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TIGER = Topologically Integrated 
Geographic Encoding & Ranging 
•  Electronic street map of USA
•  File = a series of latitude and longitude 

points
•  “Connect-the-dot” routines to build up 

roads, water, railroads, block, etc..

Stack From 
and To Lati-
tude and Lon-
gitude to form 
a single data-
base of nodes.  

Create Count 
of Common 
Node Values.  
Eliminate any 
records less 
than three.

Three or more 
points with the same 
coordinates equals 
an intersection.

Point 
Code

From 
Longitude

From 
Latitude

To 
Longitude

To 
Latitude

Cfcc Flon Flat Tlon Tlat
A31 -89.500000 43.123456 -89.496544 4.546866
A31 -89.503406 43.567890 -89.499950 4.591309
A31 -89.600026 43.561234 -89.596570 4.590643
A31 -89.537416 43.907654 -89.533960 4.625285
A31 -89.517384 43.556677 -89.513928 4.590188
A31 -89.511189 43.556666 -89.507733 4.590187
A31 -89.456782 43.556901 -89.453326 4.590210
A31 -89.764519 43.532323 -89.761063 4.587752
A31 -89.556791 43.999001 -89.553335 4.634420
A31 -89.768490 43.532743 -89.765034 4.587794
A31 -89.333481 43.333300 -89.330025 4.567850
A31 -89.765901 43.000111 -89.762445 4.534531

LONGITUDE LATITUDE COUNT
-89.500000 43.123456 4
-89.503406 43.567890 2
-89.600026 43.561234 3
-89.537416 43.907654 2
-89.517384 43.556677 4
-89.511189 43.556666 5
-89.456782 43.556901 3
-89.764519 43.532323 2
-89.556791 43.999001 2
-89.768490 43.532743 2
-89.333481 43.333300 1
-89.765901 43.000111 1
-89.496544 4.546866 2
-89.499950 4.591309 2
-89.596570 4.590643 4
-89.533960 4.625285 3
-89.513928 4.590188 3
-89.507733 4.590187 3

Using Street Intersection Density to Model Sprawl: 
I-94 Corridor
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ABSTRACT:  This project investigates the 
use of street intersection density to model 
urban sprawl along the Interstate 94 Corri-
dor from Milwaukee, WI to Minneapolis/St. 
Paul, MN.  The study analyzes changes  
from 1992 to 2006.  The methodology is 
based on four premises: 1) streets are a 
necessary prelude to development; 2) in-
tersection density is a bellwether of devel-
opment at the edges of a city; 3) Intersec-

A 1x1 mile grid 
was generated 
for the entire 
study area and 
a count of inter-
section points 
derived using 
point-in-polygon 
GIS routines.

The intersection 
count provided 
the basis for 
intersections-
per-square-mile 
GeoStatistical 
Analysis.

tions can be derived from Census TIGER files 
using data processing routines; and 4) the up-
dating cycle for TIGER is useful for measuring 
change on an annual basis.  We derived street 
intersection points (latitude/longitude) for Wis-
consin and Minnesota Counties for 1992 and 
2006 for this project.  The points were loaded 
into a GIS for analysis.  Intersections per 
square mile were calculated for a hexagonal 
grid (1 square mile in areas) used to produce 

a Geostatistical surface (kriging) for each 
of the test years.  A detailed analysis of 
urban size and the distance decay from 
urban nodes was conducted for the entire 
transect.  Results show that the method-
ology produces a pattern of urban sprawl 
over time acceptable for visualization and 
analysis.  Additional demographic data 
was obtained from the Census Bureau 
for comparison.  
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CONCLUSION:  This research provides strong empirical evidence 
that street intersection density as extracted from annual TIGER files 
is a scientifically valid method of modeling urban expansion.  It has 
a number of advantages over current methodologies: 1) Greater 
data frequency because TIGER is updated annually and the Census 
only every decade; 2) Spatial consistency because Census geogra-
phies have considerable areal variation; 3) Micro-geographic sensi-

Demographic Data:
County Quick Facts, 2006, U.S. Department of Commerce, U.S. Census Bureau Population 

and Household Economic Division (2006). http://quickfacts.census.gov
1990 Census, U.S. Department of Commerce, U.S. Census Bureau Population and 

Household Economic Division (1990).  www.census.gov/main/www/cen1990
2000 Census, U.S. Department of Commerce, U.S. Census Bureau Population and 

Household Economic Division (2000).  www.census.gov/main/www/cen2000

Street Intersection Density Information Derived From:
TIGER/Line Files, 1992 First Edition, U.S. Department of Commerce, U.S. Census Bureau, 

Geography Division (1993). www.census.gov/geo/www/tiger
 TIGER/Line Files, 2006 First Edition, U.S. Department of Commerce, U.S. Census Bureau, 

Geography Division (2007). www.census.gov/geo/www/tiger

tivity because the grid system can be made much smaller to 
model local effects more precisely 4) Prediction rather than moni-
toring because development follows roads rather than the oppo-
site; and 5) Planning potential in that intersection density can be 
correlated with population at in-fill maturity based on past empiri-
cal data.
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Intersection Modeling Theory
Borchert, John R., “The Twin Cities Urbanized Area: Past, Present, Future,” Geographical 

Review, 51 (1961), pp. 47-70.

INTERSECTION DISTANCE GRAPH: This graph represents the change in the number of 
intersections from Milwaukee, WI to Minneapolis/St. Paul, MN.  This helps us get a visual of 
the peaks in intersection density, which represent the areas of highest growth from 1992 to 
2006.  As the graph illustrates there are many areas that have seen lots of growth, especially 
within about 25 miles of the Twin Cities.  Peaks can be seen in the Woodbury Area (~285 
miles) and the Hudson area (~275 miles).  There is a lull between the Chippewa Valley 
(~215 miles, Eau Claire) and Wisconsin Dells/Lake Delton (~115 miles). 
Once we get close to a large urban hub, like Madison sprawl into the suburbs once again 
comes into play.  Areas such as Sun Prairie have seen growth as a hub of Madison along 
with areas directly surrounding the city.  It’s important to note that I-94 does NOT run through 
Madison like it does Eau Claire or St. Paul.  It does however come rather close which could 
be a contributor to growth in the suburbs of Madison such as Maple Bluff and Blooming 
Grove.  

POPULATION GRAPHS: These two graphs give us an 
overview of population change in both the states of Wis-
consin and Minnesota (right) and the selected counties 
(top), which Interstate Highway 94 runs through.  Not only 
do we see actual population data from 1990 and 2000, but 
also the U.S. Census Bureau’s estimated growth for 2006.  
Some counties, such as Milwaukee have seen and are 
predicted to continue the trend of a shrinking population.  
This phenomenon however is short-lived since the sur-
rounding counties such as Waukesha continues to grow at 
rather rapid rate.  This trend of relocating to the outskirts 
of a city is a common move these days, as we will see with 
the Twin Cities area.  Areas outside of major cities sur-
rounding I-94 are popular locations for suburbanites, since 
the interstate highway provides easy direct access to jobs 
and other resources within the city.    

OAKBURY, MN:  Along I-94, just north of Woodbury, MN lies Oak-
bury.  As seen here Oakbury is another booming subdivision in 
Washington County.  As the county population graph shows Wash-
ington County, MN is estimated to have very high rates of growth 
going from a population of 201,130 at the 2000 census to an esti-
mated 493,215 in 2006.  That is more than doubling the county 
population in six years. This large increase maybe explained by 
the estimated decrease in Ramsey County, concluding that people 
are in fact moving from the heart of the Twin Cities to suburbs like 
Oakbury and Woodbury.  The satellite image to the left shows the 
dense, winding streets up against the Interstate that leads to the 
Twin Cities in the west and to Hudson in the east.  

BLOOMING GROVE, WI: In central Dane County, just south of 
where I-94 meets I-90/I-39, lies Blooming Grove. A suburb of 
Madison lying east of Lake Monona and west of Cottage Grove, 
Blooming Grove is unique in the fact that not only is it influenced 
by a major city, but also multiple highways that lead to other 
major hubs, such as Chicago and Milwaukee.  In the photo to 
the right, I-94 is the curve in the northeast corner of the satellite 
image.  Blooming Grove continues to grow and has pushed 
across I-90/I-39, coming close to Cottage Grove south of I-94.  
Pinned between other communities and multiple highways, 
high density is often the result when areas like Blooming Grove 
grow.   

Explanation of Intersection Density Graph

Geospatial Analyst - Kriging was used to create these 
two maps of intersection density. One square mile 
hexagons were used, each hexagon contained data 
about the number of intersections for 1992 and 2006, 
along with the change between the two years. A 
5-mile buffer of Interstate 94 is shown in blue on each 
map, to help see the impact that distance from the 
highway has an growth.   

For each map the darker shades represent a greater 
density of intersections.  Both maps have the same 
scale of color representation, so they can be com-
pared.  Each map only represents the year indicated,  
however it is the change in the number of intersec-
tions that shows the most about population growth 
and decline.  This can be seen the graph in the lower 
left corner.  
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