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ACCESSING COURSE DATA

Download Course Data

Step 1. Navigate to the U-Spatial homepage, http://uspatial.umn.edu
Step 2. Click 77aining in the navigation menu at top of the page

Step 3. Under Workshops, Desktop GIS 101, click Workshop Materials to download the data

Fall 2015 Workshops
Mapping 101: Introduction to Spatial Analysis using ArcGIS Online

This five-hour workshop introduces participants to web-based mapping and spatial analysis using Esri's
ArcGIS Online. Through a combination of lectures and hands-on activities, participants will learn the
fundamentals of designing and sharing online maps. Topics covered include preparing data for use, online
data sources, map design, and spatial analysis.

o UMN Emplovees: Registration Information

o Non-Emplovees: Registration Information
o Download Workshop Materials

Desktop GIS 101: Analyzing Data and Creating Maps

This seven-hour workshop introduces participants to using a geographic information system (GIS) to
analyze data and create maps. Through a combination of presentations and hands-on exercises, participants
will learn basic GIS concepts and the fundamentals of spatial analysis. While this workshop is taught using
Esri ArcMap software, the concepts apply to geographic information systems in general.

o UMN Emplovees: Registration Information

o Non-Emplovees: Registration Information

% Download Workshop Materials

Extract Data to Local S’corage

Step 4. Navigate to the location where you downloaded the data (likely the Downloads folder)
Step 5. Right-click on the GIS101 zip file and select Exzract All...

Step 6. Extract the contents to the C drive by deleting everything after C:\ and clicking Extract

Select a Destination and Extract Files

Files will be extracted to this folder:

C\ Browse...

[V] Show extracted files when complete

Note: For the remainder of the course, you'll be able to access your data and maps by navigating to C:\GIS101
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EXERCISE1

Creating a Map

In this exercise, we'll start by drawing a simple map from memory. Choose a location and try to represent it in map
form. You might include streets and paths, trees and houses, or areas and borders.
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EXERCISE 4

Opening ArcMap and Adding Data to Your Map

Step 1. Close any instances of ArcMap you may have already opened
Step 2. Navigate to C:\GIS101\Exercise Data\ and open Exercise 4.mxd

Step 3. Click the Add Data button in the toolbar

(O Untitied - Archiop ™

File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help
D2Es x10 (@) AL 1] (=1
RO IHEHE A RSN LIABR0 R

Step 4. In the Add Data window, click on the Connect 1o Folder button and connect to C:\GIS101\Exercise Data\

rAdd Data ﬂ Connect To Folder &
Lookin:  |E£3C:\GIS 01ExerciseData v | & fwp (@ | EE 'G”:fn\ B9 e o Aes eatiaU ik weRiE o o B
£ Completed Maps Connect To Folder 418 Computer -
ExerCIsIes.mdb 4 £ Local Disk (C)
_jszrsx 551970 || _SMSTaskSequence [0
|| veteran JC5V 1. Default.gdb
4 )L GIs101 -

4| | Exercise Data
). Completed Maps —
. Perflogs
. Program Files
* 4. Program Files (x86)
* Ju Python27

Folder: C:\GIS 101\Exercise Data

]

Show of type: | patasets, Layers and Results -

Make New Folder | [ ok ][ cance

Step 5. Examine the contents of Exercise Data. It looks different in ArcMap than it does in Windows Explorer.
Completed Maps — finished versions of the maps you'll create in each exercise
Exercises.mdb — a geodatabase containing all of the geographic data for today’s exercises

spps.xls, veterans1970.csv — two spreadsheets that we'll use later in the course

Step 6. Double-click on Exercises.mbd to look inside. You'll see a series of sub-folders, these are referred to as feature
datasets in ArcMap. The different feature datasets contain the data for each of the upcoming exercises.

Step 7. Within Exercises.mdb, double-click on the Exercise 4 feature dataset and add MinnesotaCntys to your map.

Step 8. Retracing your steps from before, click the Add Data button again, click the Up One Level 4& button twice,
and add the spreadsheet veterans1970.csv from the Exercise Data folder.
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Joining Tabular Data to Spatial Data

Step 1. Right click on MinnesotaCntys in ArcMap’s Table of Contents and select Open Attribute Table. The table
will display as either a stand-alone window or docked at the bottom of the screen. It will look something like this:

Table 0O x
ERL LT R R
MinnesotaCntys X
OBJECTID * Shape * | DECADE NHGISHAM NHGISST | NHGISCTY | ICPSRST | ICPSRCTY ICPSRNAM STATENAM| ICPSRSTI ICPSRCTYl | =~
» 1 | Polygon 2000 Dakota 270 0370 33 370 DAKOTA Minnesota 33 o ||
2 | Polygen 2000 Winona 270 1690 33 1690 WINONA Minnesota 33 1690
3 | Polygon 2000 tasca 270 0610 a3 610 TASCA Minnesota a3 610
4 | Polygon 2000 Todd 270 1530 33 1530 TODD Minnesota 3 1530
S | Polygon 2000 Kittson 270 0690 33 690 KITTSON/PEMBINA Minnesota 33 690
6 | Polygon 2000 Wiright 270 1710 33 1710 WRIGHT Minnesota a3 1710
7 | Polygon 2000 Rock 270 1330 33 1330 ROCK Minnesota 3 1330
8 | Polygon 2000 Redwood 270 1270 33 1270 REDWOOD Minnesota 33 1270
O | Dahiman nnn Cihlaws TN A4 k) - 44720 c|R Y Minnaenta 2 1420 il
¢ | i | 3
M4 1 M 5 (0 out of 87 Selected)
MinnesotaCntys

Step 2. Right click on veterans1970 in the Table of Contents and select Open. You should now see two tabs at the
bottom of the table, one for veterans1970 and one for MinnesotaCntys:

E@ 3 O x
X
X
GISJOIN_X GISJOIN_Y STATE STATEA COUNTY COUNTYA| GEOCOMP | GEOCOMPA| CHARITER | CHARITEA | Vietnam -
»| 1970 [G2700010 -44.788428 | 9.743506e+015 | Minnesota 270 | Aitkin 10 | Total area 0 | Allraces 0 135| [
1970 | G2700030 123.786364 | 1.044454e+016 | Minnesota 270 | Ancka 30 | Total area 0 | Allraces 0 4440
18970 | G2700050 25883459 | 1.120381e+016 | Minnesota 270 | Becker S0 | Total area 0 | Allraces 0 398
1970 | G2700070 | -114.443481 | 1.202682e+016 | Minnesota 270 | Beltrami 70 | Total area 0 | Allraces 0 611
1970 | G2700090 -22.355584 | 1.291965e+016 | Minnesota 270 | Benton 90 | Total area 0 | All races 0 673
1970 | G2700110 | -148.885322 | 1.388903e+016 | Minnesota 270 | Big Stone 110 | Total area 0 | All races 0 105
1970 | G2700130 -80.13936 | 1.494244e+016 | Minnesota 270 | Blue Earth 130 | Total area 0 | Allraces 0 1985
1970 | G2700150 -97.147933 | 1.608815e+016 | Minnesota 270 | Brown 150 | Total area 0 | Allraces 0 566
407N | 22TANATN 147 €204 4 TIIEITa N8 | Minnaenta TN | Marfan ATN | Thatal aras n Al raras n AYA iz
<] 1 | 3
B3 | (0 out of 87 Selected)
MinnesotaCntys

To view both tables at once, click on the 7able Options 1 - button in the upper-left corner of the current table and
choose Arrange Tables and New Horizontal Tab Group. You may need to resize the table window.

Let’s examine both tables. In order to join these two tables we must first find a common field. A common field is a
column that has the same information in both attribute tables and allows us to identify a unique row. In this case,

GISJOIN is our common field. Try to find it in both tables.

Step 3. Close the attribute tables.
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Step 4. In the table of contents, right-click on ["Join Data T =)
MinnesotaCntys and select joins and Relates and then
Join... from the menu.

Join lets you append additional data to this layer's attribute table so you can,
for example, symbolize the layer's features using this data.

What do you want to join to this layer?

. 3 L. A 9‘ [Jnhath'h.lhesﬁ'omau:lle 'v]
In this process, we are going to join attributes from the
veterans1970 spreadsheet to the features (counties) in 1. Choose the field in this layer that the join wil be based on:
the MinnesotaCntys file based on their common field, 9‘ BISON. o e e
G]S]O]N 2. Choose the table to join to this layer, or load the table from disk:

4 [@ veterans1970.csv ZI

[V Show the attribute tables of layers in this list

Step 5. Using the drop-down boxes, enter the following

settings into the Join Data menu: || 3. Choose the fied in the table to base the join on:
GISJOIN -

. . . - |

1. Field in this layer: GISJOIN Join Optons
.. (@) Keep all records

2. Table to join: veterans1970.csv . Al records in the target table are shown in the resulting table. 1

. . Unmatched records will contain null values for al fields being
3. Field in the table: GISJOIN appended nto the target table from the joi table. |

4. Join options: Keep all records _ _
() Keep only matching records

If a record in the target table doesn’t have a match in the join

table, that record is removed from the resulting target table.

Click OK to join the two files. .

|
Note: In general, it’s best to click on Validate Join to ' '
check for any potential joining errors before clicking OK About igining data o] [ |l
to complete the join. e ——— :

Step 6. Open the attribute table for MinnesotaCntys and use the slider bar at the bottom of the table to scroll all the
way to the right. If your join was successful, you should see the tabular data from veterans1970 appended to the far-
right of the MinnesotaCntys table:

Table o x
ERAE- AL L RSN
MinnesotaCntys z
COUNTYA| GEOCOMP | GEOCOMPA| CHARITER | CHARITEA | Vietnam | Korean | KoreanWWI | WWII | WWI| OtherSrve Nonveteran | Pop1970 -
370 | Total area 0 | Allraces 0 4065 4307 S77| 7420 | 636 4465 19369 139808 L
1690 | Total area 0 | Allraces 0 1072 773 97| 2260 319 764 10027 44409
610 | Total area 0 | Allraces 0 693 688 142 | 2557 | 408 674 6790 35530
1530 | Total area 0 | All races 0 279 539 25 929 | 314 284 45930 22114
» 690 | Total area 0 | Allraces 0 92 142 0 457 51 150 1525 6853
1710 | Total area 0 | All races 0 836 922 64| 1722 383 931 7467 38933
1330 | Total area 0 | Allraces 0 289 218 28 600 | 114 203 217 11346
1270 | Total area 0 | Allraces 0 168 453 47| 993 | 197 358 4375 20024
1430 | Total area 0 | Allraces 0 322 364 30 613 | 133 351 3609 220693
1510 | Total area 0 | All races 0 257 198 22 753 | 120 218 2884 177 -
P [ I = ] »
"Ho4 5 M g (0 out of 87 Selected)

_MinnesotaCntys
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Step 7. These two tables appear to be joined, but the join is only temporary. If we were to close ArcMap now, we would
lose this joined data. In order to make the join permanent, we must export the data as a new feature class. Do this by
right-clicking on MinnesotaCntys in the table of contents and selecting Data > Export Data.

From the Export Data window, use the Browse & button to navigate to the Exercise 4 feature dataset. Note that you
might have to change the setting under Save as type: from shapefile to File and Personal Geodatabase feature classes in

order to see the Exercise 4 feature dataset.

Once youve found the correct folder, enter
MNVeterans1970 as the name for your file and click
Save.

When prompted, click Yes to add the exported data to
the map as a layer.

f Export Data ._ M

Export: |All features v]

Use the same coordinate system as:
this layer's source data
the data frame

@) the feature dataset you export the data into
(only applies if you export to a feature dataset in a geodatabase)

Output feature dass:
CAGIS 101\Exercise Data\Exercises. mdb \Exercise 4\MNVeterans 19

f ArcMap &Jw

y l'_\ Do you want to add the exported data to the map as a layer?

Yes ] [ No

Step 8. Remove MinnesotaCntys and veterans1970.csv from your table of contents by right-clicking on them and

selecting Remove.

Step 9. Save your map (you can keep the same name) and close ArcMap.

This is the end of Exercise 4.
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EXERCISE 5

Opening The Exercise Document

Step 1. Navigate to C:\GIS101\Exercise Data\ and open Exercise 5.mxd

Displaying Spatial Data

Step 1. The options for displaying spatial data are located in the Properties menu. Let’s look at the properties for
MNVets1970. To do so, right click on MNVets1970 in the table of contents and select Properties. Then, click on the
Symbology tab. Your screen should now look like this:

rLayerProperties ﬂ‘
[ General | Source | Selection | Display | Symbology | Fields | Definition Query | Labels | Joins & Relates | Time | HTML Popup
Show:

F:‘m— Draw all features using the same symbol.
Em | L.
Quantities
% Advanced ~
Multiple Attributes |
Legend
Label appearing next to the symbol in table of contents:

N
-~
Additional description appearing next to the symbol in your map's legend

ok J[ concel J[ remy |

Step 2. At left, click on Quantities, then Graduated colors.

Step 3. Next to Value under the Fields menu (NOT the Fields tab), select Vietnam from the drop-down menu.
Recall that Vietnam is a field from our original spreadsheet that was joined to the shapefile of Minnesota counties.
See the image below for reference. Select any color palette you'd like. If your other settings match, click OK.

Layer Properties ‘
| General | Source | Selection | Display | Symbology | Fields | Defintion Guen
Show: r
F:;uu— Draw quantiti i to show value:
Cat i < ds

([ Quantiies e I -
N~ Graduated

- Graduated syn'bols Nomalization: none
- Proportional symbols

Dot densty Color Ramp: - -
Charts

Multiple Attributes || Symbol  Range Le

[ ]39.000000 - 542.000000 39

[ ]542.000001 - 1985.000000 54,

T s anr AnARRY  §a 4R ARARAR an
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Step 4. You now have a map showing raw counts of Vietnam veterans by county in Minnesota. This map shows

a distinct spatial pattern: Hennepin County has the highest number of Vietnam veterans. However, we have not
normalized (divided) the data by population, thus the veteran counts are not comparable across counties. We can
figure out the percentage of Vietnam veterans by normalizing the number of veterans by the total population in each
county.

Step 5. Return to the Symbology tab under the Properties menu for MNVets1970. This time, keeping Vietnam as the
value under Fields, select Pop1970 from the drop-down menu next to Normalization. Click OK to apply the changes.

The two maps below show Vietnam veteran data by county for Minnesota. The map at left shows raw counts, while

the map at right shows Vietnam veteran counts normalized by total population. Take a moment to visually compare
the two maps:

= L -‘:;_ } > Raw Counts
[ ;i

Normalized

T
B

Step 6. Once again, return to the Symbology tab. At right, e
under Classification, click Classify... and spend some time
testing out the different classification schemes and class
numbers. After selecting a classification scheme, click : oo~
OK in the Classification menu and then click Apply in the — -
Layer Properties menu. Your map will update to display sose |

the data with the new classification scheme. Note: You [ 0107

104 | 01341

0.0014
0135
sl

§
02759
005452
081
01076
04341

| 0.02798

may have to move the window to see your map.

9 T T T
0.001458 0.03462 0.06778 01009 0.1341 E]
Snap breaks to data values J

Step 7. Back in the Symbology tab, test out the other "Layer Propertis

methods for displaying quantities: Graduated symbols, [ General | Source | Selection | Display | Symbology | Fieids | Defintion Quer
Proportional symbols, and Dot density. Do this by clicking S"F‘;:m— S —
Apply for each classification method to view it on your Categories Fields
Quantities Value: Vietnam bt
map. - Graduated colors
Graduated symbols Nomalization: Pop1970 -
5 . . . . .- Proportional symbols
When youve finished exploring classification and - Dot densty Color Ramp: s -
symbology, return to a graduated color map showing :Jt.:::le Atrbutes | Smbol  Range i
Vietnam Veterans normalized by Total 1970 population. [ ]0.001459040 - 0.027987699 it
I 0027987700 - 0.054516358 0l

Step 8. Click File, then Save to save your map. Stop here, Exercise 5 will continue after the next lecture.
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EXERCISE 5 CONTINUED

Important Map Elements

e Title

* Legend

e Scale Bar
e Sources

* Projection

e Color

*  Geographical Context
* Visual Hierarchy

Working with Layout View

Step 1. Put your display in Layout View. To accomplish this, click on the small button located in the lower left hand
corner of the display panel, immediately to the right of the table of contents. Hint: the button looks like a sheet of

paper.

(@) & n

You can think of layout view as a virtual page. We use layout view to add finishing touches to our map, such as the
legend, scale bar, and title.

After switching to layout view, the layout toolbar becomes active.

Take a moment to explore its tools:

D D M 23 RS ED 8% v BERMmE
1
Sy FYYFFOLD B
©c O OO(b(ij,_n o
B B 55’;’;%2 8
5 O SSSSWS ]
" €£g3888%&% 7
= R M~ g
S5 228 &
> 2 p ¢
ke 2
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Step 2. Place 1/2 inch guides
around the edge of your document

V|

to frame the workspace. Do this —*

by single-clicking on the rulers at

I

.5” and 8” on the horizontal axis

and .5” and 10.5” on the vertical 1
axis. You can adjust the guides by
clicking and dragging. o]

When your guides are appropriately
placed, click and drag your map
frame to meet the guides. It should
snap into place. Take a look at the

e

image at right for reference.

Mk

Alternatively, the data frame size

1% g

can be adjusted by right-clicking

on the data frame and specifying

width and height values under size
in the Size and Position tab.

a [Biinwiag

Use this method when specifying a

precise data frame size is important.

Step 3. Back on the data frame toolbar (not the layout toolbar), use the Zoom In # and Zoom Out & tools to fit
the map comfortably in the center of the display area. Your goal is use the space as effectively as possible, limiting
white space, while being careful to avoid cutting off any part of the map.

Add a Title
Note: A good title includes the theme, place, and time for the ; _ | .
data being mapped. e
Text | Size and Postion

Step 1. Select Zext from the Insert menu. A tiny box containing
the word 7ext should appear near the center of your map.
Step 2. Double-click on the text box to open its properties menu.
Step 3. Give your map a meaningful title, for example, “Vietnam Fort: Al 10.00 EEs =
Veterans in Minnesota by County, Census 1970.” It’s okay if your pogle: 000 = Character Spacing: 0.00
title takes up more than one line. p— 5

. . st
Step 4. Click on Change Symbol... to change the title font. R .
Change the typeface, size, and style to your liking (at least 20 pt). ok ) [Ccenca ]

Step 5. Click OK twice and drag your title to the top of the map.
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Add a Legencl

Step 1. Select Legend from the Insert menu. Vietnam Veterans in Minnesota
by County, Census 1970

Step 2. In the Legend Wizard, make sure that MNVers1970 is
included under Legend Items. If so, click Nexz.

Step 3. Erase the word Legend under Legend Title and click
Next. Vietnam / Pop1870

| 0.001459 - 0.01368
[ 0.01369- 0.02087
[ 002088 - 0.03229
I 00230 0.05321

I 005322 0.1341

Step 4. If desired, select a border for your legend.

Note: Gap refers to the amount of space between the legend
items and the border. A gap of 10.00 is common. Rounding
is specified as a percentage, referring to the rounding of the
border’s corners. It is not necessary to change the default
settings.

Step 5. Click Next, Next, and Finish to exit the Legend

Wizard. 7 x
Step 6. Move your legend to an appropriate place on your :
map. = MNVets1970
Vietnam / Popl1970

Step 7. In the table of contents, click the List by Drawing (10001459 - 001368
Order button in the upper left-hand corner. This allows for iR

raer bu pp : W [ 0.02088 - 0.03229
a simplified view of the legend and will let us rearrange our I 0.03230 - 0.05321
layers as we add them in the following steps. I 0.05322 - 0.1341
Step 8. Still working in the table of contents, re-label the
legend by clicking on MNVers1970 , pressing F2, and then Vietnam Veterans
entering a more appropriate title, such as “Vietnam Veterans.” 0001459 - 0 01368
Press the Enter key to update the title. Notice the change ' '
reflected in your map’s legend. See the example at right. 0.01369 - 0.02087

0.02088 - 0.03229

Step 9. Click on Vietnam / Pop1970, press F2, remove the - 0.03230 - 0.05321
label by pressing Backspace or Delete.

Y pressing Becty B 0.05322 - 0.1341
Step 10. Next, let’s format the numbers in the legend to make
them easier to read. Since these numbers represent percentages gkl _ | L]
of veteran population, we'll change them accordingly. To do 0.001459 - 0.01368 Reverse Sorting
so, right click on MNVets1970 in the table of contents, select 0.01369 - 0.02087 Format Labels...
properties, and open the symbology tab. Click on Label and ggggiggggz? | | Edit Description..

select Format Labels... 0.05322 - 0.1341 ‘ [ ‘
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Step 11. Select Percentage from the Category menu. Then, click the
radio button next to “ 7he number represents a fraction. Adjust it to show
a percentage.” Click on Numeric Options... and reduce the number of
decimal places to 2. Click OK on all of the proceeding windows until
youre back to your map. Take a look at your legend to verify that it’s
displaying as a percentage.

Add a Scale Bar

Step 1. Select Scale Bar from the Insert menu
Step 2. Select an appropriate scale bar, such as Scale Line 1

Step 3. Click on the Properties button to examine the scale bar
options. Make sure that Miles is listed under Division Units. Click
OK twice to place the scale bar on your map.

Note: Be sure to select an appropriate division unit for your maps.
In this case, miles are a logical choice for division units, but that
wouldn’t necessarily be the case at a different scale or geographic
location.

Step 4. Let's make a few edits. Double-click on the scale bar to open
its properties menu. In the dropbox below When resizing..., choose
Adjust width. Then, change the Division value to 100 mi and the
Number of divisions to 1.

Step 5. Lastly, place your scale bar in an appropriate place on your
map.

Add Sources and Text

Category:
None
Curmrency () The number already
Numeric represents a percentage
Direction
Percentage | @ The number represents a
(F'-'{lfom fraction. Adjust it to show
e a percentage.
Fraction s
Scientific
Angle
Scale
Division value: 100 mi
Number of divisions: 12
Number of subdivisions: 45

["] show one division before zero

Step 1. We'll use the same steps we used to insert a title to insert
our source information. (Hint: Insert > Text). Be sure to reduce the
font size using the options under Change Symbol...

Step 2. Enter your name, the data source(s), and the date the map
was created.

Step 3. Place your sources somewhere out of the way, such as the
bottom corner or under the legend.

U-Spatial 14
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| Adjust width v
Units
Division Units:
[Mies v)
Label Position:
after labels v
v i
Gap: Ipt =
0 50 100 Miles
| | | | |
f Properties M
Text | Sae and Postion|
Texd:
Cartographer Name -
Sources: NHGIS 1970 Census
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Angle: 000 = Character Spacing: 0.00
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Projections

Note: Thousands of projections exist! We will not cover them in detail in this course. We'll be using a Szate Plane
) &
projection designed for central Minnesota in this exercise, though we have a number of other options.

Step 1. Right-click on Layers in the table of contents and select Properties. Navigate to the Coordinate System tab.

Step 2. Type “State Plane” in the projection search box.

Step 3. Click through the file tree in the following order to find the desired projection: Projected Coordinate
Systems > State Plane > NAD 1983 (US Feet) > NAD 1983 StatePlane Minnesota Central FIPS 2202 (US Feet).

When you've found it, select it and click OK.

Note: After projecting, you may need to adjust your map using the zoom and pan tools. Do so now.

Co'or

Note: ColorBrewer (colorbrewer2.org) is a fantastic resource for color options for
cartography. In addition to offering a wide range of color ideas for different types
of data, ColorBrewer also allows you to select colors that are colorblind safe, printer
friendly, or photocopy-able. Remember to follow best practices from lecture when
selecting your colors!

To download the ColorBrewer styles:

Step 1. Navigate to http://tinyurl.com/lhexf52

Step 2. Click on the yellow “download” button

Step 3. Click the radio button to agree to the license agreement and click the yellow
“download” button again

Step 4. If prompted, save the file to your downloads folder. Otherwise, it will save there
by default.

Step 5. Navigate to your downloads folder

Step 6. Right-click on the folder you downloaded, AS14403, and select Extract All...
Step 7. Extract the file, ColorBrewer.style, to a meaningful location (e.g. a flash drive,
your current workspace, etc.)

To load the ColorBrewer styles into ArcMap:

Step 1. In ArcMap, click Customize on the main menu bar and select Style Mangaer. ..
Step 2. Click Styles... on the right side of the Style Manager window

Step 3. Click Add Style to List...

Step 4. Navigate to the location where you extracted the ColorBrewer.style file, select it,
and click Open

Step 5. Click OK and then Close

You will now see the ColorBrewer styles when you examine the color ramps drop-down
in the symbology menu. Take a few minutes to browse through the color ramps and
select one for your MN Veterans data.

U-Spatial 15
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Geographical Context

Step 1. Click the Add Data button

Step 2. Navigate to C:\GIS101\Exercise Data\Exercises.mdb\Exercise5 V'efr_mmb: eézr:nn;"g ::,'::: it

and add LakeSuperior and BorderStates to your map.

Note: You can add multiple datasets at once by holding down C#/ or
Shift while selecting the data.

Step 3. Reorder the files so that Vietnam Veterans is the topmost layer
in the table of contents.

Step 4. Remove BorderStates and LakeSuperior from the legend. Do
this by double-clicking on the legend and opening the General tab.

Click on the unwanted items under Legend Items and use the “<
button to remove them from the box.

Step 5. Change the fill colors for BorderStates and LakeSuperior to

something more appropriate.

Step 6. Change the data frame’s background color to make it look Background
as though we have a data layer for Canada. Right-click in the white M2 Color
space above Minnesota and select Properties... Next, click on the 6o x| 0 ps v 05 s Rowing | 0%

Frame tab and select a light gray fill for the background. Click OK.

Step 7. Save your map and close ArcMap. Congratulations, you've
just completed a basic thematic map!

Optional Challenge: Geographical Context

Finished early and feeling up for an additional challenge?

In the exercise above, we simply changed our map’s background color to imitate a shapefile for Canada. Now, let’s
see if we can find an actual shapefile to put in its place.

Step 1. Using a web search, locate a shapefile of Canada’s provincial boundaries.

Step. 2. Download and unzip the file.

Step 3. Connect to the folder in which you unzipped the shapefile and add it to your map.
Step 4. Symbolize the layer appropriately and remove it from the legend.

Which step was the most time-consuming?
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EXERCISE 6

A Definition of Geocoding

Geocoding is the process of assigning geographic coordinates to an address. In other words, it’s the process we use to
transform a table of addresses into a series of corresponding points on a map.

Prepare Data for Geocoding

Step 1. Open Exercise 6.mxd from the Exercise Data folder

Step 2. Click the Add Data button and add the following layers:
GIS101\Exercise Data\Exercises.mdb\Exercise 6\Stpaul - A polygon shapefile of St. Paul
GIS101\Exercise Data\Exercises.mdb\Exercise 6\Stpaulrds - A line shapefile of St. Paul roads
GIS101\Exercise Data\spps.xls\Sheet1$ - An Excel table of St. Paul Public Schools

Step 3. Make Stpaul a light gray color and Stpaulrds two shades darker.

Step 4. Change the data frame’s projection to Ramsey County (NAD 1983 HARN Adj, US Feet)

We'll use this simple map as a background to help us visualize the school location data we're about to geocode.

About Address Locators

An Address Locator is a dataset that includes important information for matching addresses, including address
attributes. There are a number of different styles of address locators for various address formats around the world. In
this activity, we are using an address locator that was created based on St. Paul’s road network.

Geocoding Addresses

Step 1. Right-click on Sheet1$ in the table of contents and select @ Geocode Addresses
Geocode Addresses... e

Step 2. Choose StPaulAddressLocator from the pop-up when prompted | & Choose 2n address locatorto se.. i
to choose an address locator. Note: You will need to click Add... and || " ey (s ]
. . World Geocode Service (ArcGIS O...
then navigate up to Exercises.mdb to locate StPaulAddressLocator. HGRS (Mitary Grd Reference y... GRS Coordnates
B stpaulnddressl ocator 1S Dual Range Addr...
[_ Cancel |

Step 3. Make sure Address is selected as the field next to Street or
Intersection and Zip is selected for ZIP Code. The geocoder will use | adicess tae:

these fields to locate addresses. [s::::s e 18
Street or Intersection:

Step 4. Change the Output Feature Class so your output file is called i = )

StPaulPublicSchools and it is located in the Exercise 6 feature dataset s

@ Create static snapshot of table inside new feature dass
Create dynamic feature dass related to table

Output shapefile or feature dass:
CAGIS 101\Exercise Data\Exercises mdb\Exercise 6\StPaulPublic [

within the Exercises Database. Click OK to geocode the addresses.

U-Spatial 17



Step 5. This brings up the Geocoding Results Menu. Your results may
differ, but in the example at right we see that 60 schools were matched,
0 were tied, and 5 were unmatched. We'll look at rematching addresses
in a moment. For now, click Close.

You should see something like this on your screen. Each dot on the
map represents one of the 60 successfully-geocoded addresses. Your
table of contents likely says “Geocoding Result: StPaulPublicSchools”
Change the layer name to St. Paul Public Schools.

Step 6. Right-click on St. Paul Public Schools in the table of contents
and select Data > Review/Rematch Addresses... to bring up the Interactive
Rematching window.

We'll be using this interface to correct the addresses that weren't
matched when we geocoded our table of St. Paul public schools.

Step 7. Select Unmatched Addresses from the drop-down in the
upper-left hand corner of the Interactive Rematching window, next to
Show Resulss. This simplifies things by only showing us the unmatched
results.

Note: You'll need to scroll over to the right to find the important
information in the table (e.g. school name, address, etc.).

Step 8. Use the web to find the problems with your unmatched
addresses. There may be errors in the address or zip code. When you've
found the correct address, enter it into the Address box in the lower-left
corner and hit the Enter key to update the list of candidates. When you
have a match above 80%, select it and click Match in the lower-right
corner and continue on until all addresses are matched.
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Optional Challenge: Symbolize Schools by Type

Our dataset includes elementary, middle, and high schools. As such, it might be useful to use a unique symbol for
each school type on our map.

Step 1. Right-click on Sz. Paul Public Schools in the table of contents and open its layer properties window
Step 2. Click on the Symbology tab if it is not already selected

Step 3. In the left pane, under Show:, select Categories and then Unique values

Step 4. Select Type from the Value Field drop-down

Step 5. Click on Add All Values

Step 6. Double-click on the symbol for each school type and change it to something appropriate

Step 7. Save your map and close ArcMap

ey = 0 . wm )

| General | Source | Selection | Display | Symbology | Fields | Definition Query | Labels | Joins & Relates | Time | HTML Popup |
| S.mw

’ Value Field Color Ramp
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EXERCISE 7

Exercise Objectives

In this exercise, we'll employ three techniques from lecture:
1. Selecting by Attributes

2. Selecting by Location
3. Spatial Join

Getting Started

Step 1. Open the Exercise 7.mxd map document from the Exercise Data folder.

Step 2. Verify that there are three layers on your map — schools, roads, and the city boundary for Saint Paul.

Step 3. Add conwstores to your map from the Exercise 7 feature dataset. These points represent convenience stores.
They have already been geocoded for you. Change the layer symbol to something that contrasts with the schools layer.

Se|ecting on Attributes

Before we start asking questions about our data, (such as, “How many
convenience stores are within % mile of a school?”) let’s focus our
analysis by extracting out only the high schools in St. Paul. To do so,
we'll select them from the schools layer and export them as a new layer.

Step 1. On the main menu, click on Selection and choose Select by
Attributes... from the drop-down menu.

Now, using the Select By Attributes window, we're going to build a
selection query to select only the high schools.

Step 2. For Layer:, select StPaul_Schools. For Method:, choose Create

a new selection.

Step 3. Scroll down and double-click on [Type] from the menu. Once
clicked, it should appear in the text box at the bottom of the window.

Step 4. Click on the “=” button from the menu at center.

Step 5. Click on Get Unique Values to bring up a list of all the values in
the Type field. Double-click on ‘High’ from the menu.

Your selection query should read: [Type] = ‘High’

Step 6. Click OK to run the selection query.

U-Spatial 20

3

3

Inser,{Selection | Geoprocessing  Customi Windows
0 Bl Select By Attributes... HEas
i | ] ety toestion m.
' Y
wmloads\(
Interactive Selection Method  »
Selection Options...
[ Setect By Attributes B =x=)
Layer
[] Only show selectable layers in this list
Method:  [Create @ new selection -
[ (ARC_Zone] Al i
[Name]
[Address]
Zel Bl
| [Type] -]
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=
' (o]
| @0
= (Gt e ) o o
SELECT * FROM StPaul_Schools WHERE:
[Type] = High'
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Notice that some of the schools turned blue. These are the selected
features. In this case, they are the high schools.

Next, let’s export them as a new layer.

Step 7. Right-click on StPaul_Schools in the table of contents and select
Data > Export Data.

Step 8. Save the new layer as HighSchools in your Exercise 7 feature
class. When prompted, click Yes to add the layer to the map.

Selecting by Location: A Case Study

Export Data

Export: |Selected features

Use the same coordinate system as:
this layer's source data
the data frame

@) the feature dataset you expert the data into
(only applies if you export to a feature dataset in a geodatabase)

(l
Qutput feature dass:

C:\GIS 101\Exercise Data'\Exercises mdb'\Exercise 7\HighSchools

=)

(o< ] [ concd ]

Let’s use our new layer of high schools for a little case study. Suppose we're working in the public health field and we

want to find out which convenience stores are located within walking distance of a high school in St. Paul. Information

like this might be useful in targeting obesity among high school students — convenience stores are stocked with candy,

soda, and other unhealthy products at relatively inexpensive prices.

Our goal is to reach out to convenience stores owners whose stores are located within one mile of a high school.

Selecting by Location: Procedures

Step 1. In the Selection drop-down, select Clear Selected Features to
remove your previous selection.

Step 2. Back in the selection drop-down, choose Select By Location...
Step 3. Modify the Select By Location settings as follows:

1. Selection method: Select features from

2. Target layer(s): convstores

3. Source layer: HighSchools

4. Spatial selection method: Target layer feature(s) are within
a distance of the source layer feature

5. Apply a search distance: 1.0 Miles

Step 4. Click OK to view the convenience stores that are within one

mile of a high school.
Step 5. Export the selected features from the convstores layer as a new

layer and change their symbology to distinguish them as a feature of
interest. Hint: Right-click on convstores, data > export data.
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==

relation to the features in the source layer.
Selection methed:

Select features from one or more target layers based on their location in

9 [setect features from
Target layer(s):

O HighSchools
[ convstores
[ StPaul_Schools
[0 stPaul_Roads
O stpaul Bndry

[ only show selectable layers in this st

Source layer:

9 [ HighSehools

Use selected features

(0 features selected)

Spatial selection method for target layer feature(s):
are within a distance of the source layer feature

Apply a search distance

1.0 Miles -
About select by location [ oK | | Apply | | i




Bu”ering

Using the Select by Location tool allowed us to see which convenience
stores are within a certain distance of high schools, but what if we want
to know how many convenience stores are within a certain of a// schools?

In this section, we'll create a 0.5 mile buffer zone around each school.
In the following section, we'll spatially join the buffered layer and the
convenience stores layer to get a count of the convenience stores within
half a mile of each school.

Step 1. Make sure your table of contents contains convstores, StPaul_
Schools, StPaul_Roads, and Stpaul_Bndry. You can remove the other

[ 4, Buffer HEM‘

Input Features i
| 5tPaul_Schools -
Qutput Feature Class

C:\GIS 101\Exerdse Data i E \Sc ff @
Distance [value or field]

@ Linear unit

0.5 Mies LA
Fiekd

Sde Type (optona)

End Type (optional)
ROUND

Dissolve Type (optional)
NOMNE -

Drssolve Field(s) (optional)
(7] o82ECTID

] Status

layers. E:»m 1 |
(] Match_adde
| ARC Street
Step 2. Locate the Buffer tool from the Geoprocessing drop-down ;jﬁim )
menu. Note: Alternately, you can access it through ArcZoolbox > d >
Analysis > Proximity > Buffer. -
ok || cancel | [ showhep>> |
Step 3. With the Buffer window open, enter the following settings:
Input Features: StPaul_Schools : “
Output Feature Class: ... Exercise7\SchoolsBuffer o e
Linear unit: 0.5 Miles i
Step 4. Click OK. You should see a half-mile buffer around each
school in a new layer called SchoolsBuffer.
Spatial Join
Step 1. Right-click on SchoolsBuffer in the table of contents and select ~ “inoma ===}

Joins and Relates > Join... to open the Join Data menu.
Step 2. Enter the following settings in the Join Data menu:

What do you want to do to join this layer? Join data from
another layer based on spatial location

Choose the layer to join to this layer...: convstores

Click the button for “Each polygon will be given a
summary of the numeric attributes...”

Save the new file as: ...\Exercise 7\SchoolsBuff_Stores
Press OK

Step 3. Open the attribute table for SchoolsBuff_Stores. Scroll to
the right and find the field called Counz_. It contains the number of
convenience stores within a half mile from each school. Sort this column
by right-clicking on the field name and selecting Sorz Descending...
Which school is surrounded by the most convenience stores?

Step 4. Congratulations, you're done! Save and close ArcMap.
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Join lets you append additional data to this layer's attribute table so you can,
for example, symbolize the layer's features using this data.

What do you want to join to this layer?
[Joﬁﬂ.&ﬁmmhmwmmwmm "]

1. Choose the layer to join to this layer, or load spatial data from disk:

GI=)

[& convstores

2. Youarejoining:  Paints to Polygons
Select a join feature dass above. You will be given different
options based on geometry types of the source feature dass
and the join feature dass.
@ Each will be given a summary of the numernc attributes of
the points that fall inside &, and a count field showing how many

points fall inside it.

How do you want the attributes to be summarized?
[[lAverage  [[JMinimum [T Standard Deviation
[£] Sum [C] Madmum  [C] Variance

) Each polygon wil be given all the atirbutes of the point that is
clasest to its boundary, and a distance field showing how close the
peint is n the units of the target layer).

Note: A point falling inside a polygon is treated as being closest to
the polygon. fi.e. a distance of 0).

3. The result of the join will be saved into a new layer,
Specify output shapefile or feature dass for this new layer:

CAGIS 101\Exercise Deta\Exercises mdb\Exercise T\Schools [

s




EXERCISE 8

Exercise Objectives

In this exercise, we'll employ the following techniques from lecture:

1. Selection using the select tool
2. Selecting by location

3. Selection by attributes

4. Buffer

5. Intersect

6. Dissolve

Our goal is to determine the best place for a nature lover to live in Minnesota, based on the following criteria:
1. In a town with a population greater than 1,000 people
2. Within two miles of a boat trailer launch

3. In a state forest
4. In an area of mixed deciduous and coniferous forest

Getting Started

Step 1. Open Exercise 8.mxd from the Exercise Data folder. You should see a map document with a layer called Szazes
(turned on) and a layer called Cities (turned off).

Using the Select Tool

Firstly, we need to select Minnesota from the Szates layer and export it
as a new layer for focused analysis. We aren’t concerned with the rest of
the country in this activity.

Step 1. Click on the Select Features tool in the toolbar K9

Step 2. Click on Minnesota to select it. When selected, the border
should turn cyan blue.

Export Minnesota

Step 1. Right-click on the States layer in the table of contents and ~ “eporpata [
choose Data > Export Data. PR s =)

Use the same coordinate system as:
Step 2. Browse to the Exercise 8 feature dataset and save your new layer Rimaneneh

the data frame

as Minnesota. © the featire dataset you export the data into
{only applies if you export to a feature dataset in a geodatabase)

Output feature dass:
Step 3. When prompted, click ¥es to add the layer to the map. CAGIS 10T\Bxerse Data\Exercisss b Exercise Blnresotel | (€3]

Step 4. Remove the States layer from your map.

(o ] [ comad ]
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Select by Location

Using the Select by Location tool, we're now going to select all of the
cities that are within Minnesota.

Step 1. Turn on the Cities layer by checking the box next to its name
in the table of contents. You should see cities for the entire country.

Step 2. From the Selection menu in the topmost toolbar, choose Select
By Location... Here, we're going to select features from the Cities layer
that intersect the Minnesota layer.

Step 3. Enter the following settings to select the desired features:
Selection method: select features from
Target layer(s): Cities
Source layer: Minnesota
Spatial selection method: Target layer(s) features intersect

the Source layer feature

Step 4. Click OK. All Minnesota cities should now be selected.

Export Minnesota Cities

-
Select By Location

=)

o

Select features from one or more target layers based on their location in
relation to the features in the source layer.

Selection method:

[sdectlealuesl’lam -
Target layer(s):

B Cities
O Mnnesota

[T only show selectable layers in this list

Source layer:
[€ Minnesota

Use selected features

(0 features selected)
Spatial selection method for target layer feature(s):
intersect the source layer feature -

[] Apply a search distance

1.000000 Miles

About select by location [ oK |

Step 1. Like we did earlier in the exercise, right-click on Cizies in the table of contents and select Data > Export Data.

Step 2. Browse to the Exercise 8 feature dataset and save the new layer as MNCities.

Step 3. Add the new layer to the map and remove the Cities layer (right-click, Remove).

Data Management

Before we move on, let’s take a moment to get our bearings and clean
up any extraneous data. At this point you should only have two layers

on your map: MNCities and Minnesota. Remove any other layers.
Then, click the Full Extent button @ in the toolbar.

Minnesota and its cities should fill your data frame. Getting rid of layers
once theyre no longer necessary will help us keep our data organized
throughout the activity. Repeat this process for each successive step in
this activity.

Note: In the image at right, Minnesota has been projected into
WGS 1984 UTM Zone 15N, another commonly used projection
for Minnesota. You might consider projecting your data frame
(Hint: Layers > Data Frame Properties > Coordinate System) before
proceeding with this exercise.
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Select by Attributes

Because we know we're only looking for towns with more than 1,000 [ setectay attributes [N
people, we can remove any cities with fewer than 1,000 inhabitants. To B e =
do so, we'll use the Select by Attributes tool. (] nly show selectable layers in this st
Method:  [Create @ new selection -
| [ST_ABBREV] Al
Step 1. From the Selection menu in the topmost toolbar, choose Select | [FPS)
. | [PLACE_FIPS] =
By Attributes... 9’ : =
| [STATUS] =
Step 2. Do the following to build the appropriate selection query: (-] ™
1. Layer: MNCities Lol ) (o)
2. Method: Create a new selection ORI o
3. Double-click on /POP_98] in the attribute box e S FrOM M RTERE
4. Click on the > (greater than) button =3P rPop_sa1> 100
5. Type 1000 in the box below to complete the query
Your statement should read: [POP_98] > 1000 (| O B W .
(o J[ oy [ Cose |
Click OKto run the selection query. All of the cities in Minnesota with
a population greater than 1,000 are now selected.
Step 3. Export the selected cities as a new layer called MNCities1000.
Add it as a new layer and delete the MNCities layer.
Buffer
Our next step is to figure out which areas are within two miles of a boat ™ suer =[]
trailer launch site. We'll do this by creating a 2-mile buffer around each Ingut Festures ]
. [TrailerLaunchsites = &l
launch site. A Eesiae e
C:\GIS 101\Exerdse D 81T fi
Distance [value o field]
Step 1. Click the Add Data button and choose TrailerLaunchSites © Unearunt .
from the Exercise 8 feature dataset. 9' Feld
%TM(W
Step 2. Locate the Buffer tool from the Geoprocessing drop-down menu e
(or via ArcToolbox > Analysis Tools > Proximity > Buffer). D:;ME;TM(M
issve Fikds) (eptons)
Step 3. Enter the following settings in the Buffer tool window: M=
Floe.
Input Features: TrailerLaunchSites ©uauemee
Output Feature Class: ...\Exercise 8\TrailerBuffer Cowese Il
Linear unit: 2 Miles < I ;
Accept defaults for the rest and click OK. 3 ] JETE

Step 4. Once your new TrailerBuffer layer is added, remove
TrailerLaunchSites from your map.
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Intersect

Although we can now see which cities have 1,000+ residents and are
within two miles of a boat trailer launch site, we still need to figure out
which towns are within a state forest AND in a mixed forest.

Step 1. Add StateForest and MixedForest from the Exercise 8 feature
dataset.

Step 2. Create a layer containing the intersection of these to layers. Do
this by selecting the Intersect tool from the Geoprocessing drop-down
(or via ArcToolbox > Analysis Tools > Overlay > Intersect).

Step 3. In the Intersect window, enter the following:

Input Features: StateForest, MixedForest
Output Feature Class: ...Exercise 8\ForestIntersect

Step 4. Click OK. In this step, we've created a new, simplified layer
containing only the areas in which state forests and mixed forests over-

lap.

Step 5. Remove StateForest and MixedForest

StateForest and MixedForest

Intersect, Again

Fl

m

.-‘_\ Intersect BRI
Input Features i
| =8
iFeaiugs Ranks E
)’ < MixedForest ]
. StateForest E
@
®

"

Qutput Feature Class

3

C\GIS 101'Exercise Data\Exerdses. mdb\Exercise 8\Forestintersect

Joinattributes (optional)
AL -
XY Tolerance (optional)

Meters -
Output Type (optional)
INPUT -

Forestlntersect

Next, we'll intersect the ForestIntersect and TrailerBuffer layers to find areas that are in a state and mixed forest AND

are within two miles of a boat trailer launch.

Step 1. Run the Intersect tool again, this time with the following settings:

Input Features: ForestIntersect and TrailerBuffer
Output Feature Class: ...\Exercise 8\Forest TrailerIntersect
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Click OK.

A new layer containing the intersection of the two layers should be visible. Remove Forestintersect and TrailerBuffer.

ForestIntersect and TrailerBuffer ForestTrailerIntersect

Dissolve

We can dissolve the new layer in order to make its boundaries easier to see.

Step 1. Select the Dissolve tool from the Geoprocessing drop-down (or via ArcToolbox > Data Management Tools >
Generalization > Dissolve).

Step 2. Enter the following settings:

Input Features: Forest TrailerIntersect
Output Feature Class: ...\Exercise 8\Forest TrailerDissolve

Accept the defaults for the other settings and click OK.

Step 3. Remove Forest TrailerIntersect.

ForestTrailerIntersect (zoomed in) ForestTrailerDissolve (zoomed in)
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Determine the most desirable place to live!

Finally, determine which city from MNCities1000 meets all of the criteria. Note: You may need to add MNCities1000
to your map if you deleted it earlier.

Use the Select by Location tool to find out which city from MNCities1000 falls within the ForestTrailerDissolve layer.
There should only be one!

Hint: Refer to page 24 if you need a refresher on how this tool works.

One you have a city selected, right-click on MNCities1000 and open its attribute table to view the name of the city.
Alternately, you can select Zoom To Selected Features from the Selection drop-down and use the Identify tool to click
on the city for more information.

Found the answer? Congratulations! You can verify the name of the city below.

Save your map and close ArcMap.

NN ‘9)]21 SSOI7) :Iomsuy’

U-Spatial 28



