .
al Pedteer oo =

3. To change the appearance of your legend items:
a. Right click on the Legend >> Properties

b. In the Legend Properties window: Select a legend item (e.g .LandingSites) that you want

to change the appearance for
c. Click Style button

d. Legend Item Selector window: Click Properties
e. Legend Item >> General Tab: Uncheck the box Show Layer Name. Click OK >> Click OK

>>Click Apply

T R e
Apply settings to selected item{s)

Font e i L
[ EE
L : Aoply o] | [(2im i — i1 - Des cription
Horizontal Bar with Heading, Hoerizontal Single Symbel
Map Exter
oy d

Layer Name

. e

Use o

Horizontal Single Symbol  Horizortal Single Symbal
Label Only

@ Ttem Coluf y
. Tl i ey

e
St Column count for item(s) | 1 -0

OK Cancel

Preview
Heading

- = el e

Layer Name and Description

Uncheck box to
Amangement  General not Show Layer

Appearance Mame
[ 5how Layer Namé [ Shiow Labels

Eayer Name Symivol Label Symbol..
Show Heading

@ Heading Symbol.. Symibcl
Click Properties
[] Ovenide default patch [l Ovenide defaul paich size
= Line b Widkh; |38 pt
Properties.. —
Area v Height: 24 ¢
Mare Styles -
Save Resst n ! Ste
fi
oK - [[] Prevent item from being spiit across legend columns
| I— Concel | | hosy

4. Follow step 3 above to change the appearance for legend item, bathyl0Om_Rast

Your legend should look something similar to this:

Legend
sits Value
® [oPant w— High :0
@ FKaenaPoni —-- Low : -1000
@  FahaiiBay
@ KaedheBay
o Peaar] Harbior
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5. The legend item labels are linked to their corresponding layers in the TOC. Any changes made to
the layer's properties will be reflected in the legend. Change the Heading labels for LandingSites
a. Open LandingSites Layer Properties window (hint: double click on the layer name): go
to Symbology Tab
b. Click the "Site” heading and change it to "Cable Landing Sites”

e ———— r—— ———iy - ——— e s s—— [

Value Field Color Ramp
W | '
|Ste Il N R e
many
lsina| ]
Symbol Value Label Count
[J@® <allother values> <all other values>
zs

[Cable Landing Sites|

lio Point llip Beic
Kaena Point -@-
Kahalui Bay Kashalui Bl Heading to
Kaneche Bay Kaneohe| Cable Landing

Pearl Harbor Pear Ha Sites

el X I X |

6. Change the heading label for bathylOm_Rast. In the TOC, click on the heading “Value” once then
click it again to get a cursor then type in the new heading “Depth (m)

= [ bathy10m_Rast
Depth (m)
High: 0

Click once on heading
text then click again
to get cursor then

" Low: -1000 type in new heading

4 & hillshadel0m
Basemap_Hillshades

7. On the Layout Toolbar use the Zoom 1:1 ratio button to view the legend as it would appear
printed out at the specific page size.

8. Save your map document
3.9 Creating a graticule grid

For this exercise, you will add a latitude/longitude graticule grid to the main map frame, Cable Focus
Area.

1. Make sure Cable Focus Area data frame is active the double click on data frame name to quickly
access the Data Frame Properties window

2. In the Data Frame Properties window:

a. Go to the Grid Tab >> Click New Grid button.

b. What do you want to create: Select Graticule: divide map by meridians and parallels

¢. Grid name: give your grid a name or leave as default name >> Click Next

d. Graticule Appearance: Select Graticule and Labels option.

e. Intervals: Change the parallel and meridian intervals to 15 minutes (make sure deg. &
sec are 0). Click Next

f.  Axes and Lables: Accept default options, Click Next.

g. Graticule Border and Neatline: Accept default options. Click Finish.
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h. Back in the Grid Tab: Click Apply/OK. You can always change the graticule options by
going back into the data frame properties >> Grid Tab >> Select the Graticule name
>> Properties.

Grids and Graticules Wifgd ® Create a graticule X
T D sy Which do you want to create? Appearance
(®) Graticule: dvides map by mendians and paralels Select Graticule and
Labels ) Tick marks and labels —
= Input 15 minutes

{ select Graticule; te 397d of map unts ® Gralicule and labels
divides map by
meridian and
parallels

and meridians (change

intervals for parallels
Deg. & Sec to 0)

to & gnd for indesing

] o
Place meridians every [0 | [0 fangtude

Gridname: | Graticule ]

(o] | oo [ ] [

The graticule should be added to the main map frame, like the image below.

3.10 Inserting a map title and logo

1.

Turn on the Drawing toolbar by going to Customize Menu >> Toolbars >>Draw. To insert a map
title, you can either use the Add New Text button on the Drawing Toolbar or go to Insert Menu
>> Title. The insert title option will insert the title of your map document into your map page,
positioned at top center. Give your map a logical title. Use the tools on the Drawing toolbar to
change font size, font type, etc. if needed

A'f':,@.ﬁnal + 15 * B I H;.ﬁv

To insert a logo, go to Insert Menu >> Picture.
a. Navigate to OceanCableProj\Photos\Logos folder and insert DARLogo.jpg or
NOAA_logo.jpg
b. Resize and move the jpegs as needed
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c. Save the jpg as part of the map document so others can see the logo even without
access to the image itself. Right click on the jpg >> Properties >>Picture tab; check the
box to save image as part of document.

Picture Properties X

Picture Aea  Frame Size and Postion

Source
(®) Simple Path (local path, UNC path, or URL)

[7] save Image as Part of Document

@I Check option to Save:;' i

Image as part of
Document

Description
JPEG Image

I

3. Click the Zoom to Whole Page button on the Layout toolbar to view the entire map. Edit/adjust
any map elements as needed to your preference

4. Save your map document

3.11 Exporting a map

1. To export the map, go to File Menu >> Export Map.

2. In the Export Map window: set the options for either jpg or pdf.

Note: exporting to pdf has the options to export layers and map spatial coordinate information with
the pdf. These options are in the Advanced tab.

File name: | BathymetryMap pof : | o File name: | BathymetryMap pdf i
Save as type: PDF (" pdf) M
S : PDF e
EMF (* emf) —_— Lo
EPS (" .eps) = Options
Al (*.ai
t]Pagen| Secuity | TR General | Format | Fages]Security
SVG ("svg)
300 ?Fl"ga {'{;bm}ﬁ Layers and Atirbutes: | Export PDF Layers Orly [~
ipg
Quality (Resample Ra| PNG {: png) [ Export Map Georefere N?:'e PDF Lavers Orly
v g”F:F{_{ gjﬁlf}} cport PDF Layers and Feature Attribtes

Below is an example of a pdf saved with the Export PDF with Layers option. The layers in the pdf can
be turned on or off. Latitude and longitude coordinates are also shown on the map. The example pdf
is shown as displayed in Adobe Acrobat XI Pro.
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Exercise 4: Suitable Cable Routes — Raster Calculator Method

In this section, you will do a Least Cost Path Analysis to find where potential cable routes should go
based on the criteria listed below:
e keep depth above 800m for better navigation and less weight of cable during laying;
e cables can be lain on slopes up to 30 degrees and up to 45 degrees with anchoring;
e minimize length in whale sanctuary and other marine protected/restricted areas;
e minimize crossing of steep slopes, hard grounds, important benthic habitats, precious
corals and dumped materials; and
e minimize crossing existing telecom cables

The Least Cost Path Analysis is a raster or cell based analysis, which means all vector layers need to
be converted to raster grids which all need to have the same cell size (e.g. unit of analysis) and spatial
extent. In addition, you will need to reclassify all the layers (i.e. criteria) into a common scale system
so you can combine them to produce a single cost surface. Two slightly different methods for
deriving a cost are provided so you get a chance to see that there is more than one way of doing an
analysis. The first method uses the Raster Calculator to calculate a total cost surface and considers
the criteria to be of equal influence. The second method shown in Exercise 4 uses the Weighted
Overlay Tool and accounts for some criteria having more influence than others.

Most of Exercise 4 will be done using models, which you will create in Model Builder. Model Builder is
a module in ArcGIS that allows you to create, edit, and manage models. There are two ways to use
Model Builder: 1) as an application that allows you to do exploratory project work — exploring the
processes/analyses; 2) as an application where you build generic tools that can be reused and shared.
The latter one requires advance programming/scripting knowledge, which is beyond the scope of this
tutorial. The benefit of using Model Builder is that you can keep track of your procedures and use it
again on other datasets as well as share it with others.

For this exercise, you will find the potential undersea cable routes from wind farms at Ilio Point,
Molokai and Kaena Point, Lanai (sources) to substations at Pearl Harbor and Kaneohe Kaneohe Bay,
Oahu (destinations). You could certainly do all this in one big model but here it is broken into more
manageable pieces or smaller models — that way if something goes wrong you'll know which portion
to fix.

Creating the source and destination layers
To find the route from one place to another you need to know the source and destination points. You
will create two source layers (wind farms at Ilio Point, Molokai and Kaena Point, Lanai) with 1 point

each and a destination layer with 2 points (Pearl Harbor and Kaneohe Bay substations).

1. Optional — make a copy of your map document by doing a Save As...CableRoutes.mxd for
example.

2. Inthe TOC, right click on LandingSites layer name >> Open Attribute Table

3. In the Attribute Table, select the 2 records for Pearl Harbor and Kaneohe Bay. Leave the Attribute
Table open
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Table O x

SRR - R R R @ Select records for
LandingSites sites: Kaneohe Bay x
POINT.Y | X_UTM Y_UTM | sité,_a‘”d Pearl Harbor. o

20917998 703322.108464 2314311.109531 |Kaena Point J /Lanai Point
» | 21443566 631091994075 2371768.80187 Kaneche Bay | / |Oahu Point
2131607 607305.155913 2357480.918007 |Pear| Harbor Oahu Point
21215116 680540.736896 2346947 206268 | llio Point Molokai __ |Point

| 20915882] 762629.937 | 23149116515 |Kahalui Bay [Maui [point_

4. Right click on LandingSites layer name >> Data >> Export Data

5. In Export Data window:
a. Export: Select Selected Features
b. Use the same coordinate system as: use default option (this layer's source data)
¢. Output feature class: save as Destination in your GDB (e.g OceanCable.gdb\Destination)
d. Click OK and add exported layer to your map

Export Data X
Export: | Selected features

Use the same coordinate gystem as:
1 (@) this layer's source data

| () the data frame

Select Export
Selected Features

et in a geodatabase)

C:\NOAA_GIS_TRAINING\STEPH\OceanCable gdb\Destinatior] | |5

[Save as Destination feature class]

in your OceanCable.gdb

(o] [ one

6. With the Attribute Table still open, select the record for Ilio Point and export it. Save as feature
class, IlioPoint_wf in your GDB (e.g. OceanCable.gdb\llioPoint_wf) then add it to your map

7. Select the record for Kaena Point and export it. Save as feature class KaenaPoint_wf in your GDB
(e.g. OceanCable.gdb\KaenaPoint_wf) then add it to your map

8. You may now remove your LandingSites layer from the TOC
4.2 Creating a custom toolbox in ArcToolbox

Here you will create a custom toolbox to store the models you're going to create in section 4.3.

1. Open the Catalog Panel by clicking the Catalog button (5

2. In the Catalog Panel: Right click on your working folder (e.g. STEPH) >> New >> Toolbox

: £ You can also create a new toolbox in a geodatabase as well as in a folder

3. Rename your new toolbox to OceanCableTools.tbx
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@

leog
- ol @ E-|STE

Location; h QOceanCableTools. thx

= (5] Home - NOAA_GIS_TRAINING\STEPH
i L3 OceanCable.gdb

Right click folder >>New
>> Toolbox

®

O:earnCablc-Tuulatb)d

a] Baihymetrgﬁ\flapping.mxﬁ Rename toolbox to J

@] PotentialCableRoutes.mxd QceanCableTools thx

Display ArcToolbox by click the ArcToolbox button (red toolbox)

5. Add the custom toolbox, OceanCableTools.tbx to ArcToolbox. You can drag and drop
OceanCableTools.tbx from the Catalog panel to the ArcToolbox panel or you can Right click on
ArcToolbox >> Add Toolbox >> Navigate to and Add OceanCableTools.tbx

+ @ Linear Referencing Tools

0 ° Multidimension Tools
&# MNetwork Analyst Tools
& OceanCableTools
+ g9 ParceTFabnc Tools
7 @ Schematics Tools
+ @ Server Tools

4.3 Creating a new model and setting its properties

This part is optional but since you will be creating several models, it's useful and time saving to have
an empty model with the Model and Diagram Properties set up already. All you'll have to do then is
copy the empty model and change the name and label, making the model set much faster.

1. In ArcToolbox, right click OceanCableTools >> New >> Model. Model window will popup

2. Inthe Model window:

oo oo

General  Parameters Envionments Help  Reration

Name:

| Emptymcdel |

Label:
Empty Madel

Description:
Empty Made! with Model Properties and Diagram Properties
Setup

Stylesheet:

[ [ Check box ta stare =
relative path names
Store relative path names (nstead of absolute paths)

EA] Always run in foreground

Cancel

3. In the Model Proper“ties window:

Type in name:
EmptyModel

Wodel

Go to Model Menu >>Model Properties >> General Tab

Name: Type in “EmptyModel” (this is the model filename)

Label: Type in “"Empty Model” (this is what will be displayed in the toolbox)
Check the box to store relative path names
Click Apply

Madel Properties
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General FParameters Envionments  Help

Select the environment settings that you wolld ke to ovemide

+
o
o
r
=

oo oo

RS

Click Environments Tab

Check the box Processing Extent
Check the box Raster Analysis
Click Values button

Expand Processing Extent:

e Extent: Select Same as layer bathylOm_Rast (this is the layer you'll derive the Slope

from)

e Snap Raster: Select bathylOm_Rast

Expand Raster Analysis:

o Cell Size: Select Same as layer bathylOm_Rast

e Mask: Select bathy10
Click OK
Click Apply/OK

25 Environment Settings

'Expanrﬁ Processing Emnt,“

keration

o

OK

| | # Processing Extent

select Same as layer
bathy10m_Rast

Extent
Same as layer bty 10m st v B8
Tap
2379840.879998 |
Left - Rgnt -
600055.910201 | 5 @ Snap Raster: Select |
D‘umsm.smos ] bathy10m_Rast
Snap Raster
| bathy10m_Rast ¥ =l &

® Raster Analysis

Expand Raster Analysis, iy

Cel size _ GD
Same as layer bathy 10m_Rast ~ select Same as layer
. = bathy10m_Rast
| 10.69533 3966165 | |
Mask
| bathy10m_Rast ER=
@ Mask: Select
bathy10m_Rast
] [t

Optional — Diagram Options. This is an optional step is you want to make the diagrams in your

model appear like the example in this tutorial.

i
j-

Go to Model Menu >> Diagram Properties

Make your changes and click Apply/OK when done

Diagram Properties Diagram Properties
General Layout Symbology General Layout Symbology
Orerttation Minimum Spacing
i Mo (®) Left to Rught [ Vaniable Level Spacin
ij Automatic (O Top te Bottom Batwesn Lavels:
() Manual O Right fo Left .
() Bottom to Top Betwbirs Powibrts: /EI
Gnd Properties
[ Show Gid Level Aignment Layout Qualty
Gid Type (@) Center O Drat
@ik O Left (®) Defauk
) Poirts Ongt Qe
] en | Level Constraint
o S [0 (O Towards nput
(®) Towards Output

Connection Routing
4 Orthogonat Routing

[] Merge Connection
Honzontal Spacing
Vertical Spacing

[10

o]
2 Minimum Slope:  [100 |

Cancel
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Diagram Properties

General Layout Symbology

Cancel Apply

= You can export the Model Diagram into a jpg or png for use in documentation of your workflow process: Model Menu

>> Export >>To Graphics

4.4 Convert marine features classes to raster grids

As noted earlier the Least Cost Path Analysis to finding suitable cable routes that you will be doing is

a raster-based analysis and requires that all layers be in raster format. In this exercise, you will

convert all of the marine feature classes to raster grids, using 2 methods: one using a model and the
other use a batch grid.

Convert Polygon to Raster Model

1. In ArcToolbox, go to your custom toolbox, OceanCableTools >> Make a copy of the Empty Model
(Right click >> Copy >> Paste)

2. Right click on the copy of the Empty Model (2) >>Edit to open it

a.
b.
C.

3. Add an Iterator and set it up to loop through each of the marine_layers feature dataset. In the

Click Model Menu >> Model Properties >> General Tab
Name: Type in “Poly2Rast” (this is the model filename)

Label: Type in “Convert Polygon to Raster” (this is what will be displayed in the toolbox)

model window go to Insert Menu >> Iterators >> Feature Classes

4. In the model window:

a.
b.

Double click Iterate Feature Classes to open dialog window

Workspace or Feature Dataset: Select the MarinelLayers Feature Dataset from your GDB

(e.g. OceanCable.gdb\MarineLayers)

Feature Type: Select Polygon (you want this to be polygon because you'll add in the

Polygon to Raster Tool in the next step)
Click OK.
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Model Edit Insert View Windows Help

S+ BB X0 S EDNNAN RS VD

AE Ku

Feature Class

Double click
Iterate Feature
Classes to open
diaglog box

‘-\, Iterate Feature Classes

f Select MarinelLayers from your GDB
| (e.g. OceanCable.gdb\MarinelLayers) | |

w—TT

Workspace or Feature Dataset
= GIS TRAINING\STEPH\D

b\Marinelayers:

|

+ |

Wiidcard {optional)

Feature T
POLYGON

[J Recursive (optional)

Feature Type: Select
Polygon

| cancel | Aoy

| ShowHep>> |

1=}
5. Click Auto Layout ®™® button to rearrange the diagrams and then Save your model

Here is what your Model should look like (BRFAplan is the first layer in the dataset)

This only sets up the iterator to loop through the files, you'll have to include a function (e.g. Polygon

to Raster tool) in the Model.

6.
into your model window

a "magic pencil”)
a.

In ArcToolbox, go to Conversion Tools >> To Raster >>Drag and drop Polygon to Raster tool

Click the Connect button i and connect the feature class to the tool (your mouse will turn into

Click on BRFAplan (green square output) then click on Polygon to Raster Tool.

b. Select Input Feature from the popup menu

K
c.

Click Select button -~
d. Save your Model
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@ Click Connect
button

LABRX O S REAKIIAIA RS ¥ P

3

Polygon to
Raster

Qutput Raster
Dataset

o~

Polygon ta
Raster

BRFAplan_Paoly
gonToRaster

Cellsize

Select Input
Feature

Emvaranments

Precondition

8. Double click Polygon to Raster tool to open it and set the following options
a. Input Features: leave default BRFAplan (this is just the 15t layer in iterator)
b. Value Field: Select RastCode (this is a field in the vector layer used to code the raster calls
with values of 1 = BRFAplan or 0 = not BRFAplan)

c¢. Output Raster Dataset:

e Click the Browse button and navigate to your working folder (e.g. STEPH) and
create a new folder call, MarineRasters

e For filename, type in %Name%_R (e.g. STEPH\MarineRasters\%Name%_R)

The %Name% is a ‘replacement string’ that will write the same output file name as the
input file name. The _R will indicate the file is a raster layer (and keeps you from getting
a file exists error. If you omit this step, you will end up with one output raster with the
name of your first polygon file but the contents of the last one processed.

d. Cell Assignment: leave as default CELL_CENTER
Priority Field: leave as default NONE

f. Cellsize: leave as default 10.895 (this is same as bathylOm_Rast set up earlier in Model
properties)

g. Click OK

#., Polygon ta Raster BRFAplan pd
Input Features \/ Value Field: Select
[BRFApIan " 2| @ RastCode
Value field

[RastCode |

Output Raster Dataset _( Qutput Raster: Browse to your

‘ C:\NOAA_GIS_TRAINING\STEPHMarineRasters\%Name%_R | working folder > >Create new folder,

P ; MarineRasters\%MName%_R
CELL_CENTER

Priety feld (optons) Cell Assignment

@E ~] Type: default

Cetsize foptiondl) CELL_CENTER

| 10.8953363966165

Gy
Cellsize: default

[ R T
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9.

Right click on the output, %Name%_R >> Add to Display

Right click > > Add to

Display

10. Save your Model and then validate and run the entire model

Go to Model Menu > > Validate Entire Model. If ok, run your model
b. Go to Model Menu >> Run Entire Model then close it when done

Polyline to Raster Batch Grid

The Convert Polygon to Raster Model you just created only works on the marine layers that are
polygons. There are 2 marine layers (sewerlines and cablesExisting) that are line vectors. You will need
to convert these into raster grids as well. But instead of creating a model to do this, you will instead
use the Batch Grid method (another method if you don't want to use models with iterators).

1.

2.

In ArcToolbox, go to Conversion Tools >> To Raster >> Right click Polyline to Raster >> Batch

In the Batch window:
Setup Environments: Click Environments button

e Expand Workspace and make sure this is your GDB
e Expand Scratch Workspace: Change to your MarineRasters folder
e Expand Processing Extent:
o Exent: Select Same as layer bathyl0m_Rast
o Snap Raster: Select bathylOm_Rast
e Expand Raster Analysis:
o Cell Size: Select Same as layer bathylOm_Rast
o Mask: Select bathyl0Om_Rast
e Click OK
Input Features: Double click in the field and Browse to MarinelLayers\cableExist (e.g.
STEPH\OceanCable.gdb\MarineLayers\cablesExist)
Value Field: click in the field and select RastCode (from pick list)
Output Raster Dataset: Change Filename to cableExist_R (e.g.
STEPH\MarineRasters\cablesExist_R)
Leave default values for: Cell Assignment Type, Priority Field, and Cell Size
Click the Add button to insert a new row
e Input Features: MarinelLayersr\sewerlines
e Output Raster Dataset: MarineRasters\sewerlines_R
e Leave default values for: Cell Assignment Type, Priority Field, and Cell Size
Click OK to Run the batch conversion
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'5-,_ Environment Settings %

2« Workspace A
Current Workspace
:\NOAA_GIS TRAINING\STEPH } S
Scratch Workspace
| c:\NOAA_GIS_TRAINING \STEPH MarineRasters S =
Scratch Workspace:
¥ Output Coordinates Change to your
£ Processing Extent MarineRasters folder
Extent
Same as layer bathy 10m_Rast v E‘
_Top .
2379849.879998 || Processing Extent &
SR ——
Left Snap Raster: Select
bathy10m Rast
Bottom
2303956.548005 |
Snap Raster
| bathy10m_Rast 4 R
¥ XY Resolution and Tolerance

2 Raster Analysis
Cell Size
| Same as layer bathy 10m_Rast

Raster Analysis Cell Size &
T Mask: Select
bathy10m_Rast

| 1n.3953553955155J
Mask
Tbathyl Om_Rast

., Polyline to Raster - o X

B C\NOAA_GIS_TRANING\STEPH\O ceanCabie. g neLayers\c [ MAXIMUM_LENGT

30| CNOAA_GIE_TRANING\STEPH\O ceanCable. gdbiMarineLayers\Sewerlines  |RasiCode | C/ANDAA_GIS_TRAINNG\STEPHMarineRasters\Seweriines_| MAXIMUM_LENGT
x
< >
4

E Cancel Environments... Show Help >>

= The Batch Grid will disappear after you run the tool. That's the disadvantage of this method as your workflow is not
saved like when you create a model with ModelBuilder.

4.5 Deriving slope and reclassing slope categories

For this exercise, you will derive slope from the bathymetry grid. You're going to put the Slope Tool
into your model and set up the parameters to run it. Note that the Slope Tool requires the Spatial
Analyst Extension to be installed and a valid license to use.

After deriving the slope layer, you will reclassify the slope on a scale of 1-5, with 1 being the most
optimum for cable laying and 5 being the worst. The scale is arbitrary — used only to create common
categories with which different data can be compared. Remember that the cables can be laid on
slopes up to 30 degrees and up to 45 degrees with anchoring. The assumption here is that flatter the
areas the better for laying cables.

1. In OceanCable Tools >> Make a copy of the Empty Model (right click >> Copy >>Paste)
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2. Right click on the copy of the Empty Model (2) >>Edit to open it
a. Click Model Menu >> Model Properties >> General Tab
b. Name: Type in “ReclassSlopeDepth” (this is the model filename)
c. Label: Type in “Reclass Slope and Depth” (this is what will be displayed in the toolbox)

3. Turn on the Spatial Analyst Extension. Go to Customize menu >> Extensions >> Check the box
for Spatial Analyst

4. 1In ArcToolbox, go to Spatial Analyst Tools >> Surface Toolset >> Drag and drop Slope tool into
the model window

5. In the model window:
a. Double click on Slope or Right click >> Open

b. Input raster: Select bathylOm_Rast
c. Output raster: save as SlopeDegree in your GDB (e.g. OceanCable.gdb\SlopeDegree)
d. Output measurement: Select DEGREE
e. Click OK
f. Click the Auto Layout button to rearrange your diagram
g. Save your Model (but don't close it)
@ Input Raster: b . Gl ]
& - Select T i
Model Edit Insert View Windows Help Slope bathy10m_Rast @ 7
CEETYPIEEN TET T e 0/ ey

‘ hathymmﬂan
Quitput raster
| C:\NOAA_GIS_TRAINING\STEPH\OceanCable.gdb'\SlopeDegree

your GDB

Qutput Measurement:
Select DEGREE

]

Quiput measurement (aptional)
| ecree
2 factor (optional)

Qutput raster | @

-
Double click on

Slope or Right
click »> Open

[ || caxe Aoy Show Help >>

6. Optional - Right click SlopeDegree >> Add To Display. This will automatically display the model
output raster (SlopeDegree) to the TOC.

7. Reclass SlopeDegree into 5 categories (1= best, 5=worst). In ArcToolbox >> Reclass >> Drag and
Drop Reclassify tool into the model Window

8. In the model window:
a. Double click Reclassify Tool
b. Input Raster: Select SlopeDegree
c. Reclass Field: Value (default)
d. Reclassification: Click Add Entry then input Old Value and New Value (add entry for
each of the 5 categories below (NoData will be automatically added)
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Old values | New values

0-10 1
10-20 i 2
.................. = & e
e 3
45100 _ 5
NoData NoData

Output Raster: Save as SlopeClass in your GDB (e.g. OceanCable.gdb\SlopeClass)
Check the box Change missing values to NoData

Click OK

Click the Auto Layout button to rearrange your diagram

= e Input Raster: Select
e ., Reclassify SlopeDegree

so o

Model Edit Inset View Windows Help \ /
3 3 BBX o~ b HBHRANNS Y | o=
= » T me el axoewl E & [FlopeDegres \/ ~]
Recass field
VALUE
Redassfication
Oid values New values ~ =
0-10 1 il g—
.30 3 _ Click Add Entry and
26-30 3 ") input Qld Value &
2045 3 MNew Value entry
45-100 ] Add Entry
HeData Nolsia
Dt =
v
Output raster Load... Save... Reverse Mew Values | Predsion...
Qﬂput!rzm?
G:VOAA._GT5 TRATNINGYSTEPH\OceanCable. b tSopeClass
@ Double click on [ Change missing values to NoData fopticnai) Qutput Raster: Save as
Reclassify or — SlopeClass in your
Right click > Check box change missing GDB
< Open ) values to MoData

I =T

9. Right click SlopeClass >> Add To Display. This will automatically display the model output raster
(SlopeClass) to the TOC

10. Save your Model - but don't close it. You'll be adding to it
4.6 Reclassing depth categories

In this section you will reclassify the bathymetry layer using a scale of 1-5 (1=best, 5=worst).
Remember that the depth should be kept above 800m for cable laying. The assumption is that
between a certain depth range (0-800), shallower areas are better for cable laying.

1. In ArcToolbox, go to Spatial Analyst Tools >> Reclass >> Drag and drop Reclassify tool into the
model window

2. In the model window:
a. Double click Reclassify (2) Tool
b. Input Raster: Select bathylOm_Rast
c. Reclass Field: Value (default)
d. Reclassification: Click Add Entry then input Old Value and New Value (add entry for
each of the 5 categories below (NoData will be automatically added)
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Old values New values

-5681 - 800 5
-800 - 600 4
600 - -400 3
-400 --200 b

-200-0 1
0-100 5
NoData NoData

e. Output Raster: Save as DepthReClass in your GDB (e.g. OceanCable.gdb\DepthReClass)
f.  Check the box Change missing values to NoData
g. Click OK
[ 1=
h. Click the Auto Layout button ' ®® to rearrange your diagram
I { 2b }| Input Raster: Select
= Reclassify 2} bathy10m_Rast
Input raster \/
[athy10m_Rast L =l E
Redass fiekd
Value |
Redassificabon
“ [ Click Add Entry and .
i 1 input Old Walue & @
| MNew Value entry
ey : | Add Entry
D-‘.IIN] |I - - -
NoData NoDats | Delete Entries
. Load... | | Save... | Réverse New Values | Pracsion...
Ouiput raster " 7
Double click on [ C: VOAA_GI5_TRAINING STEPHICcemnCable gdbDeptiiellass  w_ W22 1=
Reclassify (2) or N
Right click > [ Change missing values to NoDats {optional) Output Raster; Save
g o e as DepthReClass in
pen Check box change mlssmg]@ your GDB
values to NoData
e [oc ]| comcel Aoy | | showreb >>
3. Right click on DepthReClass >> Add To Display
Your model should look something like the image below
3 Reclass Slope and Depth = O X

Model Edit Inset View Windows Help

S BB X 92 ERNRIIAI NS v

4. Validate your entire model, go to Model Menu >> Validate Entire Model. If no errors, run it.
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5. Go to Model Menu >> Run Entire Model. Close the completed geoprocessing window when done

6. Save and close the Model

Your output raster grids should be added to the TOC. The layers should look similar to the ones
shown here, although your color scheme may be different.

SlopeDegree Raster

DepthReClass Raster
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4.7 Reclassifying marine raster grids

For this exercise, you will also reclassify the raster grids of the marine layers to values of 1s and 5s
using the same scaling as for slope and depth. (e.g. 1 = not whale sanctuary, good for cables; 5 =

whale sanctuary, not good for cables).

1. In ArcToolbox, go to your custom tool OceanCableTools >> Make a copy of the Empty Model

and change the following parameters:
a. Name: ReclassMarineGrid
b. Label: Reclass Marine Grids

2. In the Model window, go to Insert Menu > > Iterators >> Drag and drop Rasters into the model

3. Double click Iterate Rasters
a. Workspace or Raster Catalog: Select your MarineRasters workspace (e.g.
STEPH\MarineRasters)
b. Raster Format: Select GRID
c. Click OK

Model Edit Insert View Windows Help

HS + BB X 2 S BBEIANNS VP
L J

Catalog: Select your

Uorkspace or Raster

,—l,\— - “., lterate Rasters MarineRaster workspace
/ S \
Iterate Rasters 3 Raster Wioricmace o Raeier Calav \ /
|[c:\NOAA_GIS_TRAINING\STEPH\MarineRasters v
Wildcard (optional)

GRID

Double click Iterate
Rasters

[ Recursive (optional)

Raster Format:
Select GRID

4. In ArcCatalog, go to Spatial Analyst Tools >> Reclass >> Drag and drop Reclassify tool into your

model
[*]

5. Click the Connect button ® and connect the feature class to the tool
a. Click on brfaplan_r (green square output) then click on Reclassify Tool.
b. Select Input Feature from the popup menu

c. Click Select button l
d. Save your model

P

Reclassify
Input raster

Environments
nnect brfaplan_
to Reclassify

Precondition

)

@Cc
S

Select Input
Raster

6. Inthe model window:
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a. Double click Reclassify tool
b. Input Raster: leave default brfaplan_r
c. Reclass Field: Value (default)
d. Reclassification: Change the New Values to 5 (1) and 1 (NoData)
Old values | New values
1 5
MNoData 1

Note this reclassification scheme works for the raster iterator because all the marine
raster grids contain the same values of 1 or No Data.

e. Output Raster: Save to your GDB and input filename as %Name%_Class (e.g.
OceanCable.gdb\%Name%_Class)

f.  Check the box to Change missing values to NoData

g. Click OK

h. Click the Auto Layout button to rearrange your diagram

@ Double click

Reclassify

Input Raster: default

‘ ., Reclassify brfaplan_r
—
Input raster \
Ibrlaplan_r i ﬂ @

Redass field
VALUE X ek ‘
Redassification Reclass Field: default
| Old values | New values -~ VALUE

1

S

Unique
Ch N =
G honseNew | 1 e

v Deiete Entries Output Raster: save to your

GDB\%:MName% Class

Load... VEVE... Reverse MNew Vd.ﬁr VPreﬂs\an...

Output raster
| C:\NOAA_GIS_TRAINING\STEPH\OceanCable.gdb\%Name%_Class

[7] Change missing values to NoData (optional)
R—
Check box to Change
missing values to NoData

Your Reclass Marine Grids Model should look like this:

7. Right click on the output, %6Name%_Class >> Add to Display
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8. Save your Model and then validate and run the entire model
a. Go to Model Menu >> Validate Entire Model. If ok, run your model
b. Go to Model Menu >> Run Entire Model then close it when done

4.8 Deriving a total cost layer using raster calculator

Once all your raster layers are in a common scale, you can combine them to create a total cost layer.
Here you will use the Raster Calculator tool in the Spatial Analyst extension toolbar to combine the
raster layers. This simple method assumes that all the layers have equal influence on the cost of
laying the cables. For example, if you have 10 criteria or layers then each layer would have a 10%
influence on the overall cost.

IMPORTANT NOTE: Analyses related to Cost requires the input and output raster grids to be in a
folder not a GDB. If you run the analyses it will just hang or keep going for a very long time — and if
you cancel you'll get errors about VAT (Value Attribute Table) not found or accessible.

1. In ArcToolbox, go to Spatial Analyst Tools >> Map Algebra >> Double click Raster Calculator

2. In Raster Calculator window:
a. Setup Environments: Click Environments button
e Expand Workspace and make sure this is your GDB
e Expand Scratch Workspace: Browse to your working folder and create a new folder
call CostRasters
e Expand Processing Extent: Set Extent and Snap Raster to bathylOm_Rast
e Expand Raster Analysis: Set Cell Size and Mask to bathylOm_Rast
e Click OK
Add all the reclassed marine raster grids, slopeClass, and DepthReClass (10 rasters)
c. Output Raster: Browse to your working folder and create a new folder call CostRasters
and save output as COST (e.g CostRasters\COST)
d. Click OK to run

J’ -
Raster Calculator ( Double click layer, ‘\l o X

then + sign will
automatically fill in

Map Algehra expression

Layers and variables ~ text box Conditional ~
< seweriines_r_Class =i 7S 5 : a Con
Qnreczbnus_r_cuss ) | 4 Pick
<> mma_r_class 4|56 s |5 (lp=)| | || Sethd
> himmeme_r_Class Math
> explosives_r_Class 2] 3 > e | Abs
dumpingares_r_Class 5 = ( ) z Exp
o0 £ cablesexist_r_Class | x | euman =
Add all “sewerlines_r_Class™ + “orecrones_r_Class™ + “mma_r_Class” + Thihwnms_r_Class™ + “explosives_r_Class™ +

“Reclassed”
raster grids

[:} “dumpingarea_r_Class” + “cablessist_r_Closs” + brfaplan_r_Class” + "SopeCiass” + DepthRecClass

Output raster

Cr\NOAA_GIS_TRAINING\STEPH\CostRastersiCOST i t_q'
@ Save to CostRasters\COST

. Click Environments

and setup parameters

E Cancel Enviranments... Show Help >>

The COST output should be added to your TOC and should have values of 10-27.
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DIY: Create a total weighted Cost layer using Raster Calculator, where SlopeClass and DepthReClass
have 30% influence each and the rest of the reclassed marine layers have 5% influence on the total
cost. How would you do this? Hint: Reclassified Layer * influence factor

4.9 Cost distance and direction analysis

In this section you will use the Cost Distance tool with the cost layer you just created and the source
layers (IlioPoint_wf and KaenaPoin_wf) to create a distance raster where the value of each cell is the
accumulated cost of traveling from each cell back to the source. You will also create a direction layer
giving the direction of the least-cost path from each cell back to the source. A direction raster is
needed for the least-cost path analysis in section 3.10. This method assumes that all criteria have
equal influence on cost.

Note: You can choose to do this portion in a Batch mode or you can do run the Cost Distance twice,
once for Ilio Point and then again for Kaena Point. Remember that that batch mode may take up to
20 minutes to run for both wind farms. Here, the analyses are done in two separate processes.

1. In ArcToolbox, go to Spatial Analyst Tools >> Distance >> Double click Cost Distance
2. In Cost Distance window:
a. Setup Environments: Click Environments button
e Expand Workspace and make sure this is your GDB
e Expand Scratch Workspace: Set to your CostRasters folder
e Expand Processing Extent: Set Extent and Snap Raster to bathylOm_Rast
e Expand Raster Analysis: Set Cell Size and Mask to bathyl0m_Rast
e Click OK
b. Input feature source data: Select IlioPoint_wf (this file can be from your GDB)
¢. Input cost raster: Select COST (this must be from CostRasters\COST)
d. Output distance raster: Save as Dist_IlioPt in CostRasters folder (cannot be in GDB and
filename <= 13 characters)
e. Output backlink raster: Save as Dir_llioPt in CostRasters folder (this is your direction
raster)
f. Click OK to run

BE PATIENT! This can take 5-10 minutes to process depending on your computer.

@

Input feature source:
Select llioPoint_wf (this O %
file can be from GDB)

: o

“, Cost Distance

Input raster or feature source data

Dist_IlioPt should look like this:

/ v — —d
| NioPaint WF %4 -l & [ Input cost raster: Select
Input cost rastar 2 COST (this is from
—~— . CostRasters\COST)
jcosT _5_1—_: \ u !
Output dstance raster e TR
CiNDAA_GIS_TRAINING STEPH\CastRasters \Dist_DioPt — Qutput distance raster: @)
M distance {optional) T Save as Dist_llioPtin
[ CostRaster folder
Output backink raster (optional) .
| C:\NOAA_GIS_TRAINING\STEPH|\CostRasters \Dr_[ioPt LIS output backlink raster: @
E——
$e Save as Dir_llioPtin
Source Characteristics { CostRaster folder )
(}_3) Setup
Environments
—_—
A |
Y \/

Cancel Evronments,

Show Help >>
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Dir_IlioPt should look like this:

3. Follow the steps above and create a Cost Distance and Cost Direction for Kaena Point (Lanai Wind
Farm) using the parameters below

In Cost Distance window:
a. Setup Environments: Click Environments button
e Expand Workspace and make sure this is your GDB
Expand Scratch Workspace: Set to your CostRasters folder
Expand Processing Extent: Set Extent and Snap Raster to bathylOm_Rast
Expand Raster Analysis: Set Cell Size and Mask to bathylOm_Rast
Click OK
b. Input feature source data: Select IlioPoint_wf (this file can be from your GDB)
Input cost raster: Select COST (this must be from CostRasters\COST)
d. Output distance raster: Save as Dist_KaenaPt in CostRasters folder (cannot be in GDB,
filename <= 13 characters)
e. Output backlink raster: Save as Dir_KaenaPt in CostRasters folder (this is your direction
raster)
f.  Click OK to run

o
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[ o

Cost Distance = O X
Input raster or feature source data
| KaenaPoint_wf _ﬂ %
Input cost raster
|cosT =
Output distance raster
| C:\NOAA_GIS_TRAINING\STEPH\CostRasters \Dist_KaenaPt =
Maximum distance (optional)
Output backlink raster (optional)
| C:\NOAA_GIS_TRAINING|STEPH\CostRasters\Dir_KaenaPt | &
¥ Source Characteristics
oK Cancel Environments. .. Show Help =>

Your output rasters for Kaena Point should look very similar to the ones for Ilio Point.

4.10 Least cost path analysis (Finding the shortest cable routes)

In this section, you will use the Least Cost Path (a.k.a. Shortest Path) tool to find the least cost path
for laying undersea cables from wind farms on Molokai and Lanai to the Kaneohe and Pearl/Honolulu
Harbor substations on Oahu. The path generated by the tool represent the least cost path — least cost
meaning the path should avoid steep slopes, kept at a depth above 800m, and avoiding marine
protected/restricted areas and existing telecom cables for laying undersea cables from the wind
farms to the substations.

Least Cost Path (Shortest Routes) — Batch Mode

1. In ArcToolbox, go to Spatial Analyst Tools >> Distance >> Right click Cost Path >> Batch

2. In Cost Path Batch Grid window:
a. Setup Environments: Click Environments button
e Expand Workspace and make sure this is your GDB

Expand Scratch Workspace: Set to your CostRasters folder
Expand Processing Extent: Set Extent and Snap Raster to bathyl0m_Rast
Expand Raster Analysis: Set Cell Size and Mask to bathyl0Om_Rast
Click OK
b. Input feature source data: Select Destination (this file can be from your GDB)
¢. Input cost distance raster: Select Dist_Ilio (generated earlier and should be in

CostRasters folder)
d. Input cost backlink raster: Select Dir_IlioPt (generated earlier and should be in
CostRasters folder)
Output raster: Save as IlioPt_Routes in CostRasters folder
Path type: Select EACH_CELL
Add another row and input the corresponding files for Kaena Point
Input feature source data: Select Destination (this file can be from your GDB)

so o
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Input cost distance raster: Select Dist_KaenaPt (from CostRasters folder)
Input cost backlink raster: Select Dir_KaenaPt (from CostRasters folder)
k. Output raster: Save as Kaena_Routes in CostRasters folder

|.  Path type: Select EACH_CELL

m. Click OK to run

—. —.

#, Cost Path - | 5

[Destination Dist_moPt "[Dir_lioPt [CANOAA_GIS_TRANNG\STEPH\CostRasters\lioPt_Routes  [EACH_CELL | e

3 Dest Dist_KaenaPt Dir_KasnaPt |CANDAA_GIS_TRANING\STEPH\CostRasters\Kaens_Routes  |EACH_CELL
x
< > *

[k ] concsl | Envioments...| | showrep>> |

Notice the raster outputs didn't produce lines or routes as you would expect — it's very hard to see
anything on the map. You will need to convert the raster output to a vector.

Note: If using the Batch mode — only the last output file will be automatically display in the TOC. Just
add in the other output files.

Convert Raster to Polyline — Batch Mode

1. In ArcToolbox, go to Conversion Tools >> From Raster >> Right click on Raster to Polyline >>
Batch

2. In the Raster to Polyline Batch Grid window:
a. Setup Environments: Click Environments button
e Expand Workspace and make sure this is your GDB

Expand Scratch Workspace: Make sure this is your GDB
Expand Processing Extent: Set Extent and Snap Raster to bathyl0m_Rast
Expand Raster Analysis: Set Cell Size and Mask to bathylOm_Rast

e Click OK

Input raster: Select IlioPt_Routes
c. Output polyline features: Save as IlioPoint_CableRoutes in your GDB (e.g.

OceanCable.gdb\llioPoint_CableRoutes)
d. Background value: Select NODATA
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e. Add another row and input the corresponding files for Kaena Point

f.  Output polyline features: Save as KaenaPoint_CableRoutes in your GDB (e.g.
OceanCable.gdb\KaenaPoint_CableRoutes)

g. Background value: Select NODATA

h. Click OK to run

#., Raster to Polyline - o x

opt_routes CNOAA_GIS_TRANINGISTEPHIO ceanCabie. gibWioPoint_CableRoutes NODATA 0 tue  |VALUE _-E
kaena_routes |CNOAA_GIS_TRAINING\STEPH\OceanCable.gdb\KasnaPt_CableRoutes [noDATA| Lo true |VALUE.

Note: If using the Batch mode — only the last output file will be automatically display in the TOC. Just
add in the other output files.

The resulting output cable routes are displayed below:

|lio Point
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Exercise 5: Suitable Cable Route - Weighted Overlay Method

In exercise 4, you produced potential cable routes based on the assumption that all the inputs have
an equal influence on the overall cost of laying the undersea cables. What if the layers you used to
generate the cost layer do not all have equal influence in the overall cost of laying the cables? What if
slope and depth have more influence on the overall cost? In this section, you will use the Weighted
Overlay tool in the Spatial Analyst toolbox to apply weights to the datasets used to calculate overall
cost. The procedures will be done in a model, which you've already learned how to create and add
elements to. For the sake of time only the routes from Ilio Point, Molokai to the Oahu substations will

be done.

1. In ArcToolbox, go to your OceanCableTools >> Make a copy of the EmptyModel and change the
name and label to WeightedOverlay and Cable Routes — Weighted Overlay respectively

2. In ArcToolbox, go to Spatial Analyst Tools >> Overlay >> Drag and drop Weighted Overlay tool
into your model

3. In Weighted Overlay window:

a.
b.

f.

Evaluation Scale: Select 1to 5 by 1
Output Raster: Save as COST_WO in CostRasters folder (e.g.
STEPH\CostRasters\COST_WOQO)
Click the Add Raster Row button (plus sign)
¢ Input raster: Select SlopeClass
¢ Input field: Value (default)
e Click OK
Add another raster row
e Input raster: Select DepthReClass
e Input field: Value (default)
e Click OK
Continue to Add Raster Rows for all the marine raster grids that you reclassified earlier.
The input field for all the rasters should be Value
e sewerlines_r_Class
e oreczones_r_Class
e mma_r_Class
e hihwnms_r_Class
e explosives_r_Class
e dumpingarea_r_Class
e brfaplan_r_Class
e cablesexist_r_Class
In the % Influence Column, input the following for each raster, so the sum equals 100%
influence
¢ SlopeClass = 30%
e DepthReClass = 30%
e All others = 5% each

£ with Weighed Overlay you can change the evaluation scale of each raster grid as well as setting them all to equal or
different influence

= The Raster Calculator could also be used to create a weighted overall cost layer by multiplying the layer/criteria by its
influence factor. For example: weighted cost = SlopeClass * 0.30 + DepthClass* 0.30 + mma_r_class * 0.05 and so on
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z Evaluation scale From To By
Evalutaion scale:
Select 1ta5by1 > ® 5 br 1 25 | | |

30)(  %influence: Input 30 for )
“. Weighted Overiay SlopeClass and DepthReClass %
. and 5 for all others
3cde
Weighted overlay table o
= Click Add and Select
7 L an Input Raster
¥

& Swpec 30

i Value e
1 1
2 2
3 a
F a s 3
5 5
| NODATA NODATA +
= vy 30 Value. il Ll
[ 1 1
| 2 2
| a a
: 4 4
§ 5 ]
[ NODATA NODATA
1| Esswemens 5  vawe | e
1 1 4 o
5 ] G
: } MODATA NODATA
|» oreczones_rcuss| 5 [T s I -

Re e | [amas> S

Output raster
[ €1 NOA_GIS_TRAINING STEFHICos Rasters COST_WO |

[ Output raster: Save to I

CostRasters\COST_WOQO

Lo 1 oo || mowr | Sownens

4. In ArcToolbox, go to Spatial Analyst Tools >> Distance >> Drag and drop Cost Distance into your

model

5. In Cost Distance window:

a.

b.
C.
d

Input feature source data: Select IlioPoint_wf (this file can be from your GDB)

Input cost raster: Select COST_WO (this must be from CostRasters\COST_WO)
Output distance raster: Save as Dist_IlioWO in CostRasters folder

Output backlink raster: Save as Dir_IlioWO in CostRasters folder (this is your direction
raster)

Click OK

#, Cost Distance X

Input raster or feature source data
[NioPoint_wf = E

Input cost raster

[cosT_wo =l

Cutput distance raster

| C:\NOAA_GIS_TRAINING\STEPH\CostRasters\Dist_TioW0 | @
Maximum distance (optional) ]
Cutput backlink raster {optional)

[ C:\NOAA_GIS_TRAINING\STEPH\CostRasters\Dir_ioWO | El

¥ Source Characteristics

o] o] [ | [
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6. In ArcToolbox, go to Spatial Analyst Tools >> Distance >> Double click Cost Path

7. In Cost Path window:

a.

S

Input feature source data: Select Destination (this file can be from your GDB)
Input cost distance raster: Select Dist_IlioWO (from CostRasters folder)

Input cost backlink raster: Select Dir_IlioWO (from CostRasters folder)
Output raster: Save as IlioRoutesWO in CostRasters folder

Path type: Select EACH_CELL

Click OK
., Cost Path X
Input raster or feature destination data
I Destl'nation LI @
Destination field (optional)
| OBJECTID v]
Input cost distance raster
| Dist_llioWO | E]
Input cost baddink raster
| Dir_lliowo | @
Output raster
| C:\NOAA_GIS_TRAINING\STEPH\CostRasters \TioRoutesWO | @
Path type (optional)
| EACH_cELL v]
E Cancel Apply Show Help >

8. In ArcToolbox, go to Conversion Tools >> From Raster >> Drag and drop Raster to Polyline into
your Model

9. In the Raster to Polyline window:

a.
b.

10. Add the last output, IlioPoint_RoutesWO to your display (Right click >>Add to Display)

Input raster: Select IlioRouteswO

Output polyline features: Save as IlioPoint_RoutesWO in your GDB (e.g.
OceanCable.gdb\llioPoint_RoutesWO)

Background value: Select NODATA

Click OK

., Raster to Polyline X

Input raster

HIiuRoutasWO LI

Field (opti

VALUE v
Qutput polyline features

[ C:\NOAA_GIS_TRAINING\STEPH\OceanCable. gdb lioPoint_RouteswoO |

Badkground value (optional)
NODATA w |

Simplfy polylines (optional)

III Cancel Apply Show Help >>
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11. Click the Auto Layout button then save your model

12. Go to Model Menu >> Validate Entire Model

13. Go to Model Menu >> Run Entire Model

Cable Routes with weighted influence:

W

B

DIY: Create a model using the same Weighted Overlay method as you just did in this exercise for
finding suitable cable routes from Kaena Point, Lanai to the Oahu substations.
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Exercise 6: Creating Profile Graph

Flat 2D features can be converted to 3D features by deriving the height value from a surface (e.g.
DEM, TIN, Terrain dataset). You can do this with the Interpolate Shape Tool. A profile graph can then
be created from the 3D features and added to your map. Note this tool requires a valid 3D Analyst
extension license.

IMPORTANT NOTE: Output file must be a saved as a shapefile. Saving the output file as a feature
class in a GDB, produces an error "The coordinates or measures are out of bounds."

1. Turn on 3D Analyst Extension. Go to Customize Menu >> Extensions >> Check 3D Analyst

2. In ArcToolbox, go to 3D Analyst Tools >> Functional Surface >> Double click Interpolate to
Shape tool to open it

3. InInterpolate Shape window:
a. Input Feature Class: Select IlioPt_CableRoutes
b. Input Surface: Select bathylOm_Rast
¢. Output Feature Class: Browse to your working folder and create a new folder, named
SHP and save as IlioPt_Routes3D.shp (must be a shapefile)
d. Leave all other default options
e. Click OK to run

&, Intarolate Shaps @[ Input Surface: Select

bathy10m_Rast .
Input Surface \—|

L/ IrInpu't Feature Class: Select

| bathy10m_Rast llioPoint_CableRoutes

Input Feature Class

[lioPoint_CableRoutes & (Dutput Feature Class:

Output Feature Class Browse to your working

[C:WDM_G]S_TRAII‘-JTNG\STEPHWP\HWPLRW’JESW'W } ffo lﬁfr aSn;i Pgezte i
‘ _ Ei older and save as
|Samplmg Distance (optional) ‘ \ llioPoint_Routes3D
Z Factor {optional) ‘
1
Method (optional) ;
BILINEAR. "W

[ Interpolate Vertices Only (optional)

Pyramid Level Resolution (optional)
i}

oK Cancel Ewrnmmls Show Help >>

4. Turn on 3D Analyst Toolbar, go to Customize Menu >> Toolbars >> 3D Analyst

2

3D Analyst = |®iliopt_routes 3,@ PN ;;: Er ‘..g.; h?. <2 @ @

5. On the Tools Toolbar, click the Select Features button I@ and click on one the 3D cable routes
to select it (will be highlighted in blue)
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6. On the 3D Analyst Toolbar, click the Profile Graph button . You should get another window
showing the profile of the 3D line. By default, the unit on the graph is based on the coordinate
system of your data — in this example both depth and distance are in meters.

liio Point

e

g

Profile Graph Title n

Profile Graph Title "

o
ety

B Th b

=100 |

-200 |

-300 1

-400 1

-500 |

-BOD

700 1

-BlJD
10, DDD 0] UDU 30, EFJD 40, D[ﬂ 50, DDD
Praofile Graph Subtitie

7. You can customize the profile graph by accessing its Properties or Advanced Properties windows
by right clicking on the graph window >> Properties or Advance Properties. Explore these
settings if you like.

B Export Dialog by

Profile Graph Title nh | Picture  pative Data
o Eormat Options  Size
Profile Graph Title e ssmibnap . .
_aat o B identify a5 Flex (Flash) Berformance:
0 as GIF @ Quaity () Speed
-100 Print... T ———
-200 a8 PO L ic\".». e
300 Duplicate ::EEE % Quality: 95 | 5
-400 Copy as Graphic - 235‘5” ot pet:[z00] |2
-500 Add to Layout as XAML (WPF)
600 oy
-?DU T T T T =
] 20,000 40,000 800 cave
Frofile Graph Subtith
FOrle =rap, HO00e EXPOI’"...
Advanced Properties...
Properties... Copy Save... Sed... Preview... Close

8. To add the profile graph to the map layout, use the Export option to export it to a PNG or JPG
then insert into the map layout. The Export option also allows you to export the data points and
use it in Excel. The Add to Layout option produces a weird results (see example below)

Add to Layout option: Exported as PNG & inserted as graphic:

3D Profile - llio Point Cable Reoute #1

Depth {melers)

- T T r T
0 {0000 20000 30000 40,000 50,000
Distance (metars)
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Exercise 7: Adding Model Parameters - Optional

Let's say you want to share a model and have others be able to input their own datasets. To do this
you need to include the tools or functions in your model as model parameters.

1.

6.

In ArcToolbox, go to OceanCable Tools >> Make a copy of the Empty Model and change the
Name and Label to ModelUserlnput and Model — User Input Parameters, respectively

In ArcToolbox, go to Conversion Tools >> From Raster >> Drag and drop Raster to Polyline Tool
to your model window

In the Model window, right click on Raster to Polyline Tool >> Make Variable >> From
Parameters >> Input Raster

Right click on Input Raster >> Model Parameter

Right click on Output Polyline Features >> Model Parameter

274 Model - User Input Parameters - O X
Model Edit Insert View Windows Help
S/ +Bax o s BRI QNN v >

x

Raster to Output polyline
Polyline features

In the tool, any parameters with a default value can also be changed. Double click on Raster to
Polyline tool to open it and make your changes (e.g. Background value's default is ZERO, this can
be set to NODATA).

“., Raster to Polyline x

@ Input raster
”npu‘t raster ;J
iﬁeid (optional) |
@ Output palyline features
| | &l

Background value (optional)
| NODATA |

i\_'!inimum dangle length (optional)
1]

Simplify polylines (optional)

II' Cancel Apply Show Help >>
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7. Save and close Model

8. Double click on the Model to open it. You should be able to specify an input raster and an output

file.

37 Model - User Input Parameters = O X
@ Input raster
| = &
% Output polyline features -
| | &
E Cancel | Environments.., | Show Help >>
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Exercise 8: Hyperlinking, Adding Attachments and
Geotagging Photos

Suppose you did some dive surveys around where the potential cables routes are, and for each
location that you surveyed, you took a picture. This information is stored in an Excel file and you want
to plot out the survey points and hyperlink the pictures to the points on a map.

You can access documents (e.g. pdfs or images) or web pages related to features using the Hyperlink
button on the Tools toolbar. But you need to create the hyperlink for the feature first by either
defining it as a dynamic hyperlink or using a field-based hyperlink. Dynamic hyperlinks can be added
after you've used the Identify button on the Tools toolbar on a feature — you then access the Add
Hyperlink dialog box from the identified feature's context menu. A field-based hyperlink uses a field
in the layer’s attribute table, which is the method shown in this exercise.

This exercise goes over how to add and view attachments to features in layer, and how to create a
point layer from geotagged photos. For creating a point layer from geotagged photos, you will use
some sample photos taken in the downtown Honolulu area. Note there is also an option to add
attachments in batch using the Add Attachments geoprocessing tool, which is not covered in this
tutorial.

Convert survey locations to point layer

1. Add the Excel file surveypts.xls to the TOC.
a. Click Add data button. Navigate to the OceanCableProj folder Double click on
SurveyPts.xls then click on surveypts$ sheet.
b. Open the surveypts sheet (right click on surveypts$ >> Open) and make sure it contains
the information as in the image below

Table 0 x
surveyptsS b4
|  ReaD X_UTM Y_UTM Transect Picture
> 1 635216.245784 234734969611 |T2-Pt1 R-441-d1-007020 tif
2 638878247424 2368776.29061 |T1-Pt1 R-441-d1-012050.tif
3| 633902.510656 | 2347657.68637 | T2-Pt2 R-441-d1-D17060.tif
4 631505.842035 2347730.03478 |T2-PB3 R-441-d1-032450 tif
= 5| 646592269801 | 2369306.67582 | T1-Pt2 R-441-d3-049440.tif

14 4

surveyptss

1% m @E (0 out of 5 Selected)

Plot out the points. Right click on the surveypts$ >> Display XY Data.
a. In the dialog box: X Field = X_UTM; Y Field = Y_UTM.

b. For coordinate system, click the Edit button then select NAD 1983 UTM Zone 4N from

Favorites folder.

c. Click OK.
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Display XY Data X

A table containing X and Y coordinate data can be added to the
map as a layer

Choose a table from the map or browse for another table:

I surveypts$ J 2

Specify the fields for the X, Y and Z coordinates:

X Field: |x_|_rn.1 V|
Y Field: iY_UTM v|
Z Field: |ﬁNone> V_|

Coordinate System of Input Coordinates
Description:

Projected Coordinate System:
Name: NAD_1983_UTM_Zone_4N

Geographic Coordinate System:
Name: GCS_North_American_1983

[[] show Details Edit...

Warn me if the resulting layer will have restricted functionality

About adding XY data II' Caned

3. Convert the survey points events layer into a feature class in your geodatabase.
a. Inthe TOC, right click on surveypts$ Events >> Data >> Export Data.
b. In the dialog box: export all features using this layer’s coordinate system, and save
output as SurveyPoints to your OceanCable.gdb.
c. Click OK.

d. Remove the events layer from your TOC.

Export Data X

Export:  All features v

Use the same coordinate system as:
(®) this layer's source data
O the data frame

Output feature dass:

C:\NOAA_GIS_TRAINING\STEPH \OceanCable gdb'\SurveyPoirts| ‘ o

5] | o

8.2 Hyperlinking images to survey point layer

1. Creating hyperlinks using relative pathnames. There are two ways to do this; one is to just have
the folder structure to traverse in the field; the other is to set the hyperlink base property in the
map document. Because the survey points table contains only the filenames of the pictures which
are all store in one folder, you will use the latter method.

a. Go to File menu >> Map Document Properties
b. In Map Document Properties window:
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2.

C.

e Hyperlink base: type in the path to the photos folder

CANOAA_GIS_TRAINING\OceanCableProj\Photos\SurveyPics

Click OK.
Map Document Properties bt
General
File: DAA GIS TRAINING\STEPH\CableRoutesAnalyses, md
Tithe: Bathymetry Map
Summary: Ba;hrme;\e Map Di‘?ﬂ]ewﬁﬁuﬁs ]
Description: Descaiption of the map goes here
= Hyperlink base:
Author: Stephanie Saeph .
|_ i wlial CANOAA_GIS_TRAINING\Ocean
Credits: INOM,UH Manoa SOEST, DAR CableProj\Photos\SurveyPics
\
Tags: | \
\
Hyperlink base: | ::MM_GE_mumnsuum:mmmws\s/
Last Saved: 8/31/2017 10:30:51 PM
Last Printed:
Last Exported:  8/31/2017 10:19:45 PM
Default
Geodatabase:  C:\NOAA_old\STEPH\OceanCable gdb =]
Pathnames: Store relative pathnames to data sources
Thuribnad: Make Thumbnad Delete Thumbnail
oK Cancel | Apoly

In the TOC, right click on SurveyPoints layer >> Properties

a.
b.

In Layer Properties window: Click the Display tab.
In the Display tab:

e Under Hyperlinks: Check the box Support Hyperlinks Using field, then select Picture

as the field to use.

e Make sure the radio button Document is checked. Click OK

Layer Properties
General Source Selection Dplay Symbology Felds Defintion Query Labels Joins & Relates Time

[ 5cale symbols when a reference scale is set
Transparent: | 0%
Display Expression _
Field: Transect v ] Eression ..
[[]show MapTips using the display \
Fyperlinks Ht‘.'heclk Iiox s_uppt?rlzd

Support Hyperinks using field: yperlinks using field:
= = Picture; then Select

Document

(®) Document OuRL () Seript Edit..
Feature Exdusion
The following features are exduded from drawing:

Feature ID Transect Restore Drawing
Restore A
Cance

X

HTML Popup
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3. Test out your hyperlinks. On the Tools toolbar, click the Hyperlink IZ button. Click on a survey
point on your map. The tif image that correspond to that particular point should open up in
whatever software that is set up to open a tif file on your computer.

P it
Click on a hyperlinked
survey point image

C:\ RAINING\OceanCableProj\Photos\SurveyPics\R-441 -d3-04944o.if

R-441-d3-049440.1if - Photos

E View all photos |2 Share

8.3 Adding images as attachments to survey point layer

Adding attachments requires a Standard or Advanced license, and the output feature class must be in
geodatabase version 10 or higher.

1. Go back into the SurveyPoints Layer Properties window >> Display Tab and uncheck the
Hyperlink box.

2. In the Catalog window: Right click on SurveyPoints) >> Manage >> Create Attachments. ArcGIS
adds a new table to contain the attached files and a relationship class to manage the links
between the features and their attachments.

(=0 bLLILI}‘dIEﬂ

(% SurveyPoints

SurveyPoints_ ATTACH
B 3 SurveyPoints_ ATTACHREL

i £ Attachment files cannot be created while in an edit session. Make sure you are outside of an edit session.

3. Start an edit session for SurveyPoints layer. Right click on the layer name >>Edit Features >>
Start Editing)
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Optional - right click on SurveyPoints layername >> Selection >> Make this the only selectable
layer. This will prevent our features in other layers from being selected

Turn on the Editor Toolbar if not already shown. Go to Customize Menu >> Toolbars >> Select
Editor

I..Edi;(.or' EI I_}u A NERR E]»,

Using the Edit button = ® on the Editor toolbar, select a survey point feature on your map

With the feature selected, open the Attribute dialog by clicking the Attributes button _@_ on
Editor toolbar. Take note of the Picture field (this is the corresponding picture you will attach)

In the Attributes window:
a. Click the Attachment Manager button
b. In the Attachments window:
e Click the Add button
¢ Navigate to C:\NOAA_GIS_TRAINING\OceanCableProj\Photos\SurveyPics and select
the appropriate photo for the point;

e Click Add

¢. Click OK
Aftributes ox Attachmants X
'J ekl HE -

© SurveyPoints Name Size Open

Save As...

Click Attachment ; &
Manager button F e Atiachaweis ()

Save All..

(ClckAga 2
ReciD 5 REmcve
X UTM 646592.269201
Y_UTM 2369306.67582

Transect T1-Pi2
| Picture R-447-d3-040440. tif

[ oBsECTID
Object ID
Mull values not allowed

[ Create Features ‘—{Ahrihme: Tip: Doubse-click an item to open. oK Cancel

9. Add the appropriate photos to the other 4 points in the SurveyPoints layer, following the same
steps 6-8 above.

10. Save your edits and stop editing when done (Editor drop down arrow >> Save Edits)

£ Attachments can be any type of file (e.g. word doc, excel sheet, pdf, etc.).

E

To remove all the attached files and delete the table and relationship class that ArcGIS created when you enabled
attachment functionality, click Delete Attachments.

8.4 Viewing attachment(s) of a feature

To view or open attachments, you can either use the Identify window or table window or, when
editing, use the Attachment Manager drop down arrow in the Attributes window. The attachments
open in whatever default application you have set up on your computer for that file type.
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Option 1: Identify button

1. Click the Identify button L@J on the Tools toolbar.

2. On the map, click a point of interest. If you're unable to select a point, try changing the selection

tolerance size. Go to Selection menu >> Selection Options >> Input a higher number for

selection tolerance (e.g. 10 pixels).

3. In the Identify window:

a. Make sure you are identifying from the correct layer (e.g. SurveyPoints)
b. Click the yellow Hyperlink icon - photo should open up on your computer with

whatever default program you have set up to open images.

Identify o x
Identify from:
| &-SurveyPoints
~T2Pt1
Location: | 635,411,772 2,347,313.139 Meters "

| @ ~ Attachments (1)

Field

OBJECTID
RecID
X_UTM
Y_UTM
Transect
Picture
Shape

Value

' Click Hyperlink

1
635216.245784 to open

2347349.69611
T2Pt1
R-441-d1-007020. tf
Point

Identified 1 feature

Option 2: HTML Pop Up

1. Click the HTML Popup button on the Tools toolbar

2. On the map, click on a point feature of interest. An HTML pop up box will be displayed with the

attached photo.

Notes: Also note that you'll have to close the pop up box manually (red X box), however, clicking

another button on the Tools toolbar will automatically close the HTML popup boxes.
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635216.245784
2347349.69611
T2-Pt1

3. Optional — The “Title" of the image can be changed in the Display Tab of the Layer Properties
window

Layer Properties

General Source Selection Display Symbology Fedds Defintion Query Labels Joins & Relates Time
[ Scale symbols when a reference scale is set

Transparent: e
T [0
M S

[C] show MapTips using the display expression

8.5 Creating point features from geotagged photos

This exercise goes over how to create a point layer from geotagged photos. The photos must have
geospatial coordinates embedded in the image files — photos must be taken with a device (e.g.
iPhone or smart camera) that has geolocation capability.

1. Inthe ArcToolbox window, go to Data Management Tools >> Photos >> Double click Geo
Tagged Photos to Points tool.

2. In the GeoTagged Photos to Points window:
a. Input Folder: CANOAA_GIS_TRAINING\OceanCableProj\Photos\GeotagPics
b. Output Feature Class: save as new feature class to your GDB (e.g. GeotagPhotosPts)
¢. Check box to Add Photos as Attachments
d. Click OK to run

Note: you make get a warning that the output is in a different datum then your map or data frame.
This is ok — photos taken with an iphone for example are most likely in lat/long coordiantes (e.g. WGS
84) which the project data and data frame is in NAD 83.
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- 2a Input Folder:
& GeoTagged Photos To Paints QceanCableProj\Photos

\GeotagPics
Input Folder lﬁ
I C:\NOAA_GIS_TRAINING'OceanCableProf \Phatos \GeotagPics E-
SARUL TSI S ; /" Qutput Feature Class:
| C:\NOAA_old\STERH\DceanCable. gdbiGeotagPoints | Save as GeotagPoints in
Invalid Photos Table (optional) l your GDB

| =]
[ Include NonGeo Tagged Photos optional)

[ Add Photos As Attachments (optional)

Check box Add Photos | ( :: )
as Attachments

oK Cancel Show Help >>

3. When the geoprocessing tool finishes running, it will automatically add the newly created point
layer to the map.

a. Inthe TOC, right click on GeotagPoints) >> Zoom to layer. These points are very close
together so you may need to zoom out to get a better view. The points in this example
are in the downtown Honolulu area.

Change the symbol of the layer if you'd like to help you see the points better.

¢. Use the HTML button on the Tools toolbar and click on a point of interest to see the

geotagged photo.

185.UPG
Path CANOAA_GIS_TRAINING\OceanCableProj\Photos\GeotagPics\185.JPC
Name 185.0PG
DaéeTlrne 2014:06:07 14:27:42

i £ The point layer created from the geotagged photos can be edited to input addition attributes.
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Exercise 9: Connecting to and Using Public GIS Server

This exercise goes over how to add/connect to public GIS web services. There are several different
types of GIS servers/services that you can add or connect to. You will be adding 2 of the more

common GIS server types, ArcGIS Server and a WMS (Web Map Services), using the Hawaii State GIS

Program's GIS ArcGIS Rest web service and the U.S. Fish and Wildlife Service's National Wetlands

Inventory Web Map Services as examples. After you connect to these public GIS servers you can then

use them in ArcMap. Internet access is required

Note: State agency participants can directly connect to the Hawaii State GIS geodatabases. See

Appendix B.

Connecting to Hawaii Statewide GIS Program web service — ArcGIS Rest Service

1. In ArcCatalog or the Catalog window (ArcMap), expand GIS Servers folder and double click on

Add ArcGIS Server to open it.

2. In the Add ArcGIS Server window: make sure that the option to Use GIS services is selected > >

Click Next.

@ Double click

Add ArcGIS
Server

Add ArcGIS Server

jJ GIS Servers
& Add ArcGIS Server
&3 Add ArciMS Server
2| Add WCS Server
35 Add WMS Server

& Add WMTS Server

3. In General window:

This wizard guides you through the process of
making & connection to an ArcGIS Server. You can
create a connection to use, publich, or administer

GIS services.
Vithat would youlke to do? [ galact Use GIS
Services

(®) Use GIS services

() Publish GIS services

() Administer GIS server

a. Service URL: http://geodata.hawaii.gov/arcqgis/rest/services

b. User name and password: leave blank
c. Uncheck Save Username/Password
d. Click Finish

General

Type in the
Server URL
Server URL: http: /igeodata. hawail.gov /arcgis frest services

ArcGIS Server: http://gsserver, domain.com: 6080 /arcgis

Authentication (Optional)

User Name:

Password;

< Back

@ Leave username
: an password
blank
[ saye Usemame Password
About ArcGlS Server connections Uncheck box Save @
username/password

==
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In the Catalog tree, you should now see the State’s GIS web service added as a GIS server, arcgis

on gis.hawaii.gov (user). _
C.f] arcgis on gis.hawail.gov (user]

4. Rename the added GIS services to something more logical. Right click on the GIS server, arcgis on
gis.hawaii.gov (user) >> Rename >> Enter a name (e.g. StateGIS).
= HE GIS Servers
1 Add ArcGIS Server
#Z| Add ArcIMS Server
HE| Add WCS Server
&Z| Add WMS Server
&:| Add WMTS Server
@ 47| Hawaii Statewide GIS Web Service |
® [ My Hosted Services
£ Added GIS servers can be renamed (e.g. StateGIS)
£ To add the City and Country of Honolulu's GIS server, use URL: http://gis.hicentral.com/arcgis/rest/services
= There may be more than one type of GIS servers available from an organization. You can check the organization’s
website.
£ More information for the National Wetlands Inventory can be found at: https://www.fws.gov/wetlands/data/web-map-
services.html (last accessed 8/20/2017)

Connecting to Hawaii Statewide GIS Program web service — ArcGIS Online

An alternative way to connect to and use Hawaii State GIS Program’s data.

1. In ArcMap, click the Add Data dropdown menu >> Add Data From ArcGIS Online
Selection Geoprocessing  Customize
+ -|| 1ncn - 1890096t~ |[:7]
& AddData..,
| gE Add Basemap...
o |0 Add Dsta From ArcGS Online...
T &
2. In ArcGIS Online window:
a. Search for HawaiiStateGIS
b. Add data of interest to ArcMap
2a Search for
HawaiistateGl5 |
° Amlré L HowauStateGis P m
- Featured

Search: HawaiiStateGIS

Armanged by Relevance -

Results 1-100 of 165

Streams

Details Add

Special Management Areas (SMA)

Foature Service | Special Management Area maps for islands of
awanl Nithau, Kauai, Oahu, Maui, Molokai, Lanai and
Hawaii.

Details Add

Faature Sarvice :q""“"_’ 5;’“"'“ frofclick Add to add data

Parcels - Hawaii Statewide
Fosture Service | TMK Parcels for the State of Hawaii
Juied=]

Details Add

Zoning (Honolulu Zoning)

marure Sordior by HssStateGlS  S/10/201 Details  Add
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Connecting to National Wetlands Inventory web service - WMS Server
1. In ArcCatalog or the Catalog window (ArcMap): Double click Add WMS Server to open it.

2. In the Add WMS Server window:

URL: https://www.fws.gov/wetlands/arcgis/services/Wetlands/MapServer/WMSServer?
Version: Default version

Server Layers: Click Get Layers button

Leave user name and password blank

Uncheck the box Save Password

Click OK

I
Add WMS Server

"m0 Qo0 T o

Type in the
Server URL

LRL: [ .h@:jiwww.1“.!.'5.go\.',N.-eﬂands;artg‘E‘ﬁ;arjces;’\*ieﬂawdsﬂ#apﬁar\'erp\h’l’l‘lﬁﬁﬁ?er?

Examples: hittp: /fwwew. myserver. com farcges fservices fmymap MapServer MWMSServer ?
hittp: /fawew .example, com/serviet/com.esti. wis. Esrimap ?ServiceName =Name &

Version: Default version v ["Version: Default version ]
| Custom Parameters
Parameter Value +
| server Layers Click Get Layers @
Get Layers =
. - WMS | Name: A~
2 Layers Not avaable
- Wetlands
t
Wetlands Project Metadata :g:::“m!
LatlongBoundingBox

-179.229671, -14.424588, 179.856659,
71.439572

Scale range:
Minimum:0, 000000
Maximum:0, 000000

Supported SRS:
CRS:84, EPSG:4326, FPSG: 18

(¥}
@ Leave username |—
an password
blank

| Account (Optional)

User; | |
Passward: |_ = %DSEVE Password
Uncheck box Save
Cancel
username/password EI

In the Catalog tree, you should now see the Wetlands WMS service added as a GIS server.

3. Rename the added WMS services to something more logical. Right click on the WMS server >>
Rename >> Enter a name (e.g. National Wetlands Inventory).
57| Hawaii Statewide GIS Web Service
%:| National Wetland Inventory

Using data from public GIS servers
1. In ArcMap, click the Add Data button.

2. In the Add Data window:
a. Lookin: click the drop down arrow and select GIS Servers
b. Double click on the Hawaii State GIS Web Service
c. Select a map service to add to the map (e.g. ParcelZoning)

GIS4DAR GIS Training Workshop — September 7-8th, 2017 94


https://www.fws.gov/wetlands/arcgis/services/Wetlands/MapServer/WMSServer?%C2%A0

d. A Geographic Coordinate Systems Warning may pop up. This says that the coordinate
system of the layer being added is different from the data frame. ArcMap will project or
re-project the data on the fly to match the data frame so this warning can be ignored.
Click OK to close the warning box.

Add Data

Lookin: | (47| Hawai Statenide GIS Web Serv ~| 4 fp (@ | E

Turn on/off layers
from map service

b 4 B ParcelsZoning
= ParcelsToning
[0 County Zoning - County of Hawaii

3t-B County Zoning - City and County of
N_am! Type & 4[] Special Management Areas
L2 HistoricCultural Map Service G- Important Agricultural Lands
I8 HumanHealthSafety Map Service '1!' [0 Conservation District Subzones
I Infrastructure Map Service '::,—El State Land Use Districts
[E | andUseLandCover Map Service -1 Land Use Planning and Allocation Gui
18 NwHI 3-[] Development Plan Areas
[ Parc [ Statewide Large Landowners
8 Terrestrial 3-[0 Gevernment Lands
'_% Transportation -!:r [0 Parcels - Department of Defense
» 3-[] Niihau Parcels
- 4[] Kauai Parcels
toe: [Parcaiezoring Mapserver [ e | 1 [] OahuParcels
Show of tyoe: | Datasets, Layers and Results Cancal _;:—D Maui County Parcels
300 Hawaii County Parcels
4[] TMK_zone
s+-[] TME_section
-0 TMK_plat
a-[] TME_state

4. Add the Wetlands layer from the National Wetlands Inventory WMS server.

a. Click Add Data button

b. Look in GIS Servers

c. Double click on National Wetlands Inventory Server and continue drilling down to

wetlands layer

e Double click Wetlands
e Double click Layers
e Double click Wetlands

Note: Some layers may have a map scale applied to them. For example, the wetlands layer has a
set minimum scale beyond which the layer will not be displayed.

Layer Propert X
5 &5 Public Web Servers g il v

5 W WMS
Wetlands [

General Source  Styles

# [ ParcelsZoning Layer Name: I [ visible
Description: This data sat represents the sxtent, approximate location and type of wetlands A

and deepwater habitats in the United States and its Teritories. These data
delineate the areal extent of wetlands and surface waters as defined by
Cowardin et al. (1975), Certain wetland habitats are excuded from the National
mapping program because of the Imitations of aerial imagery as the primary data

Credits: |

Scale Range
You can specify the range of scales at which this layer wil be shown:

Show layer at

(®) Don't show layer when zoomed:
1 Inch = 6350 Meters

£ Sometimes you will see 2 different types of services (Map Service and Features Service) — most public GIS servers will
only have map services available. Data that are available as Feature Services allow you direct access to individual
features/objects within a data layer, and more control over how those features are display
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Exercise 10: Adding ESRI Online Basemaps

This exercise shows you how to add a basemap from the ESRI Online server. An internet connection is

required.

1. To add a basemap from ESRI Online, click the Add Data drop down arrow >> Add Basemap.

2. Inthe Add Basemap window select a basemap then click Add button to add to the map (e.g.

Imagery).

Selection Geoprocessing Customize] |[BH Add Basemap e
& | 1n=10570 - |

<& AddData.. |
8] AddBasemap.. A

R A o e

®

Click Add Data
drop down arrow
>> Add Basemap

- = layers Terrain with Labels
% [0 Matural Resourc

@ [0 Cultursl Resourd

Basemap
added to the
ToC

@ [O USGS Topo Base F G Vo
=Qr.) Basemap d - ]
= E Waorld_Imagery L -
:F—g World Imagery }_,!_'., Lo i T
i'F*E Low Resolution 15m Imagery L0 & NSRS -
Fr— High Resolution 60cm Imagery OpenStreetMap
@~ High Resolution 30cm Imagery

Light Gray Carwvas

* f
Maids ! J
[Ty
s

Select a basemap
to add to the map

National Geographic Oceans

- PR

Topographic

] e |
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Old Hawailan

Old Hawaiian

NAD 1983(86)
D

NAD 1983 (PACPOO)

PCS/L

NAD 1983(86)

PCS/State Plane/NAD 1983 {US Feet)/NAD_1983 _StatePlane_Hawaii_1_FIPS_5101_Fee

NAD 1983(86)

PCS/State Plane/NAD 1983 (Meters)/NAD_1983_StatePlane_Hawaii 1P5_5102(Meters|

NAD 1983 (HARN)

PCSState Plane/NAD 1983 HARN (US Feet)/NAD_1983_HARN_StatePlane, ii_3_FIPS_5103_Feet
GCS/Pacific Ocean/NAD 1983 (PA11)

_Zb_w 1983(PA11)
WGS 1984

PCS/World/WGS 1984 Web Mercator (Auliary Sphere)

GCS/World/WGS 1984
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APPENDIX B — ACCESSING HAWAII STATE GIS
DATABASES AND WEB SERVICES

Information contained in Appendix B is provided by Hawaii Statewide GIS Program.
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