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Abstract: This resource gives a brief overview of a website and playlist of YouTube videos using open source
software (R, GeoDa, and QGIS) designed to help get scholars up and running with analyzing their own data using
Spatial Econometrics. Sample data, handouts, code, and map files are provided for ease of replication. The course
covers the basics of integrating data into a spatial data set, contiguity and spatial correlation, doing basic spatial
regressions in GeoDa, and doing more sophisticated specification tests and regressions in R.
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1. INTRODUCTION

The internet has drastically improved the ability to provide quality distance-learning
opportunities over the past decade. The explosion of MOOCs and high-quality educational
videos hosted on YouTube have reduced the need for professionals to travel to a certain place in
order to learn or refresh their skills in mathematics of data analysis. While there are still many
opportunities for taking these courses at various conferences or universities cheaper, high quality
substitutes are becoming available. Specifically when it comes to Spatial Econometrics, there are
many opportunities to travel for face-to-face instruction (Table 1), and the author of this article
benefitted greatly from a short course offered by Luc Anselin at UI-UC in 2003. However, these
courses can easily cost well over $5,000 when the tuition, travel, and lodging are factored in. In
this paper we introduce one complete, yet continuing series of free resources that are available.

Table 1: Examples of Short Courses related to Spatial Econometrics and Spatial Data Analysis

Location Recent Offerings Cost

Regional Research Institute, West | Summer, 1 Week, 2016- | $3,000 + lodging, travel

Virginia University, USA 2019 (2018)

Spatial Econometrics Advanced Summer, 4 weeks, 2018 € 2,300-3,300 + lodging,

Institute, Universita Cattolica del travel (2018)

Sacro Cuore of Rome

ICPSR, University of Michigan, Summer, 1 Week, $1,700-3,200 + lodging, travel

USA (2018)

NARSC Workshop, San Antonio, 1 Day, before the start of | $95 in addition to the cost of

TX, USA the 2018 NARSC attending NARSC Conference
Conference

* Thanks to Stephanie Kelly for editorial assistance.
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2. OVERVIEW OF THE COURSE

The core of the course is comprised of 12 YouTube videos, between 15 and 41 minutes long.
These videos use screen capture technology (Burkey, 2015), rather than videos of professor in
front of a typical classroom. All of the videos and materials are free of charge, posted at
http://spatial.burkeyacademy.com. The software used is also all freely available', making the
course very accessible to faculty and students alike. Each video has an accompanying handout,
dataset, Excel file, or text file containing code, as is appropriate.

3. BRIEF OUTLINE OF THE COURSE

Though additions to the series will continue to be made based on viewer feedback, the core 12
videos (plus an additional 9-minute brief “Welcome” video) form a complete, though basic
introduction to Spatial Econometrics. It is assumed that the viewers are familiar with cross-
sectional econometrics and basic matrix notation. Some basic familiarity with map files and R
would be helpful, but not required.

3.1 Introduction to Thinking Spatially with Some Econometric Models

The first video outlines some of the major Spatial Econometric Models and how to think about
spatial interaction/spillover in basic terms. The video and handout also discuss some of the major
researchers who developed the models, and gives some references for books and journal articles
where viewers can find more information. In this section we introduce the following models:

(1) y=Xp +¢& OLS Model

The OLS model does not contain a spatial relationship, but is often used as a starting place. Luc
Anselin (1988) favored the Lagrange Multiplier approach to specification searches. Starting with
OLS, Anselin devised 5 Lagrange Multiplier statistics that help determine if the (possibly
misspecified) OLS model points toward the Spatial Lag, Spatial Error, or SARMA models,
though he suggested that the SARMA model was probably never the correct specification.

Measuring “neighbors” are with a Spatial Weights Matrix, W, allows us to mathematically
specify how spatial relationships among regions might be structured. Regions might be related
with their neighbors in three different ways:

A) The value of y in a region might impact (or be related to) the value of y in a neighboring
region

B) The values of X’s in a region might affect (or be related to) the value of y in a
neighboring region

C) The residuals € might affect (or be related to) the residuals in a neighboring region
(spatial heteroskedasticity or spatial autocorrelation)

2) y=pWy+Xp+WXO0+u, u=AWu+¢e Manski Model

The Manski Model builds in all three types of spatial relationship. *If & = 0 then Manski
becomes the Kelejian-Prucha Model:

3) y=pWy+XB+u, u=AWu+ ¢ Kelejian-Prucha, SARAR, Cliff-Ord, SAC model

Or if 1 = 0, we get the Spatial Durbin Model (SDM), which involves lagged y and spatially-
related residuals. Lesage & Pace (2009) favor starting with this specification (or the Spatial

! One file is an Excel File, but is also works in open some source applications such as LibreOffice/Open Office.
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Durbin Error Model, discussed in the last of the core videos), and then using Likelihood Ratio
techniques to test to see if the model should be restricted to a simpler, nested model.

4) y=pWy+ Xp+WXO + ¢ Spatial Durbin Model
If p = 0, then this becomes the Spatially Lagged X (SLX) Model
S y=Xp+WX0 +¢
*If 0=0, then (4) degenerates into the Spatial Lag Model
(6) y=pWy+ XB + ¢ Spatial Lag, Spatial Autoregressive (SAR)
*If = -pP, then (8) simplifies into the spatial error model (because A=p in this case).
The math below is probably not technically correct... but it gives you the intuition:
y=pWy+XB+WX[0 =—pf]+c¢
y=pWI[XB + ]+ XL +WX[—pf] + ¢
y=pWXB +pWe+ X +WX[—pB]+¢
(7 y=XB+u u=AWu+e¢ where e~i.i.d. Spatial Error (SEM)

Of course, setting all of the spatial parameters (4, p, and the vector of 8's) to zero will restrict the
model back to OLS.

3.2 GIS Basics

The next two videos give a brief introduction to using QGIS (2018). The focus is on how to
download a SHP file mapping a set of regions, open it in a GIS program, edit it by removing
regions that may not be of interest, and add additional data for the regions to be analyzed. Users
are provided with a ZIP file to download that contains the map files and extra data to import for
practice with the video.

3.3 Understanding the Idea of Contiguity and Spatial Correlation

A video focusing on contiguity and spatial correlation (Moran’s I) follows, along with a
downloadable spreadsheet file. In this file the viewers help to complete small contiguity and
weights matrices by hand, using a simple set of regions. The users are shown how simple row
standardization can be done. This spreadsheet allows users to change data values in each region,
and dynamically see how the value of the spatial correlation changes as the user creates different
patterns in the data.

3.4 ESDA, Making and Visualizing Spatial Weights for Spatial Data with GeoDa
The next four videos in the series use GeoDa’s fantastic visualization tools (Anselin, Syabri,
and Kho, 2006) to do basic Exploratory Spatial Data Analysis (ESDA), create and export spatial
weights matrices, calculate spatial correlations, and do basic spatial regressions and
specification tests. The strengths and weaknesses of GeoDa are discussed, and the user is
encouraged to also learn R for spatial data analysis in the remaining videos.

3.5 R for Spatial Data Analysis and Regression
In the final four videos of the sequence, the user is introduced to R, and many of the common
packages used for spatial data manipulation and analysis (especially spdep (Bivand and Piras,
2015; Bivand, Hauke, and Kossowski, 2013). The first two videos focus getting data into R and
creating contiguity matrices. Viewers are shown how to read in spatial data, create weights
matrices, import weights created in GeoDa, export weights, and plot contiguity relationships.



4 August, 2018 Working Paper

The final two videos in the core of the series explore ways to perform a spatial specification
search and estimate many of the common spatial econometric models in R. The difference
between Lagrange Multiplier (LM) tests and Likelihood Ratio (LR) tests are discussed. In
summary, the LM tests begin with estimating a nonspatial OLS model, and calculating the
score, indicating the rate of improvement in the model fit as we relax the constraints making the
model nonspatial. Anselin derived five LM tests: One for the SEM and SAR (with a robust
version for these, attempting to filter out some propensity for a false positive between these two
models), and a test for a SARMA Model>.

The benefit to the LM approach is that only the OLS model needs to be estimated before
calculating the LM statistics. However, this method of spatial specification search is very
limiting, because only three types of models can be considered. Thus, many spatial
econometricians favor the LR approach, because any model can be tested to see if a simpler,
nested model may be more appropriate (See Fig. 1). The LR statistic is also very easy to
calculate after running the two models to be compared:

LRstat= -2(Lrestricted-Lunrestricted) ~ XZ (# restrictions)
H,:restrictions are true

LeSage (2014) suggests running the SDM if a global specification is needed, and if a local
structure is needed, first run the Spatial Durbin Error Model (SDEM):
y=XL+Wx0+u, u=AWu+¢

This model i1s “local” because it does not contain a lag y term; so while neighbors affect each
other, this effect does not propagate throughout the entire space.

Figure 1: Part of the “Nested Models” Handout

lllustrating the “Nested” Models

“Manski Model”
— y=pWy+Xp+WX0+u, u=Wu+e

BurkeyAcademy

8 = 0 Kelejinn-Prucha, SARAR,
SAC, CIiff-Ord
y=pWy+XB+u u=AWu+e¢
p=0, Spatial Error Model
y=XB+u u=Wu+e

A = 0, Spatial Lag, Lag Y, SAR
y=pWy+ X +¢
OLS

A =‘0, Spatial Durbin Model (SDM)
y=pWy+Xp+WX0 +¢
p=0
Spatially Lagged X (SLX)
y=Xp+WX0+¢
e=0

Spatial Lag, Lag Y, SAR
y=pWy+Xf+¢

6 =—pp
Spatial Error Model
y=X+uu=AWu+e

OLS

%p=0, Spatial Durbin Error Model
y=Xf+WX0+u u=AWu+e¢

8=0
Spatial Error Model (SEM)
y=Xf+uu=1Wu+e

A=0
Spatially Lagged X (SLX)
y=XB+WX0 +¢

OoLS

Links to the data, commands, and handouts are included, along with a two-page spatial
econometrics in R reference sheet with commands and tips (Figure 2).

2 A SARMA is similar to a Kelejian-Prucha model, with a more quickly-decaying spatial impact.
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Figure 2: Snapshot of the Spatial Econometrics Cheat Sheet (Burkey, 2018)

: T " () O
The Mother of All R Spatial Econometrics Handouts! see spatial.burkeyacademy.com © Mark L. Burkes \@1.4-+J
Reading in Shapefile with (or without) Data: Estimating regressions
LInEW iibrar Save model 10 a name: rag.egl=y-xl+x2

OLS:y = Xg+ 1

z (reg.eql,datawspat.data)
Lagged X y = X8 + Wx8 + ¢
X (

{(zeg.eql,data=spat.data,

slayer is shp file nome without .SHP

i - : names (spat.data) show variable names
For a more comprehensive view of R’ spatial ¥

and mapping capabibties, check our Roger spplot (spat.data, “var®) make map SAR Spatial Lag Model y = pWy + X + ¢

Bivand's hst: hitps:/, " r 2 regi=lagsa. ( eql,data=
e Spatial Weights spat.data,

sroie web/views/Soatial hry

*Reading in external weights fifes:
ab

Most of these commands rely on the spdep
library, and you will need to install and load it
librazy (spdep) beforehand. Other libraries
will be specifically mentioned when called for,
€8, 1geos, rpdal

at )

SOEM Spatial Durbin Error Model (add lag X to
sem) B+ WxB +u, u=aWu+s
regs= b g.e ta=

o ety 4
SOM Spatial Durbin Model (3dd lag X to SAR)
y = pWy + X8+ WX0 +¢

5 oly IPAL . dats, qreensTALIZ
Nearest neighbors requires o matrix of coords,
fongitude in left column. if you don't have
coordinates (centroids)

da

Test Model Restrictions:

LR, sarlm(regh, regd) Mebhood ratio test to
see if SOM should be restricted 1o the SEM.
Hyrestrictions are true Can only test restriction to a
simpler, nested model. SOM and SDEM are not
Pested, a5 one cannot be simpified into the other.
Marginal Effests of Models:

When using any model with 3 oWy, you cannot
interpret the coefficients as marginal effects from

0 nb format summary (regl) command. You must calculste
t: convert to/from matrix the direct, indirect, and total manginal effects using

Distance-based nesrest neighbors
knearneigh(coords matrix, k=4):4
nearest neighbors
Tools for Working with Weights

s ic.nb I structure symmetric?
@#ferences in neighbor ksts

Brief
adding your o as in my videos
then reading it in and creating spatial weights
(W) matrices in R (or creating weights in
GeoDa from the same SHP file, and reading
those m) While you cam read in yowr date
separately, be careful- 1t s possible that the

ondering of the dasa and the weights will not , swmazy.nb, plot.nb :M mpacts command. {Also usedul for total Impacts
match, and then Garbage tn, Garbage out gve eigenvalues of listw for models with SLX)

More details: 1tps//oans.
prolect op fweb foackape+/soden Menestos/nb o

4. CONCLUSION

While this web page and YouTube series are not a perfect substitute for a short course, it is
hoped that it helps to introduce Spatial Econometrics to a wider audience, and serve as a resource
for those who cannot afford to take a face to face course. The author welcomes any suggestions
and corrections from the academic community. The author hopes to add some interviews with
leading researchers in the field to this series of videos, as well as add additional topics of interest.
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A list of the videos with descriptions and links to the supplementary material can be found at
http://spatial.burkeyacademy.com.

The playlist of videos is
https://www.youtube.com/playlist?list=PLINEW8MeJ4z6Du_cbY 6008KsU6hNDkt4dk
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