Get Started with Temporal Data

In the lessons that follow, you'll learn how to manage, analyze, and map temporal data in
ArcGIS for Desktop). You'll use techniques such as time-enabled mapping, analysis using models
with an iterator, and analysis using tools with a case field.

You'll learn these techniques through a case study about Dreissena polymorpha, commonly
known as the zebra mussel. Even though this mollusk is usually about the size of a fingernail,! it
has earned a well-deserved reputation as a national threat. It's on the list of the world's top 100
invasive species.? The United States Geological Survey (USGS) calls it "the most serious
nonindigenous biofouling species ever in the freshwater systems of North America."® The zebra
mussel ultimately led to passage of the National Invasive Species Act in 1996 and has been
called "the poster species for invasive law."* Most disturbingly, once zebra mussels have
become established in a water body, they are impossible to fully eradicate, and no solution has
been found to kill them without harming other species.®

Although it seems like there's little that can be done, people can help by reporting zebra mussel
sightings and taking measures to prevent the mollusks' spread. The first thing people need to
do is to learn all they can about zebra mussels—what they are, how to identify them, where
they came from, how they spread, and what threats they pose. Then people can use this
information themselves and share it with others. Your goal in this project is to find out what
you can about the geographic aspects of the zebra mussel issue so that you can then share that
important information with others.

Build skills in these areas:
= Creating temporal maps
= Creating cumulative density maps

! http://www.nationalatlas.gov/articles/biology/a zm.html (accessed October 29, 2015)

2 http://www.issg.org/database/species/search.asp?st=100ss (accessed October 29, 2015)

3 http://www.fs.fed.us/invasivespecies/speciesprofiles/documents/zebra_mussel.pdf (accessed October 29, 2015)
4 http://www.necis.net/intro-to-invasive-species/what-we-know/introducing-the-infamous-invaders/zebra-
mussel/ (accessed October 29, 2015)

5 http://www.nwf.org/Wildlife/Threats-to-Wildlife/Invasive-Species/Invasive-Mussels.aspx (accessed October 29,
2015)
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= Analyzing the geographic distribution of temporal data

What you need:
= ArcGlIS for Desktop

= Estimated time: 2 hours, 30 minutes

Description

timeline (optional)

versions of the ellipses on the map.

Lesson 1: Explore the issue and | Review information about the 10 minutes
ask spatial questions invasion of the zebra mussels.
Lesson 2: Map the zebra Explore a map of zebra mussel 20 minutes
mussel sightings and learn distribution in the United States and
more about the distribution Canada to learn where the mollusks

are.
Lesson 3: Map the zebra Create a temporal map of zebra 20 minutes
mussel sightings over time mussels to learn where they first

came from.
Lesson 4: Map the zebra Use a model to create a map with 40 minutes
mussel density over time cumulative density rasters of sightings

to learn how many zebra mussels

there are and whether there are more

zebra mussels in some areas than

others.
Lesson 5: Analyze how zebra Use the Directional Distribution and 30 minutes
mussels have spread over time | Mean Center statistical analysis tools

and create a temporal map of the

results to learn how the zebra

mussels are spreading.
Lesson 6: Review the spatial Review the results of your analyses 10 minutes
questions and evaluate the and determine whether you have
results answered the spatial questions

adequately.
Lesson 7: Add a timeline to the | Create a timeline as a set of 20 minutes
map (optional) geographic features and symbolize it.
Lesson 8: Add ellipses to the Edit the timeline to show miniature 15 minutes

Related Esri Training resources:

e Exploring Spatial Patterns in Your Data Using ArcGIS provides an additional explanation of

analysis using the Mean Center and Directional Distribution tools:
training.esri.com/gateway/index.cfm?fa=catalog.webCourseDetail&courseid=2052
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e Introduction to Surface Modeling Using ArcGIS includes an analysis with the Kernel Density tool:
training.esri.com/gateway/index.cfm?fa=catalog.webCourseDetail&courseid=2053
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Lesson 1: Explore the issue and ask spatial questions

In this lesson:

= Explore the issue.
= Ask spatial questions.

Step 1: Explore the issue

Zebra mussels are native to the Black, Caspian, and Azov Seas in southeastern Europe and have
steadily spread throughout much of Europe. They first appeared in North America in 1988 in
Lake St. Clair, a small lake connecting Lake Huron and Lake Erie, and they were thought to have
been transported in the freshwater ballast of a transatlantic ship. There are now estimated to
be up to 10 trillion zebra mussels in the Great Lakes alone. ®

Photo courtesy of US Geological Survey.
(http://nas.er.usgs.gov/taxgroup/mollusks/zebramussel/zebra gallery.aspx)

Like clams, oysters, and scallops, zebra mussels are small bivalve mollusks. They get their name
from the striped pattern on their shell. They are usually smaller than a dime but can grow to

6 http://www.nwf.org/Wildlife/Threats-to-Wildlife/Invasive-Species/Invasive-Mussels.aspx (accessed October 29,
2015)
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Lesson 1: Explore the issue and ask spatial questions

two inches long. They live for four to five years, and females can start breeding at two years of
age, bearing between 30,000 and 1 million eggs a year, about 2 percent of which reach
adulthood.
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Zebra mussels are the only breed of freshwater mollusk that can firmly attach themselves to
solid objects.” Zebra mussels will latch onto any hard surface—boats, pilings, water intake
valves, even other aquatic species and plants—and can easily reattach themselves when
dislodged. A million of them can cover one square meter.

Zebra mussels are extremely adaptable and can adjust to a wide range of conditions. They can
also spread in a variety of ways. Young zebra mussels can swim and are easily carried by
currents, so waters downstream from an infected area have a high probability of becoming
infected. Attached to transported boats, adult zebra mussels have hitched rides to places not
connected by waterways. Very small juveniles (1-3 mm) look like black pepper and can be
easily overlooked, and they may also attach themselves to transported objects, including

7 http://www.lakegeorgeassociation.org/what-we-do/invasive-species/Zebra-Mussels.asp (accessed October 29,
2015)
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aquatic plants or crustaceans and even fishing rods. Migrating waterfow! can transport larval or
young zebra mussels in their feathers or on their feet. Larval mussels can also be transferred in
water through ballast exchange, bilge pumps, or bait buckets.

Zebra mussels can hitch
rides in bait buckets, bilge
water, and ballast tanks

Zebra mussels can bitch
Decaying zobra mussels rides on the feet and in
Jitter beaches and -~ & the wings of shorebirds
smell naxious

The weight of zebra
‘mussel colonies can
cause buoys to sink

Zebra mussels can ciog
warer intake pipes

Monopolizing food sources, Zebra mussels can
z2ebra mussels can decimate cling to fishing gear

—

native populations.

Zebra mussels will
colonize turtles and other
slow-moving animals

Environmental impacts

Although zebra mussels have a positive impact on some other species, environmental impacts
are overwhelmingly negative. While many fish, birds, and other animals eat young and adult
mussels, this is not enough to keep the mussels' populations under control. In addition,
anything that feeds heavily on zebra mussels will build up high levels of contaminants in its
body.® Zebra mussels have driven out entire native species (such as other mussels) from lakes.’
Zebra mussels have devastated native populations of alewives, salmon, whitefish, and other
mussels by stripping the food web of phytoplankton. They can colonize other aquatic species,
such as mussels and clams, to such an extent that the hosts cannot move or feed.'° Zebra

8 http://www.in.gov/dnr/files/ZEBRA-MUSSEL.pdf (accessed October 29, 2015)
9 http://www.noaa.gov/features/earthobs 0508/zebra.html (accessed October 29, 2015)
10 http://www.nationalatlas.gov/articles/biology/a zm.html (accessed October 29, 2015)
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Lesson 1: Explore the issue and ask spatial questions

mussels have also attached themselves to slow-moving species, such as turtles and crayfish.!?
Filter feeding and excretion activity by invasive mussels can stimulate nutrient releases in the
water column, causing algal blooms.!? These algal blooms have caused botulism outbreaks,
killing thousands of fish and aquatic birds and, of course, impacting human recreation.
Migratory birds have even changed their flight patterns in response to zebra mussel availability
to prey on them.3

Recreational impacts

Dead and dying mussels degrade beaches and nearshore swimming areas. Beaches and
nearshore areas become littered with sharp-edged shells, and the fumes from the decaying
mussels are foul. Zebra mussels can also cause boating and navigation hazards.'* Boats can be
impacted by increased drag caused by zebra mussel colonization on the hull. Juvenile zebra
mussels can get into engine cooling systems, causing overheating and other damage.® Zebra
mussels can also impact navigation by damaging the wood, steel, and concrete of piers, docks,
and other structures. The mussels' added weight has also sunk buoys and other navigational
markers.®

Commercial impacts

Zebra mussels have caused damage and increased operating expenses worth hundreds of
millions of dollars for facilities with conduits to fouled waters. The colonization of zebra mussels
can cause equipment to become unusable, valves and other components to become
obstructed, and intake screens to reduce water flow. Fishery populations have also been
affected.'” Colonized areas can become corroded or damaged.

Eradication

11 http://www.nationalatlas.gov/articles/biology/a zm.html (accessed October 29, 2015)

12 http://www.sciencedaily.com/releases/2014/02/140212112747.htm (accessed October 29, 2015)

13 http://www.nationalatlas.gov/articles/biology/a zm.html (accessed October 29, 2015)

14 http://www.nationalatlas.gov/articles/biology/a zm.html (accessed October 29, 2015)

15 http://www.nationalatlas.gov/articles/biology/a zm.html (accessed October 29, 2015)

16 http://www.bioone.org/doi/abs/10.3394/0380-1330-34.4.770 (accessed October 29, 2015)

17 http://www.necis.net/intro-to-invasive-species/what-we-know/introducing-the-infamous-invaders/zebra-
mussel/ (accessed October 29, 2015)
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Lesson 1: Explore the issue and ask spatial questions

Once zebra mussels become established in a body of water, they are impossible to eradicate
with current technology.'® Chemical treatments, mechanical controls, and filters have been
tried. Chemicals that kill zebra mussels also kill other species. Mechanical scrapers have been
tested, and equipment has been developed to pre-oxidize water at intake valves. Physical
barriers and coatings have been used to prevent mussels from attaching to surfaces.
Approaches involving hot water, air, and even sound have also been investigated. To this point,
no ideal solution currently exists to remove and control zebra mussels.

Knowing all this, you can now begin to formulate questions related to the geographic aspects of
the zebra mussel issue.

Step 2: Ask spatial questions

The spatial questions you'll answer are the following:

Where are the zebra mussels?
Where did the zebra mussels come from?
Are there more zebra mussels in some areas than in others?

s L

Are the zebra mussels spreading?

Each of these questions has a spatial component. One way to test this is to ask whether the
guestions can only be answered by taking location into account. If the answer is yes, they're
spatial.

To answer these questions, you'll use a variety of approaches, including visual analysis of maps
and statistical analysis of spatiotemporal data.

In the next lesson, you'll begin by answering the question, where are the zebra mussels?

18 http://www.nationalatlas.gov/articles/biology/a zm.html (accessed October 29, 2015)
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Lesson 2: Map the zebra mussel sightings and learn more

about the distribution

In this lesson:

= Map the zebra mussel sightings.
= Learn more about the distribution using additional layers.

In the last lesson, you learned about the zebra mussel problem and identified four spatial
guestions that will help you learn more about the issue. In this lesson, you'll first explore a map
to learn about the distribution of mussels in the United States and Canada. You'll explore the
attribute data associated with the data on the map. You'll also use additional map layers to
better understand the geographic distributions.

Step 1: Map the zebra mussel sightings

For this project, you'll use ArcGIS for Desktop to map and analyze the data. You'll also work
with a map that has been started for you.

1. Open ArcMap.

Tip: Learn more about downloading the free trial version of ArcGIS for Desktop
(http://www.esri.com/arcgis/trial).
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Lesson 2: Map the zebra mussel sightings and learn more about the distribution

2. On the main menu, click File > Open.

File |Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help

[ New.. Ctrl+N
EY Open. Ctrl+0
EH save Ctrl+S

Save As..
Save A Copy...

3. Browse to the C:\student\Zebra_Mussels directory. Click Zebra_Mussels.mxd and click
Open to open the map document.

On this map, the Mussel Sightings layer shows the locations where zebra mussels have
been sighted. This layer is displayed over the Esri World Ocean Basemap and its
Reference layer.

Reference
= Basemap
& @ Ocean/World_Ocean_Base

Note: The Esri World Ocean Basemap is a layer that's being displayed from ArcGIS
Online. If there were no Internet connection, this layer would not be displayed.
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4. Right-click the Mussel Sightings layer and click Open Attribute Table.

= = Layers
B e S
o B Copy
® O Timeline X Remove
O State and Provit & | Open Attribute Table |
O World Hydro Re
0O USDOI USGS Mg

+

[E3)

Joins and Relates b

% Zoom To Layer

# W Basemap
Visible Scale Range 4
Use Symbol Levels
Selection *

Label Features

Edit Features *

%g Convert Features to Graphics...
Convert Symbaology to Representation...
Data ’
<» Save As Layer File..
@ Create Layer Package...
' Properties..

5. Scroll down to see when the sightings were recorded and where.

e o x
g B D x
Mussel Sightings x
| e
OBJECTID * Shape * USGSID | GENUS SPECIES NAME | MONTH | YEAR | COUNTRY | STATE COUNTY -
1| Point 116074 | D ; : zebra mussel 3 1990 | US OH Lake Erie, raw wi = |
- 2 | Point 116075 | Dreissena | polymorpha | zebra mussel 4| 1990 | CA ONT Lennox and Addington Lake Ontario, att:
3 | Paint 116076 | Dreissena | polymorpha | zebra mussel 1] 1990 | US NY Oswego Oswego River, at
- 4 | Point 116077 | Dreissena | polymorpha | zebra mussel 9| 1990 |US NY Orleans Erie Canal betwe
5 | Point 116078 | D polymorp zebra mussel 0| 1990 |US NY Oswego Lake Ontario, ne:
& | Point 116079 | Drei I h zebra mussel 1] 1980 | US NY Monroe Lake Ontario, adi
|| 7 | Point 116080 | Dreissena | polymorpha | zebra mussel 7| 1990 |US NY Monroe Lake Ontario, att:
8 | Paint 116081 | Dreissena | polymorpha | zebra mussel 1] 1990 | CA ONT Prince Edward Lake Ontario, Ve
9 | Point 116082 | Drei pol ph zebra mussel 0| 1990 |US WY Oswego Lake Ontario, Zel
10 | Point 116083 | D polymorp zebra mussel 7| 1990 |US NY Niagara Lake Ontario, So
11| Point 116084 | Drei I h zebra mussel '] 1950 | CA ONT Lennox and Addi Lake Ontario, Se
- 12 | Point 116085 | Dreissena | polymorpha | zebra mussel 11 1990 | CA ONT Lennox and Addington Lake Ontario, Ve
13 | Point 116086 | Dreissena | polymorpha | zebra mussel ] 1988 | US Mi Monroe Lake Erie at Mon
14 | Point 116087 | Drei pol ph zebra mussel 10| 1988 |US OH Ottawa- dush Lake Erie, Sandu
15 | Point 116088 | D p zebra mussel 10 1989 (US Wi Door Lake M , &
16 | Paint 116089 | Dreissena | polymorpha | zebra mussel 7 1989 | US Mi St. Clair St. Clair River, M
- 17 | Point 116090 | Dreissena | polymorpha | zebra mussel 8| 1989 |CA ONT Haldimand-Norfolk Lake Erie, Dunnv
18 | Point 116091 | Drei polymorp zebra mussel 10 1989 |US OH Ashtabul Lake Erie, Ashtal
19 | Point 116092 | Drei pol ph zebra mussel 10| 1989 | US NY Ct Lake Erie, Dunkir
- 20 | Point 116093 | Dreissena | polymorpha | zebra mussel 10 1989 (US PA Ene Lake Erie, Ene, F
21| Point 116094 | Drei pol pha | zebra mussel 9 1989 | CA ONT St Dundas and Glengamy St. Lawrence Riw
- 22 | Point 116095 | Dreissena | polymorpha | zebra mussel 10| 1989 |CA ONT Niagara Lake Ontario, St. _
A2 | Flnint AAEANE | Prninnama b b —mbrn mmem el " anan | e s L R e L] ©4 1 mevrnmms P,
4| ] | 3
"o 0 » » |[E]|® (0out of 4826 Selected)

Mussel Sightings

Note: The mussel sightings data was collected by the USGS and downloaded from the

National Atlas website (http://www.nationalatlas.gov/mld/zmusslx.html, accessed

October 29, 2015).

Copyright © 2017 Esri. All rights reserved.
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This data is associated with the point features on the map. Note that there are columns,
or fields, for many attributes, including the month and year mussels were first recorded
and the county in which they were reported.

6. Right-click the NAME column and click Sort Ascending.

Table ox
g-B-RE %
Mussel Sightings x
OBJECTID * Shape * USGSID | GENUS SPECIES NAME | MONTH | YEAR | COUNTRY | STATE COUNTY -
b T46 | Paint 116837 | Drei rastriformis quagga mussel 12 1992 | CA ONT Haldi: d-Narfolk Lake Erie (easter =
- 753 | Point 116844 | Dreissena | rostriformis | quagga mussel | 12| 1992 |CA ONT Haldimand-Norfolk Lake Erie (easter
755 | Point 116846 ' Drei rostriformis quagga mussel 12 1992 | CA ONT Haldi d-Norfolk Lake Erie (easter
- 757 | Point 116848 | Dreissena | rostriformis quagga mussel | 12 1992 | CA ONT Haldimand-Norfolk Lake Erie (easter
759 | Point 116850 | D restriformis quagga mussel 12 1992 | CA ONT I Norfolk Lake Erie (easter
761 | Paint 116852 | Drei rastriformis quagga mussel 12 1992 | CA ONT Haldi d-Norfolk Lake Erie (easter
- 763 | Point 116854 | Dreissena | rostriformis | quagga mussel | 12| 1992 |CA ONT Haldimand-Norfolk Lake Erie (easter
765 | Point 116856 | Dreissena | rostriformis quagga mussel 12 1992 | CA ONT Haldimand-Norfolk Lake Erie (2astar
- T68 | Paint 116859 | Dreissena | rostriformis quagga mussel | 12 1992 | CA ONT Haldimand-Narfalk Lake Erie (easter
773 | Point 116864 | Dreissena | rostrformis | quagga mussel 12| 1992 |CA ONT Niagara Lake Ontario, Po
803 | Point 116894 | Dreissena | rostriformis quagga mussel 12 1992 | CA ONT ST. LAWREMNCE RIVER St. Lawrence Riw
- 805 | Point 116896 | Dreissena | rostriformis | quagga mussel | 12| 1992 |CA ONT ST. LAWRENCE RIVER St. Lawrence Riw
807 | Point 116898 | Dreissena | rostriformis quagga mussel 12 1992 | CA ONT ST. LAWRENCE RIVER St. Lawrence Riw
809 | Point 116900  Drei rostriformis quagga mussel 12 1992 | CA ONT ST. LAWRENCE RIVER St. Lawrence Riw
- 811 | Point 116902 | Dreissena | rostriformis | quagga mussel | 12| 1992 |CA ONT ST. LAWRENCE RIVER St Lawrence Riw
813 | Point 116904 | Dreissena | rostriformis quagga mussel 12 1992 | CA ONT ST. LAWRENCE RIVER St. Lawrence Riw
- 815 | Point 116906 | Dreissena | rostriformis | quagga mussel | 12| 1992 |CA ONT ST. LAWRENCE RIVER St Lawrence Riw
817 | Point 116908 | Dreissena | rostriformis quagga mussel 12 1992 | CA ONT ST. LAWRENCE RIVER St. Lawrence Riw
819 | Point 116910 | Drei rostriformis quagga mussel 12 1992 | CA ONT ST. LAWRENCE RIVER St. Lawrence Riw
- 821 Point 116912 | Dreissena | rostriformis | quagga mussel | 12| 1992 |CA ONT ST. LAWRENCE RIVER St. Lawrence Riw
840 | Point 116931 | Dreissena | rostriformis quagga mussel 12 1992 | CA ONT ST. LAWRENCE RIVER St. Lawrence Riw
- 847 | Point 116938 | Dreissena | rostriformis | quagga mussel | 12| 1992 |CA ONT ST. LAWRENCE RIVER St. Lawrence Riw _
240 | Fnint -1 YT, - SC— g —"— o —————— i 1Al annalea AT T | AmENAT AniEn €+ 1 cmvenmnn N
< | 1 b
"o 1 » »n [E|3] (0 out of 4826 Selected)

Mussel Sightings

Note that this dataset also contains sightings for another type of mussel—the quagga
mussel.

You only want to include the zebra mussels in this study, so you'll use a definition query
to restrict the set so that it excludes the 463 quagga mussel sightings.

7. Click the Close button in the upper right corner to close the attribute table.

o]
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8. Right-click the layer and click Properties.

=HE La

Copy

X &

O Timeline Remove

D State and Provil @ Open Attribute Table
O World Hydro Re
O USDOIUSGS Ne
i Basemap

Joins and Relates b

BB EH E

o

Zoom To Layer

Visible Scale Range L
Use Symbol Levels

Selection *
Label Features

Edit Features *

4g  Convert Features to Graphics...
Convert Symbaology to Representation...
Data ’
<» Save As Layer File..
@ Create Layer Package...

e [epeie]

9. Click the Definition Query tab.

Layer Properties g

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

Definition Query:

Query Builder...

ok || cancel || Appy |
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10. Click the Query Builder button.

i Query Builder... ]

11. On the Query Builder dialog box, click the NAME field, then click <> (not equal to). Click
Get Unique Values and click quagga mussel.

The expression should appear as shown below.

Query Builder

o

OBJECTID
USGSID
GENUS

l - I[ <> ]Il Like | |'quagga mussel'|
‘zabra mussel

(5] Dom) (e
(o el (o
(25 Co) ()

L L

Is iet Unique Values | Go To:
SELECT * FROM Mussel_Sightings WHERE:
[NAME <= quaggs mussel| -
Clear Venfy J l Help l Load... ] | Save... |
[ oK l [ Cancel |

12. Click Verify to make sure there are no errors in the expression.

Verify

13. Click OK on the Verifying expression dialog box.

Verifying expression g

The expression was successfully verified.

Copyright © 2017 Esri. All rights reserved.
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Lesson 2: Map the zebra mussel sightings and learn more about the distribution

14. Click OK to close the Query Builder dialog box.

15. Click OK to close the Layer Properties dialog box.

The map will update to show only zebra mussels. For example, the sightings in Arizona
and Nevada are no longer displayed, since those were for quagga mussels.

Note that there are many overlapping point locations for the sightings. In this dataset,
the sightings are precisely located, and some are even coincident. In a later lesson, you'll
learn how to display the density of this data.

Although there's limited information on this map, you can use it to answer the first
spatial question—where are the zebra mussels?

Interpret: The sightings are concentrated in the Great Lakes area, but zebra mussels
have also been found throughout the Midwest from Appalachia to Colorado. Sightings

have also been recorded in the Southwest, though there are fewer of them.

Zebra mussels also appear to follow waterways—you'll confirm this by viewing a new
layer on the map.
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For this project, you'll use ArcGIS for Desktop to map and analyze the data. You'll also work
with a map that has been started for you.

1. Inthe table of contents, click the box to the left of the World Hydro Reference Overlay
layer to turn it on.

Tip: You can turn layer viewing on and off by checking the check box to the left of the
layer name. A check will appear when viewing is on.

MEXICO
Sk

Note: Like the Esri World Topographic Basemap, the World Hydro Reference Overlay
layer is from ArcGIS Online.

2. Use the pan and zoom buttons on the Tools toolbar to explore the map and learn about
where zebra mussels have been sighted.
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BEMO e+ HE-D @/ BIASHS TEH

Interpret: You'll learn that they have been reported in 9 of the 10 longest rivers in the
conterminous United States—the Missouri, Mississippi, Saint Lawrence, Arkansas,
Atchafalaya, Ohio, and Red Rivers east of the Continental Divide, and the Colorado River
in the West. Only the Rio Grande has escaped invasion to this point.

Zebra mussels have also invaded some smaller rivers, such as the Wabash in Indiana and
the Cumberland in Tennessee, and lakes, like the Finger Lakes in New York, that are
connected to these larger river systems.

3. Inthe table of contents, turn off the Hydro Reference Overlay layer and turn on the
State and Province Sightings layer.

Note: The State and Province Sightings data is from Natural Earth

(http://www.naturalearthdata.com/).

The State and Province Sightings layer shows the US states and Canadian provinces that
have reported zebra mussel sightings.

Interpret: On this map, you can see that there have been sightings in most US states and
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in two Canadian provinces. There have not yet been any sightings in the Northwest
(Washington, Oregon, Idaho, Montana, Wyoming, and South Dakota), nor have zebra
mussels been sighted in the Southeast (North Carolina, South Carolina, Georgia, and
Florida). A few other states along the Eastern Seaboard have also escaped invasion
(Maine, New Hampshire, Rhode Island, New Jersey, and Delaware).

4. Turn off the State and Province Sightings layer and turn on the United States
Department of the Interior (USDOI) USGS National Hydrography Dataset (NHD) layer.

The NHD layer shows the United States classified into 18 major regions based on
hydrology.'® The regions contain either the drainage area of a major river, such as the
Missouri River, or the drainage areas of a set of rivers, such as the Texas-Gulf region,
which is made up of the drainages for a number of rivers that empty into the Gulf of
Mexico.

Interpret: On this map, you can see that 14 of the 18 major hydrologic regions have
been invaded by zebra mussels—only the Rio Grande (HUC 2-12), Lower Colorado (HUC
2-15), Great Basin (HUC 2-16), and Pacific Northwest (HUC 2-17) regions remain
uninfected.

19 http://water.usgs.gov/GIS/huc.html (accessed October 29, 2015)
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5. Turn off the NHD layer.

6. On the main menu, click File > Save to save the map.

File JEdit View Bookmarks Insert Selection Geoprocessing Customize Windows Help

[ New.. Ctrl+N
& Open.. Ctrl+0Q
i Ctrl+S
Save As.,
Save A Copy...

Now that you know where the zebra mussels are, you'll learn more about where they first came
from, which is the topic of the next lesson.
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Lesson 3: Map the zebra mussel sightings over time

In this lesson:

= Set the time properties on the layer.

= Use the Time Slider window to display the layer over time.
= Display the data cumulatively.

= Change the symbology of the layer.

= Create the Zebra Mussel Sightings layer.

In the last lesson, you looked at a map of all zebra mussel sightings. Looking at maps of the
sightings year by year will help you learn where they were first sighted. Then you can answer
the question, where did the zebra mussels come from?

In this lesson, you'll start by setting the time properties on the Mussel Sightings layer. Then
you'll use the Time Slider window to display the layer over time. You'll also modify some time
property options and the symbology to highlight aspects of the display that will allow you to
better understand the change over time. Finally, you'll create a new feature class that contains
only the zebra mussel sightings, which you will use in the remaining lessons.

There are two steps to displaying temporal data with ArcGIS:

1. Set the time properties on the layer.
2. Display the layer using the Time Slider window.

Step 1: Set the time properties on the layer

In this step, you'll set the time properties for the layer. To do this, you need to know the format
of the temporal attributes in your data and how the features that vary over time are
represented geographically. In the last lesson, you learned that the zebra mussel sightings are
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represented as point features and that there's an attribute called YEAR to indicate when each
sighting occurred. You'll use that information to set the time properties on the layer.

1. Open the layer properties for the Mussel Sightings layer.
2. Click the Time tab.
3. Check the Enable time on this layer check box.

nable time on this layer

The other settings on the dialog box are now enabled.

Layer Properties ﬂ

| General ] Source ] Selection | Display | Syrnbolagﬂ Fields | Definition Duery| Labels[ Joins &Relahes. Time |HTML Pupup:

' | Enable time on this layer

Time properties

Layer Time: Each feature has a single time field -'j

Time Field: OBIECTID - Sample: 1

Field Format: Y -

Time Step Interval: 1 .Years V]

Layer Time Extent: To: [ Caleulate

Data changes frequently so calculate time extent automatically.

Advanced settings

Time Zone: none -
Values are adjusted for daylight savings

Time Offset: 0.00 vears -

'Displu',.l data cumulatively

OK [ Cancel -. Apply

4. For Layer Time, keep the default set to Each feature has a single time field.

Time properties

Layer Time: Each feature has a single time field -
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5. Set Time Field to YEAR.

Time Field: YEAR - Sample: 1930

Selected field is not indexed. Index the fields for better performance.

Tip: For Time Field, you can use any attribute that's sortable, either numerically or
alphabetically. You might use an attribute that's not a time or date if you wanted to
show the change in a nontemporal attribute, for example, the magnitude of
earthquakes or depth of wells.

You can see that there's a message reminding you that the selected field is not indexed
and that you should index the field for better display performance.

Time Field: YEAR - Sample: 1930

ISeIected field is not indexed. Index the fields for better performance.l

When a layer has many features or features with complex geometry, such as lines or
polygons with many vertices, the display may slow down significantly. One way to
improve display performance is to index the time fields. The layers you're working with
won't have display issues, so you don't need to index the time fields.

6. Click Calculate to determine the time extent of the layer.

Layer Time Extent: 1986 To: 2011 Caleulate

The first and last time steps will be updated automatically.

7. Since the data in this layer was collected by year, set Time Step Interval to 1.00 and keep
the default unit setting of Years.

Time Step Interval: 1.00 Years -

Note: For your data, you do not need to use the additional options to calculate the time
extent automatically, set a time zone, or use a time offset.

8. Click OK.
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9. Save the map.

Step 2: Use the Time Slider window to view the layer over time

Once the time properties for the layer are set, you can display the layer using the Time Slider
window. This window provides controls and additional options that allow you to display
temporal data in ArcMap, ArcScene, and ArcGlobe.

1. Open the Time Slider window by clicking the Open Time Slider window button on the
Tools toolbar.

QEL Qe E-C 80 BUNSR[T]DH

Tip: This button is not enabled if you don't have any time-enabled datasets in your
ArcMap, ArcScene, or ArcGlobe document.

2. Click the Play button to display the layer over time.

Time Slider X
—|| IT 1171995 12:00:00 AM | ==t 4

4 | ki

1/1/1986 12:00:00 AM 1/1/2011 12:00:00 AM 0

3. Move the Time Slider control to set the display to the first time period.

Time Slider X

| 2| 1/1/1986 12:00:00 AM | = 4
<@ 12
“ | 1/1/1986 12:00:00 AM 1/1/2011 12:00:00 AM | G |
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111906 120000 AM -

L

(2]

1/1/2011 12:90:00 AM | ¥

Interpret: This map helps you answer the question, where did the zebra mussels come
from? You can see that they were first sighted in 1986 in Lake Erie—one sighting was in
the east end of the lake, and the other was in the west. But wait—recall how you read in
Lesson 1 that others have reported that zebra mussels were discovered in North
America in 1988 in Lake St. Clair. Your map suggests that those accounts are wrong and
that zebra mussels were actually sighted two years earlier in a different lake altogether!

And your map is right! That's because scientists at the USGS updated their data based
on an authoritative report that described these earlier sightings.?° The report also
confirmed that zebra mussels are hypothesized to have been introduced to North
America in the ballast water of a ship that had traveled from Europe to the Great Lakes.

There's more you can learn from these maps, but the data will be easier to interpret if you
display it cumulatively so that you can see not just the current time step but also all previous
time steps.

20 http://www.bioone.org/doi/abs/10.3394/0380-1330-34.4.770 (accessed October 29, 2015)
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In this step, you'll enable the option to display the zebra mussel data. You'll also change the
symbology of the layer so that you can distinguish maps from among the time steps.

1. Open the layer properties for the Mussel Sightings layer.

2. Onthe Time tab, check the Display data cumulatively check box at the bottom.

|| Display data cumulatively

3. Click OK.

4. Use the Time Slider window to display the layer over time.

3 a 1 W T
Time Slicer =)
/11996 12.00.00 AM [

[m»
1/1/2011 1290:00 AM | » E

On this map, it's easier to see how the distribution has changed over time, but it's
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difficult to distinguish individual time steps. You can fix that by changing the symbology
of the layer.

5. Save the map.

Step 4: Change the symbology of the layer

You'll use a method called Match to symbols in a style, which will assign prespecified symbols to
the point features based on an attribute—in this case, the year. The symbology you set for this

layer will also be used for others later in this project.

1. To see the style that contains the symbols, click Customize > Style Manager on the main

menu.

File Edit View Bookmarks Insert Selection Geoprocessing Windows Help
Toolbars »

Extensions..
Add-In Manager...

Customize Mode...

I Style Manager... I

ArcMap Options...
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2. On the Style Manager dialog box, click Styles.

|

3. On the Style References dialog box, click Add Style to List.

Style Manager

& & C)\Users\aile4061\AppData\Roaming\E|
&3 ESRlLstyle

Name

[_]Reference Systems
-IMaplex Labels
=IShadows

{_JArea Patches

ZlLine Patches
“Labels
_IRepresentaton Markers
—INorth Arrows
[ZIScale Bars
[ClLegend ltems
[IScale Texis

[EiColor Ramps
[“IBorders
[“1Backgrounds
[ZIColors
[ZJVectorization Settings
LIFill Symbols

[ZJLine Symbols
IMarker Symbols

[ Text Symbols
[“IRepresentation Rules
[“JHatches

e

Style References

“‘

aile4061
[ 3D Basic
30 Billboards
C3p Buildings
[ 30 Industrial
[ 30 Residential
[ 3D Street Fumiture
3D Trees
[ 3D Vehicles
LﬁrcGlS_Explorel
[ ArcScene Basic
[ Business
Cc2 Military Operations
I c2 UEI Air Track
[ ¢2 UEI Ground Track Equipment
[ c2 UEI Ground Track Installations
[ 2 UEI Ground Track Units

1l

Set as Default List

| Adasylewlist. |

[ OK ] [ Cancal J

| CreateNewStjle_ |

=4
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Browse to the C:\student\Zebra_Mussels directory and select the Zebra_Mussels.sty

file.

#-E1 C\Users\_name \AppData\Roaming|E
+ B ESRlstyls
f= =) C \studenfiZebra_Mussels\Zebra_Musse

The style will be displayed in the left pane of Style Manager.

Note: The file extension for an ArcGIS style file is .sty.

Click the box with the plus sign to the left of the Zebra Mussels folder to expand its view.

Style Manager

=X

- E3 C\Users\_name \AppData\Roaming\Ef
11 B3 ESRlstyle
Ek

7 Reference Systems
~8 Maplex Labels
£ Shadows
i Area Paiches
- Line Patches
(£ Labels
-3 Representation Markers
-0 North Arows
i Scale Bars
[ Legend tems
£ Scale Texts
£ Color Ramps
- Borders
- £ Backgrounds
{3 Colors
£ Vectonization Settings
i E3 Fill Symbols
9 Line Symbols
-3 Marker Symbols
i Texd Symbaols
1 Representation Rules
L.-£7 Hatches

P T P

Mame

ElReference Systems
EIMaplex Labels
E1Shadows

ElArea Paiches
ElLine Patches
ClLabels
CIRepresentaton Markers
EIMorth Amrows
EScale Bars
HLegend fems
[EScale Texts

EColor Ramps
[EBorders
EBackgrounds
ElCaolars
[CVectonzation Setings
EFill Symbaols

CLine Symbals
EMarker Symbals

[ Test Symbols
[FRepresentation Rulas
[Hatches

| Close

Styles...

Note that there are symbols for some types (Color Ramps, Colors, and so forth), as
indicated by yellow folders, but not for others, which are shown with white folders.
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Style Manager ﬂ
£ C\Users\_name \AppData\Roaming\EY | Name Cal
+ £ ESRlLstyle ® 1965
=2 ClstudentiZebra_Mussels\Zebra_Musse ® 1587 [I

-] Reference Systems
£ Maplex Labels @ 1988
£ Shadows @ 1989
- Area Patchas @ 1930
£ Line Patches @ 199
i~ EJ Labels o 1992
i Representation Markers o 1993 |
- North Arrows o 1994 =
i+ Scale Bars o 1995
—8 Legend hems o 1996
£ Scale Texts -
i--f£3 Color Ramps © 1997
£ Borders o 1938
\--£2] Backgrounds o 1999
-3 Colors @ 2000
2 Vectonzabon Setiings @ 2001
&3 Fill Symbols & 2002
—8 Line Symbols & 2003
B e Symooi i
— Tent Symbols ® 2005
- Representation Rules
\.-£1 Hatches ® 2008
& 2007 -
i T bl 4 ! 3

Note that the symbols' names are the same as the year values for the zebra mussel
sightings.

7. Close the dialog box.

To use the Match to symbols in a style option, there must be a text attribute in the layer
with values that exactly match the names of the symbols, so you'll need to check if
there's such a field.

8. Open the layer properties for the Mussel Sightings layer.

9. On the Fields tab, click the YEAR field.
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Layer Properties u

|Generad ] Source ] Selection | Display [ Symbology | Fields  Definition 'Eluery| Lﬂbels[ Joins &Helaﬁesl Time |HTML Popupl
S El| 4+~ 4~ Optionsw |
Choose which fields will be visible + |- Appearance
| OBJECTID Alias YEAR
V| Shape Highlight No
W1 USGSID INumber Farmat Numeric |
7] GENUS
7| SPECES Read-Only Mo
7] NAME =l Field Details
' MONTH Data Type Double
¥ =|| N Name YEAR
é COUNTRY Precision 0
¥ STATE — ~ |
o Scale 0
¥ COUNTY
¥ LOCALITY Allow NULL Values Yes
| STATE_NAME
| STATE_FIPS
V| STATE_ABBR
¥ CONAME
| PRNAME i

Note that this is a numeric field type. Recall that this data is from the USGS, so the field
types are already set in the data. You cannot change a field type, but you can create a
new field of the type you want and calculate the values to be equal to those in another
field.

10. Close the Layer Properties dialog box.

11. Open the attribute table for the Mussel Sightings layer.

Table ox
g-B-BH %

Mussel Sightings x

OBJECTID * Shape * USGSID GENUS | SPECIES | NAME MONTH | YEAR | COUNTRY | STATE COUNTY
3 4625 | Paint 268999 | Dreissena | polymorpha | zebra mussel 11 1986 | CA ONT LAKE ERIE Lake Erie, offshore be
4626 | Point 269001 | Dreissena | polymorpha | zebra mussel 1 1986 | CA ONT LAKE ERIE Lake Ene, offshore b

4| 1 »
"o 1+ » |[E|=| (0 outof 2 Selected)

Mussel Sightings
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Note that not all the records are shown. This is because time is still enabled on the map,
so the only records you see in the table are those for the current time step. If you
calculate the values in a field while time is enabled, only the current time step's records
will be calculated. So, you need to disable time on the map.

12. In the Time Slider window, click the first button in the upper left corner to disable time

on the map.
Time Slider 3
I 1/1/1986 12:00:00 AM | ==
| Disable time on map ki | 2 |
1/1/1986 12:00:00 AM 1/1/2011 12:00:00 AM | :u |

13. On the attribute table toolbar, click the Table Options button and click Add Field.

= =5
M Find and Replace...
B Select By Attributes...

B4 Switch Selection
[ Select All

EE Tumn All Fields On
"+] Show Field Aljases

14. Type "Year_Text" as the name, change Type to Text, and set Length to 4.

Add Field |
Type: |Tm .]

Field Properties

Alias

Allow MULL Values Yes
Default Value

Length 4

OK Cancel
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15. Click OK.

16. Scroll to the right to see the added field.

17. Right-click the Year_Text field name and click Field Calculator.

Year_Text
<Null= = Sort Ascending
=Null> =
Tl = Sort Descending
<Mull= Advanced Sorting...
< Summarize...
<Mull=>
=Null>
<Null> - I I
<Null> Field Calculator...
<Mull> Calculate Geometry..
<Mull> i
“Null= Turn Field Off
<Hull> Freeze/Unfreeze Column
<Mull=
<Mull> ® Delete Field
<Mull> -

Properties...

<Null> P
=MNull>

18. In the Fields list, double-click YEAR.
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Field Calculator — -
Parser
(@) VE Script (" Python
| Fields: Type: Functions:
DBJECTID < " @ Number Abs( )
Shape 2:;5: J)
USGSID L (7 String el )
GENUS I3 F( )
D
SPECIES L e m()
Log (
NAME sin(
MONTH SqI[ )
Tan( )
COUNTRY
| sTATE -
[ show Codeblock | |
£ ) ! B + - =
B DEEEEE
[YEAR] =
|| About calculating fields Cear | | load.. | | save.. |
[ ok || concel |

It will appear in the expression area. This expression will calculate Year_Text to equal
YEAR.

19. Click OK and check that the values have been updated.

20. Close the attribute table.

21. Open the layer properties.
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22. On the Symbology tab, click Categories > Match to symbols in a style.

Features
Categories
Unique values

J <l
Charts

23. Set Value Field to Year_Text.

Value Field
Year_Text -

24. Click the Browse button to browse to and select the Zebra_Mussels style.

Match to symbols in Style

ClswdentiZabra_Mussels\Zebra_Mussels style - Browse...

25. Click Match Symbols.

The symbols will be changed to those in the style.

26. Click the check box next to <all other values> to turn off the display for these features.

. Value Label

<all other values> <all other values>
<Heading> Year_Text

1986 1986

Note: Although there are zero features with other values, which is indicated by the
count to the right of the label, unchecking this option will also turn off this symbol
display in the table of contents.

27. Click OK.
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28. Click the box with the minus sign next to the Mussel Sightings layer to collapse its view
in the table of contents.

29. Open the Time Slider window and click the first button in the upper left corner to enable
time on the map.

Time Slider B
j|_||;|:| Time is disabled on this map |_,|- ¥ —I
Enable time on map H
4 | 1/1/1936 12:00:00 AM 1/1/2011 12:00:00 A J
ra 'l
Time Sidee v 1 — 1 . Gl | ¢
m 1171995 120000 AM |[=4o I
[n] (2]
Yo 12000 am | |01

On this map, it's easier to keep track of the change over time. To help you see this even
better, you'll turn on a timeline that was created for this map. The timeline will show

the entire time extent and a clear indication of the current time step. It will also serve as
a legend for the map.

30. Click the box with the plus sign next to the Timeline group layer to expand its view.

@ Timeline
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H = '.ﬂ]"eﬂ <
tl B Mussel Sightings
=1 & Timeline

M Timeline
Year_Text

® 1986

@ 1987

@ 1988

@ 1989

@ 1990

o 1991

© 1992

© 1993

o 1994

© 1995

o 1996

© 1997

o 1998 =

@ 1999

@ 2000

e 2001

e 2002

e 2003

e 2004

e 2005

e 2006

e 2007

e 2008

e 2009

@ 2010

e 2011

G

# Ghosted Timeline

tl O State and Province Si

There are two layers. The bottom one has gray symbols, and the top one has the same
symbols as the Mussel Sightings layer.

31. Collapse the view for the Timeline group layer.

32. Turn on the Timeline group layer.

Copyright © 2017 Esri. All rights reserved. Page 3-17



Lesson 3: Map the zebra mussel sightings over time

Time Scdec = .
[y 1) 1171996 120000 AM TRy

- L)
pe

i ) n/[2]
“ O 1/1/1986 12:00:00 AM

132011 12:90:00 AM | ¥ 9_‘

Although you can use the information in the Time Slider window to track the
progression of time, the timeline allows you to do this more efficiently because it's part
of the map display, and the features in the timeline are visually associated through their
symbology with those on the map. In this way, the timeline also serves as a legend for
the map. Additionally, the features in the timeline are displayed over time in a north-to-
south order, much like the overall pattern of zebra mussel sightings on the map.

Note: Lesson 7 provides instructions for making this timeline.

33. Move the Time Slider control to 1990.

Time Slider fes
ﬁ|__||;|;;| 1/1/1990 12:00:00 AM ||...|. W |
| 0 D
“ | 1/1/1986 12:00:00 AM 1/1/2011 12:00:00 AM | »
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3 1 ")
Time Stiger 2]
ey 1/1/1950 1200.00 AM

e A

’ W= | ®
“ | 1/1/1986 12:00:00 AM 1y 1zs0:00am | > |0

Interpret: By 1990, only four years after being introduced to North America, zebra
mussels had been sighted in all the Great Lakes and were moving into the Saint
Lawrence River.

34. Click the Next Time Step button to advance one time step to 1991.

Tmesiaer g

{1 = 1/1/1986 12:00.00 AM |=o

op [

| 1/1/1986 12:00:00 AM 1/1/2011 12:00:00 AM |
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X 1 )
Time Slider = VL\ﬁ
ey -} 1171991 120000 AM |=4w 3
[1e] 0 [ni][»
| 1/1/1986 12:00:00 AM 1y 1zs0:00am | > |0

Interpret: By 1991, zebra mussels had escaped the Great Lakes and found their way
farther down the Saint Lawrence River and down the Mohawk to the Hudson River in
New York. They had also reached the Mississippi River via the lllinois River.

35. Advance to the next time step.
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Interpret: By 1992, zebra mussels had made their way to the mouth of the Saint
Lawrence River at Quebec. They had also been sighted in the waters of the Arkansas,
Cumberland, Ohio, and Tennessee Rivers and were making their way down the
Mississippi River to the Gulf of Mexico.

36. Turn on the State and Province Sightings layer.

37. Advance two years to 1994.

Tirme Shicer
ey 1171994 120000 AM TH———
|1s ¢ »ll»

“ 1111986 12:00:00 AM 1372011 1280:00 A | || (T ‘

Interpret: Only eight years after their introduction to North America in the Great Lakes,
zebra mussels had found their way to the sea via the Saint Lawrence, Hudson, and
Mississippi Rivers. They were found in the water bodies in or adjacent to 16 US states
(Alabama, Arkansas, Illinois, Indiana, lowa, Kentucky, Michigan, Minnesota, Mississippi,
New York, Ohio, Oklahoma, Pennsylvania, Tennessee, Vermont, and West Virginia) and
2 Canadian provinces (Ontario and Quebec).

38. Advance through the other time steps, turning helpful layers on or off to learn more
about the invasion of the zebra mussels.

Interpret: You'll learn that in 1999, they were found in the Missouri River between lowa
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and Nebraska. In 2001, they were reported farther downstream in the Missouri River in
the state of Kansas. In 2003, they invaded Virginia as well as water bodies in Nebraska.
In 2008, they were in the upper reaches of the Arkansas River in Colorado. That same
year, they were sighted on the other side of the Continental Divide, at the headwaters
of the Colorado River in Utah; they also found their way to California. In 2009, they
invaded Texas and Massachusetts. In 2010, they moved into North Dakota. By 2011,
they had been sighted in 30 US states and still only 2 Canadian provinces.

39. Save the map.

You've now answered two of your four spatial questions. Before going any further, you'll do a
little data management by creating a new feature class that contains only the zebra mussel
sightings, which you'll use in the remaining lessons.

Step 5: Create the Zebra Mussel Sightings layer

There are two reasons to create a new layer containing only the sightings for zebra mussels—
both relate to the definition query that you set on the Mussel Sightings layer so that quagga
mussel sightings would not be shown:

e Definition queries tend to slow the drawing time when displaying data over time.
e Definition queries cannot be used in any layers from which web map services are
created.

Since the mussel sightings data is fairly simple (in other words, there are not many features and
the geometry is not complex), you may not notice an improvement in drawing performance.
However, you'll be making a map service from this layer in a later exercise, so for that reason
alone, you'll want to create this new feature class.

You'll create the feature class by exporting the data for the Mussel Sightings layer. Because this
layer has a definition query, only features that meet the query criteria will be exported.
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1. Right-click the Mussel Sightings layer in the table of contents and click Data > Export
Data.

[ Copy
X Remove
E Open Attribute Table
Joins and Relates »

@ Zoom To Layer

Visible Scale Range C
Use Symbol Levels

Selection '
Label Features

Edit Features »

Convert Symbology to Representation...

Data ®
<> Save As Layer File... & | Export Data... |
W Create Layer Package.. Export To CAD..

B Properties...

[1 View Item Description...

2. On the Export Data dialog box, keep the default options to export all features using the
coordinate system of the data frame, and set the Output feature class to
Zebra_Mussel_Sightings in the C:\student\Zebra_Mussels\Zebra_Mussels geodatabase.

Export Data g

Export: | All features -

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

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

Output feature class:

IC'\sh.udenﬁ.Zebra_Mussels'LZebra_Mussels gdb'l,Zebra_Mussel_EI tﬁ

ok | Cancel
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3. Click OK.

4. Click No so that the exported data is not added to the map as a layer.

ArcMap l—'

! Do you want to add the exported data to the map as a layer?

Yes No

You could add the data to ArcMap and redefine the layer properties, but an easier approach is
to change the source of the Mussel Sightings layer to the Zebra_Mussel_Sightings feature class.
Doing this will prevent your having to reapply the symbology and reset the time properties.

5. Open the layer properties for the Mussel Sightings layer.

6. On the Source tab, click Set Data Source.

Set Data Source...

7. Browse to the C:\student\Zebra_Mussels\Zebra_Mussels geodatabase and click the
Zebra_Mussel_Sightings feature class.

8. Click Add.
Data Source
Data Type: File Geodatabase Feature Class -
Database: C\student\Zebra_Mussels\Zebra_Mussels.gdb
Feature Class: Zebra_Mussel_Sightings L
Feature Type: Simple T
Geometry Type: Faint
Coordinates have Z values: No
Coordinates have measures: No

Projected Coordinate System: WGS_1984_Web_Mercator_Ausxiliary_Sphere
Projaction: Mercator_Auxiliary_Sphere -

The source will be updated.
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9. On the General tab, change the layer name to Zebra Mussel Sightings.

Layer Name: | Visible

10. On the Definition Query tab, press the Backspace key on your keyboard to erase the
query.

11. Click OK.

This layer will look the same, but it can now be used to create a map service.

In the next lesson, you'll answer the questions, how many zebra mussels are there, and are
there more zebra mussels in some areas than in others?
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Lesson 4: Map the zebra mussel density over time

In this lesson:

= Create the mosaic dataset.

= Add the model to ArcToolbox.

=  Run the model.

= (Calculate statistics for the mosaic dataset.

= Change the symbology of the layers.

= Add the time field to the Footprint layer.

= Display the cumulative density rasters over time.

As you saw in the last lesson, one of the challenges with mapping the data for the zebra mussel
sightings is that many of the symbols overlap. Instead of trying to determine the number of
zebra mussels by mapping the points, you can make a density map to show where the points
are concentrated.

Density maps are generated and displayed as a continuous surface in which there's a smooth
gradation from areas of higher concentrations to areas of lower concentrations. The density
surface is generated in ArcMap as a raster layer. For each cell in the raster layer, you can find
the density of the features, such as the number of sightings per square mile.

One way to calculate density would be to use the sightings for a single year. Another way would
be to use the sightings for a year and all previous years. You'll use the second option to
generate cumulative density maps.

In this lesson, you'll use a model that has been created to generate these density maps. The
model will produce 26 rasters, one for each year and using the sightings in that year and all
previous years. To display these rasters over time, you'll add them to a mosaic dataset, because
you can enable time on a mosaic dataset just as you did for the Mussel Sightings layer in

Lesson 3.

The steps you'll follow in this lesson represent standard workflows for including temporal
analysis in a model using iterators and mosaic datasets to display raster data over time. These
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workflows require some data management, such as creating the mosaic dataset, calculating
statistics, adding fields, and calculating field values. Although this means that it takes longer for
you to actually see the maps, you'll know what steps to take in the future to work with
temporal models and display raster data over time.

Before you start: Learn about mosaic datasets

A mosaic dataset is created in a geodatabase and then rasters are added to it. When rasters are
added to a mosaic dataset, a pointer to the location of the data is stored within the mosaic
dataset. The actual raster data is not transferred to or stored within the mosaic dataset.

When a mosaic dataset is added to ArcMap, the layer that appears in the table of contents is
shown as a special group layer that always has the same three layers—Boundary, Footprint, and
Image—each of which is also displayed on the map.

= B Cumulative_Density
[0 Boundary

—k Footprint

~b Image
Value
= High:0.0157929

Low : 0

Each of these layers has its own layer properties:

e The Boundary layer displays the boundary of the entire mosaic dataset. By default, the
boundary is the extent of all the raster datasets within the mosaic dataset.

e The Footprint layer displays the footprints for each raster within the mosaic dataset. The
attribute table of the Footprint layer displays a list of all the rasters in the mosaic
dataset and many of their properties, such as the minimum and maximum pixel sizes,
that are used to display the raster in the mosaicked image. You can add a time field to
this attribute table to display the rasters in the mosaic dataset over time.

e The Image layer controls the display of the rasters. For this layer, you can modify the
display properties, such as the color ramp, stretch, resampling, and mosaic method.
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In this lesson, you'll learn how to work with these layers to show raster data over time.

Because you'll be generating a lot of new data, you'll start by creating a new file geodatabase to
store the rasters. In this geodatabase, you'll create the mosaic dataset that a model will add the
rasters to. Then you'll add the model to ArcToolbox and use it to generate the cumulative

density rasters and add them to the mosaic dataset. You'll display the mosaic dataset over time

to see the changes in the density of zebra mussel sightings.

Step 1: Create the mosaic dataset

You'll create the new file geodatabase in the Catalog window.

1. On the Standard toolbar, click the Catalog button to open the Catalog window.

DEES o o - 192017582 Y ZEEhEER 3
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2. Right-click the Zebra_Mussels folder name and click New > File Geodatabase.

=k Home - Student\Zebra_Mussels B

Copy

+ . Zebra_Mussels.gdb 6l
+ @ Zebra_Mussels.tbx
Q@ Zebra_Mussels.mxd

+ 3 Folder Connections

# @ Toolboxes

+ [{J Database Servers 2 Refresh

+ L3 Database Connections >

5 3 GIS Servers New £ Folder

% £ My Hosted Services 1 Item Description.. 3 File Geodatabase |

¥ [ Ready-To-Use Services ' Properties.. 3 Personal Geodatabase
L3 Database Connection...
41 ArcGIS Server Connection...

Layer...
» Group Layer

& Python Toolbox
[J Shapefile..
@ Toolbox
E3 dBASE Table
%] LAS Dataset
& Address Locator...
& Composite Address Locator...
¥ XML Document

3. Rename the geodatabase Zebra_Mussel_Density using the same method as renaming a

layer.

Now you'll create the mosaic dataset in this new geodatabase. One thing you need to

specify when creating a mosaic dataset is the coordinate system. You'll use the same

coordinate system as the feature classes in the Zebra_Mussels geodatabase, so you

need to find out what that i

S.

4. Right-click any feature class in the geodatabase and click Properties.

5. Click the XY Coordinate System tab.

Copyright © 2017 Esri. All rights reserved.
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Current coordinate system:

WGS_1984_Web_Mercator_Auxiliary_Sphere -

WKID: 3857 Authority: EPSG

Projection: Mercator_Awdliary_Sphere
False_Easting: 0.0

False_Northing: 0.0

Central_Meridian: 0.0
Standard_Parallel_1: 0.0
Aundliary_Sphere_Type: 0.0

Linear Unit: Meter (1.0)

Note that the Current coordinate system is
WGS_1984 Web_Mercator_Auxiliary_Sphere.

6. Close the Feature Class Properties dialog box.

7. Right-click the Zebra_Mussel_Density geodatabase and click New > Mosaic Dataset.

= &3 Home - Student\Zebra Mussels
B o sl Denyoond
L3 Zebra_Mussels.gdb A Copy
= @ Zebra_Mussels.tbx
@ Zebra_Mussels.mxd
3 Folder Connections Y Deiste
& Toolboxes Rename
03 Database Servers Refresh
[Fv)

F E E®E
fy

Database Connections
I & Make Default Geodatabase

= HJ GIS Servers

# & My Hosted Services Administration C

# @ Ready-To-Use Services Distributed Geodatabase »
New »
Import »
Export »

W Share as Geodata Service...

[ IMem Description...

' Properties..

H (O &

Feature Dataset..
Feature Class...
Table...

Relationship Class...

Raster Catalog..
Raster Dataset...

@8 F a0

Mosaic Dataset... I

e @

Toolbox
Address Locator...

Composite Address Locator...

8. Make sure the Output Location is the Zebra_Mussel_Density geodatabase and name the

mosaic dataset Cumulative_Density.

Copyright © 2017 Esri. All rights reserved.
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“\b Create Mosaic Dataset

e ) |

Output Location

I C:\student\Zebra_Mussels\Zebra_Mussel_Density.gdb

Mosaic Dataset Name
Cumulative_Density

* Coordinate System

Product Definition (optional)
NONE

¥ Product Properties
¥ pixel Properties

Mosaic Dataset Name

The name of the mosaic dataset.

ok || cancel

Environments...

<< Hide Help | Tool Help

9. Click the browse button for the Coordinate System parameter and select the WGS 1984
Web Mercator (auxiliary sphere) projection, which is in the Projected Coordinate

Systems > World folder.

Copyright © 2017 Esri. All rights reserved.
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[ Spatial Reference Properties ——— ———
T~ | Type here to search TR 0
) Vertical Perspective (world) 7 !

&) WGS 1984 FASE Grid Global
) WGS 1984 PDC Mercator
1 & WGS 1984 Plate Carree
(% WGS 1984 Web Mercator (auxiliary sphere)
| & WGS 1984 World Mercator
& Winkel I (world)
& Winkel I (world)
& Winkel Tripel (NGS5 - world)
# £ World (Sphere-based)

Current coordinate system:

WGS_1984_Web_Mercator_Auwdliary_Sphere -
WKID: 3857 Authority: EFSG

Projection: Mercator_Auxiliary_Sphere
False_Easting: 0.0

False_Northing: 0.0

Central_Meridian: 0.0
Standard_Farallel_1: 0.0
Aundliary_Sphere_Type: 0.0

Linear Unit: Meter (1.0)

111

10. Click OK on the Spatial Reference Properties dialog box.

11. Click OK on the Create Mosaic Dataset dialog box to finish creating the mosaic dataset.

12. Click the Close button in the upper right corner of the results dialog box to close it.

Create Mosaic Dataset

<< Detmis
[ Close this dislog when completed successfully
Executing: CreateMosaicDataset C:\student\Zebra Mussels\Zebra Mussel Density.gdb -
Cumulative Density "PROJCS['WGS_1984 Web Mercator Auxiliary Sphere',GEOGCS['GCS_WGS_
1984" ,DATUM('D_WGS_1984"', SPHEROID['WGS_19684"',6378137.0,298.257223563] ] , PRIMEM

['Greenwich',0.0],UNIT( 'Degree’,0.0174532925199433] ], PROJECTION

['Mercator Auxiliary Sphere'],PARAMETER['False Basting',0.0], PARAMETER

[*False Northing',0.0],PARAMETER['Central Meridian',0.0], PARAMETER['Standard_Parallel
1',0.0], PARAMETER [ 'Auxiliary Sphere Type',0.0],UNIT['Meter’,1.0]];-20037700 -30241100
10000;-100000 10000:-100000 10000;0.001:;0.001:0.001;IsHighPrecision™ # # NONE ¢

Start Time: Fri Sep 26 13:25:13 2014

Succeeded at Fri Sep 26 13:25:13 2014 (Elapsed Time: 0.68 seconds)
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The mosaic dataset will appear in the Catalog window.

= &3 Home - Student\Zebra_Mussels
=) .3 Zebra_Mussel_Density.gdb
L JCumulative_Density|
# 3 Zebra_Mussels.gdb
7 @ Zebra_Mussels.tbx
@ Zebra_Mussels.mxd
@ Zebra_Mussels2.mxd
3 Folder Connections
® Toolboxes
{J Database Servers
L3 Database Connections
3 GIS Servers
&3 My Hosted Services
3 Ready-To-Use Services

B EEEE®

The mosaic dataset group layer will appear in the table of contents, but it will not
display on the map because no rasters have yet been added to it.

= = Layers
¥ O Zebra Mussel Sightings
= O Timeline
# [0 State and Province Sightings
= B Cumulative_Density
=0 Boundary

= Footprint

—F Image

Value
High : 0.0330716

Low :0

= O World Hydro Reference Overlay
# O USDOI USGS Mational Hydrograph
= O Reference

L Basemap

+ B Ocean/World_Ocean_Base

For the rasters to be added to the mosaic dataset when you run the model in the next
step, the mosaic dataset cannot be in the ArcMap document, so you need to remove it.

13. Right-click the Cumulative_Density group layer in the table of contents and click
Remove.
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Open ¢
& Copy
" =
% Zoom To Layer

Refresh

Data *
<> Save As Layer File..
@ Create Layer Package..
P’ Properties..

14. Save the map.

Now you can use the model to generate the rasters and add them to the mosaic dataset.

In this step, you'll add the model to ArcToolbox.

1. On the Standard toolbar, click the ArcToolbox button to open the ArcToolbox window.

DBE@S & [ x |2 > &- 19207582 NNEEFE L=
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2. Right-click ArcToolbox and click Add Toolbox.

Hide Locked Tools

+ @ Convers
= @ Data Int Save Settings »
i/ @ Data Mz Load Settings »

= @ Editing Tools

+ @ Geocoding Tools

= @ Geostatistical Analyst Tools
+ @ Linear Referencing Tools
+ @ Multidimension Tools

= @ Network Analyst Tools

¥ @ Parcel Fabric Tools

= @ Schematics Toals

+ @ Server Toals

= @ Spatial Analyst Tools

= @ Spatial Statistics Tools

+# @ Tracking Analyst Tools

over time

3. Browse to the C:\student\Zebra_Mussels directory, click the Zebra Mussels toolbox, and

then click Open to select it.

Add Toolbox g

Look in: ’[aHnl'ne-Emdem\,zebra_Mussds v] L 3 Er B ECGD

L& Zebra_Mussels.gdb
3 Zebra_Mussels_Density.gdb

Zebra_Mussels.thx

Hame: Zebra_Mussels.thx

Show of type: [ Toolboxes ~| | concel |

The Zebra Mussels toolbox will appear at the bottom of the ArcToolbox window.

Copyright © 2017 Esri. All rights reserved.
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& ArcToolbox

# @ 3D Analyst Tools

= @ Analysis Tools

+ @ Cartography Tools

#| @ Conversion Toals

© @ Data Interoperability Tools
#| @ Data Management Tools

# @ Editing Tools

7 @ Geocoding Tools

+ @ Geostatistical Analyst Tools
© @ Linear Referencing Toals

t @ Multidimension Tools

+ @ Network Analyst Toals

#| & Parcel Fabric Tools

+ @ Schematics Tools

1 @ Server Tools

# @ Spatial Analyst Tools

+ @ Spatial Statistics Tools

7| @ Tracking Analyst Toals
&P Zebra Mussels

Tip: Toolboxes appear alphabetically when they are added.

4. Expand the view for the Zebra Mussels toolbox to see the Cumulative Density model.

& Zebra Mussels
= Cumulative Density

5. Save the map.

Step 3: Run the model

In this step, you'll run the model and calculate statistics for the mosaic dataset. Before running

the model, you'll enable the ArcGlIS Spatial Analyst extension because the model uses the

Kernel Density tool, which is in the Spatial Analyst toolbox.

Copyright © 2017 Esri. All rights reserved.
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1. On the main menu, click Customize > Extensions.

File Edit View Bookmarks Insert Selection Geoprocessing| Customize | Windows Help

Toolbars »

Extensions...

Add-In Manager...
Customize Mode...
Style Manager...

ArcMap Options...

2. On the Extensions dialog box, check the Spatial Analyst check box and click Close.

)
Extensions g

Selectthe extensions you want o usa.

O 3D Analyst

O ArcScan

-0 Geaostatistical Analyst

O Metwork Analyst

-0 Publisher
Schematics

- Tracking Analyst

Description:

Spatial Analyst 10.2.2
Copyright ©1599-2014 Esri Inc. All Rights Reserved

Provides spatial analysis tools for use with raster and feature data.

3. In ArcToolbox, right-click the Cumulative Density model and click Edit to view it.
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}N Cumulative Density

(B

Model Edit Insert View Windows

Help

@S +FHBXx 0~

+ EEEL N

Ka'lv b

il

This model selects the points for each year and all previous years and uses them to
create a cumulative density raster. The raster is then added to the mosaic dataset.

Note that the model has a For iterator. Iterators are used in models to repeat a process
on a set of inputs. In this model, it repeats the process for each year.

-

Double-click the For iterator to see its parameters.

'{\ For g
From Value For i
1986
To Value Iterates over a starting and ending value by
2011 a given value_ It works exactly like For in
By Value any scripting/programming language,

executing through a set number of items,

|[_concel ]|

Apply | | << Hide Help

Tool Help |

J o

Copyright © 2017 Esri. All rights reserved.

The From Value parameter is set to 1986, the first year in the data. The To Value
parameter is set to 2011, the last year. The By Value parameter is set to 1 so that the
process is repeated for each year. The value that's being used in the tools is stored in
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the Value variable, shown in the bright green oval.

o

5. Close the dialog box.

6. Double-click the Value variable.

. Value g1
Value Value i
2011
Variant
U] -
[ ok || cancel | apply || <<riderelp ToolHelp |
—

This variable will update as the model runs. This value is used in the three tools in this

model.

7. Close the dialog box.

8. Double-click the Select Layer By Attribute tool.

Copyright © 2017 Esri. All rights reserved.
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. Select Layer By Attribute -
Layer Name or Table View Select Layer By Attribute
|Zebra Mussel Sightings = @
) ] Adds, updates, or removes a selection on a
Select I y v -
:N_I?Eg;.%:mm) - layer or table view based on an attribute
query.
Expression (optional)
YEAR <= %:Value% - %
[ ok || cancel || Appy [ <<riderelp | | Tool Help

Note that the expression uses the Value variable, indicated by %Value%. When the YEAR
attribute is less than or equal to the year in the Value variable, the points in the current
year and all previous years will be selected. They are then used as the input for the
Kernel Density tool.

Note: If you wanted to create density rasters using the sightings for each single year,
you would change the expression to YEAR = %Value%.

9. Close the dialog box.

10. Double-click the Kernel Density tool.

Copyright © 2017 Esri. All rights reserved. Page 4-15




Lesson 4: Map the zebra mussel density over time

‘\ Kernel Density g
Input point or polyline features g Kernel Density B
|Zebra Mussel Sightings (2) - @

Population fiekd Ca_lculaiss a magmlude per .umt area from
HONE - point or polyline features using a kernel
function to fit a smoothly tapered surface to
Output raster each point or polyline
C\student\Zebra_Mussels\Zebra_Mussel_Density.qdb)Cumulative_Density_SeValue% @

Output cell size (optional)

[10000 - @

Search radius (optional)

100000 -
Area units (optional)

SQUARE_KILOMETERS -

- -

[ ok || concel [ apply || <<hiderelp | [ ToolHelp

Note that the output raster name will include the year. Also, note that the output
density value will be in square kilometers, so values for the cells will be the number of
sightings per square kilometer.

11. Close the dialog box.

12. Double-click the Add Rasters To Mosaic Dataset tool.
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‘ﬁ Add Rasters To Mosaic Dataset

=X=)

Mosaic Dataset

Raster Type

Input Data

[W‘orkspc:e

Cumulative_Density ot

IRastarDataset 'J é @

Source
Cumulabive_Density_%:Value%

<« | T b

| Update Cell Size Ranges (optional)
[¥| Update Boundary (optional)
| Update Ovenniews (optional)

¥ Raster Pyramid Options
¥ Advanced Options

Add Rasters To Mosaic Dataset

Adds raster datasets to a mosaic dataset
from many sources, including a file, folder,
raster catalog, table, or web service

[ ok || concel Apply << Hide Help |

Tool Help

The cumulative density raster for each year will be shown in the Input Data parameter.

13. Close the dialog box.

14. Click the Validate Entire Model button to make sure there are no errors in the model.

@8 dBRax 2~ s HEEHan k]

15. Click the Run button to run the model.

@3 +B8x 0 s H@ANZQo xS V]

The progress will be noted on the results dialog box.

Copyright © 2017 Esri. All rights reserved.
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16. Close the results dialog box.
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Cumulative Density

Run

Completed

[ Close this dialog when completed successfully

Ig
g
1

I | <<Oco

2014-09-28T13:52:49.274: Computing
maximum cell size for mosaic dataset
2014-09-28T13:52:49.383: Completed
computing cell size ranges.
2014-09-28T13:52:49.508: Completed
building boundary.

Succeeded at Sun Sep 28 13:52:49 2014
(Elapsed Time: 1.05 seconds)
Executing (For): IterateCount 1986
2011 1

Start Time: Sun Sep 28 13:52:49 2014
Succeeded at Sun Sep 28 13:52:49 2014
(Elapsed Time: 0.00 seconds)

¢ [

17. When the model has finished running, click the X in the upper right corner to close it.

18. Click Yes when asked if you want to save the changes.

Save Model

want to save the changes?

'Cumulative Density’ has been modified since it was last saved. Do you

Yes [ No ] [ Cancel

19. Open the Catalog window.

Copyright © 2017 Esri. All rights reserved.
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= & Home - Student\Zebra_Mussels -
=) ] 7ebra_Mussel_Density.gab|
B Cumulative_Density
# 8 Curmulative_Density_1986
+ 8 Curmulative_Density_1987
+ 8 Curmnulative_Density_1988
# 88 Cumulative_Density_1989
# @ Cumulative_Density_1990
t B8 Cumulative_Density_1991
t @8 Cumulative_Density_1992
t @8 Cumulative_Density_1993

The cumulative density rasters have been created and added to the mosaic dataset.
Next, you'll calculate statistics for the mosaic dataset so that you can properly display it.

20. Save the map.

Step 4: Calculate statistics for the mosaic dataset

Statistics are required for your raster and mosaic datasets in order to perform certain tasks,
such as applying a contrast stretch or classifying your data. Calculating statistics on the
mosaic dataset will allow you to apply a contrast stretch using the Stretched renderer with a
color ramp that has been created for you.

1. Right-click the Cumulative_Density mosaic dataset and click Enhance > Calculate
Statistics.
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= & Home - Student\Zebra_Mussels

= 3 Zebra_Mussel_Density.gdb

iy
@ Cumulative_Density [
i @8 Cumulative_Density x
# @8 Cumulative_Density
i @8 Cumulative_Density
w @8 Cumulative_Density <
i @8 Cumulative_Density
i @8 Cumulative_Density
& @8 Cumulative_Density

Copy
Delete

Rename

Create Layer...

Lesson 4: Map the zebra mussel density over time

i @8 Cumulative_Densi

[ @8 Cumulative_Density
(# @8 Cumulative_Density

i @8 Cumulative_Density

i @8 Cumulative_Density

i @8 Cumulative_Density

i @8 Cumulative_Density

i @ Cumulative_Density

i @8 Cumulative_Density [
i @ Cumulative_Density

() @8 Cumulative_Density B
& @8 Cumulative_Density s¢
() @8 Cumulative_Density—

Add Rasters...

Modify »

Enhance » Color Balance...
Optimize L Generate Seamlines...
Remove 4 I S

Create Referenced Mosaic Dataset...

Export

Generate Tile Cache...
Share As Image Service...
Item Description...

Properties...

(! @8 Cumulative_Density_2007
(! @8 Cumulative_Density_2008
(# @8 Cumulative_Density_2009
(+| @8 Cumulative_Density_2010
[+ B8 Cumulative_Density_2011

Calculate Statistics...

2. Keep the default parameters and click OK to run the tool.

Copyright © 2017 Esri. All rights reserved.
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#, Calculate Statistics

[EST>)

Input Raster Datasel

Ignore Values (optional)

Number of Rows to Skip (optional)

|(:\5tudent‘LZebra_h-'lusselS\Zebra_Mus_rvel_Densily.gdb\CumuIative_Density bl @
Number of Columns to Skip (optional)

1

&

Calculate Statistics

Calculates statistics for a raster dataset or
mosaic dataset

Statistics are required for your raster and
mosaic datasets to perform certain tasks,
such as applying a contrast stretch or
classifying your data,

o
1
+
| Skip Existing (optional)
Area of Interest (optional)
| catcuiatestatistics:area_of interest r e
[ Jarea_of_interest
ok || concel | |Environments... | << Hide Help Tool Help

This process will take a minute or so.

3. Close the results dialog box.

4. Click the Cumulative_Density mosaic dataset and drag it into the ArcMap map display.

Copyright © 2017 Esri. All rights reserved.
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Note that all the points in the Zebra Mussel Sightings layer are currently selected
because the last time step included 2011 and all previous years. You'll clear the features
so that you can see them better.

5. On the Standard toolbar, click Selection > Clear Selected Features.

B Select By Attributes...

% Select By Location..

Zoom To Selected Features

& A

Pan To Selected Features

Statistics...

| ™M

Clear Selected Features

Interactive Selection Method »

Selection Options...

The zebra mussel sightings will now be displayed with their symbology over the
cumulative density rasters.
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6. Save the map.

The next step is to change the symbology of the layers in the Cumulative_Density group layer.

Step 5: Change the symbology of the layers

In this step, you'll modify the symbology used to display the mosaic dataset.

1. Turn off viewing for the Boundary layer, since you do not need to show the extent of the
mosaic dataset.

2. Turn off viewing for the Footprint layer, since you do not need to show the extent of
each cumulative density raster.
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3. Open the layer properties for the Image layer and click the Symbology tab.

Layer Properties g

|Generai]5aurce]l<eyMeladaia|Enem] Display | Symbology _Mnsau:]S‘lshls|
Show: —

Stretch values along a color ra =
Classified " e E
Discrete Color i

Color Value  Label
LREENrS LI ioh : 0.0330716)

Edit High/Low Values []
0 Low:0

T -
__ Display Background Value: 0 34'_. '||:|
Use hillshade effect 1 Display NoData as |||
Stretch
Type: lMInlmumMmﬂmum bl Histograms
: Invert
["] Apply Gamma Stretch: il
0K J [ Cancel ] Apply

4. Right-click the drop-down arrow next to the color ramp to turn off Graphic View.

Graphic View
Properties...

Save to style...

When Graphic View is unchecked, the name of the color ramp appears instead.

I -

5. Click the drop-down arrow and scroll to the bottom to select the Zebra Mussel Density
color ramp.

e e S W e Y
WaterRamp
Yellow Greens
Yellows
ebra Mussel Density |
Zebra Mussel Rambow
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Note: This color ramp is in the Zebra Mussels style that you referenced in Lesson 2.

6. Check the Invert check box.

Stretch
Type: Minimum-Maximum - I Histograms

\.'EI'[

The colors will now range from yellow for high values to white for low values.

Colar Value Label | Labeling |

0.0330716 gh : 0.0330716

. D Low:0
oo —

A few more modifications to the symbology will improve the appearance of the layer.

7. Check the Display Background Value check box.

iﬁ-p|n‘f Background Value: 0 as| .‘

By keeping the default number (0) and symbology (No Color), cells with a value of 0 will
not be displayed, so cells with no density will not be shown on the map.

8. Change the Stretch Type to Percent Clip and set the max to 1.

Stretch

Type: I Fercent Clip - I | Hitograms ]
min: 2 man: E V| Invert

This will provide more color variation in the midrange of cell values.
9. Check the Apply Gamma Stretch check box and set the value to 2.5.

ppl',' Gamma Stretch: 2.5
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This will increase the contrast in the lighter colors.

10. On the Display tab, set Transparency to 50 percent.

Layer Properties g
| General ] Source ] Key Metadata | Extent| Display | Symbology | Mosaic ] S‘Islus|
[ Allows interactive display for Effects toolbar
|| bisplay service resolution in table of contents
Resample during display using:
[B.ilinear Interpolation (for continuous data) -
Contrast: 0 o
Brightness: 0 %
Transparency: E %
Transmission lN-:me -
Compression:
oK | Cancel || Apply
11. Click OK.

12. Turn off all but the Cumulative_Density, Reference, and Basemap layers.
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On this map, which shows the density raster for the last time step, you see the

cumulative density for all zebra mussel sightings. Areas of higher density are displayed
in reds, and areas of lower density are displayed in purples. The lowest values, in white,
fade into the background so that you do not focus on them. This map helps you see how
dense the zebra mussel sightings are and where there are areas with similar densities.

Interpret: As you can probably guess by now, some of the highest density areas are
around the Great Lakes, where zebra mussels first invaded North America's freshwater
systems. There are a couple of surprises, though, such as the very high densities in
Minneapolis and midstate Missouri, and other high-density areas in Duluth, at the
southern tip of Illinois, and at the mouth of the Mississippi River. The density of
sightings in these areas was not apparent on the point symbol maps.

Now you'll take a look at the area of highest concentration.

13. On the main menu, click Bookmarks > Lake Champlain.
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File Edit WView Booh'narksl Insert Selection Geoprocessing Customize Windows Help

4 Create Bookmark...
@ Manage Bookmarks..

Lake Champlain

Legend View

The map will zoom to a predefined bookmark around Lake Champlain between upstate

New York and Vermont.

You can find the density values using the Identify tool.

14. On the Tools toolbar, click the Identify button.

QEEQ il e= U k][O LRSS Bl

15. Click a cell in the center of the lake.
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Identify

Identify from:

—|-Image

Locati

Fi...
Pixel

0.0306785

Cumulative_Density_2010
Cumulative_Density_2009
Cumulative_Density_2011
Cumulative_Density 2008
Cumulative_Density_2007
Cumulative_Density_2003
Cumulative_Density_2006
Cumulative_Density_2004
Cumulative_Density_2003
Cumulative_Density_2002
Cumulative_Density_2001
Cumulative_Density_2000
Cumulative_Density_1999
Cumulative_Density 1998
Cumulative_Density_1995
Cumulative_Density_1997
Cumulative_Density_1994
Cumulative_Density_1996
Cumulative_Density 1993
Cumulative_Density_1992

on:  -8,167,454.132 5,527,082.489 Meters

Value
0.03067385

Identified 21 features

<Top-most layer= -

Lesson 4: Map the zebra mussel density over time

O x

Note that the values in multiple cumulative density rasters are shown. You can click any

year to see the value for that year.

In the example above, the cell had a value of .0306 sightings per square kilometer in the

topmost layer, which is the cumulative density raster for 2010. This value does not

represent an actual count because the density surface graduates smoothly from the

highest-concentration areas to the lowest. So, the best way to interpret a density raster

is to look at the relative differences rather than the absolute values.

16. Click other cells to see how their values decrease as the distance from the center of the

lake

increases.

17. On the Tools toolbar, click the Go Back To Previous Extent button to return the view to

the previous extent.

% S

Qi |e] -

k @

ZAS S TE
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In the next step, you'll prepare the data so that you can display the rasters over time.

18. Save the map.

In this step, you'll add a field to the attribute table of the Footprint layer. This field will be used
as the time field, and it will allow you to display the cumulative density rasters over time.

1. Open the attribute table for the Footprint layer.

e Ex
He®- RO E X

DBJECTID * Raster Name MinPS* | MaxPS* [ LowPs* | HighPs* | category Tag P T Cente
3 1] =Raster= umul nsity 0 100000 10000 10000 Primary | Dataset 9016
2 | <Raster> C ve_Density_1987 0 100000 10000 10000 Primary | Dataset 90431
3 C Density_1988 0 100000 10000 10000 Primary | Dataset 9087
4 | <Raster> C Density 1989 0 100000 10000 10000 Primary | Dataset -9297
5 | <Raster> C we_Density_1990 0 100000 10000 10000 Pnmary | Dataset -9277.
6 | <Raster> Ci Density_1931 0 100000 10000 10000 Primary | Dataset 9260
7 | <Raster> Cumulative_Density_1992 0 100000 10000 10000 Primary | Dataset -9149¢
8 | <Raster> Cumulativa_Density_1993 0 100000 10000 10000 Primary | Dataset
9| <Raster> Cumulative_Density_1994 0 100000 10000 10000 Primary | Dataset 927 =|
10 | <Raster> Cumulatrve_Density_1935 0 100000 10000 10000 Pnmary | Dataset -921
11| <Rastar> Ci ive_Density_1996 0 100000 10000 10000 Primary | Dataset -927
12 | <Raster> Cumulative_Density_1997 0 100000 10000 10000 Primary | Dataset 927
13 | <Rastar> Cumulative_Density_1338 0 100000 10000 10000 Primary | Dataset -927
14 | =Raster= Cumulative_Density 1999 0 100000 10000 10000 Primary | Dataset 93
15 | <Raster> Cumulatve_Density_2000 0 100000 10000 10000 Pnmary | Dataset -93
16 ar> C iva_Density_2001 0 100000 10000 10000 Primary | Dataset 93
17 | <Raster> Cumulatve_Density_2002 0 100000 10000 10000 Pnmary | Dataset -93
18 | <Raster> Cumulatve_Density_2003 [ 100000 10000 10000 Pnmary | Dataset 541
19 | <Raster=> C ve_Density 2004 0 100000 10000 10000 Primary | Dataset 9416
20 | <Raster> Ci we_Density_2005 0 100000 10000 10000 Prmary | Dataset 9416
2 Ci Density_2006 0 100000 10000 10000 Primary | Dataset 9416
22 | <Raster> C Density_2007 a 100000 10000 10000 Primary | Dataset 46
A2 | ePnnt, fal ™ [n? PR 1. Ta L] n AANANA ELLLE] ELLLE [ (R AATAM
< i
o 1 » » |[E|= (©outof 26 Selected)

| Cumulative_Density\Footprint |

Note that the Name field contains information about the year. You'll use this to
calculate the values in a new time field.
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2. Add a field by naming it Year with the Type default of Short Integer.

Add Field i |

Type: | Short Integer 'J

Field Properies

Alias
Allow MULL Values Yes
Default Value

[ OK I Cancel

l‘

3. Scroll to the right to right-click the Year field and click Field Calculator.

| Faar 1
<Null> | = Sort Ascending
<Mull> | = sort Descending
<Null= )
<Null> Advanced Sorting...
<MNull> Summarize..
<hull> o
<Null> | £ Statistics...
<Nul> § B Field Calculator... I
< MNull=
<Null> Calculate Geometry...
< Mull= Tum Field Off
<MNull=
<Null> Freeze/Unfreeze Column
< MNull= .
<nul> | % Delete Field
“Null> | & properties...
| <MNull=
P

4. Enter the expression shown below and click OK.
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Field Calculator g
Farser
(@) VE Script (" Python
Fields: Type: Functions:
OBJECTID g () Number E;f_i( g iy
Raster
InSt
liame | | osmg
MinPS 3 @) Data Left{ } |
MaxPS Len{ ) =
LTrim{ )
P
LowFS Mid( )
HighPS Replace
Category Rig i
Tag RTrim{ )
L Gronniamea - | Spacen_{ ) il
" | show Codeblock ['Jlll‘rjlla‘l."]ll'l.:]
Year = ' '
Right( [Name], 4 ) "
|
- 1
About calculating fields [ daar | l Load... ] [ Save. .. ‘
[ ok || concel |

This expression calculates the values for the time field to be the last four characters in
the Name field.

Tip: You can change the Type to String and select the Right function to build the
expression interactively.

5. Click OK.

The Year values will be updated, starting with 1986 for the first record.
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6. Close the attribute table.

7. Save the map.

The last step is to display the rasters over time.

Step 7: Display the cumulative density rasters over time

In this step, you'll set the time properties on the Cumulative_Density group layer and then use

the Time Slider window to display the rasters over time.

1. Open the layer properties for the Cumulative_Density group layer.

2. Click the Time tab.

Layer Properties

General Source Definition Query | Time

Enable time on this layer

Time properties

Advanced settings

oK | |

Cancel

Note that the tabs on the Layer Properties dialog box are different from the layers
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you've been working with so far. That's because this layer is a mosaic dataset. However,
there's still a Time tab.

3. Set the time properties as shown below and click OK.

Layer Properties E
| General ] Source ] Definion Query | Time

nable time on this layer

Time properties

Layer Time: | Each feature has a single time field -

Time Field: [ vear -

Field Format: [yewr |

Time Step Interval: | 1.00 | vears - |

Layer Time Extent: 1986 To: 2011 Calculate |

| Data changes frequently so calculate time extent automatically.

Advanced settings

Time Zone: nane 'l

Values are adjusted for daylight savings

Time Offset: 0.00 Years ¥

| | Display data cumulatively

4. Move the Time Slider control to 1990.
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Interpret: By 1990, there was a high concentration of zebra mussel sightings in the west
end of Lake Erie, but even more zebra mussels were sighted in the east end of the lake

and the west end of Lake Ontario. There were also concentrated sightings in lower Lake
Michigan.

5. Advance the Time Slider control to 1991.
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Note that the extent of the density rasters is no larger than the maximum extent of all
the input point features, so for some years, like 1991, the edge effects will be apparent.

Interpret: A year later, the concentration of sightings in Lake Michigan was moving
north. There was also a concentration of sightings in Lake Superior near Duluth and in
the Hudson River of New York.

6. Advance to the next time step.
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L % 1 ik "
Time Stider =1
Lol /171952 12.00.00 AM [
il d )
| W1/1988 12:00:00 AN 2018 12:00:00 AN 9 @
B e——— 'K Y
1\ |
' il . o

Interpret: By 1992, the concentration of zebra mussel sightings in Lake Ontario spread
down the Saint Lawrence River to its mouth. On this map, you're starting to see
evidence of their spread along waterways in the linear pattern of some of the
concentrations. Note the connected concentrations from Lake Erie to Lake Ontario to

the mouth of the Saint Lawrence River in Montreal. Also, note the linear concentration
along the Mississippi River in southeast Minnesota.

7. Advance to 1995.
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@ "

Time Stider ) : L

s 1/1/1995 12 00,00 AM |=4o

] [n](»]

u

| 1a9m 12:00:00 Ax N8 12:00:00 AR | ¥ ‘El -
e —— ﬂ
"_r - | . 3 'l y 4 .

Interpret: By 1995, zebra mussel sightings were also concentrated further downstream
in the Mississippi River at the southern tip of lllinois and in the river's delta at the Gulf of
Mexico. Lower concentrations are also evident in other rivers, including the Hudson,
Ohio, Tennessee, Arkansas, and lllinois, giving the impression that these river systems
provided opportunities for zebra mussels to spread downstream.

8. Advance through the other time steps, zooming in or out to learn more about the
density of zebra mussel sightings.

Interpret: You'll learn that by 1996, the highest concentrations were found in Lake
Champlain, a pattern that was repeated in all remaining time periods. In 2007, a
separate concentration was found in the Lake of the Ozarks in Missouri. Recall that
zebra mussels can be transported to new waters on recreational boats, fishing gear, and
other objects. Perhaps this is how zebra mussels first got into the waterways of the
Ozarks.

9. Save the map.

In this lesson, you answered the question, are there more zebra mussels in some areas than in
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others? You also saw patterns suggesting that they spread within lakes and along rivers. In the
next lesson, you'll use spatial statistics to confirm your suspicion that the zebra mussels are
spreading.
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Lesson 5: Analyze how zebra mussels have spread over time

In this lesson:

= Analyze the directional trends.

= Change the symbology of the ellipses.

= Analyze the central tendency.

= Change the symbology of the points.

= Display the ellipses and points over time.
= (Create a ghosted copy of the ellipses.

You learned in the last lesson that you can get a sense of the spread in the distribution of zebra
mussel sightings when you visually analyze maps of the change over time; however, spatial
statistics tools give you statistical evidence to confirm your impressions. With these tools, you
can summarize the spatial pattern of the zebra mussel sightings in terms of directional trends
and central tendency.

To determine whether there's a directional trend in the distribution for each year, you'll use the
Directional Deviation tool to create features called standard deviation ellipses. The ellipses
allow you to see whether the distribution of features is elongated and has a particular
orientation. Comparing the size, shape, overlap of ellipses, or changes in ellipses from year to
year may indicate how the zebra mussels are spreading.

To analyze the central tendency, you'll use the Mean Center tool to create point features
representing the center of concentration. This is useful for tracking changes in the distribution
from year to year. If the mean center shifts, this is an indication of the spread in a certain
direction and over a certain distance.

In this lesson, you'll analyze the directional trends and central tendency of the zebra mussel
sightings for each year, using the spatial statistics tools described above. You'll change the
symbology of the ellipses and points that are the output of the tools. Then you'll map the
analysis results over time to confirm whether the zebra mussels are spreading.
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Step 1: Analyze the directional trends

In this step, you'll use the Directional Distribution tool to create the standard deviational
ellipses.

In the last lesson, you used an iterator in a model to analyze the data for each time period. The
tools you'll use in this lesson have a parameter, called the case field, that will group sightings
for each year so that an ellipse is created for each time period. For the tool to work properly
using the case field, you first need to disable time on the layer.

1. Turn off the Cumulative_Density group layer and collapse its view.

2. Open the Time Slider window and click the first button in the upper left corner to disable
time on the map.

Time Slider (X
D I 1/1/1995 12:00:00 AM —

$¢ | 1/1/1987 12:00:00 AM 1/1/2011 12:00:00 AM

Tip: You could also disable time on the Zebra Mussel Sightings layer.

3. Close the Time Slider window.

4. Open the ArcToolbox window and expand the Spatial Statistics Tools toolbox.

5. In the Measuring Geographic Distributions toolset, double-click the Directional Distribution
tool.
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= @ Spatial Statistics Tools
# & Analyzing Patterns
+ & Mapping Clusters
= & Measuring Geographic Distributions
X Central Feature
I;" Directional Distribution (Standard Deviational EIIipse)I
& Linear Directional Mean
5 Mean Center
& Median Center
% Standard Distance
+ & Modeling Spatial Relationships
# & Rendering
5 § Utilities
i} @ Tracking Analyst Tools
- @ Zebra Mussels
&= Cumulative Density

On the Directional Distribution dialog box, set the Input Feature Class to Zebra Mussel
Sightings.

Input Feature Class
|Zebra Mussel Sightings |

|4
[y

Set the Output Ellipse Feature Class to Standard_Deviational_Ellipses in the
C:\student\Zebra_Mussels\Zebra_Mussels geodatabase.

Output Ellipse Feature Class
I C:\student\Zebra_Mussels\Zebra_Mussels.gdb\Standard_Deviational_Ellipses I =

Keep the default Ellipse Size setting of 1_STANDARD_DEVIATION.

Ellipge Size
| 1_STANDARD_DEVIATION | -

Note: When the underlying spatial pattern of features is concentrated in the center with
fewer features toward the periphery (a spatial normal distribution), setting the ellipse size
to 1_STANDARD_DEVIATION results in an ellipse that contains approximately 68 percent of
the features. Two standard deviations will contain approximately 95 percent of the
features, and three standard deviations will contain approximately 99 percent of the
features.
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You'll use one standard deviation to create ellipses around the most centralized sightings to
see how the core areas of concentration have spread over time.

9. Set the Case Field to Year_Text.

Case Field (optional)
-

Note that the case field can be of an integer, date, or string type. You created the
Year_Text field so that you could use the option Match to symbols in a style, as presented
in Lesson 3. Using the Year_Text field in this tool will create a separate ellipse for each year.

Tip: The case field you specify will be added to the attribute table of the output ellipse
feature class.

10. Click OK to run the tool.

Directional Distribution (Standard Deviational Ellipse) ﬂ
Completed [ Close
<< Details

Close this dialog when completed successfully

\Zebra Mussels.gdb\Standard Deviational Ellipses 1 STANDARD DEVIATION # Year Text
Start Time: Tue Sep 30 10:02:37 2014

Running script DirecticnalDistribution...

WARNING 000910: Too few features for 2 of 2€ cases.

WARNING 000947: Cases with too few features (only includes first 30): YEAR TEXT = 1986

1689

Completed script DirecticnalDistribution...
Succeeded at Tue Sep 30 10:02:41 2014 (Elapsed Time: 3.79% seconds)

See the results dialog box and note that the years 1986 and 1987 have too few features to
create an ellipse; however, ellipses were created for the other years.

11. Close the results dialog box.

The ellipses have been added to the table of contents and the map display.
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12. Turn off all but the Standard_Deviational_Ellipses and the Basemap layers.

-

This map is largely uninformative because the ellipses for the latest time periods obscure
those for earlier time periods. You'll change the symbology to improve the display.

13. Save the map.

You'll symbolize the ellipses using an outline that's the same color as the points for the Zebra

Mussel Sightings layer. You'll do this by using the option Match symbols in a style. But first, you
need to create a field that contains the same names as the symbols.

1. To see the symbols you'll be using, open Style Manager and view the Fill Symbols in the
Zebra Mussels style.
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Style Manager E
¥ E3 ClUsers\_name \AppData\Roaming\EY | Name Cati = Close
+- & ESRlstyle 196
=3 ClstudenfiZebra_Mussels\Zebra_Musse 1197 Styles...

7 Reference Systems
L Maplex Labels Cl19ss
- Shadows Cises
- Area Palches 1950 L
-7 Line Patches 1997 r
i-£ Labels 1992
- Representation Markers 1993
£ North Amrows 1994
i~ Scale Bars 1935
= Legend tems 1996
£ Scale Texts
\-[E3 Color Ramps 1997
- Borders 1958
.- £ Backgrounds 1999
{3 Colors 02000
£ Vectonzation Settings 2001
R =1Fil Symbols 12002
= Line Symbols n?ﬂﬂ}
£ Marker Symbols 32004
— Text Symbals nE‘DOE
1 Representation Rules
£ Hatches 02006
02007 -
r T r || 4 ! 3

The names of these symbols are the same as the year. Because you used Year_Text as
the case field when you created the Standard_Deviational_Ellipses layer, that field will
be added to the attribute table of the ellipses. You'll use that field to match to the
symbols in the style.

2. Close Style Manager.

3. Open the layer properties for the Standard_Deviational_Ellipses layer.

4. On the Symbology tab, match the symbols by setting the Value Field to Year_Text.
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Layer Properties g
| General | Source | Selection | Display | Symbology | Fields | Definition Query | Labels | Joins & Relates| Time | HTML Popup|
Show:

Features Draw categories by matching field values to symbols in a style.
Calegories Value Field
i Unique valugs Year Text -
i Unique valuas, many fiel -
- Matchto symbols in a st - Mateh to symbaols in Style
gh“;'t:hsa ChstudentiZebra_Mussels\Zebra_Mussels.style - | Browse.
Multiple Attributes
Sym.. WValue Label Co.. =
[w] <all other values> <all other values> 0 L
<Heading> Year_Text 24 I
1988 1983 1 L
4 | 10 b 1989 1989 1
1990 1990 1 -
1991 199 1
1992 1992 1
1993 1993 1 -
[ Match Symbols | | Add Values.. Remove Remave All Advanced -
ok || cancet || Appy |

Note: The instructions for matching to symbols in a style were presented in Lesson 3.

5. Check the check box next to <all other values> to turn off the display for these features.
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6. Click OK to see the map.

On this map, you can distinguish the ellipses for each of the years, though they will be
easier to compare when you display them over time. You'll do that in step 5 of this
lesson. The most important things to note about the ellipses are their shape, size, and

center.

The shape indicates whether there's a directional trend. The more elongated the oval,
the stronger the trend. The ovals on this map indicate that there's a directional trend,
primarily toward the northeast and southwest.

The size of the ellipse indicates the extent of the distribution and encompasses the
percentage of features specified by the Ellipse Size parameter in the Direction
Distribution tool. On this map, the ellipses encompass 68 percent of the sightings for
each year. Ellipses for the earlier time periods are smaller; for later time periods, larger
ellipses were generated.

The center of the ellipse is the geographic center (or the center of concentration) for the
set of features specified—68 percent of the sightings for each year on this map. You can
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infer this from the shape of the ellipse, but to see the sightings more clearly on the map,
you can also create these points. In the next step, you'll create the mean center points
so that they can be displayed along with the ellipses when you examine the change over
time.

Save the map.

Step 3: Analyze the central tendency

For this step, you'll use the Mean Center tool, which will analyze the central tendency in the
zebra mussel sightings for each year. The result will be point features that represent the
geographic center of concentration. The point features will also coincide with the center of the

ellipses.
1. Inthe Measuring Geographic Distributions toolset, open the Mean Center tool.
2. Set the Input Feature Class to Zebra Mussel Sightings.
3. Set the Output Feature Class to Mean_Center_Points in the
C:\student\Zebra_Mussels\Zebra_Mussels geodatabase.
4. Setthe Case Field to Year_Text.
5. Click OK.
6. Close the results dialog box.
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The mean center points will be added to the map.

On this map, you can see that most of the points are located in or near the Great Lakes,
indicating that throughout time, the center of concentration has continued to be near
the location where the mussels were first introduced.

Because it's difficult to tell which points are associated with which years, you'll
symbolize the points so that they are the same as the Zebra Mussel Sightings layer.

7. Save the map.
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You'll display the mean center points using symbology that is similar to the Zebra Mussel
Sightings layer, but the mean center points will be larger and distinguishable by a dot in the
center of the symbol.

1. Open the layer properties for the Mean_Center_Points layer.

2. On the Symbology tab, click Categories > Unique values.

Features
Calenn
Unique values
nique values, many fie
Match to symbols in 3 sh
Quantities
Charnts
Multiple Atinbutes

3. Set the Value Field to Year_Text.

Value Field

Year_Text -

4. Click Add All Values.

Add All Values
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-

Layer Properties
|Generad ] Source ] Selection | Display | Symbology | Fields [ Definition Gluery| Lﬂbels[ Joins &Helaﬁes[ Time |HTML Popupl
Sltqa:nlas Draw categones using unique values of one field.
Calegories Value Field Color Ramp
i Unique valugs Year Tex - -
- Unigue values, many fiel
L Match to symbols in a st
Quantities Sym.. Value Label Co =
Chans [¥l@  <allother values> <all other values> 0
Multiple Attnbutes <Heading> Year_Text 26 =
o 1986 1986 1
o 1987 1987 1
o 1988 1988 1 T
S o 1389 1989 1 1
1 il ¥ o 1390 1990 1
o 19 1991 1
o 1592 1992 1
o 1393 1993 1
| & 1934 1994 1 2
Add All Values Add Values... Remove Remaove All Advanced -
OK l l Cancel | l

Apply ]

You'll change the default symbology to a circle symbol with a dot in the center. Then

you'll change the colors of the symbols to match the ellipses.

5. Right-click next to <all other values> and click Properties for All Symbols.

Group Values
Ungroup Values
Reverse Sorting
Reset Sorting
Remove Value(s)

Flip Symbols

IPrnperties for All Symbols... I

Apply Color 5cheme

Edit Description...

Properties for Selected Symbol(s)...

6. Scroll down and select the Circle 3 symbol in the ESRI style.

Copyright © 2017 Esri. All rights reserved.
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Symbuol Selector g
Type here to search - @R EE Current Symbol
Search: @ all Styles [ Referenced Styles
- @

@ ocegonz
. Rnd Square 2

Color: - -
@ =X -

Size 18.00 |5
. Square 3

Angle:  0.00 | =
M, Triangle 3

E
&) Pentagon 3 |
I Save As... ] Reset

. Hexagon 3
@ ocagon3
. Rnd Square 3
* Starl [ Style References...
A s < [ ok || cance

Note that the symbol size is 18 points so that the symbols will be visually prominent.

7. Click OK.

8. Click the heading for 1986 so that it is highlighted.

Sym..  Value Label Co =
<all other values> <all other values> 0
<Heading> Year_Text 26 [

1988 1988 1
1989 1989 1
1980 1930 1

00000 6

9. Scroll to the bottom and, while holding down the Shift key, click the heading for 2011.
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wr
.
X X X X N X JE

All the symbols will now be selected. You'll change their color using a color ramp in the
Zebra Mussels style that matches the colors used for the ellipses.

10. Right-click the drop-down arrow next to the color ramp to toggle off Graphic View.

11. Click the down arrow and scroll to the bottom to select the Zebra Mussel Rainbow color
ramp.

e il W SRR e S
WaterRamp

Yellow Greens

Yellows

o
0000000

The colors for the point symbols will be updated with the colors in the color ramp.

12. Check the check box next to <all other values> to turn off the display for these features.

13. Click OK.

14. Click OK on the Layer Properties dialog box.
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|

7

Anwey

The mean center points can now be associated with the standard deviational ellipses by
their color.

15. Save the map.

In this step, you'll set the time properties on the Mean_Center_Points, Zebra Mussel Sightings,

and Standard_Deviational_Ellipses layers. Then you'll use the Time Slider window to display the
layers over time.
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1. Setthe Time properties for the Mean_Center_Points layer as shown below:

Layer Properties g

:General ] Source ] Selection | Display I Syrnbolagﬂ Fields | Definition Duery| Labels[ Joins &Relahes. Time |HTML Pupup:

| Enable time on this layer
Time properties

Layer Time: Each feature has a single time field -j

Time Field: Year_Integer - Sample: 1986
Selected field is not indexed. Index the fields for better performance.

l Field Format: vy -
: Time Step Interval: 1 .'rears ']
! Layer Time Extent: 1986 To: 2011 [ Caleulate
I L
L Data changes frequently so calculate time extent automatically. [
l |
| Advanced settings

Time Zone: none v.

Values are adjusted for daylight savings

Time Offset: 0.00 vears -
Il | Display data cumulatively
\
|
\ S
- [ ok [ cacet | [ ooy
I C

2. Do the same for the Standard_Deviational_Ellipses layer.

3. Turn on the Zebra Mussel Sightings layer.

4. Open the layer properties for the Zebra Mussel Sightings layer.

5. On the Time tab, uncheck the Display data cumulatively check box.

Etlisplay data cumulatively

6. Click OK.

7. Open the Time Slider window and click the first button in the upper left corner to enable
time on the map.
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Time Slider —\ e )
ElE=1l Time is disabled on this map |=+w
Enable time on map \

Bl | B
1/1/2011 12:00:00 &M | % [ ] ]

1/1/1936 12:00:00 AM

“

Use the Time Slider window to explore how the features change over time.
- A.LA_
1/1/1997 12 0000 AM [k -]
‘ [»)[2]

/32018 12:00:00 AN @

On these maps, you can easily distinguish the mean center points from the zebra mussel
sightings by their color. You can also see that the ellipses encompass the majority of the
sightings. However, it is difficult to compare year to year because you have to rely on

memory to recall the previous displays.
You can remedy that by displaying the ellipses for the previous time periods. To ensure
that the focus remains on the current time period, you can use a "ghosted," or grayed-

out, display of the ellipses for previous time periods.

Page 5-17
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Step 6: Create a ghosted copy of the ellipses

In this step, you'll copy the Standard_Deviational_Ellipses layer and change its symbology. Then
you'll set the time properties on the layer so that the data is displayed cumulatively.

1. Right-click the Standard_Deviational_Ellipses layer and click Copy.

.‘ﬂtopv |
X Remove

2. Right-click the data frame name (Layers) and click Paste Layer(s).

+ Add Data..
New Group Layer

w# MNew Basemap Layer

B Copy

& [Paste e |

3. Move the copied layer under the original layer.

4. Change the copied layer name to Ghosted Ellipses.

5. Open the layer properties, and on the Symbology tab, in the Show pane, click Features
and choose Single symbol.

Categones
Quanlities
Charts

Multiple Attributes
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6. Click the symbol.

Symbal

7. On the Symbol Selector dialog box, click Fill Color.

Fill g

Color:

8. Click No Color.

| No Color

|
ONEEEERREEOO
OboEEfSEEEEnm
EEEEEEEREOCOO
OoOoEOO00O0O00O0O=
OEEOD00O0EE
EIEEECDEEEN
EEEECOEEEEN
EEEEEEEEEN
EEEEEEEEEN
IREEOEEEEN
|
|
n

EENCODOENEEN
EEEEEEER
EEEER

N EEENEEEEND
am

|
|
|
|
|
|
|
N
O
|
O

More Colors...

9. Change the Outline Width to 2.25 points.

Outline width: | 2.25

<[]
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10. Click Outline Color.

Current Symbal

Fill
Color:

Qutline Width:

Qutline Color:

e

040 =

[ B

| Edit Symbol... |

| savess.. | |

Reset

11. Click Gray 70%.

Mo Color

OOEEEEEEREEEOO
OdfbfEEfEEEEm
EEEEEEEEEOOO
OooEsOoOodooonoE
OfEENm
EEODEEECEEEEN

OOOmMEI|

N EEENNE
[ECfem

M

OmO

|
Gray 70% |

OdNEEEEERENE
dOEEfOEEnm
EEEEEEREET

EENfENEEN
EE00DONEEN
EEER
EEENR

Maore Colors...

12. Click OK.

Lesson 5: Analyze how zebra mussels have spread over time

13. On the Display tab, set the Transparent value to 70 percent.

Transparent:

14. Click OK.

Copyright © 2017 Esri. All rights reserved.
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It - -

12011 120000 AM L

@ [»]a]

U/5/2018 12:00:00 AN @

Interpret: Displaying the data over time, you can see that, except for 1989, when there
were sightings in the lower Great Lakes and in western Lake Superior, all ellipses trend
southwest to northeast. This indicates that the zebra mussels moved from the Great
Lakes to the northeast (primarily down the Saint Lawrence River) and the southwest
(down the Ohio, lllinois, and other rivers) into the Mississippi and other rivers and lakes.

For the early time periods, the size of the ellipses is smaller. For later time periods,
larger ellipses were generated. This is an indication that the spatial extent of zebra
mussels is growing over time (i.e., their range is increasing).

15. Move the Time Slider control to 1988, the first year for which an ellipse was generated.
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Interpret: In 1988, the zebra mussels were concentrated in western Lake Erie, having
spread from the southwest where they were originally sighted in 1986. The northeast to
southwest trend of spreading that is evident in this year will be repeated in most other
years as well.

16. Look at the map for 1989.

Copyright © 2017 Esri. All rights reserved.
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Interpret: In 1989, the zebra mussels had spread east through Lake Erie and into Lake
Huron. They were also sighted in western Lake Ontario near Duluth. This is the only year
in which the directional trend of spreading was northwest to southeast.

17. Look at the maps for 1990 and 1991.
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L

1/1/1991 12 00.00 AM [
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Interpret: In these years, the zebra mussels spread throughout the Great Lakes and
moved into a number of river systems. Also, the spread was primarily in the easterly and
westerly directions.

18. Look at the maps for 1992 to 1999.
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Interpret: From 1992 to 1999, the directional trend was northeast to southwest, and the
extent of sightings grew. For these years, the ellipses are long and narrow, indicating
that the spread was primarily toward the northeast (into New England and Lake
Champlain) and the southwest (down many major waterways, even as far as the mouth
of the Mississippi River.

19. Look at the maps for 2000 to 2002.
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Interpret: From 2000 to 2002, the concentration was primarily in the Great Lakes area.
The roundness of the ellipses indicates that there was not a strong directional trend in
these years.

20. Look at the maps for 2003 and 2004.
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Interpret: The pattern of spreading in these years is similar to the pattern for 1992 to
1999, with a directional trend going from northeast to southwest.

21. Look at the map for 2005.
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Interpret: The ellipse for 2005 is similar to those for 2000 to 2002, indicating the lack of
a strong directional trend; however, the ellipse for 2005 is larger, indicating that the
extent of the zebra mussel has grown.

22. Look at the maps for the remaining years.
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Interpret: From 2006 to 2011, the ellipses continued to be oriented northeast to
southwest, although they were much larger for these years. This is an indication that the
extent of the zebra mussels continued to grow. The mean center shifted west, as far as
western Indiana in 2008 and 2010, indicating that spread of zebra mussels in these years
was primarily to the southwest rather than the northeast.

23. Save the map.

You've now answered the last question, are the zebra mussels spreading? Having addressed all
the questions you set out to answer, you'll evaluate the results of the analyses you performed
and the maps you made. This is the topic of the next lesson.
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Lesson 6: Review the spatial questions and evaluate the

results

In this lesson:

= Review the spatial questions.
= Evaluate the results.

In the previous lessons, you performed a number of analyses—some visual, others statistical—
to address the spatial questions you set out to answer. This brings you to the next step—
examining and interpreting the results. You'll evaluate whether the results provide a
satisfactory explanation or answer to the spatial questions you asked.

Step 1: Review the spatial questions

Start by reviewing the questions you set out to answer:

Where are the zebra mussels?
Where did the zebra mussels come from?
Are there more zebra mussels in some areas than in others?

S

Are the zebra mussels spreading?

Did you find the answers?

Step 2: Evaluate the results
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Lesson 6: Review the spatial questions and evaluate the results

Think back to the various maps you made and analyses you performed to determine whether
your findings make sense and your questions have been answered. Your findings are noted in
the Interpret sections of each lesson and summarized here.

Question 1: Where are the zebra mussels?

The sightings are concentrated in the Great Lakes area, but zebra mussels have also been
found throughout the Midwest from Appalachia to Colorado. Sightings have also been
recorded in the Southwest, though there are fewer of them.

Zebra mussels have been reported in 9 of the 10 longest rivers in the conterminous United
States—the Missouri, Mississippi, Saint Lawrence, Arkansas, Atchafalaya, Ohio, and Red
Rivers east of the Continental Divide and the Colorado River in the West. Only the Rio
Grande has escaped invasion to this point.

They have also invaded some smaller rivers, such as the Wabash in Indiana and the
Cumberland in Tennessee, and lakes, like the Finger Lakes in New York, that are connected
to these larger river systems.

There have been sightings in most US states and in two Canadian provinces. There have not
yet been any sightings in the Northwest (Washington, Oregon, Idaho, Montana, Wyoming,
and South Dakota), nor have zebra mussels been sighted in the Southeast (North Carolina,
South Carolina, Georgia, and Florida). A few other states along the Eastern Seaboard have
also escaped invasion (Maine, New Hampshire, Rhode Island, New Jersey, and Delaware).

Of the 18 major hydrologic regions in the conterminous United States, 14 have been
invaded by zebra mussels—only the Rio Grande (HUC 2-12), Lower Colorado (HUC 2-15),
Great Basin (HUC 2-16), and Pacific Northwest (HUC 2-17) regions remain uninfected.

Question 2: Where did the zebra mussels come from?

Zebra mussels are hypothesized to have been introduced to North America in the ballast
water of a ship that had traveled from Europe to the Great Lakes.

Although others have reported that zebra mussels were discovered in North America in
1988 in Lake St. Clair, those accounts are wrong. Zebra mussels were actually sighted two
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years earlier in a different lake altogether! They were first sighted in 1986 in Lake Erie—one
sighting was in the east end of the lake, and the other was in the west.

By 1990, only four years after being introduced to North America, zebra mussels had been
sighted in all the Great Lakes and were moving into the Saint Lawrence River.

By 1991, zebra mussels escaped the Great Lakes and found their way farther down the Saint
Lawrence River and down the Mohawk to the Hudson River in New York. They also reached
the Mississippi River via the lllinois River.

By 1992, zebra mussels had made their way to the mouth of the Saint Lawrence at Quebec.
They had also been sighted in the waters of the Arkansas, Cumberland, Ohio, and
Tennessee Rivers and were making their way down the Mississippi to the Gulf of Mexico.

Only eight years after their introduction to North America in the Great Lakes, zebra mussels
had found their way to the sea via the Saint Lawrence, Hudson, and Mississippi Rivers. They
were found in the water bodies in or adjacent to 16 US states (Alabama, Arkansas, lllinois,
Indiana, lowa, Kentucky, Michigan, Minnesota, Mississippi, New York, Ohio, Oklahoma,
Pennsylvania, Tennessee, Vermont, and West Virginia) and 2 Canadian provinces (Ontario
and Quebec).

In 1999, they were found in the Missouri River between lowa and Nebraska. In 2001, they
were reported further downstream in the Missouri River in the state of Kansas. In 2003,
they invaded Virginia as well as other water bodies of Nebraska. In 2008, they were in the
upper reaches of the Arkansas River in Colorado. This same year, they were also sighted on
the other side of the Continental Divide, at the headwaters of the Colorado River in Utah;
they had also found their way to California. In 2009, they invaded Texas and Massachusetts.
In 2010, they moved into North Dakota. By 2011, they had been sighted in 30 US states and
still only 2 Canadian provinces.

Question 3: Are there more zebra mussels in some areas than in others?

Some of the highest-density areas are around the Great Lakes, where zebra mussels first
invaded North America's freshwater systems. There are a couple of surprises though, such
as the very high densities in Minneapolis and midstate Missouri, other high-density areas in
Duluth, at the southern tip of lllinois, and at the mouth of the Mississippi River. The density
of sightings in these areas was not apparent on the point symbol maps.
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By 1990, there was a high concentration of zebra mussel sightings in the west end of Lake
Erie, but even more zebra mussels were sighted in the east end of the lake and the west
end of Lake Ontario. There were also concentrated sightings in lower Lake Michigan.

A year later, the concentration of sightings in Lake Michigan was moving north. There was
also a concentration of sightings in Lake Superior near Duluth and in the Hudson River of
New York.

By 1992, the concentration of zebra mussel sightings in Lake Ontario spread down the Saint
Lawrence River to its mouth. At this time, evidence of their spread can be seen along
waterways in the linear pattern of some of the concentrations. Note the connected
concentrations from Lake Erie to Lake Ontario to the mouth of the Saint Lawrence River in
Montreal. Also, note the linear concentration along the Mississippi River in southeast
Minnesota.

By 1995, zebra mussel sightings were also concentrated further downstream in the
Mississippi River at the southern tip of lllinois and in the river's delta at the Gulf of Mexico.
Lower concentrations are also evident in other rivers including the Hudson, Ohio,
Tennessee, Arkansas, and lllinois Rivers, giving the impression that these river systems
provided opportunities for zebra mussels to spread downstream.

By 1996, the highest concentrations were found in Lake Champlain, a pattern that was
repeated in all remaining time periods. In 2007, a separate concentration was found in the
Lake of the Ozarks in Missouri. Recall that zebra mussels can be transported to new waters
on recreational boats, fishing gear, and other objects. Perhaps this is how zebra mussels
first got into the waterways of the Ozarks.

Question 4: Are the zebra mussels spreading?

Except for 1989, when zebra mussels were in western Lake Superior, all standard
deviational ellipses trended southwest to northeast. This indicates that the zebra mussels
moved from the Great Lakes to the northeast (primarily down the Saint Lawrence River) as
well as the southwest (down the Ohio, Illinois, and other rivers) into the Mississippi and
other rivers and lakes.
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For the early time periods, the size of the ellipses is smaller. For later time periods, larger
ellipses were generated. This is an indication that the spatial extent of zebra mussels is
growing over time (i.e., their range is increasing).

The centers of concentration also changed over time, further indicating spread. From 1986
to 1995, the mean centers were located in or near Lake Erie, indicating that the highest
concentration of sightings remained in the lower Great Lakes. From 1996 to 1999, the mean
center shifted east to locations around Lake Ontario. In these years, zebra mussels moved
down the Saint Lawrence River toward its mouth at Quebec. They also moved into Lake
Champlain, where large numbers of sightings were reported. From 2000 to 2004, the mean
centers were in Michigan, indicating that zebra mussels were concentrated throughout the
Great Lakes. From 2005 to 2011, the mean centers shifted west, even as far as western
Indiana in 2008 and 2010, indicating that the highest concentrations of zebra mussels were
spreading west.

Now you have satisfactory answers to your questions, so you can share your findings with
others.
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Lesson 7: Add a timeline to the map (optional)

In this lesson:

= Create the features for the timeline.

= Symbolize the timeline.

= Label the timeline.

= (Create a ghosted copy of the timeline.
= Display the timeline over time.

Although you can use the information in the Time Slider window to track the progression of the
distributions through time, a timeline allows you to do this more efficiently because it's part of
the map display, and the features in the timeline are visually associated with those on the map.
Using the same symbology for the timeline as you did for the zebra mussel sightings allows the
timeline to also serve as a legend for the map. Additionally, the display of the features in the
timeline can be similar to the features on the map, thereby creating a visual relationship
between the two types of features. For example, on the map, zebra mussels were introduced in
the north and then they moved south; on the timeline, the first year is at the top and the last is
at the bottom.

In ArcMap, the only way to show temporal change is to enable time on a layer of geographic
features, so you'll need to create the timeline as a set of geographic features. Then you'll
enable time on the layer with those features and use the Time Slider window to visualize both
the timeline and map over time.

In this lesson, you'll create the timeline as a set of point features generated with the Create
Fishnet tool. You'll change the symbology of the points so that they look like the features in the
Zebra Mussel Sightings layer. You'll label the timeline points with the year. Then you'll display
the points over a ghosted copy of the timeline. The ghosted timeline will not change over time,
so it will provide information about the entire time extent to set the context for the time-
enabled timeline.
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First, you'll gather some information about the measurement units on the map and the

coordinates of the desired location of the timeline. You'll use that information in the Create
Fishnet tool.

1. Right-click the data frame name and click Properties.

2. Onthe General tab, note that Display units are meters.

Data frame Properties S =
| Feature Cache | Annotation Groups | Extentindicators | Frame | Size and Posiiien
| General | Dataframe | Coordinate System Wumination |  Grids | |
Name: |
Description:

Units
Map: | Meters -

Display: |meters | -

Tip: See Customize > ArcMap Options > Data View tab for
additional options for displaying coordinates in the status
bar

Reference Scale: <None>

Rotation: 0

Label Engine: [standard Label Engine

[¥] simulate layer transparency in legends

3. Click Cancel to close the Data Frame Properties dialog box.
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4. Move the pointer over a location in the Atlantic Ocean off the coast of Massachusetts.

: £S5 I 1 “
Time Slider
*

i)
L EElEe 17111986 12:00:00 AM =0
" [pa] [»] ¢
“ . Y/1/1986 12:00:00 AN V2o 120000 AM ¢ | (0]

S ﬁ[%\ ;

!

|
\ |_
N[

e

N

5. Note from the display at the bottom right of the ArcMap window that the coordinates
are around -7500000, 5200000.

| -7503322.735 5208212.43 Meters |

6. Move the pointer directly south to a location off the coast of Miami.
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Note that this location has coordinates of about -750000, 300000.

7. Open the ArcToolbox window.

8. Expand the Data Management Tools toolbox and, in the Feature Class toolset, double-
click the Create Fishnet tool.

= @ Data Management Tools
= & Archiving
# & Attachments
& & Data Comparison
# & Distributed Geodatabase
+ & Domains
= & Feature Class
“, Append Annotation Feature Classes
#, Caleulate Default Spatial Grid Index
“, Calculate Default XY Tolerance
#, Create Feature Class
Create Fishnet
#, Create Random Points
#, Create Unregistered Feature Class
“, Integrate

mUpdate

re Class

The Create Fishnet tool will open.
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'{\ Create Fishnet @Eﬂ

-~ &

% Qutput Feature Class Create Fishnet

Creates a fishnet of rectangular cells. The

Template Extent (optional
e (optional) output can be polyline or polygon features.

[ silll=

Top

Left Right

* Fighnet Origin Coordinate

X Coordinate Y Coardinate
% ¥-fuds Coordinate
* Coordinate ¥ Coordinate |

\ % Cell Size Width
® Cell Size Height
* Number of Rows

* Number of Columns

Opposite corner of Fishnet (optional)
X Coordinate ¥ Coordinate

[¥] Create Label Points (optional)

| Geometry Type (optional)
POLYLINE -

| ok || concel ||Emvironments...| << Hide Heip Tool Help

9. Set the Output Feature Class to Timeline in the
C:\student\Zebra_Mussels\Zebra_Mussels geodatabase.

Output Feature Class
IC:\student\.?_ebra_l-'lussalﬂebr‘a_Muss;als.gdb\Timeline I

C)

10. Type the coordinates shown below to set the template extent.

Top
Righ
O oM

eft

=7380000.000000
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Tip: Type the Left coordinate first, as that will activate the other coordinate text boxes.

Note: These coordinates will be used to generate timeline polygons at a height-to-width
ratio of 2:3, which is commonly used for legend boxes.

11. Set the number of rows to 26 (one for each year) and the number of columns to 1 (so
that there's one feature per year).

Number of Rows

Number of Columns

12. Check the Create Label Points check box so that a point feature will be created at the
centroid of each fishnet cell.

reate Label Points {optional)

13. Change the Geometry Type from POLYLINE to POLYGON so that polygon features will be
created instead of line features.

Geometry Type (optional)
-

14. Click OK.

15. Click Close on the Create Fishnet results dialog box.

Create Fishnet X
Completed Close
<< Details

Close this dialog when completed successfully

Executing: CreateFishnet C:\student\EZebra Mussels\EZebra Mussels.gdb\Timeline
"-7580000 3000000"™ "-75B0000 3000010™ # # 26 1 "-7450000 5200000"™ LABELS "-
7580000 3000000 -7450000 5200000" POLYGON

Start Time: Thu Oct 23 10:31:54 2014

Succeeded at Thu Oct 23 10:31:54 2014 (Elapsed Time: 0.32 seconds)
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The Timeline label points and polygons will be added to the map and the table of

Lesson 7: Add a timeline to the map (optional)

contents.
X I s "VRIE T
[
2fxx]| 17171986 12:00:00 AM =40 s
“ | 1/1/1986 12:00:00 AN V12001 12:0000 AW | |3

$ 1
\ et

€l %\
‘”*? \

o o[o[o] o/ o] o[o] o[o] o]o o[ o]] o] o[ o[o[ o[e]]e]¢

If you try to add these features to a map in the future, you'll get a warning that the data
sources are missing spatial reference information.

rﬂ, Unknown Spatial Reference

The following data sources you added are missing spatial reference information.
This data can be drawn in ArcMap. but cannot be projected:

Timeline -
Timeline_labal

L k

Don'twam me again in this sessicn

Don'twarm me again ever E

e — —

You'll use the Define Projection tool to update the coordinate system information

stored with the datasets.
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Lesson 7: Add a timeline to the map (optional)

16. Open the ArcToolbox window. In the Data Management toolbox, expand the Projections
and Transformations toolset and double-click the Define Projection tool.

=) & Projections and Transformations
# & Raster
5 Batch Project
# Convert Coordinate Notation
#., Create Custom Geographic Transformation
*. Create Spatial Reference
“, Praject

17. Set the Input Dataset or Feature Class to Timeline_label.

‘“ Define Projection = =) ﬂ
Input Dataset or Feature Class Inpul Dataset or Feature Class
|T|'rneline_label | hd E|

- Dataset or feature class whose projection is
Coordinate S -
e 1 to be defined.
Unknown |[:*J
OK Cancel | Environments... << Hide Help Tool Help

18. Click the browse button for the Coordinate System parameter and select the WGS 1984
Web Mercator (auxiliary sphere) projection, which is in the Projected Coordinate
Systems > World folder.
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Lesson 7: Add a timeline to the map (optional)

Spatial Reference Properties g

XY Coordinate System | Z Coordinate System|

-n" - Type here to search > B & -
& Vertical Perspective (world) -
& WGS 1984 EASE Grid Global
) WGS 1984 PDC Mercator
& WGS 1984 Plate Carree
= JWGS 1984 Web Mercator (auxiliary sphere)|
& WGS 1984 World Mercator
& Winkel I (world)
& Winkel I (world)
& Winkel Tripel (NGS - world)

11
=

+ 2 World (Sphere-based) -
Current coordinate system:
WGS_1984_Web_Mercator_Auwdliary_Sphere -
WKID: 3857 Authority: EFSG |

Projection: Mercator_Auxiliary_Sphere
False_Easting: 0.0

False_Northing: 0.0 |
Central_Meridian: 0.0
Standard_Farallel_1: 0.0
Auwdliary_Sphere_Type: 0.0
Linear Unit: Meter (1.0)

mn

19. Click OK on the Spatial Reference Properties dialog box.

20. Click OK to run the tool.

21. Close the results dialog box.

22. Repeat steps 1 through 21 to define the projection of the Timeline polygon feature
class.

23. Save the map.

In the next step, you'll symbolize the timeline features.
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Lesson 7: Add a timeline to the map (optional)

Step 2: Symbolize the timeline

In this step, you'll change the symbology of the timeline points so that they are the same as the
Zebra Mussel Sightings layer. When the timeline and the layer are displayed at the same time,
there will be an intuitive visual association between the two.

You don't need to use the Timeline polygon layer, so you'll start by removing that from the

table of contents.

1. Right-click the Timeline layer and click Remove.

B Copy
X Remove

] Open Attribute Table

2. Rename the Timeline_label layer Timeline.

3. Open the attribute table for the Timeline layer and add a Year_Text field, as you did for
the Mussel Sightings layer in Lesson 3.

4. Calculate the Year_Text values to equal the ObjectID ([OID] - 2012) * -1, as shown

below.
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Lesson 7: Add a timeline to the map (optional)

Field Calculator ﬁ
| Parser
@ VB Script Python |
Fields: Type: Functions:
om @) Number i{:s{ )
b
Year_Text String Expf :;
Fix( )
DaT v
® nt( )
Log ( )
Sin( )
sqr( )
Tan( )
Show Codeblock

Year_Text = S &l +] | =]

|

About calculating fields Caar | P l —

ok || cancel

Tip: The ObjectIDs of the features in the array generated with the Create Fishnet tool
are numbered starting with the feature at the bottom left. So the feature with an
ObjectID [OID] of 1 is at the bottom. You want to display the features in the timeline in a
north-to-south order, much like the overall pattern of zebra mussel sightings over time

on the map. Using the expression above ensures that the first time step is shown at the
top.
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Lesson 7: Add a timeline to the map (optional)

5. Click OK and check that the values range from 2011 to 1986.

Table ox
He- @- BE
Dynamic Timeline x
OID* | Shape* | Year Text |
3 1 | Point 2011
2 | Point 2010
H 3 | Paint 2009
| 4 | Point 2008
5 | Point [2007
H & | Point 2006
7 | Paint 12005
H Point 2004
| 9 | Point 2003
10| Point [2002
H 11| Paint 2001
12 | Point 12000
H 13 | Point 1399
| 14 | Point 19498
15 | Point [1997
H 16 | Point 1996
17 | Point 1995
H 18 | Point 1994
| 19 | Point 1993
20 | Point [1992
H 21| Point 1991
22 | Point 1390
H 23 | Point 1989
| 24 | Poant 1988
25 | Point [1987
H 26 | Point (1986
M4 1 v M EE
(0 out of 26 Selected)
Dynamic Timeline

6. Close the attribute table.

7. Change the symbology of the Timeline layer using the option Match to symbols in a
style, as you did in Lesson 3, so that the points are symbolized in the same way as the
Mussel Sightings layer.

8. Turn off the display for <all other values>.

9. Close the Layer Properties dialog box.
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Lesson 7: Add a timeline to the map (optional)

] E SN : 1 ¥ ﬂ Vl.\ﬁ_
Timne Shider 2 .
i —

1111986 12:00:00 AM |..§_.. O
— | # |

172011 12:0000 AM m

The points are now symbolized correctly.

10. Save the map.

Now that the timeline is displayed correctly, the next step is to label it.

In this step, you'll label the timeline points so that it's possible to track which year is being
shown in the display.

Before labeling the points, you'll change the Standard Label Engine to the Maplex Label Engine
so that you have more control over the label placement.
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Lesson 7: Add a timeline to the map (optional)

1. Click Customize > Toolbars and check the Labeling toolbar to add it to ArcMap.

File Edit View Bookmarks Insert Selection Geoprocessing |Customize|Windows Help

Toolbars r | 3D Analyst
Extensions.. . Advanced Editing
Add-In Manager... Animation
Customize Mode... ArcScan

Style Manager... | COGO

ArcMap Options... | Data Driven Pages

Data Frame Tools
Distributed Geodatabase
[«] Draw
Edit Vertices
Editor
Effects
Feature Cache
Feature Construction
Geocoding
Geodatabase History
Geometric Network Editing
Georeferencing
Geostatistical Analyst
GRS
Graphics
Image Classification
[~] Labeling
LAS Dataset
Layout

2. On the Labeling toolbar, click the Labeling drop-down arrow and choose Use Maplex
Label Engine.

Labeling_ - X
Labelind-Ji& & b 4 i dk Fast  ~

Use Maplex Label Engine I
Options... |

3. Click the Label Manager button to open the Label Manager.

Labeling - X
Labeling ﬂ A fp ol o) ex |Fast -
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Lesson 7: Add a timeline to the map (optional)

4. Check the box to the left of the Timeline layer and expand this layer's view. Click the

Default label class to select it.

Label Manager
Label Classes
= ..- e - Text String
00 MusseT Sightings Label Field:  Year_Text i Expression...
=0 state and Province Sightings S ——
" Text Symbal
@) Arial * B -
I AaBbYyZz
- B0 [ sm
FMacement Properties
+ Best position around point :
| & ¥
b=t ] Stack label | Propertes.. |
[ Position... | Offset: 1 |Foints -
[ seal - e | [ Label ]
Qptions -] Clear All Summary... | . Scale Range 4 SQL Query. ] . Label Stylee. 4
ok | | concel || Apply
- T e— -
Note that the Label Field is automatically set to Year_Text.
5. Change the Text Symbol to Calibri 10 points Bold.
Text Symbol
IE Calibri - " 10 vI
AaBbYyZz f 7 q
- : u Symbol... |
6. Set Offset to 5 Points.
Placement Properties
- Best position around point
|'i Q)@
Ry 7| stack label | Properties...
Position... Offeet: E
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7. Click the Position button.

Flacement Properties

ot

L

]

Best position around point

|| Stack label

Offsst:

Lesson 7: Add a timeline to the map (optional)

8. On the Position Options dialog box, select East and click OK.

S

Copyright © 2017 Esri. All rights reserved.

Pasition Options g
@
. * (West )
Morthwest MNorth Mortheast West W
(Gann ® ° |
st
Centared East Southwest South
@ ’ ;@)
(Southeast) L
Southeast Best Position '
H
ok | | cancel
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Lesson 7: Add a timeline to the map (optional)

9. Click OK to see the labels.

10. Save the map.

The next step is to create a ghosted copy of the timeline.

In this step, you'll copy the Timeline layer and change its symbology and labels. Then you'll
disable time properties on the layer so that it is shown at all times.

1. Right-click the Timeline layer and click Copy.

& |Copy_|

X Remaove
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Lesson 7: Add a timeline to the map (optional)

2. Right-click the data frame name (Layers) and click Paste Layer(s).

+ Add Data..
New Group Layer

&# MNew Basemap Layer

& Copy

i | Paste Layer(s)

3. Move the copied layer under the original layer.

4. Change the copied layer name to Ghosted Timeline.

5. Open the layer properties and, on the Symbology tab, in the Show pane, click Features
and choose Single symbol.

SEGOTES
Quantities
Charts

Multiple Attributes

Copyright © 2017 Esri. All rights reserved. Page 7-18



Lesson 7: Add a timeline to the map (optional)

6. Click the symbol and scroll down to select Ghosted Symbol in the Zebra Mussels style.

Symbol Selector

e
Type here to search v QR EE -

Search: Q) Al Styles () Referenced Styles

* 2005 s
* 2006
® 2007

| o 2008

® 2010
L {1} 5]

o
ESRI

. Circle 1
B squeret

7. Click OK.

® 2000 E

Current Symbol

Color: L -

Size: 7.00 %

Angle:  0.00 =

I Save As... ] | Resat
Style References...
ok | cancel

8. On the Labels tab, change the color of the Text Symbol to Gray 20%.

| No Color |
OOEEEEEREEEOO
OO0OOEEONEENEN
EEEEEEEREOOO
OooooooOoooonm
OOoOmEEf00f0O0ODE .
EEEEEOEEEEN
| | TEEEEN
| | m EEEEN
EENEENEEEENEEN
EEEEREENONE DN N
EEEERREOOOOEODEN
EEEEEEEEEENEE
EEEEEEEEEEEN
EECEEEEEENE
OddOOODEEOEE N
ENEENEEEEEEEO
oooo
More Colors..
9. Click OK.
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Lesson 7: Add a timeline to the map (optional)

10. Save the map.

Now you're ready to display the timeline over time.

1. Setthe Time properties for the Timeline layer as shown below.

e S R W
| General | Source | Selection | Display | Symbology | Fields | Definition Query | Labels | Joins & Relates| Time | HTML Popup|
nnbletlmenﬂﬂ'lislnyer

Time properties
Layer Time: IEn:hl.l.nhuawﬂmH v]

Time Field: [ vear_Test ~|  sample: 2011

Selected field is not indexed. Index the fields for better performance.
Field Format: [veve -

Time Step Interval: |1.uu- I[m -v]

Layer Time Extent: 1986 To: 2011

E]Dala changes frequently so calculate time extent automatically.

Advanced settings
Time Zone: Imm 'l

|:| Values are adjusted for daylight savings

Time Offset: 0.00 [vears -

Display data cumulatively

2. For the Ghosted Timeline layer, on the Time tab of the Layer Properties dialog box,
uncheck Enable time on this layer and click OK.

Emlﬂe time on this layer

3. Use the Time Slider window to display the timeline over time.
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Lesson 7: Add a timeline to the map (optional)

Tiene Siider _ [=pe
o xy 17111995 12:00:00 AM |=4 0
:J 0D

L172011 12:00-00 AM |C'

On this map, it's much easier to track the progression through time. Because the point
symbols in the timeline are the same as the zebra mussel sighting symbols on the map,
the timeline also acts as a legend.

4. Save the map.

This method for creating a timeline can be modified to create horizontal timelines, timelines
constructed of rectangular polygons instead of points, and more. The first step is to determine
where you want the timeline to be placed. Then create the fishnet features. Finally, symbolize
and label the features. The choices you make about which features to use and how to
symbolize and label them can result in a wide variety of timelines.
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Lesson 8: Add ellipses to the timeline (optional)

Lesson 8: Add ellipses to the timeline (optional)

In this lesson:

= Convert the ellipse features to graphics.

= Resize and reposition the ellipse graphics.
= Label the ellipse graphics.

= Convert the ellipse graphics to features.

= Display the timeline over time.

For the map showing standard deviational ellipses over time, it will help map readers to see a
small replica of the ellipses in the timeline. The timeline ellipses will offer a condensed view of
the mapped ellipses, allowing better year-to-year comparison. Because the ellipses in the
timeline are the same color and shape as those on the map, the timeline also acts as a legend.

In ArcMap, the only way to show temporal change is to enable time on a layer of geographic
features, so you need to visualize the timeline ellipses as a set of geographic features. These
will be small replicas of the ellipses on the map, repositioned at their appropriate locations
along the timeline.

In this lesson, you'll convert the ellipses on the map to graphics. You'll resize and reposition the
graphics and you’ll label them in the timeline. Then you'll convert the graphics back to features.
After adding a time field to the attribute table of the timeline ellipse features, you'll change the
symbology and enable time on the layer. Then you'll visualize both the timeline and the map
over time.

Step 1: Convert the ellipse features to graphics

In ArcMap, you can convert a layer's features to graphics (and vice versa). You'll do this so that
you have the ellipse graphics you need for the timeline.
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Lesson 8: Add ellipses to the timeline (optional)

1. Make sure that time is not enabled on the map.

Tip: If time is enabled, only those features that are displayed for the current time step
will be processed.

2. Right-click the Standard Deviational Ellipses in the table of contents and choose Convert
Features to Graphics.

E Copy
Remaove

E Open Attribute Table

Joins and Relates »

x

4> Zoom To Layer

Visible Scale Range 4
Use Symbol Levels

Selection 4
Label Features

Edit Features »

sg  Convert Features to Graphics...

Convert Symbology to Representation...
Data 4

<> Save As Layer File...

W Create Layer Package..

7 Properties..

3. Click All to convert all the features in the layer to graphics and select the option to Draw
the converted graphics and draw the features.
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Lesson 8: Add ellipses to the timeline (optional)

Convert Features to Graphics

(®) all

Convert features of layer: |"‘3> Standard Deviational Ellipses =7

selectad

Conversion conditions
After the features have been converted to graphics, do you want to:
() Only drawthe converted graphics

(®) Draw the converted graphics and draw the features

Target Annotation Group: Standard Deviational Ellipses graphics W

Tip: If you keep the default option to only draw the converted graphics, you will no
longer see the features on the map.

In the next step, you'll modify the size and position of the timeline ellipses.

Step 2: Resize and reposition the ellipse graphics

1. Inthe table of contents, turn off the visibility for the Standard Deviational Ellipses layer.
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Lesson 8: Add ellipses to the timeline (optional)

The ellipses will still be drawn on the map, but these are the graphic ellipses, not the
geographic features.

2. To see where to position the ellipses, turn on the Timeline layer.

3. Move your pointer over the timeline point for the 2011 time step in the Timeline. Note
that in the lower right corner of the ArcMap window, the coordinates are about
-7520000 and 3040000 meters.

4. On the Drawing toolbar, click the Select Elements button.

 Drawing~| K| % O - A - 72 [|[@) Arial viovie rgA-0 2.
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Lesson 8: Add ellipses to the timeline (optional)

5. Hold down the Shift key while drawing a box around all the ellipses to select them.

t T E '! By x
: !, Vl‘\ﬁ——
) | i -
- 1 !
{

&
N /
3 J
o - ? 1
- .
[\
AN !
—~ 3
, >
B
Jh S
{ X S See il
o .

~

6. Inthe ArcMap window, right-click and choose Properties.

Zoom Whole Page
Zoom To Selected Elements

i)

el
deb

Cut Ctrl+X
Copy Ctrl+C
Delete Delete

Convert To Graphics

Group

S X mE R

Ungroup

Graphic Operations »
Order 4

Mudge »
Align »
Distribute ’
Rotate or Flip »

| i Properties...
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Lesson 8: Add ellipses to the timeline (optional)

7. On the Size and Position tab of the Common Properties for Selected Elements dialog
box, set the X position to -7,520,000 and the Y position to 3,040,000, set Anchor Point to
the center position, check the As Percentage and Preserve Aspect Ratio check boxes,
and set the Width and Height parameters for Size to 10%.

Common Properties for Selected Elements

Symbol | Size and Position

Fosition
: -7,520,000 m
Y: 3,040,000 m

[ ] As offset Distance

Anchor Point:

Size
Width 10%
Height: | 10%

As Percentage

Preserve Aspect Ratio

Element Name

8. Click OK to keep your changes.
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Lesson 8: Add ellipses to the timeline (optional)

All the ellipses will be reduced in size and drawn at the position of the 2011 point in the
timeline.

9. Click anywhere except on the ellipses to cancel the selection.

10. To spread out the ellipses so that you can select them more easily when you reposition
them, select the ellipse on the top (the small, dark orange ellipse) and move it to the
location of the point for the 1988 time step.

Note: Recall that no ellipses were generated for the first two time steps because there
were too few features to generate ellipses for these years.

11. Hold down the Ctrl key while drawing a box around the remaining ellipses to select all of
them, including the 1988 ellipse.

12. Right-click and choose Distribute, then choose Distribute Vertically.
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Lesson 8: Add ellipses to the timeline (optional)

# Zoom To Selected Elements
% Cut Ctrl+X
E Copy Ctrl+C
X Delete Delete
™ Group
Graphic Operations »
Order »
Mudge »
ole  Distribute Horizontally Align ’
‘ 2 Distribute Vertically H Distribute ’
H Make Same Size Rotate or Flip ’
B Make Same Width ' Properties...
@ Make Same Height
ED]
E
[T

The ellipses will be spread out so that you can see them all, but they will not be in the
correct order.
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Lesson 8: Add ellipses to the timeline (optional)

13. Reorder the ellipses, using the color and position of the Timeline points as a guide and
centering each ellipse over its associated Timeline point, allowing the larger ellipses to
overlap.
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Lesson 8: Add ellipses to the timeline (optional)

Tip: Zooming in to the Timeline area may help you more easily see where to position the
ellipses.

14. Hold down the Shift key while drawing a box around all the ellipses to select them.

15. Right-click and choose Align, then choose Align Center.
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Lesson 8: Add ellipses to the timeline (optional)

=)
ot

a

Zoom Whole Page

#5 Zoom To Selected Elements

g Cut Ctrl+X

El Copy Ctrl+C

X Delete Delete

"% Convert To Graphics

M Group

I1 Ungroup

Graphic Operations r

=i Align to Margins Order ’
I Align Left Nudge v
& Align Center || Align v
=Sl Align Right Distribute v
i Align Top Rotate or Flip v
#  Align Vertical Center ™ Properties..
i Align Bottom

The ellipses will be lined up over the Timeline points.

The next step is to add the labels to the timeline.
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Lesson 8: Add ellipses to the timeline (optional)

Step 3: Label the ellipse graphics

In this step, you'll copy the Timeline layer and use the copy to label the ellipses.

1. Inthe table of contents, right-click the Timeline layer and choose Copy.

2. Right-click the data frame name (Layers) and choose Paste Layers(s).

3. Rename the Timeline layer SDE Timeline Labels.

4. Turn off the Timeline layer.

5. Right-click the SDE Timeline Labels layer and choose Properties.
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Lesson 8: Add ellipses to the timeline (optional)

6. On the Symbology tab, in the Show pane, click Features and choose Single symbol.

Layer Properties “

General | Source | Selection | Display | Symbology | Fields | Definition Query | Labels | Joins & Relates | Time | HTML Popup
Show:
Fealures

1 Single symbol
Categonies

Quantities pr———
Charts -] | Advanced

Multiple Atinibutes

Draw all features using the same symbol. Import...

Symbol

Legend

Label appearing next to the symbol in table of contents:

%Jﬁ- o Description...
A

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

7. Click the symbol.
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Lesson 8: Add ellipses to the timeline (optional)

8. Set the symbol to Circle 1, change the color to No Color, and change the Size to 7.

Symbol Selector
Type here to search w| @ % 85~
Search: (®) All Styles () Referenced Styles
A
Circle 1 Square 1 Triangle 1 Pentagon 1
Hexagon 1  Octagon 1 Rnd Square  Circle 2
1
Square 2 Triangle 2 Pentagon 2 Hexagon 2
Octagon 2 Rnd Sgquare Circle 3 Square 3
2
Triangle 3 Pentagon 3 Hexagon 3  Octagon 3
(] * w *
Rnd Square Star 1 Star 2 Star 3 W

Current Symbol

Color:

Size:

Angle: 0.00 =
Edit Symbol...

Save As... Reset

Style References...

oK Cancel
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Lesson 8: Add ellipses to the timeline (optional)

9. On the Labels tab, click the Placement Properties button.

Layer Properties

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

Label features in this layer

Method: Label all the features the same way.

All features will be labeled using the options specified.

Text String
Label Field: Year_Text
Text Symbol

AaBbYyZz
Other Options

Placement Properties...

Copyright © 2017 Esri. All rights reserved.
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Scale Range...

v Expression...

w | (10 vl

u Symbaol....

Pre-defined Label Style

Label Styles...

OK Cancel

Apply
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Lesson 8: Add ellipses to the timeline (optional)
10. In the Placement Properties window, click the Label Offset button.

Placement Properties

Label Position | Fiting Strategy | Label Density | Conflict Resolution

General

& Horizontal and East of point

[ | may shift label upon fixed position

Position... Label Offset... Orientation...

e e v | User-defined zones Options.

ﬁ\ [ ] Rotate by attribute Options

0K Cancel
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Lesson 8: Add ellipses to the timeline (optional)

11. Set the Preferred Offset to 25 Points.

Label Offset n

Label Offset
Preferred Offset: 25 || | Paints v
&
% of preferred

Maximum Offset: 100 offset

[ | Measure offset from the feature geometry

[ | Measure offset from the exact symbal outline

12. Click OK three times to keep your changes.

Step 4: Convert the ellipse graphics to features

In this step, you'll convert the ellipses back to geographic features so that you can ultimately

enable time on the layer.

1. Hold down the Shift key while drawing a box around all the ellipses to select them.

2. Inthe table of contents, right-click the data frame name and choose Convert Graphics to

Features.

3. Onthe Convert Graphics To Features dialog box, name the Output shapefile or feature
class SDE_Timeline_Features and save it in the Zebra_Mussels geodatabase.
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Lesson 8: Add ellipses to the timeline (optional)

Convert Graphics To Features

Convert:

Polygon graphics W
[+] Selected graphics only (24 selected)

Use the same coordinate system as:
(®) the data frame

'1:1' this layer's source data:

> SDE Timeline Labels

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

{_Jthe annotation groups in this data frame

Output shapefile or feature class:

Chstudent\Zebra_Mussels\Zebra_Mussels gdb\SDE_Timeline_Features

[ ] Automatically delete graphics after conversion

About converting graphics

i

Cancel

4. Check the check box to Automatically delete graphics after conversion.

[+] Automatically delete graphics after conversion

Tip: Choosing the option to automatically delete graphics after conversion will remove

the graphics from the map.
5. Click OK to convert the graphics to features.

6. Choose to add the exported data to the map as a layer.
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Lesson 8: Add ellipses to the timeline (optional)

The layer will lose its symbology, so you'll have to add an attribute and reset the
symbology using the option Match to symbols in a style, as you did for a number of
other layers.

13. Open the attribute table for the SDE_Timeline layer and add a Year_Text text field with
a length of 4, as you did for the Mussel Sightings layer in Lesson 3.

14. Calculate the values to equal [OID] + 1987.

Note: The first timeline ellipse is for the year 1988, so adding 1987 to the ObjectID of all
the features will give them the correct value for the Year_Text attribute.

15. Click OK and check that the values range from 1988 to 2011.

16. Close the attribute table.

17. Change the symbology of the SDE_Timeline layer using the option Match to symbols in a
style, as you did in Lesson 3, so that the ellipses are symbolized in the same way as the
standard deviational ellipses layer.
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Lesson 8: Add ellipses to the timeline (optional)

18. Turn off the display for <all other values>.

19. Close the Layer Properties dialog box.

The ellipses are now symbolized correctly.

20. Save the map.

Now that the timeline is displayed and labeled correctly, you're ready to display the ellipses in
the timeline over time.

1. Set the Time properties for the SDE_Timeline_Features layer as shown below.

e S R W
| General | Source | Selection | Display | Symbology | Fields | Definition Query | Labels | Joins & Relates| Time | HTML Popup|
nnbletlmenﬂﬂ'lislnyer

Time properties
Layer Time: IEn:hl.l.nhuawﬂmH v]

Time Field: [ vear_Test ~|  sample: 2011

Selected field is not indexed. Index the fields for better performance.
Field Format: [veve -

Time Step Interval: |1.uu- I[m -v]

Layer Time Extent: 1986 To: 2011

E]Dala changes frequently so calculate time extent automatically.

Advanced settings

Time Zone: Im 'l

|:| Values are adjusted for daylight savings

Time Offset: 0.00 [vears -

Display data cumulatively
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Lesson 8: Add ellipses to the timeline (optional)

2. Use the Time Slider window to display the timeline along with the standard deviational
ellipses, mean centers, and associated points over time.

: 1 >
Tiene Slider =
%z 1111995 12:00:00 AM [

“ | 1/1/1986 12:00:00 AN yian 1200 A (@

On this map, it's much easier to track the progression through time. Because the ellipses
in the timeline are the same colors and shapes as those on the map, the timeline also
acts as a legend.

3. Save the map.
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