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The more we know, the better we understand how 
much we don’t know. 
 
I illustrate this point with examples from two current projects 
where spatial dependence is a central phenomenon: 
 
1. A study of residential clustering – can we use the social 

composition of areas at different scales to identify 
neighborhoods and determine what defines them? 
 

2. A study of hurricane damage – how far do the effects of a 
hurricane extend and what kinds of effects are these? 
 

Then I apply these exercises to a typical example of using 
spatial dependence to demonstrate effects on neighbors 
(through processes such as diffusion). 



Study #1.  Using spatial clustering to 
identify ethnic neighborhoods  
 
 
We can “see” ethnic neighborhoods on a 
choloropleth map with census tract data.  Charles 
Zhang and I decided to use local Moran’s i to  
identify their boundaries. 
 





Finer grain and greater control over the 
boundaries:  Ethnic neighborhoods in 1880 
 

A new resource: a full digital transcription  
of the 1880 census – 50 million records  
 
Made available by Minnesota Population Center 
http://www.nappdata.org/napp/  
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39 Cities selected for the 1880 HGIS Project 



Forest Street 
District 77  Baltimore City: 8th Ward: South of 

Monument Street, Then South-West of Forest Street, North and 
North-West of Front Street, North-East of Centre Street to 

Jones Falls, East of Jones Falls 
District 78  Baltimore City: 8th Ward: South of 

Madison Street, to Harford Avenue, East of Harford Avenue, 
Then South of Chew Street, West of Ensor Street, Then North of 

Monument Street, and East of Jones Falls 
District 79  Baltimore City: 8th Ward: South of Eager 
Street, West of Greenmount Avenue, North of Madison Street, 

East of Jones Falls 
District 80  Baltimore City: 8th Ward: South of Eager 
Street, West of Ensor Street, & North of Chew Street, West of 

Harford Avenue, Then North of Madison Street, East of 
Greenmount Avenue 

District 81  Baltimore City: 8th Ward: South of Chase 
Street, West and North-West of Harford Avenue, North of 

Eager Street, East of the Falls 
District 82  Baltimore City: 8th Ward: South of John 
Street, West of Harford Avenue, North of Chase Street, East of 

Greenmount Avenue 
District 83  Baltimore City: 8th Ward: South of North 
Avenue, West of Harford Avenue & North of John St., West of 

Greenmount Avenue, Then North of Chase Street, East of Jones 
Falls 



This database creates new opportunities to 
study intergroup relations from a spatial 
perspective: 
 

Who lives where, how separately from other  
groups? 
 
Is segregation mainly based on ethnicity, 
nativity, social class, or life cycle differences? 



Are these the 
German 
neighborhoods of 
Chicago in 1880?  
They are over 
60% German. 



Newark in 1880: Using the discrete point data on 
ethnicity instead of enumeration districts – where 
are the boundaries between neighborhoods? 

oIrish 
oGerman 
oNative white 



The question of 
scale: 
 
Green lines are 
enumeration district 
boundaries.  Black 
shows a single street 
segment; red is the 
connected segments; 
yellow extends another 
step outward.  What 
scale should we use, if 
we don’t have to use 
administrative 
boundaries? 



One approach: Begin with the concept of “egocentric 
neighborhoods” – for every person, there’s a neighborhood. 
 
(Spielman and Logan, Annals of American Association of Geographers, 
soon!) 
 



Suppose red people tended to live closer to other red people.  
Then a curve  showing % red or % green for a typical red person, 
by distance, would look something like this (k-functions). 



And if we added a measure of the class composition of neighbors 
(SEI), we could add that  curve to the picture: 

Left: the red person lives in an 
advantaged red area, but neighbors’ 
SEI declines with distance 

Right: the red person lives in a 
disadvantaged red area, but 
neighbors’ SEI increases with distance 



Some actual 
curves in 
Newark that 
show ethnicity, 
not SEI.   
 

We have 4 curves 
for every building, 
many thousands of 
curves! 
 
 
Notice that the 
“neighborhood” 
can change its 
ethnic character 
depending on its 
geographic scale. 



We did this for 4 
cities including  
Newark.   
 
A cluster analysis 
yielded 6 types of 
buildings’ k-functions 
for 3 ethnicities and 
SEI. 
 
This graph shows the 
average for each type, 
allowing us to give 
them names. 
 
e.g., Class 4 (purple) is 
very Irish, quite low 
SEI. 

Each graph shows the average “signature” of 
a class (each class is a different color) on % 
German, Irish and Yankee, and mean SEI 



And when we plot 
these on a map, they 
are (as expected) very 
spatially clustered. 
 
We propose to treat 
these as defining the 
boundaries of 
neighborhoods based on 
ethnicity and class. 
 
Advantages: 
 
1.  We aren’t constrained 
to administrative district 
boundaries. 
 
2.  We make no 
assumptions about scale. 



Population Change post-Katrina

KATRINA

RITA

-359.71 - -2.00

-1.99 - -0.50

-0.49 - 0.50

0.51 - 2.00

2.01 - 23.00

Standardized scores : how the change in 2005-2006 compares 
to changes experienced by each county during 2000-2005.  

Study # 2: Spatial effects of hurricanes  



vs 

Suppose we could develop estimates of hurricane wind damage  for all 
hurricanes in the Gulf Coast since 1950 …  and we have, using actual 
damage reports to calibrate and validate the model. 



… then could we estimate the effects of these hurricanes 
on population and employment in the affected area? 
 

1. What is the affected area?  This is simplified because of a data 
constraint – we have annual data on the dependent variables for 
counties. 
 

2. Are there spatial effects:  Is there displacement to adjacent areas?  This 
should be straightforward, using a simple spatial regression: 
 

  Yt = τYt-1 + β1Xt + β2Xt-1 + β3WXt + β4WXt-1 + μt 

 
where Y = dependent variable, X = vector of independent variables 
including hurricane wind damage, scalar parameters β1, β2, β3, β4, a 
white noise error μ, and W = adjacency weights matrix. 
 
But what is W – who are the neighboring counties? 

 
 
 



By design, hurricane damage estimates are highly spatially 
dependent.  In our case, the correlation is over .90 between 
damage in a given county and average or maximum damage 
in adjacent counties. 
 
The “main effect” of the hurricane is hard to distinguish from 
the “spatial lag” effect.  This is a symptom of a conceptual 
problem: 
 
What is the neighborhood? 

 
•When the correlation between two variables is very 
high, we often ask whether they are really indicators of 
the same phenomenon. 
 
•If spatial autocorrelation is very high, should we ask 
whether counties are part of the same spaces? 



Suppose we think of counties as being within the hurricane zone, near it, or 
distant from it?  For example: pink, blue, or white in the graph below.  Then 
most adjacent counties would lie within the same “neighborhood” and we 
would not look for “spatial” effects within each zone. 



This means rejecting the interpretation of 
spatial dependence as a sign of effects on 
neighbors.  Instead spatial dependence defines 
the neighborhood. 
 
 
What are the implications of this shift for our 
studies of spatial effects? 



A prominent example of interpreting 
spatial lags as effects of local areas on 
their neighbors. 
 
Notice the high degree of spatial 
clustering of “child-centered social 
control” (low or high). 



We see very similar clusters for % black at the tract level in Chicago 1990. 



Also similar clusters for % below poverty. 



In Chicago, does the pattern of parent-child 
relations in one local area influence the relations in 
adjacent areas? 
 
Or does the spatial pattern represent: 
 
1. The existence of larger zones (“neighborhoods”) defined 

by parent-child relations? 
 

2. Or zones defined by race or poverty? 
 

The data do not tell us the answer.  It depends on how we 
choose to think about it. 



Hence the title of this talk: 
 
Interpreting Spatial Dependence as 
a Theoretical Problem 






