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Preface

This workbook contains a set of laboratory exercises initally developed for
the ICPSR Summer Program courses on spatial analysis: Introduction to
Spatial Data Analysis and Spatial Regression Analysis. It consists of a series
of brief tutorials and worked examples that accompany the GeoDa™ User’s
Guide and GeoDa™ 0.95i Release Notes (Anselin 2003a, 2004).1 They
pertain to release 0.9.5-i of GeoDa, which can be downloaded for free from
http://geoda.uiuc.edu/downloadin.php. The “official” reference to GeoDa
is Anselin et al. (2004c).

GeoDa™ is a trade mark of Luc Anselin.

Some of these materials were included in earlier tutorials (such as Anselin
2003b) available on the SAL web site. In addition, the workbook incor-
porates laboratory materials prepared for the courses ACE 492SA, Spatial
Analysis and ACE 492SE, Spatial Econometrics, offered during the Fall 2003
semester in the Department of Agricultural and Consumer Economics at the
University of Illinois, Urbana Champaign. There may be slight discrepan-
cies due to changes in the version of GeoDa. In case of doubt, the most
recent document should always be referred to as it supersedes all previous
tutorial materials.

The examples and practice exercises use the sample data sets that are
available from the SAL “stuff” web site. They are listed on and can be
downloaded from http://sal.uiuc.edu/data_main.php. The main purpose of
these sample data is to illustrate the features of the software. Readers are
strongly encouraged to use their own data sets for the practice exercises.
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Exercise 1

Getting Started with GeoDa

1.1 Objectives

This exercise illustrates how to get started with GeoDa, and the basic struc-
ture of its user interface. At the end of the exercise, you should know how
to:

e open and close a project
e load a shape file with the proper indicator (Key)

e select functions from the menu or toolbar

More detailed information on these operations can be found in the User’s
Guide, pp. 318, and in the Release Notes, pp. 7-8.

1.2 Starting a Project

Start GeoDa by double-clicking on its icon on the desktop, or run the GeoDa
executable in Windows Explorer (in the proper directory). A welcome screen
will appear. In the File Menu, select Open Project, or click on the Open
Project toolbar button, as shown in Figure 1.1 on p. 2. Only two items
on the toolbar are active, the first of which is used to launch a project, as
illustrated in the figure. The other item is to close a project (see Figure 1.5
on p. 4).

After opening the project, the familiar Windows dialog requests the file
name of a shape file and the Key variable. The Key variable uniquely iden-
tifies each observation. It is typically an integer value like a FIPS code for
counties, or a census tract number.
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Figure 1.1: The initial menu and toolbar.

In GeoDa, only shape files can be read into a project at this point.
However, even if you don’t have your data in the form of a shape file, you
may be able to use the included spatial data manipulation tools to create
one (see also Exercises 4 and 5).

To get started, select the SIDS2 sample data set as the Input Map in the
file dialog that appears, and leave the Key variable to its default FIPSNO.
You can either type in the full path name for the shape file, or navigate in
the familiar Windows file structure, until the file name appears (only shape
files are listed in the dialog).!

Finally, click on OK to launch the map, as in Figure 1.2.

GeoDa Project Setting S\

Input Map [*.shp) |C:\DATA\sal_sampledata\sids2\sid32.shp =

Key Yariable |FIFSND |

(1]4 D Cancel |

Figure 1.2: Select input shape file.

Next, a map window is opened, showing the base map for the analyses,

"When using your own data, you may get an error at this point (such as “out of
memory”). This is likely due to the fact that the chosen Key variable is either not unique
or is a character value. Note that many county data shape files available on the web
have the FIPS code as a character, and not as a numeric variable. To fix this, you need
to convert the character variable to numeric. This is easy to do in most GIS, database
or spreadsheet software packages. For example, in ArcView this can be done using the
Table edit functionality: create a new Field and calculate it by applying the AsNumeric
operator to the original character variable.



depicting the 100 counties of North Carolina, as in Figure 1.3. The window
shows (part of) the legend pane on the left hand size. This can be resized
by dragging the separator between the two panes (the legend pane and the
map pane) to the right or left.

# GeoDa 0.9 (Beta) - SIDS2 (=]
File View Edit Tools Table Map Explore Space Regress Options Window Help
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Figure 1.3: Opening window after loading the SIDS2 sample data set.

You can change basic map settings by right clicking in the map window
and selecting characteristics such as color (background, shading, etc.) and
the shape of the selection tool. Right clicking opens up a menu, as shown in
Figure 1.4 (p. 4). For example, to change the color for the base map from
the default green to another color, click Color > Map and select a new color
from the standard Windows color palette.

To clear all open windows, click on the Close all windows toolbar but-
ton (Figure 1.5 on p. 4), or select Close All in the File menu.

1.3 User Interface

With a shape file loaded, the complete menu and all toolbars become active,
as shown in detail in Figure 1.6 on p. 4.
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Figure 1.4: Options in the map (right click).
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Figure 1.5: Close all windows.

The menu bar contains eleven items. Four are standard Windows menus:
File (open and close files), View (select which toolbars to show), Windows
(select or rearrange windows) and Help (not yet implemented). Specific to
GeoDa are Edit (manipulate map windows and layers), Tools (spatial data
manipulation), Table (data table manipulation), Map (choropleth mapping
and map smoothing), Explore (statistical graphics), Space (spatial autocor-
relation analysis), Regress (spatial regression) and Options (application-
specific options). You can explore the functionality of GeoDa by clicking on
various menu items.

 GeoDa 0.9 (Beta) - SIDS2
File View Edit Tools Table Map Explore Space Regress Options  Window Help

| | 9 || | B 2 B (| | E e ] ] B | |

Figure 1.6: The complete menu and toolbar buttons.

The toolbar consists of six groups of icons, from left to right: project
open and close; spatial weights construction; edit functions; exploratory
data analysis; spatial autocorrelation; and rate smoothing and mapping. As
an example, the Explore toolbar is shown separately in Figure 1.7 on p. 5.



Clicking on one of the toolbar buttons is equivalent to selecting the
matching item in the menu. The toolbars are dockable, which means that
you can move them to a different position. Experiment with this and select
a toolbar by clicking on the elevated separator bar on the left and dragging
it to a different position.

[l

i @

I

Figure 1.7: Explore toolbar.

1.4 Practice

Make sure you first close all windows with the North Carolina data. Start
a new project using the St. Louis homicide sample data set for 78 counties
surrounding the St. Louis metropolitan area (stl_hom.shp), with FIPSNO
as the key variable. Experiment with some of the map options, such as the
base map color (Color > Map) or the window background color (Color >
Background). Make sure to close all windows before proceeding.



Exercise 2

Creating a Choropleth Map

2.1 Objectives

This exercise illustrates some basic operations needed to make maps and
select observations in the map.
At the end of the exercise, you should know how to:

e make a simple choropleth map
e select items in the map

e change the selection tool

More detailed information on these operations can be found in the User’s
Guide, pp. 35-38, 42.

2.2 Quantile Map

The SIDS data set in the sample collection is taken from Noel Cressie’s
(1993) Statistics for Spatial Data (Cressie 1993, pp. 386-389). It contains
variables for the count of SIDS deaths for 100 North Carolina counties in
two time periods, here labeled SID74 and SID79. In addition, there are the
count of births in each county (BIR74, BIR79) and a subset of this, the count
of non-white births (NWBIR74, NWBIR79).

Make sure to load the sids. shp shape file using the procedures reviewed
in Exercise 1. As before, select FIPSNO as the Key variable. You should now
have the green base map of the North Carolina counties in front of you, as
in Figure 1.3 on p. 3. The only difference is that the window caption will
be sids instead of SIDS2.



Consider constructing two quantile maps to compare the spatial distri-
bution of non-white births and SIDS deaths in 74 (NWBIR74 and SID74).
Click on the base map to make it active (in GeoDa, the last clicked window
is active). In the Map Menu, select Quantile. A dialog will appear, allowing
the selection of the variable to be mapped. In addition, a data table will
appear as well. This can be ignored for now.! You should minimize the
table to get it out of the way, but you will return to it later, so don’t remove
it.2

In the Variables Settings dialog, select NWBIR74, as in Figure 2.1, and
click OK. Note the check box in the dialog to set the selected variable as the
default. If you should do this, you will not be asked for a variable name the
next time around. This may be handy when you want to do several different
types of analyses for the same variable. However, in our case, we want to do
the same analysis for different variables, so setting a default is not a good
idea. If you inadvertently check the default box, you can always undo it by
invoking Edit > Select Variable from the menu.

Variables Settings E

Select Variables
15t Variable (1)

[ Set the variables as default

Cancel

Figure 2.1: Variable selection.

After you choose the variable, a second dialog will ask for the number
of categories in the quantile map: for now, keep the default value of 4
(quartile map) and click OK. A quartile map (four categories) will appear,
as in Figure 2.2 on p. 8.

The first time a specific variable is needed in a function, this table will appear.
2Minimize the window by clicking on the left-most button in the upper-right corner of
the window.



Note how to the right of the legend the number of observations in each
category is listed in parentheses. Since there are 100 counties in North
Carolina, this should be 25 in each of the four categories of the quartile
map. The legend also lists the variable name.

You can obtain identical result by right-clicking o