Week 1: Exercise 1 — Introduction to ArcMap and ArcCatalog

ArcGIS is a type of software used for GIS (Geographical Information Systems) that enables the user to work
with spatial data. This lab will provide you with an overview of the different functions of ArcGIS and
demonstrate the different types of applications for GIS.

ArcGIS is composed of three components:

a ArcMap — This is the program that you will primarily be using for this exercise and other analyses.
ArcMap is where you can display data, make maps, label features and query data.

E-:-L ArcCatalog — This is basically a program like Windows Explorer, but built specifically for ArcGIS.
Use ArcCatalog when you want to organize, copy or paste, or preview data.

a ArcToolbox — Includes tools that you will need for more advanced types of analyses such as combining
data sets, or clipping data such as clipping county soil data to just the town boundaries of Brunswick.

Exercise 1 — Using ArcMap and ArcCatalog to display and preview data
Exercise 2 — Using ArcMap to display data
Exercise 3 — Using ArcMap and ArcToolbox to analyze data

In Exercise 1, you will start by exploring data for Brunswick and learn how to display data in ways that make it
more understandable.

Step 0 — Map your student folder on the Microwave network drive

This is where all the files for this exercise are
stored, and where you will store your work for
Exercises 2 and 3.

Map Network Drive E

windows can help wou connect to a shared network Folder
and assign a drive letker to the connection so that vou can
access the Folder using My Computer,

e Open My Computer.

e From the Tools menu, choose Map
Network Drive. The Map Network
Drive window will appear.

o Nextto "Drive:" select a drive letter.
Any letter not already used is OK, but
choose a letter that you will remember
so that you can use this letter EVERY
TIME you link to your student folder to
work on the GIS projects; because the
data in your ArcMap documents will be [
linked to this drive, if you use a different
letter next time you map your folder, the ArcMap file won’t “know” where the data is and this will cause
problems. Write down which drive letter you used.

o Next to "Folder:", type: \\microwave\courses\es201

e Click on the Finish button. A new window for the course folder, through which you can access your
student folder, will appear on your desktop. An icon for the course will also appear (“mount”) in your
list of drives in My Computer.

Specify the drive letker Far the connection and the Folder
that wou wank to connect to:

Drive: £t w

Folder: | Mimicrowavelcoursesteszl | w Browse. ..

Example: V\serverishare
Reconnect at logon

Connect using a different user name.

Sign up For online storage or connect to &
netwiork server,

Finish ][ Cancel l
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Step 1 - Start ArcMap

e Click on Start>Programs>ArcGIS>ArcMap.
e When the ArcMap dialog appears, click "A new % ArcHap
empty map," then OK. '

Start uzing Archdap with

You will see the interface of the ArcMap application. Qj @ new empty maps
e From the File menu, choose Open. ;
e Navigate to the Exercisel folder in your student Q £ Alemelate
folder on our Microwave Course Directory ke d el S
e Click on Merrymeeting_Bay.mxd. Click Open. %” 0
When the map opens, you see a map of Merrymeeting Bay. Browse far maps...

Don't worry if your ArcMap interface looks different from

the graphic below (see page 3). For example, your ArcMap

window may be larger or smaller. The graphic shows

toolbars at the top and bottom of the ArcMap window. — Immediately add deta

Your ArcMap may have these toolbars in other locations, [ Do not show this dislog again
or some of the toolbars may not be displayed at all. These
differences have no effect on the results of the exercise.

The ArcMap Window

Whenever you work in ArcMap, you are working with a map document. A map document has the .mxd file
extension.

The ArcMap window displays geographic features organized into layers. Each layer is a particular theme of
information such as roads or rivers.

The area on the left side of the ArcMap application window contains the list of layers and is called the Table of
Contents. The area on the right side of the application window contains Map Display for all of the active layers
listed in the Table of Contents.

For instance, the roads layer is composed of line features (represented with lines) grouped into a layer called
Primary_roads. The towns are contained in a layer called Towns, which is made up of polygon features.

The ArcMap window also contains drop down menus and toolbars such as the Standard Toolbar that allows you
to work with the data.

-2- Perspectives in Environmental Studies GIS Lab E. Johnson, N.Olmstead




Map Display

= Merrymeeting Bay.mxd - ArcMap - Arcinfo

Main Menu \ File Edit Wiew Insert Selection Tools Window Help |

RABTOHBEHW O ROMN S BT

/ |D@EHS| s B@X |0 x| ]| Lo | @E EE D] &
Tools toolbar E B
= £ Layers
=] Brunswick_roads
Standard
too I bar — Primary road
— Secondary and connecting road
— Access ramp
— Ferry crossing
brungwickdrgelip, tif
= b Rivers
|
= M Towns
.

Table of >
Contents

Displsy | Source | Selection an|eny
Jgrawmg' R@|D'A'E“@Aria\—;lm - B I U A B Fx 2~

| |429073.78 4868941.8 Meters

Step 2 - Displaying layers
You can make any of the layers visible (active) or hidden by clicking on the box next to the layer name.

e Check the box next to the Primary_roads layer. The map will re-draw, and the roads will display as
lines.
Note that you cannot turn on the Brunswick_roads layer. This is set so that it will only display when you are
zoomed in closer to Brunswick.

Many of the tools you use in ArcMap to look at features and identify features are similar to tools in programs
such as MapQuest or Google Maps, such as Identify, Zoom, and Pan.
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Step 3 - Identify geographic features
In ArcMap, you can find out what features are just by clicking on them in the map display area.

First, you'll zoom in so you can see individual features more clearly. To do this, you will access a previously
created bookmark that stores a specific geographic region.

e At the top of the ArcMap Window, select Bookmarks,

e Select Brunswick.

= Merrymeeting Bay.mxd - ArcMap - Arcinfo

J File Edit Yew |Bookmarks Insert Selection Tools Window Help

J Hetyork: I B create... Flaw = %_- | Analysis = 3 j Trace Task: IFind Common Ancestors ;I e ‘

oy o T Manage.., :
D@ | [T SRRTAr L =R 200 vs aa
—_— MerrymeetingBay =

IE]

m Brunswick

= [ Brunswick_roads

= Primary_roads
= Primary road with limited access
— Primary road
— Secondary and connecting road
— ACCEss ramp
— Ferry crossing

[7] brunswickdraclip i

=] Rivers
|

= Towns
]

The display zooms into Brunswick. Notice that the “Brunswick_roads” layer is visible and that you can see
more streets in Brunswick. The “Primary_roads” layer is no longer visible. Labeling streets at this scale would
make it difficult to read the names of the streets, so the Brunswick_roads labeling feature has been set to only
display street names when you are zoomed in closer than 1:20,000.

F N
3

e Click on the zoom in button % until the scale reads greater than 1:20,000 (a number smaller than
20,000). The road names should now be visible. [If the Tools toolbar, which contains this button, is not
visible, right-click the menu bar to the right of the Help menu and select Tools.]

= Merrymeeting Bay.mxd - ArcMap - Arcinfo

J File Edit Wiew Bookmarks Insert Selection Tools Windoms Help
——
Jgﬁgg‘g{,gx‘nn|$i1:w,wa J &0k
=

EE= Layers
=l Brunswick_roads
= E Primaty_roads
w—Primary road with limited access
— Primary road
— Secondary and connecting road
— Access ramp
— Fetry crossing
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Step 4 — Using the Identify button

e On the Tools toolbar, click the Identify button o . The Identify window opens.
e In the Identify from drop-down menu, select Brunswick_roads.
e Click on a Brunswick road.

The Identify window resets; it displays all the attributes for the Brunswick road you selected.

i |dentify
Identify fram: % Brunswick roads |
=1 Brunswick_roads Location: | 421,855,389 4,862,064,574 Meters 4
kck.een St

Field | Yalue ~

FID 121

Shape Polyline

E91IRDS_ID 2195

FMSRIZ 24k

FMPROICSS dig

FMUPDORG megise11

FMSRCORG usgs

FMUFDDAT gl24/2005

AMUPDORG megised11

AMUPDDAT gl24/2005

SOURCE 1

E911 1

PREDIR bl
Identified 1 feature

e In the Identify window, from the Identify from dropdown list, choose <All layers>,
e Click any of the roads.

The Identify window now contains the attributes for the road you have clicked on and all the other layers that
display in that area. You may have to enlarge the Identify window to see all attributes.
e Continue identifying other features in the display area by clicking on them with the Identify button.
When you are finished, close the Identify window.

Step 5 — Using the Pan Tool
e Using the pan tool I@ move the map until downtown Brunswick is in the center of the map.

Step 6 — Use the Zoom In Button

e On the Tools toolbar, click the Zoom In button o .
e Draw a box around where you think Bowdoin College is located. ArcMap zooms in to this area.

Once you have zoomed in to a scale larger than 1:5,000, the layer brunswickdrgclip.tif displays. This layer is a
raster image, or a scanned image of a USGS topo map.

Use this to find Bowdoin College. Look at some of the details of this map.
Can you find Druckenmiller Hall? (this is a “trick” question)
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Step 7 — Examine attribute information

Attribute data provides information about spatial data. For example — the location of a house is spatial data —
the color or owner of the house is attribute information. ArcGIS allows the user to look at this attribute data —
the “data behind the data.” This is what makes GIS a powerful tool for applications like environmental analyses
and land use planning.

e Turn off the layer “brunswickdrgclip.tif.”
e Inthe Table of Contents, right-click on the Brunswick _roads layer (its name, not the symbol) and
e Click Open Attribute Table.

| FID Shape | E911RDS_ID | FMSRC | FMPROCSS | FMUPDORG | FMSRCORG | FHUPDDA| AML ~

4 0| Palyline 434 24k dig megized11 uzgs 82442006 | megize
| 1| Palyline 453 24k dig megized11 uzgE 8242005 | megize
. 2 Palyline 2430 | gpz put megized11 megized11 8/24/2005 megize
| 3| Palyline 20086 | 24k dig megis uzgE 42042006 | megiz
. 4 Palyline 1237 |24k dig megized11 usgs 8/24/2005 megise
- 5| Palyline 2529 | sketch soreendig megis megiz AAR2006 | megs
. B Palyline 1610 | gpz put megized11 megize311 8/24/2005 megize
- 7 | Polyline 1676 | gpz puit megized11 megized11 8/24/2005 | megize
. 3| Palyline 2109 | arthio_hf put megized11 globex 8/24/2005 megize
- 9| Polyline 2333 'medog zoreendig megized11 uzge 8/29/2006 | megize
. 10| Palyline 2117 | arthio_hf put megized11 globex 8242005 megiz
- 11 | Polyline 9471 | 24k dig megized11 uzge 2/24/2006 | megize
. 12 | Palyline 132624k dig megized11 usgs 3/24/2005 megize
- 13| Polyline 936 | 24k dig megized11 uzge 2/24/2006 | megize
. 14 | Palyline 211 |24k dig megized11 us0s 8/24/2005 megize

1R | Paliling 48 raadan crraandin ———e . QITASINE | ranics
£ >
Recard: ﬂﬂ 1 ﬂm Shan: W Selected | Recards [0 out of 1575 Selected.] Options =

The attribute table associated with the Brunswick _roads layer displays. Each record represents an individual
feature - in this case, a road.
e Scroll to the right to see all the attributes describing this layer.

This road layer was developed for the purposes of assisting emergency response. What are some of the
attributes that would make responding to an emergency such as a house fire easier?

e Close the attribute table.
Step 8 — Add map tips to your display
e From the Bookmark menu select MerrymeetingBay. This zooms out to show a larger area.

Map tips are text that represents a single feature attribute; map tips display when you hold the mouse pointer
over a feature. They are an easy way to get attribute information for a specific feature.
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You can specify which field displays by setting it in the layer's Properties dialog.
e Inthe Table of Contents, right-click the Towns layer name and click Properties.
e In the Properties dialog, click the Display tab. Click the box to Show Map Tips.

Generall Su:uur-:el Selection  Display I S_I,Iml:u:uln:ug_l,ll Figlds I Drefinition Duer_l,ll Lal:uelsl JDins&HeIatesI

v Show MapTips [uzes primary dizplay fieldk

v Scale symbols when a reference scale iz zet

Transparent; I 0z

Huperlinikz
’7 [ Support Hyuperlinks using field:

You can choose the attribute that is used as the map tip field in the Fields tab of the Properties dialog box. The
default that ArcGIS chooses (Name) is usually the most useful for a map tip.

e Click OK to close the Properties dialog.
e Hold your mouse pointer over anywhere on the map and the name of the town should appear.

Step 9 — Label features
In this step, you will label features on your map using labels stored in one of the layer’s Attribute fields.
¢ Inthe Table of Contents, right-click Towns
e Select Label Features. Labels appear for the towns. If some of the towns are not labeled, enlarge the

display area.

Step 10 — Add layers to the map document

e Click on the Add Data button + )

e Connect to your student folder in the Microwave Course Directory folder by clicking on the Q connect
to folder button.

e When the “Connect To” folder dialog box opens up, navigate to your student folder and click OK.

e When the Add Data dialog box opens your student folder, go into the Exercisel folder and

e Select the layer bald_eagle.shp and add it to your project. This layer shows the location of bald eagle
nests around Merrymeeting Bay.

e From the File menu, choose Exit to close ArcMap. Click No when you're prompted to save changes.
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ArcCatalog is a partner program to ArcMap. It provides a way of managing the different types of data you
work with in a GIS. Because spatial data can be more complicated than other types of data like spreadsheet
files, you should always use ArcCatalog when looking at your data, copying or moving data, or doing minor
edits, rather than using Windows Explorer. The next part of the exercise will walk you through how to use
ArcCatalog to explore data.

Step 11 - Start ArcCatalog
e Click the Start menu, then click Programs, ArcGIS, ArcCatalog

e When ArcCatalog opens, click the Connect to Folder button =4

e Navigate to your student folder within the ES201 Microwave Course Directory, where you will be
saving data;

e Click OK.

The ArcCatalog Window

The ArcCatalog window has the Catalog Tree on the left where all of the data layers are listed. On the right are
three different tabs which give you three ways to look at your data:

» The Contents Tab — shows a list of data within a folder.

» The Preview Tab — provides you with a way to look at your data before you add it to ArcMap.

» The Metadata Tab — is where you store important documentation about the spatial data such as who
created the data, when and why.

. ArcCatalog - Arcinfo - Q:1e5201¥5tudent_Foldersiejohnson

File Edit Yiew Go Tools ‘Window Help

& EBY LEERA QA0 N

Location; |E!Z'\.ESE|:|'| “Student_Folders\ejohnzon j

Stlesheat: | J %

2| Contents I F‘review] Meladalal
Catalo
Catalog Tree E—j @ Q:'l,geszﬂl'l,ﬁtudent Foldersiejohnson hame [ Type | odfied
g — o (] Exerdsel JExercisel Folder  3/17/2010 11:35:28 AM

+-(1] Exercise2ss [ Evercisezas Folder 3172010 11:35:47 &M
20 Gls_wke Clers_whz Folder  3/17/2010 11:36:01 AM

e Inthe Catalog Tree on the left side of the ArcCatalog window, click the plus sign (+) next to the folder
connection you just set up. If you can’t see the entire table of contents you can widen it by holding the
arrow over the grey bar in the middle of the dialog box until it turns into a double sided arrow and
moving this line to the left or right.

e Go into the Exercise 1 folder by clicking the (+) sign next to it in the catalog tree.
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Step 12 - Preview features.

Now you will preview and display features.

e On the right side of the ArcCatalog window, click the Preview tab to make it active.

e Inthe Catalog Tree, click on towns to make it active (see graphic below).

e In the Preview dropdown menu at the bottom of the Preview window, choose Geography. You see the
town polygons.

e Next, in the Preview dropdown menu (below the preview area at the bottom of the window), choose
Table. Now you see the town attribute table. Examine its fields.

I T e T BT e T A =l 9] Take a few moments and

Eile Edit Wiew Go Tools Window Help examine the O-ther data in the
o S x A A0 N Qamd 6 i folder using either the Preview or
Location: |T:\Materials\nolmstead\ES 201 _GIS_data_ SO07PExercizel\towns. shp j Contents tabs

Stylesheet:

e T Next, look at a Metadata tab to

P omstead e o7 3 get more info about the data.

-1 Exercisel )
B oy o o . Once you have finished looking
T e _ J ' at the data, close ArcCatalog.
Bl mmbestuarine.shp

Bl mmbrivers.shp H H
B mmbroate s (6 Review the Checklist on the

. ok .

Bl towns.shp 4 ‘q;* f0||0W|ng page
+-([] Exercise283 S J

(0 GIS_wk2 )

=] 2911rds.shp v o, i I 1
e01irds. bt . ¢ b
+-(3 union : Vit Wuf

+- (1 Projects
+- (1 Student_Folders
+- (1 Database Cannections

X

"ArcCatalog Arclnfo T:\Materials\nolmstead\ES 201_GIS_data_SO7\Exercis.. FI@@

+- @ Address Locators File Edit Yiew Go Tools Window Help

+-(@ Coordinate Systems

B 2
+-(E8, GIS Servers Z = i B A¥O N
< fr—e Lo = > it Location: |T:\Materials\nolmstead\ES 201_GIS_data_S07Exercize’ \towns shp j
Shapefile selected Slyhesie =l
%|| Contents Preview | Metadata |
=0 nalmstead ~
< (1 ES 201_GIS_data_s07 FD__| Shape' | - IO
0 | Palygon Brrovesic
=- Exercisel T Polygan Bath
& bald_eagle.shp B 2 Palygon Bowdoin
& Brunswick_roads.shp — 2 |Palygan Bowdonham
+-F brunswickdrgclip tif — 4 |Palygon Brunswrick
Merrymeeting_Bay. mxd : 5 |Palygon Dresden
Bl mmbestuarine.shp N & |Palygon Georgetown
Bl mmbrivers.shp 7 |Palygon Harpzwrel
B mirnbroads. Shp | & |Palygon Perking Twp Swean lskand
B 9 |Polygon Phippshurg
+- 7 Exercisezgs | 10 |Palygon Richmond
w0 GIS_wk2 B 11 |Polygon Topsham
= egﬂrds.shp | 12 |Polygon "West Bath
201 1rds. bt | 13 |Palygon ‘Winalwich

- unian
+-1 Prajects
+-([1 Student_Falders
+- [ Database Connections
¥ @ Address Locators

+ (@ Coordinate Systems Record: 14] 4] 1] Show | A Records [of 14)
+ GIS Servers N
< ¥ Presview: Table hd
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Checklist of things learned in Exercise 1:

v" How to map the network drive

v How to use the Identify, Zoom, and Pan tools

v How to use a Bookmark

v What is the Attribute Table and how to access it
v How to use Map Tips

v How to label features

v' How to add layers to your map

v What is ArcCatalog and how to Preview features; where Metadata is stored
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Week 1: Exercise 2 — Displaying data in ArcMap

In this exercise you will learn how to symbolize spatial as well as attribute data to make it meaningful and
understandable. Display of data is just one of the tools available through ArcGIS and other GIS software
packages.

Step 1 - Start ArcMap

e Start ArcMap and click "A new empty map,"

e Click OK.

e If the Tools toolbar is floating separately on your desktop, drag it into the top, grey area so that it docks
at the top of the screen.

e Under the file menu, click on Document Properties.

You should see this box (below left):

Untitled Properties

Summary l

Tite: |

Subject; |
e Click on the Data Source Options button
futher. [vour usemame will be here e Select “Store relative path names.”

e Click OK, then click OK again.

Cateqony: |
” ’ | Data Source Options F|§|
Kepwords: il J
In this map document;
Comments: " Store full path names to data sources
(s Store relative path names to data sources

v Make relative paths the default for new map documents | create

Huperlink, bage: |

Template: Marrnal. st

_ This will allow you to more easily find all of the
™ Save thumbnail image with map Data Sowrce Options... | || data that is associated with your project.

] | Cancel |

SAVE YOUR PROJECT INTO YOUR EXERCISE 2&3 FOLDER - use only letters, #s, and/or the
underscore mark in the file name.
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Step 2 — Adding data in ArcMap

In Exercise 1, you learned how to add data by using the Add Data button ¥ :

e Click on the Add Data button and navigate to the Exercise2&3 folder (inside your student folder on our
Microwave course directory),

e Click on the MerrymeetingBay.mdb file, MerrymestingBay.mdb

e Add all the layers inside it (but not the red toolbox). There should be eight layers to add. You can add
more than one layer at a time by holding down the Control key and selecting all the layers you wish to
add.

Note that the order of layers in the Table of Contents is the order of how the layers are displayed — in the
example below, the buildings56 layer is on top of the buildings98 layer. Rearrange your layers so that the map
makes sense. (You can click and drag the layers to rearrange their order in the TOC.)

% Untitled - ArcMap - Arc¥iew - O] =

J File Edit Wiew Insert Selection Tools ‘Window Help
| DERSE| 4 @X |0~ | &0 A
@QunOPeEeP R OML 7

™
B £F Layers -
= buildingsSe
e

=] bwildingsa
e

= mmbroads

<

= landusesE |

O
= landuse%s

O
= mmbestuarine j

Diizplay I SDUTCEI IE I I
J Drawing * R (=) | O~ A~ = ||.-’-'-.ria|

| 44399644 4906892,85 Unknow | y

e SAVE your project!
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Step 3 — Change the symbology for a layer

In ArcMap, you can symbolize layer features in a number of ways. Varying the color, shape, and fill patterns of
different layer types can help your audience interpret your maps. When creating layer symbology, you should
always choose colors, shapes, and patterns that enhance the map reader's ability to distinguish between different
areas on the map display. A clear legend facilitates map interpretation. A map that is not understandable is one
that is not useful.

In this step, you will change the color of the town polygons.

=
= QNS . .

@ ¢ In the Table of Contents, right-click on the mmbtowns polygon symbol (the
| —— | colored square).The Color Picker displays. Experiment with changing the
e Talalalalalalalalale colors of the town polygons.

OEO00000O0OEEE

il § pepmimiegey g § § | . . .

I mmo o0 mmmml Another approach for changing symbology is to use the Layer Properties box.
EEEEEEEEEEEN

SENENENENEEEEEN ¢ Right click on the word mmbestuarine.

: g E E g g g E E g g g e Select Properties. The Layer Properties box will open.
EERENAEENEENEN

EEEEEEEEEEEN

More Colars. ..

Layer Properties 2|x|| There are a number of different tabs

Generall Sourcel Selectionl Display  S¢mbalogy IFieIds I Definition Queryl Labelsl Jnins&ﬂelatesl on this box. CI_ICk on each of them
Show: and look at options that are available

Features Draw all features using the same symbol. _tmeor.. | in each of these windows.
e Click on the Symbology tab

" — Sprmbol
Categories A
Quantities i | in order to change the color
vanced - .
Charts of this layer.
Multiple Attributes

e Click on the symbol box

B Citvgle zymbol

~Legend (circled). A symbol selector
Label appearing nest ta the symbal in table of contents: I 2|ea)-(ltogat;(:)( WI” Open up (see

e Change the fill color and the

u.;f:_m Desciption__ | outline color so they are the
Additional description appearing nest ta the syrbal in pour map's legend Same CO|Or.
e Click OK twice

QK I Cancel Apply
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Category: I.-’-'-.II j — Preview
Green Blue Sun
— Options
o Fill Calar: [l
Hallaw Lake Roze Pt | TR
utline Wiath: ) =i
Outline Colar: ’
Beige el Olive
Properties... |
Green Jade Blue More Symbols T |
Save... | Beset |

e Use the same steps to change the color of the mmbriver, buildings56, and buildings98 layers.

ArcMap allows you to import a legend (symbology) that was created in an earlier project. You will import the
legend that was created for mmbroads in Exercisel.
e Right click on mmbroads and open the Layer Properties dialog.
e Click on the Symbology tab.
e Click on the Import button on the upper right hand corner of the symbology tab. A new dialog box
opens up. Select “Import symbology definition from an ArcView 3 legend file (*.avl).

X e Click on the folder button in order to

navigate to your folder.
e Click the Exercise 2&3 folder to select
* Impart symbolagy definition from an Arciew 3 legend file [% vl the Legend file. Select mmroads.avl.
- e Click Open, then click OK.

[ El e In the next box, select FCC (a
classification field for highways) as the
value field, then click OK.

e Click OK again.
The mmbroads layer symbology should now
£ Just the classification [ ok | cacel | | resemble the roads layer from Exercise 1.

" Impart symbolagy definition fram anather layer in the map or from a laper file;

Legend file;

YWhat do you want to import?

{* Complete symbology definition
£ Just the symbals
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Step 4 — Examine attribute information

Examine the attribute table for landuse98. This layer is comprised of various attributes that were developed
from aerial photos of land surrounding Merrymeeting Bay. We will be looking at land use patterns in 1956 and
1998. In the landuse98 attribute table, one of the column headings is LUCLASS (Land Use Class); this column
lists different codes for each of the rows or records in the attribute table. Below is a table containing the

attribute codes and categories:

CODE Category

AGR Agriculture (cropland or pasture in current or recent use)

COM Commercial (business or commercial predominant use)

FOR Upland Forest (predominant land use = forest)

IND Industrial (manufacturing facilities and associated lakes)

ow Open Water (lake, river, or bay areas under water greater than a few inches deep at time
of photography)

RES Residential (homes and related neighborhoods)

USS Upland Scrub-Shrub (usually abandoned agricultural field)

UHE Upland Herbaceous (large expanses of lawn not obviously associated with residence)

WET Wetland areas/intertidal zone

Close the Attribute Table.

Step 5 — Changing the symbology to reflect attribute information

A layer’s display is meant to communicate a message. When defining a layer's display properties you must
consider two issues: the message you are trying to communicate and who your audience is. Also, bear in mind
the audience's ability to interpret the information presented. One way to effectively communicate your message
is to assign every feature in a layer a unique color or group features by an attribute value.

e Open the Layer Properties for landuse56.

:

General] Source] Selection] Display  Symbology l Fieldz ] Definition Guery] Labelsl Joing & Helates]

Categories W alue Field Color Scheme

|LuCLASS Hi -

Unigque values, many | [ ]

M atch ba symbalz in a
Quantities Symbol |Value | Label Cavint |

Unigue values

Charts :l <all ather values> <all other walues>
Multiple Attributes

L
J °

Add Al Yalues Add Y alues... | | Femove Al | Advanced=

(n] 4 | Cahcel | Lpply | °
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Click on the symbology tab.

Show: On the left of the box are options for
Featwes Draw categories using unique values of one field. Import... dISplayIng the dlfferent types Of attrlbute
information.

Click on the word Categories.
You should see different options
for displaying unique values.
Make sure Unique Values is
highlighted.

Make sure that the VValue Field
that has been selected is
LUCLASS

Click on the Add All Values
button. Each of the categories
will now have a unique color
(see graphic below).

Click Apply.
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Layer, Properties

General] Suurce] Selection | Display  Symbaology l Fields ] Drefinition Duery] Lal:uels] Jnins&Helates] HTHL F'u:upup]

E;E:t.ures Draw categories using unique values of one field. |mport...
Categories Walue Field Color Ramp
nique values | LUCLASS ﬂ ‘ j
Inique walues, rary |
uu:-:;::tcif;;n symbols in a Symbol | T | el T |
Charts :| <all other values: 2 all ather waluess
Multiple Attributes <Heading> LUCLASS
[ |4GR AGR 7
[ cou COM 2
I FOF: FOR: 2 1
I IND 7
] ow ow . 4
[ |RES RES 2
P uss uss 7
[ JweET WET 7
&dd AllY alues | &dd W alues. .. | Fiemove Al | Advanced -

] | Cancel |

e Double click each of the color symbols to change the color of the different land use classifications, so
that the color relates to the color of the category (e.g., forestry is green).
e Click Apply, then OK.

®_mmbex2.mxd - ArcMap - Arc¥iew =18 x]

J Eile Edit Wiew Insert Selection Tools MWindow Help ‘
BT ERE L IR =:2][&]e]
EEHEET TEX I Y Y

J Editor | [ | , v | Tiasks ICreate Mew Feature j | Target: I

=] mmbraads ;l
= Primary road with |
— Primary road
— Secondary and cor
— ACCess ramp

= O landusess
[
= landusesa

LUCLASS
[C1AGR

B com
mroR

[ D
[CJow
[EIRES
[C]UHE
Uss

[wWET - e . ! . . .
Dizplay I Sourcel ] J ; X, I _ J
JQrawingv k@||:|vAv£||Arial j|1DjBIg|£v&v£,;v‘

| [426811.37 4573088, 10 Unknow |
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Step 6 — Use a fill pattern

You will be adding land use categories for more than one year. It will be helpful to differentiate between the
years by using a transparent pattern for landuse98.

e Move the landuse98 layer so it is on top of the landuse 56 layer (see previous page)

e Turn on the landuse98 layer.

e In the Symbology tab (in the Layer Properties box), add all values for LUCLASS. In order to change the
fill pattern, stay in the Symbology tab in the Layer Properties box.

e Double click on the first colored box next to the first land use attribute (AGR). This will open up the
Symbol Selector box.

e Scroll down in the symbol box (displaying different colors) and examine the different fill patterns. You
can look for more fill patterns by clicking the More Symbols button. Select a different fill pattern for
each of the land use classifications. Change the outline color to No Color.

*kk H
2| 1f you select a fill pattern

with a white background, you
Cotegory: | 41 =] [ Preview will need to make the
background transparent by
| selecting the Properties button
(circled) and then selecting
No Color for the Background
Color.

e

3%

t anagrove [Glacier Showfield ce

— Ophions
Check to be sure the

Eill Color: N - background is transparent by
seeing if the gray background
color shows through your
symbol selector Preview (see
H- Preview here, top right of
box). If the fill background is
not gray, you need to fix it.

PR 103 Crosshatch 103 Ordered Outline M/idth: {0140 ==
Stipple

1107 Simple b

Outline Calar:

Linear Gradient Fectangular Circular Gradient . .
Gradient This will allow you to

_ m differentiate areas that were in
gt —— E Eroperties. agriculture in 1956 and have

been converted to a different
land use by 1998.

More Sumbaols - |

‘&', Bedrock Bedded Breccia
Lirnestone Save... | Beset |

== E= B oo [ ][ cee |
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® mmbex2.mxd - ArcMap - Arc¥iew ;Iilil

J File Edit Yiew Insert Selection Toaols ‘Window Help

| DEE&E| % 2BX|w || 2 [:2] & w2
[@aasso@erBrons’
J Editor | 3 ! il | Task: ICreate Mew Feakture ﬂ ‘ Target: I

— Access ramp ;I
— Ferry crossing
- =] landuseds
[ =all other values=
LIICLASS
=] Aisk
oM
EHFoR
CJIMD
o
E=IRES
[JUHE
FHuss ]
[CIWET
= landuseSs
[ =all other values=
LIICLASS
[]AER
B CioM

M FOR il

y il
Display I Su:uurcel

| pawng = K O3 O~ A~ 72 [aa S0zl B 7 u|Av B b 2~

[ |#ze511.37 457353111 Unknow |

Change the color and fill patterns until you can differentiate between the two layers. Find an area that was
agricultural in 1956, but is now forested. What percentage of the overall study area do you think has been
converted from agriculture?

Symbolizing data in ArcGIS allows users to see changes in the landscape visually, but does not allow for
quantitative analyses. For example, you can pick out areas that have changed in land use (from forestry to
agriculture) but it is impossible to determine the exact acreage of these changes visually. ArcGIS has a number
of tools, which you will learn about in Exercise 3, which will allow you to quantitatively answer questions such
as these.

Step 7 — Save your project!

Checklist of things learned in Exercise 2:

v’ Save your map document often!

v How to store relative path names

v How to import symbology from a legend file

v How to add unique values to symbolize categories based on attribute table fields
v How to use transparent symbology to see through a layer to the layer below
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Week 1: Exercise 3 — Analyzing Data Using ArcGIS

In this exercise, you will analyze changes in land use patterns around Merrymeeting Bay. In the previous
exercise, you used symbolization to get a sense as to changes that had occurred between 1956 and 1998.
A more quantitative analysis can help us start to answer the following questions:

» Could changes in land use explain, in part, the degradation of Merrymeeting Bay?

» As land use continues to change, what are the implications for water quality in the bay?

» What is the impact of residential development upon the bay?

AGRICULTURAL LAND CONVERSION ANALYSIS

Step 1 — Select features by their attributes

We can symbolize spatial data based upon their attributes. In Exercise 2, you symbolized different types of land
use. We can also choose to display data based upon their attributes — for example, in order to more clearly see
changes in land use, we may only want to display one or two types of land use at a time. In this case, we will
display those areas that were agricultural in 1956 and in 1998.

The tool that allows us to display data that meets a specific criterion is “Select by Attribute”

la. In the Table of Contents, make sure that landuse56 is turned on.

Select By Attributes

Layer: | landuseaE ﬂ
[ Only show selectable lavers in this list
Method: |I:reate a new selection ﬂ
[MMBEE_ALL ] S
[tMBERE_ALLT]
[LPHA]
[LUCLASS]
[LUSUBCLASS]
[WETL_SYS] w
= | < | Lie| [neR ~
TOM'
b ‘ >=| A_d‘ 'FOR'
MDD
< ‘ <=| Dg‘ T
‘RES'
7-| | []| Ng_[‘ 155 "

:

GoTo

SELECT * FROM landuse56 WHERE:
[LUCLASS] = AGR'

Clear ‘ YWerify | Help | Load... ‘

2

Save... |

o]

fpply | Close

1b. From the Selection menu, choose Select By
Attributes.

The Select By Attributes dialog allows you to select features
by building a query. You will build a query by creating an
expression for the landuse56 layer that selects polygons
whose LUCLASS is equal to AGR (agricultural lands).
Once selected, these features will be highlighted on the map
and in the layer's attribute table.

--In the Layer dropdown list, click landuse56.

--For Method, choose ""Create a new selection™

--In the list of attribute fields, scroll down and double-
click on LUCLASS.

--Click the equals sign button (=) in the middle of the
dialog.

--Next, click Get Unique Values button.

--Scroll down the list of unique values and double-click
on ‘AGR’.

--Notice the expression you have created in the lower
window: Select From Landuse56 where LUCLASS =
AGR

1c. Click Apply. Move the Select By Attributes dialog

out of the way so you can see the map display. In the display area, notice that certain polygons are
highlighted — these are all of the areas that were agricultural in 1956.

1d. Close the Select By Attributes dialog.
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Next, you will create a new layer comprised of just those areas that you have selected.

[~

E wpart: | Selected features

IJze the zame coordinate system as:
(* thiz layer's source data
" the data frame

(" the feature dataset pou export the data into
[only appliez if you export to a feature dataszet in a geodatabaze]

Output zhapefile or feature class:

o]

Cancel

le. Right click on the landuse56 layer name.
1f. Click Data, then Export Data.

1g. In the Export data window, choose Export:
Selected features in the Export dropdown
menu. (These are the polygons that have
LUCLASS=AGR).

Choose “Use the same coordinate system as: this
layer’s source data”

Beside the “Output shapefile or feature class” bar,
click the folder button.

The Saving Data window will open.

1h. From the Save as Type drop-down men

Saving Data

Lok ir: @ MermymeetingB ap.mdb

elect File and Personal Geodatabase feat@

-Navigate to your Exercise2&3 folder
and then double click into your
MerrymeetingBay.mdb file.

MBS A ES

-Name the new feature class (layer)

= mmbtowns
rmmbroads

= mmbrivers

=l mmbestuarine
= landus=28

= landusess

2 buildingsos

= buildingss6

Marne: |mmb56_agriculture)

&l

Save as type: |Fi|e and Personal Geodatabase feature classes

Cancel

“mmb56_agriculture”

Click Save. You return to the Export
Data window

Click OK.

1i. The program will ask you if you
want to add the new layer to the
map. Click YES.

1j. Unselect the IR @
selected features

clicking on the Clear Selected
Features button on the top tool bar

1k. Now make sure the landuse98 layer is turned on, and then repeat these same steps in order to create a
layer showing agricultural areas in 1998 (mmb98_agriculture). (Steps 1a — 1i).

In order to better see which areas have been converted from agricultural lands, turn off the landuse and
building layers so that you can see the agricultural lands from each of these two years. Change the fill
pattern of the new mmb98_agriculture layer so that you can differentiate it from mmb56_agriculture.
(Hint: a pattern, with a transparent background, would work well here.)

Turn off landuse 56 and landuse 98 and compare the two new agricultural layers.
This is an easier way to visualize the change in agricultural lands between 1956 and 1998.
Although it is possible to visually differentiate the changes, it is not possible to visually quantify these changes.
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Step 2 — Calculating statistics using attribute values.

Next you will quantify how much land was agricultural in 1956.

2a. Open the attribute table for mmb56_agriculture. Scroll over until you find the column named
ACREAGE. This column lists the acreage of each of the polygons that you selected from landuse56.

=l8] x|

J Flle Edit Wiew Insert Selection Tnols Window Help ‘ 2b nght C”Ck on the

IR T - e AN word ACREAGE.

8 _|g|5|| Select statistics. A box

= :GI_:HA :;:LASS ;ESUBELASS \L.IH'ETL_SYS WETL_CLS| VEG YEG_DESC :gTUAFlY é_s_o:t-.ﬂ._sc_ending W|” pop up Wlth
AGR__|aGR A6 u N T Sort Descending statistics for this
e — o e, | column. Note the
AGR_|AGR 4G u NG T various statistics that
oo AE Y no  Freeemiesecoum | this tool gives you: the
AGR_JAGR a6 . i Delete Field count of all records
T wmvee 11 (here, polygons) in the

table; acreage of the smallest and largest records (minimum and maximum); sum of all the acreage; mean
acreage; the standard deviation from the mean; and a frequency distribution (how many records fell into each of
several different acreage categories).

What was the total amount of farmland in 19567
Answer question #1 on the Exercise 3 questions (at the end of this handout).

Repeat these same steps in order to determine how many acres of agricultural land there were in 1998.
Record your answer on question #2.
By inspecting the map, estimate which of the towns has lost the most amount of agriculture.

At this point, one of the questions that we need to answer is what is happening to this agricultural land - is it
being converted to new homes?

Another important capability of a GIS is the ability to analyze relationships between features. In this case, we
want to find the answer to two questions:

e s there a relationship between loss of agricultural land and increases in buildings in these same areas?
(Step 3)

e If we are losing agricultural land, what other types of land use is this land converting into — residential,
forest, industrial? (Step 4)

If we visually inspect the data, it is hard to pick out these trends; our minds just don’t allow us to easily do this
type of analysis. In ArcMap, like many other types of GIS software, we can compare two different types of
spatial information to see if there is any correlation.
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Step 3 — Select geographic features using spatial relationships

To answer the first question, we will need to determine how many buildings were located on agricultural land in
1956 and how many buildings are located on these same parcels in 1998. By comparing the number of
buildings in 1956 with the number of buildings in 1998, you can get a sense as to whether agricultural land has
been converted to residential development.

In order to do this, we will be using a tool called “Select by Location.” The Select by Location tool allows us to
select features which meet a specific spatial criteria based upon their location. In this case we want to find
buildings (points) which fall within the boundaries of the agricultural parcels (polygons) from 1956.

3a. Turn on the buildings56 layer so that it is visible

3b. From the Selection menu, choose Select By Location.

Select By Location @E 3c. In the Select_ By Location dialog,_ select items in
the dropdown lists so that the selection query reads,
e e o ot v possdnwhere ey are | '] want to select features from the buildings56 layer
1 warntt ta: that are completely within the features in this layer:
|select Features From ﬂ mmb56_agriCU|ture." Click Apply Close the Select
the Following layer(s): by Location window.
buildingsse
E puling=2s All 1956 buildings that are located on land that was
[ mmba%_agriculture agricultural in 1956 should be selected (display as
E Imm;sri_agnriculture blue). Zoom into one area of the map to find where the
anduse95 HPH
O] et selected buildings are.
[0 mmbestuarine
L mmbrivers 3d. Open the Attribute Table for the buildings56
L mmbtowns layer. At the bottom of the table in parentheses, see
how many records are selected. Each record
[ Only show selectable layvers in this list Corresponds to one bUIIdlng How many bUIldlngS are
sl located on formerly agriculture land?
|are completely within ﬂ
the features in this laver: H
B b e o Answer question # 3.
- (0 Features ssiectec) 3e. Clear the buildings that were selected by clicking
[ Apply T buffer ko the Features |in mmbSE_agricuItureJ the Clear Selected Features button at the tOp
of:
ok | mey | dose | 3f. Turn off the buildings56 and turn on the
buildings98. Now using Select by Location and these

same steps, find out how many buildings were located
on 1956 agricultural land in 1998. How many buildings existed in 1998 on land that was agricultural in 1956?
Answer question # 4.

3f. Go back to Step 1 of this exercise (Exercise 3) and use the steps to figure out how to create a new layer
that shows only those lands that are not agricultural in 1998. (Hint, use this expression: “[LUCLASS] <>
'AGR™ to select the features, and then Export Data to make the new layer.) Save this new feature class as
mmb98_not_ag into your MerrymeetingBay.mdb. Display this new layer in your map.

How many acres of non-agricultural land uses were there in 1998? Answer question #5.
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Step 4 — Using ArcToolbox to clip files

To answer our second question — what land use types exist on land that was formerly agricultural, we will need
to use ArcToolbox. ArcToolbox is a component of ArcGIS with a number of different tools. In this exercise,
you will be using the Clip tool.

You will identify areas that were agricultural in 1956 and were no longer agricultural in 1998. Then you will
find out what the breakdown is for each of the parcels in terms of their 1998 land classifications. To do this,
you will follow these steps:

e You have already created a layer showing areas (polygons) that were agricultural in 1956

e You have already created a layer showing areas (polygons) that are not agricultural in 1998 (i.e., they
are one of the following categories: residential, commercial, forest, etc.)

e By overlaying this non-agricultural land from 1998 with areas that were agricultural in 1956, you will be
able to see where agricultural land has been converted to other land use types (those areas that overlap
both layers meet this criteria)

o Clip the 1998 polygons so that you have created a new layer that meets the criteria that it was
agricultural in 1956 but is no longer agricultural in 1998.

e Analyze the new 1998 (non-agricultural) polygons to see what land use types they are composed of.

In the example below, the land that was agricultural in 1956 is indicated by cross-hatching. Land that is not
agricultural in 1998 is indicated by the shaded areas. Those areas that have cross hatching over shaded areas are
places that were once farms and were converted to another use by 1998.

% ex3 - ArcMap - Arcinfo |:”E|[g|

File Edit “iew Insert Selection Tools Window Help

| J Wectorization Raster Cleanup ~ Cell Selection ~

T
(== =] iz =D \'l} :gfz @ Set Selectable Layers... G@ 1 | K?
= & g This area was farmland in
i = 3Agricu|tura||and 1956 @ ,5 _1956 and iS no |0nger
% farmland in 1998.
&
@
‘ - -
—This area was farmland in
1956 and is still farmland in
K 1998.
[ 3
i ]
#
MJMJ Selection é
Crawing * R O~ A~ h(ﬂf-‘uial j|1ﬂjBIgAV&Viv;v

431151,37 4873672.07 Unknow
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The Clip tool is like a cookie cutter, it allows you to cut out those areas that were agriculture in 1956, but are no
longer agricultural in 1998. Your result will look something like this:

% ex3 - ArcMap - Arcinfo

File Edit Wiew Insert Selection Tools Window Help

| =] Yectorization ¥ Raster Clearup | Cell Selection
[100% <] @
= == @ ©r & 00 o] |af | ) set Selectable Layers... & 1| K2
—— 1@ g Your map will only show
- P @ 5 shaded areas that were
= & Ags6_nonagss . once farmland and are
O En.agricu|tura| el 1958 ém;, . now no longer farmland.
&
+ £F Layers =

e
L3
i)
dh
MJMJ Selection &
Drawing ¥ k O~ A~ |,r.'ﬂAliaI ﬂ|1DﬂBIH i' @l'£v;v

431135.53 487396564 Unknow

4a. Open ArcToolbox by clicking on the red toolbox in the top of the ArcMap Window.
When you click on this tool, a new window, the ArcToolbox window will open in your ArcMap window
between the Table of Contents and Map View.

® ex3 - ArcMap - Arcinfo

Eile Edit “iew Insert Selection Tools Window Help AI’CT00|b0X
m RN ET e L L T
DEE S i) =D {I'/ ;_fz @ Set Selectable Layersfl. | &l ?
x = v

- £F en3 @ ArcToolbox

= Agricultural land 1956 + & 3D Analyst Tools

FAa + a Analysis Tools
] Ag56_nonagoa + & Cartography Toals

O +-§ Conrversion Tools
=1 [0 Mon-agricultural land 1995 +- & Coverage Toals
+ a Data Management Tools
+ & Geocoding Tools
+ £F Layers + & Geostatistical Analyst Tools
+ & Linear Referencing Tools
+ & Spatial Analyst Toaols
+ - Spatial Statistics Tools

Tew Toolbox

add Toolbo:...

Environments. ..

v Hide Locked Tools

< > Save Settings 3

Dizplay | Source | Selection Favorites | [nde Load Settings 4 0| ﬂ J vl

Drawing ~ R O~ A~ [0] Lial | - B r o A S Sy &~
Adds a toolbox to the ArcToolbox 431153.70 4574204.09 Unknow
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There are a lot of tools in ArcToolbox that we will not need in this exercise. Click on the boxes next to some of
the toolboxes to see what types of tools are included. By double-clicking on a tool, you will bring up an
individual tool window that explains what the tool will do and gives an example of how it works.

We’ve created a specialized “ES201 toolbox” with just the tools that you will be using in this exercise.

4b. Right click on the ArcToolbox Window (anywhere in the
center white area). Select Add Toolbox. Navigate to

pelzcion Took W Hely Merrymeetingbay.mdb. Double-click it and select the red

| & toolbox called “ES 201.” Click open. A new red toolbox will
show up in your ArcToolbox window.
@ [
x 4c. Open the toolbox by double clicking on it. You will see the
following tools: Buffer and Clip. We will be using both of these in
d 1956 + & 30 Analyst Tools this part of the exercise.
+ a Analysis Tools
’ + g Cortonraphy Tool 4d. Double click on the Clip tool.
alland 1998 || |+ & Coverage Tools In this step, you are going to clip the polygons or parts of polygons
+- 89 Data Management Tools that were agricultural in 1956, but were not agricultural in 1998, and
-l & Es201 make a new layer out of them. Read the Help section to visualize
ﬁ E;':Ef what the Clip tool is doing. If you need more info about what a tool

does, click the Help button at the top of the Help panel.

Make sure the two layers you
NSNSy Want to use in the Clip are
Input Features Clip turned on in the Table of
'mmb95_not_ag hd ﬂ Contents.
Clip Features Extracts input features that
|mmb55_agri|:u|1ure ﬂ g owerlay the clip features. In the Clip WiI"IdOW, you need
Cukput Feature Class H H
|;'|,ExerciseZ&S\,M?rrymeetingBav.mdb'l,nan_ag_usesSﬁ_QS g L%?;r%zlg_;helzgrl_l&e inpUt
»% Tolerance {optional) .
(eters = layer to clip, choose

mmb98_not_ag from the
dropdown menu. For the clip
features, choose
mmb56_agriculture. Beside
the Output Feature Class bar,
CLIP FEATURE click the Folder button and
save the Output Feature Class
(layer) as a feature class
named nonaguses56 98 in
the MerrymeetingBay.mdb in
\ 4 your project folder.

OuUTPUT

Click OK. This may take a
while — so take a break — get
+ | up and stretch!

[o]4 Cancel ‘ Environments...‘ << Hide Help ‘ Tool Help |
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. mmbex3.mxd - ArcMap - ArcView

File Edit Wiew Insert Selection Tools Window Help

Click on the new layer and

(=== BX o~ &[0 |2 &K
Editar = - [ | [
AT E RO AL
Spatial Adjustment ~ B

o= |
Georeferencing = T B

- examine it to make sure that it
does not overlap with any
agricultural polygons in
landuse98. This is a check to

= nonagusesS6_95
|

= O mmb33_not ag

= O mmbSé_agriculture

i)
- [ buidingsss
®
= O buidingsss
-
= mmbroads
— Primary road with limited access
— Primary road
— Secondary and connecting road
— ACCEss ramp
— Ferry crossing
= B mmba_al
[] <all other walues=
LUCLASS
[CAaGR
oM
MFCR

make sure you did it correctly.

The area of each of these
polygons is calculated in square
meters (m?). In order to analyze
the change in acres, you will
need to add a new column to the
attribute table that calculates the
area value in acres.

= mo
EOW
Drawing ¥ k O~ A~
Add Field
Marne: |.&C[ES
Twpe: Flaat bl
Field Properties
Aliaz

Allowy MULL Yalues Yes

Default Yalue

o]

Cancel ‘

Calculate Geometry

4e. Check to be sure that ArcCatalog is closed. You may run into
problems in this next step if ArcCatalog is open.

Open the nonaguses56_98 attribute table.

Click on the Options button and select Add Field. Name this new
field Acres and select Float as the type. Click OK. The table will
now have a new column at the end with <Null> in each of the rows.

Properky: |.0.rea
Coordinate System
(s Use coordinate system of the data source:

PCS: MAD 19835 UTM Zone 190

™ Use coordinate syskem of the data frame:

o]

d4) 4f- Right click on the Acres column heading and
— | select Calculate Geometry. Click Yes when the
=| | pop-up box appears asking if you want to continue.

In the Calculate Geometry dialog box, select Area in
the Property dropdown menu. In the Units dropdown
menu, select Acres US [ac].

Click OK.

The new Acres column should now contain the

acreage for each of the polygons in your table.
Click Save!

Cancel ‘
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In addition to the spatial analysis tools that you have used (e.g, the Clip tool), the program includes other tools
that allow you to analyze data quantitatively. You will use these tools in order to determine the number of acres
that fall into each of the non-agricultural land use categories. For those areas (polygons) that are no longer
agricultural, how many acres (or what percentage) are now residential or forest land? For the next part of the
analysis, you will use two tools: the Summarize Tool and the Graphing Tool. The Summarize Tool is useful
when you want to summarize information for many features or records. For example if you have 20 polygons
that are classified as residential, it will add all of these polygons together and summarize the area.

Step 5 — Using the Summarize Tool

In order to find the number of acres of each of the different LUCLASS categories in the new nonaguses56_98
layer, you will use the summarize function. The result of using the summarize tool is a new database file that
adds up area for each of the Land Use classes.

5a. Open the attribute table for .
nonaguses56_98. Right click on the Summarize @E‘
LUCLASS field name. Choose

Summarize. Summarize creates a new table containing one record for each unigue value
In the Summarize window, select Acres of the zelected field, along with ztatistics summarizing any of the other fields.
(the field you created, not “ACREAGE”)
and then Sum as your choices. 1. Select a field to summarize:
This will calculate the total (sum) of the LUCLASS ]
acreage of each of the LUCLASS o _ _
classifications 2. Choose one or mare gsummary statiztics to be included in the
. . . output table;
This new file will be a database file, or pMHEﬁEE
. + o~
.dbf file. + Shape_Length
- . Shape_a,
5b. Name this file sum_ag_conversion i ﬁ;';e‘ e
and save it into your Exercise2&3 [ Mirimum
folder. (Use folder button to navigate [] Masimum
there.) Click OK. [] &verage
Sum
5¢. You will be asked if you want to add [] Standard Deviation
this table to your project. Click Yes. []*ariance v
The sum_ag_conversion appears in the
Table of Contents Source tab (see bottom Specify output table:
of TOC). Itis a database table, so it will {:A07_08 flesh2014GI5 N ancysTestFolderES201_GIS_d |
look different from the other layers in your
Table of Contents window. -
Open the table for sum_ag_conversion by -
right clicking on it and selecting Open. R ST e ars Eemee]

Answer question # 6.
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Step 6 — Making a graph

Next you will make a graph of this database table so you can visualize the 1998 land use classifications for
these converted agricultural areas; in other words, what has the farm land around Merrymeeting Bay been
converted into?

6a. Click on the Tools menu and select Graph and then Create
This will open the Graph Wizard. Select the following options on the screens that come up as part of the Graph
Wizard. Set the dialog box to show the results of your sum_ag_conversion table.

id Create Graph Wizard E”g]
Graph type: g
]hﬂl Herbcsl e Lj Graph of sum_ag_conversion
B 103.751 COM

Laver/Table: 15300 B 1,556.542 FOR
l sUn_ag_conversion LJ 1,400 1 12,819 D

1 30 3311 oW
yalue field: = ! 1,139,995 RES
Yalue fie |sum_acres - 1 200 e
 Field (optional): - - B E75072USS
& field (optional) |<Mone>  w||vale | 1400 ik
% labe! field: |LucLass | 1,000

. ) & 900 .

Vertical axs: Jueft Bl = . 6b. Examine and then close the

I . .
Horizantal axis:  [Bottom = E o graph. It will be saved and will
¥ addto legend I~ shaw labels (marks) ® oo remain part of your ArcMap file.
Calar: |Palette j]Victorian_V_J 200 To access it again1 go to the

400
Bar style Rastnge H | Tools menu and select Graphs.
Multiple bar bype: iSide _'J 2004
Bar size (%) 70 3: 100+
[~ show border 0- -
COM FOR IND CW RES UHE USS WET
LUCLASS
Vertical Bar
add v] Load Template =
Cancel ‘

il Create Graph Wizard

" Show all features/records on graph

¥ Highlight currently selected features/recards onversion of agricultural land 1956-1998
™ show only selected Features records on the graph 1,500 Acres - former ag land
BN 103.751 COM
General graph properties 1,400 B 1 556,542 FOR
1,300 12819 IND
Title: | Conversion of agricultural land 1956-1 3311 oW
1200 e 1,139.995 RES
Footer: | 1400 1 17 511 UHE
| Hl 376072USS
I Graph in 3D view 1,000 £9.205 WET
g .............
=
¥ Graph legend <
£
Title: ] acres - former ag land F
Position: JRight j
Axis properties
left  |pight | Bottom | Top |
Tiklg: | Sum_pcres L RTINS T
Visible v COMFOR IND OW RES  USS
Logarithmic | LUCLASS

< Back | Finish | Cancel ‘
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Be sure to save your project! Close both ArcMap and ArcCatalog.

Checklist of things learned in Exercise 3:

<

How to Select by Attribute

How to Export selected features to create a new feature class (layer)

How to get Statistics for a column in the Attribute table

How to Select by Location

How to Clear selected features

How to use the Clip tool

How to Add a Field to the Attribute Table and Calculate Geometry for that field
How to create a database table by using the Summarize tool in the Attribute table

D N N N N N N NN

How to create a Graph from a database table
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Exercise 3 questions

1. How many acres of agricultural land existed around Merrymeeting Bay in 19567

2. How many acres of agricultural land existed around Merrymeeting Bay in 1998?

3. How many buildings were located on agricultural lands around Merrymeeting Bay in 19567

4. 1In 1998, how many buildings were located on land that was used for agriculture in 19567

5. How many acres of non-agricultural lands were there in 1998?

6. How many acres of agricultural land have been converted into:
a. Commercial land?
b. Forest land?
c. Industrial land?
d. Open Water?
e. Residential land?
f. Upland Herbaceous?
g. Upland Scrub-Shrub (Abandoned Fields)?

h. Wetlands?

Perspectives in Environmental Studies GIS Lab E. Johnson, N.Olmstead



Land Use Analysis within the Androscoggin River Watershed
Nancy Olmstead, Eileen Johnson
Perspectives in Environmental Studies GIS Lab — Week 2 Project

Introduction

Throughout the semester, we have been working on a project to investigate the Gulf Island Pond
(GIP) section of the Androscoggin River. In this GIS project, you will continue to investigate GIP
and our control system, Lake Auburn (LA), using the spatial tools available through the ArcGIS
software. The goals of this project are twofold: first, you will create a map which illustrates the
spatial data in a meaningful way; second, you will use some of the more quantitative tools of the
ArcGIS program in order to compare the watersheds of GIP and LA.

First, you will make a map which visualizes the areas we are studying, including the Androscoggin
River, GIP, and LA. You will symbolize our sampling stations according to the amount of turbidity
and total phosphorus (P) found in the water column. You will visualize the water quality
classifications (Class A, B, C, etc.) of the river and the streams in the areas that drain into GIP and
LA. You will also have data on the land use within the watersheds that drain into GIP and LA.
Land use data may be relevant to the GIP water quality problems due to non-point source pollution.

Non-point source (NPS) pollution is runoff that drains into a waterbody by sheet flow of water; this
is distinguished from point source discharges, such as paper mills (PMs) and municipal wastewater
treatment plants, which pipe effluent directly into the river. One of the arguments that the PMs
made during the permit appeals process in 2007 was that regulators have underestimated the amount
of NPS P pollution affecting the GIP system. The PMs argued that NPS pollution, e.g., from areas
of agriculture in the GIP watershed, could be an important part of the P pollution problem.

Phosphorus inputs from NPS pollution are known to vary based on land use type (Reynolds and
Davies, 2001). Runoff from forests, grasslands, and other non-cultivated land has been shown to be
low in phosphorus (Bashkin, 2002). Even grazing land does not export much P in runoff (Reynolds
and Davies, 2001). Cultivated lands may export P, though much of this P will be bound to
particulates (soil particles) and therefore only somewhat bioavailable (Bashkin 2002). Agricultural
lands that have been treated with manure may be a source of bioavailable P (Reynolds and Davies
2001). Previous studies of the entire Androscoggin River watershed have found that the watershed
is mostly (85%) forested (Boyer et al., 2002), but we are aware of no study of the particular portion
of the watershed that drains into GIP. You will use the land use data to graphically compare the
amount of different land uses within the GIP and LA watersheds.

The degree of imperviousness of the land surface is also a factor in how much P may run off into
waterbodies (Brabec et al., 2002). Impervious surfaces are those which do not allow precipitation
to soak into the soil slowly. Higher volumes of water run off from these areas, and this runoff tends
to carry more pollutants and sediment, which can both be detrimental to aquatic biota (Brabec et al.,
2002). Different land use categories vary in their degree of imperviousness. Examples of very
impervious surfaces include roads and buildings, while vegetated areas vary in their degree of
imperviousness — golf courses and lawns, for example, are much more impervious than mature
forests. You will have data on the extent of impervious surfaces in the Androscoggin watershed,
and you will use those data to graphically compare the amount of imperviousness in the watersheds
of GIP and LA.
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Outcomes

There will be three outcomes for this assignment: a PDF map, a word document of graphs, and an
extended abstract which summarizes your conclusions in writing. Print only the abstract.

These are due at the end of lab on May 4, 5, or 6.

1. 11x17 PDF Map, saved in your Student Folder, in the GIS folder — to include:

. Water quality classifications for streams and rivers

. Sampling sites classified by amount of Turbidity and Total Phosphorus in the water
. Land uses within the areas of interest

. Impervious areas within the areas of interest

. Focus in on the two small watersheds for the map — large one is too big for 11x17

. All features detailed in the separate “Making a Layout” handout (legend, etc.)

2. Word document, saved in your Student Folder, in the GIS folder, composed of six pie charts:

. % of impervious and pervious area of GIP entire watershed

. % of impervious and pervious area of GIP subwatershed

. % of impervious and pervious area of LA watershed

. % of land in different land use categories for GIP entire watershed
. % of land in different land use categories for GIP subwatershed

. % of land in different land use categories for LA watershed

2. Abstract, double-spaced and double-sided, not to exceed 500 words — to include:
Written summary of your conclusions regarding the questions:

. Overall, how does GIP compare to LA in terms of percent of the watershed in
impervious area and the percents in different land use categories?

. Is GIP likely to be receiving significant amounts of P from NPS pollution?
Why or why not?

. Knowing what we know about the varying amounts of sediment P in GIP compared to

LA, do our data support the PM’s contention that NPS P pollution is a major factor in
the GIP water quality problems? Why or why not?

Data you will have

1. Waterbody data provided by the Maine DEP (Department of Environmental Protection). These

data show all waterbodies within the Androscoggin watershed and their water quality classification.
. andro_streams_water_quality

. andro_ponds — no water quality info because all Maine ponds are Class A
. andro_rivers_water_quality — all rivers in the Andro watershed
. andro_streams_upstream_from_GIP — although these data do not include water quality

info, they include just the streams that feed GIP

2. Watershed data is also available from the USGS (United States Geological Survey). For this
exercise, four different watersheds have been provided.

. andro_watershed — the entire Androscoggin River watershed showing all subwatersheds
. andro_watershed LA — the entire watershed of LA; all the land draining into LA
. andro_watershed _ GIP — the entire watershed of GIP; all the land draining into LA



. andro_subwatershed_GIP — the subwatershed for GIP; not the entire GIP watershed,
just the immediately adjacent watershed

3. Land Use Data
. andro_landuse — all land use types within the entire Androscoggin River watershed
. andro_impervious_areas — all lands of the Androscoggin watershed classified as to
whether they are impervious or pervious

4. androscoggin_river — shows you the course of just the Androscoggin River, in case you are not
familiar with it. This may be useful just for orienting yourself (probably not for final map).

5. maine — the towns of the southwest portion of Maine.
Suggested steps

1. Create a project using data available in the “Androscoggin” folder in your GIS folder, inside
your student folder

a. Add all of the feature classes within the androscoggin geodatabase

b. Look at the metadata for these layers in order to understand the data, their sources,
and the attributes in the attribute tables

2. Symbolize the data in order to see what they can tell you about the water quality of GIP and
LA

a. Symbolize streams and rivers based upon water quality classification

b. Symbolize the land use and impervious data.
Note: Land_Use.lyr is a layer file that includes the symbology for the different land
use types. Since you will eventually have multiple land use layers in your map, this
will allow all of your various layers to have the same symbology for the different
land use categories. Once you have added the “andro_landuse” layer, review last
week’s handout on importing a previously defined symbology. (Exercise 2 — page
4.) Inthe Import Symbology window, select the option to “Import symbology
definition from another layer in the map or a layer file,” then navigate to the
Land_Use.lyr file in your folder.

c. Note: features outside of Maine are not subject to Maine law and therefore are not
included in these data sets

3. Using the separate instructions, add the excel spreadsheet with the locations of your
sampling points and their water quality data. Display the locations of the sample points and
symbolize the information based on the following parameters. Refer to last week’s
instructions on displaying data. You may want to use graduated symbols or graduated color
depending upon which one you think displays better:

a. Total_Water_Phosphorous_ppb_2009
b. Turb_NTU (Turbidity in NTU)

4. You will analyze the relative percentages of impervious/pervious surfaces and different land
use types within three different scales of watersheds:



a. The entire GIP watershed — the whole area within which NPS pollution potentially
affects GIP

b. The entire LA watershed

c. The GIP subwatershed — this is a more similar size to the LA watershed and is also
the most immediate source of potential NPS pollution, since runoff from this area
flows directly into streams feeding GIP, rather than into streams feeding waterbodies
farther upstream in the Androscoggin watershed.

To complete the analysis of land uses and impervious areas, refer to last week’s handout and
the notes below; you will need to use the following steps:

d. Symbolizing by unique value or importing a previously defined symbology

e. Clipping of data (“andro_impervious_areas” and “andro_landuse”) to the watershed
of interest

f. Add a field (“Acreage”) and then calculate geometry (US Acres)

g. Add a field, then right-click on the new column and use the Field Calculator
command to calculate the percent of total acreage that is represented by each land
use category. [Hint: before you do the Field Calculator, you’ll need the total (sum)
of acreage, from the column you just made (f), in order to calculate the percentage.
In the Field Calculator, use the formula = [Acreage]*100/ (the sum of acreage)]
Once you calculate the column, you can adjust the # of decimal places shown by
right clicking on the column heading and selecting Properties. In the Field
Properties dialog box, click on the little box next to where it says “Numeric” and you
can adjust how many decimal places display in the attribute table.

h. Graph results using pie charts. (Note: you should set the symbology of the pie chart
to match the symbology of the land use categories as displayed in the map, by setting
the Color to “Match with Layer.”)
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Adding Point Data to ArcMap.

Locations can be added to ArcMap from a variety of file types: word files, txt files, or excel spreadsheets.
In this exercise, you will add the locations of core sites that you sampled earlier in the semester to your

ArcMap project. The locations of the sample sites were collected with a GPS unit and then downloaded
into an Excel spreadsheet. Locations were recorded in latitude and longitude.

1. Add the excel file “AndroWaterQuality” to your project
a. Click on Add Data

b. Navigate to this spreadsheet “AndroWaterData2009_2010”

Loak ir: |[:| Wwheek_2_Andra_final j | 2B Ll =) a8
Mame | Type |
E androscoggin.gdb File Geodatabase
AndroWaterData2009_2010,x1s Excel Filz
@ LandUse, lyr Layer
Marne: | Add
Show oftype | Datagets and Layers [y | Cancel

c. You need to add individual worksheets when adding data in excel format, so click on

the spreadsheet. There are two worksheets associated with this excel file. Select the
worksheet titled “WaterQualityData”

Add Data 9
Laok in: | Androiw/aterD ats2003_2010.xls j | 25 o =

| Mame | Type |

Metadatad Excel Table

WaterQualityDatad Excel Table

Marne: | Add

Show of type: |Datasets ard Lavers [ lr] j Cancel

d. If you cannot see the excel spreadsheet in your map document, click on the Source tab

located at the bottom of the left hand Table of Contents (where all of your data layers
are displayed).

€ ‘( >
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2. Right click on “WaterQualityData” in the lefthand Table of Contents and select “Display XY
Data”

= LI anoro_warersned_La 7
El andro_watershed

B andro_weatershed_surface_water_GIP

= & maine {f
= &8 CAGISES2015101E5201_GIS_data_510_FINAL Y
i yDakad
Open
Jaoins and Relates » e
¥ Remove
Dats »

&8 Geocods Addresses...
% Display Route Events...
ey

Xv

Properties...

S

3. A Dialog box “Display XY Data” will display. Make sure that X Field is set to Long and the Y
Field is set to Lat

Display XY Data E'E'

Ao e oo e ol 4. You will need to set the spatial reference for this data. It
. was collected in Latitude and Longitude which is a
oosze a table fram the map or browse for another table: - - . .
- Geographic Coordinate System. Click on the Edit

1= button under “Coordinate System of Input Coordinates”

Specify the fields for the < and ¥ coordinates:

i Field: =

Y Field: |Lat ﬂ

a. At the next dialog box “Spatial Reference
Properties” click on Select

Coordinate System of Input Coordinates

[ escription:

Unknown Coordinate System

Spatial Reference Properties EIEI

XV Coordinate System I

Mame: | Unknowsn

Details:

I™ Show Details @
S —”

Iv warn me if the resulting layer will have restricted functionality

ak | Cancel |

Felect a predefined coordinate system,
Impott a coordinate system and 0%, Z and M
Import... domains from an existing geodataset (e.q.,
feature dataset, feature class, raster),

Mew | Create a new coordinate system.

Edit the properties of the currently selected
coardinate system,

Sets the coordinate system to Unknown,

Save the coordinate system ko a
File:

diid;

oK | Cancel |




Browse for Coordinate System

Look in: |@ Coordinate Systems
I | Tpe
< | @ Geographic Coordinate Systehs Falder
TProjestedcaardirate Systems Folder
Name: | Add
Shouw of type |Coordinate Systems j Cancel

Browse for Coordinate System

Then click on Geographic Coordinate
System

Next click on North America

Finally Click on the file “North
American Datum 1983.prj” Click on
Add

e. Back in the Display XY Data click on
OK
Browse for Coordinate System ['5__(|

Loak ir: |D Geographic Coordinate Systems j H =3 Ci Ladk ir: |[:| Morth America

| s — | Type A Mame | Type »~
<Q Australia and Mew Zealand ) Folder | @NAD 1927 (Definition 1976).prj Coordinate System

(3 o Y Folder @NAD 1983 (CSR3).pr Coordinate System

CAEwrape Folder MAD 1983 (NSRS2007).pri Coordinate System

L Marth Ametica Folder @NAD Michigan.prj Coordinate System

[ oceans Falder Binorth American 1983 (CSRS98Lpr  Coordinate System

3 50lar System Folder @North Aamerican 1953 HARM.prj Coordinate System

[0 50uth America Falder @North American Datum 1927, pri Coordinate System 4

=] Spheroid-based Folder orth Ametican Dakum Coordinate System

O world Falder L @Ocntepeque 1935, prj Coordinate System

b/ @Old Hawvaiian. pri Coordinate System b
Name: [ Add Name: |N0rlh Arnerican Datumn 1953, prj Add
Shaw of type: |Coordinate Systerns j Cancel Shaw of type: |E00[d|nate Systems j Cancel

5. If you get an error message “Table Does Not Have Object-ID Field,” Click OK
6. You should see your points displayed on your map.

e ES_201_wk2_ Andro_example.mxd - ArcMap - Arcinfo

File Edit ‘ew Bookmarks Insert 3Selection Tools Window Help

Flow *

- | IZ

Analysis *

DEEE ® & 170047 MEIEAE T R SR VS R @:
L)

30 Anakyst = | J ER) @ Spatial Analyst

cF=4 Layers

= ﬁ CHGEISIES2015100ES201 _GIS_data_S10_FINALIW
=] ‘WaterQualityData$ Events
L
WaterQualityDatag

= g CHEISIES201510ES201_GIS_data_S10_FINALYWY

= androscoggin_tiver
= T

= O andra_upstream_from_GIP é\rr? Hx‘\
_ il

= andro_streams_water_guality \
— «<all other values> \

CLASS e
— /
/
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B
—C
=] andro_ponds_water_quality

= andro_rivers_water_quality -
<all other valugs > -
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o
%)
B
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rh
= O andra_watershed_GIP
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