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Introduction:

Over the past 30 years, the Twin Cities 7-County Metro has undergone a
rapid transformation. While many urban and metropolitan areas have witnessed
a decrease in their local populations®, the Twin Cities 7-County Metro has grown
significantly.

An analysis of growing urban and suburban populations is very important
to city planners as they work to keep water treatment, transportation, utilities and
other infrastructure at pace with population growth. By combining accurate
census data with refined remote sensing data, city planners and administrators
can see where populations are settling and the limits of suburban sprawl
associated with population growth. This allows officials to more accurately plan
and allocate funds for improvements and upgrades by identifying where stresses
are emerging on municipal systems.

Remote sensing imagery provides information in an illustrative manner
that is extremely beneficial when classified and tabulated statistically, and visual
interpretations of data are some of the most easily accessible. By using
unsupervised classification processes, we are able to not just show population
growth, but also the specific locations and validate the anecdotal evidence of
suburban sprawl. This allows for accurate estimates of land cover changes that
happen on a temporal scale. In addition, it creates the ability to identify changes
that have already taken place, and even the potential to forecast into the near
future.

Objective/Goals:

Using statistical data from the U.S. Census Bureau and the Metropolitan
Council of Minnesota, we will show over time the growth in population in terms of
density and expanded area of the metro. We will illustrate specific communities
who experienced increased expansion such as Oak Park Heights, Shakopee and
Brooklyn Park, and use these areas as test cases for our change detection
processes.

1 El Nasser, H. (2011, June 2R)ost major u.s. cities show population declingstrieved from
http://usatoday30.usatoday.com/news/nation/censusf280¥-1Acities07_ST_N.htm



Furthermore, we will use population data from the U.S. Census Bureau
and the Metropolitan Council to show the growth of Scott County, the fastest
growing county in Minnesota. Using Scott County and the aforementioned
communitiesd census data, we can judge the
classifications. Although ERDAS Imagine software can produce very accurate
results, novice thematic maps should always be checked against an accurate
measure.

By using Landsat images produced within approximately a two-month
seasonal window, but 20 years apart, we hope to accurately classify land cover
change that happened over this 20-year temporal period. Images from 1984 and
2005 served as the base images for our cover change analysis.

Using clipped images of the 7-County metro, and Scott County, we will be
able to tabulate pixel data based on changes that occurred between the two
separate classifications. With this we can identify specific changes assigned to
each of the six classes assigned. Also we will demonstrate visually the growth
and expanding borders within the Twin Cities Metropolitan Area. This will be
done with thematic maps of the 7-County Metro, and Scott County that identify
the changes that have occurred within the inner cities, and surrounding suburbs.

For further analysis, we will roughly calculate the amount of additional
carbon released into the atmosphere as a result of increased population,
increased commute time and increased distances traveled for employment. By
using accepted industry averages of carbon emissions by U.S. vehicles.

Methodology:

Our methodology for demonstrating land cover change included
unsupervised classification processes using ERDAS Imagine software. Initially,
we gathered separate county shapefiles from the MnDNR Data Deli. We then
loaded the seven separate files in ArcMap and merged the files. Once the files
were combined and the borders dissolved, we were able to overlay the newly
created shapefile over the Landsat 5 images provided. We now had one
shapefile for the 7-County Metro that we clipped and rectified twice; once for the
1984 Landsat imagery, and again for 2005. We now had two raster layers as
inputs for future ERDAS Imagine processes.

We first ran a 20 cluster unsupervised classification series for each year.
ERDAS found natural breaks in the spectral data and assigned groups of pixels
into clusters. We then manually assigned these 20 clusters into six classes for
each image. Once we established six probable classes, we then recoded each
image. This created two separate thematic images for 1984 and 2005 with
identical symbology for easy comparison (see images 1 and 2).

After analyzing each of the 20 cluster classes individually, and against a
reference, each cluster was assigned to one of five common thematic classes,
and each AOI had an individual sixth thematic class not common to each other.
The six classes we created are water, natural vegetation, agriculture,
urban/impervious, residential, and golf course/manicured. Urban/impervious
includes the dense commercial zoning of downtown Minneapolis and St. Paul as
well as large buildings found mainly in the suburbs like strip malls and large



outlet and box stores. These structures give similar digital number values as the
skyscrapers of Minneapolis. Similarly, we included impervious with urban as our
classification detected many roads along side more dense zoning. Golf
course/manicured is somewhat self-explanatory, however we quickly found that
within the same class as golf courses, many manicured parks were detected.

Assigning thematic classes based on breaks in pixel value can prove to be
extremely difficult based on similar spectral reflectance gathered from different
land covers. For example, pixel values for concrete, which is an urban
characteristic, is very similar to bare ground pixel values. This similarity caused
assigning clusters to a thematic class a time consuming, and very difficult
process.

Our change detection specific to Scott County used the same
unsupervised process and recoding techniques as the metro images, but used
separate Landsat images from those used to make the 7-County Metro shapefile.
The 2005 image used for the analysis specific to Scott County has cloud
interference that affected the values for the county specific analysis only. The
same manual classification was undertaken, this time golf course/manicured was
replaced with cloud interference (see images 3 and 4). This interference is further
addressed in our discussion section.

Once two thematic images were produced for each specific area (metro
and Scott County) we ran a Zonal Change, Highlight Difference program found in
ERDAS Image for the 7-County Metro and Scott County. This algorithm
produced a chromatic scale of increase, decrease and no change for our study
areas.

To better illustrate land cover change, we limited the symbology to three
colors and specified red to show any change detected over the study period (see
image 6). This Highlight Difference image for Scott County did not turn out as
clear due to cloud interference, and was not included in our analysis. This too is
addressed in our discussion section.

In addition to creating Highlight Difference files, we further computed a
Matrix Union. This Matrix union provided percent values of change for each
specified class in each unique tdmpor al i mag
percent change by comparing each class with the remaining five.

Facsimile Methodology:

Classifying different land cover classes can be done in either of two broad
categories. Supervised and unsupervised classifications are the 2 primary
methods used for this process. After attempts to use supervised classification,
assigning training areas resulted in poor results. For this reason unsupervised
classification was the most accurate choice for novice ERDAS Imagine, and GIS
software users.

By choosing to use unsupervised classification ERDAS found natural
breaks in the spectral data. ERDAS software uses algorithms to identify these
natural breaks, and assigns groups of pixels into clusters. This process seemed
more reliable as a first cut than using supervised classification. This makes visual



interpretation a large part of the final classification list after narrowing 20 clusters
into six land cover classes.

Our idea was that combining unsupervised classification with visual
interpretation, and ancillary statistical data should identify a reliable method for
remote sensing students to use when attempting to gain broad experience with
geospatial software in a limited amount of time.

The first step was to collect Landsat imagery of multiple years in order to
gain an ability to identify land cover change overtime. Landsat 5 imagery was
provided. We chose to use two of the images, one from 1984 the other from
2005. A 4, 3, 2 false infrared band combination was used because of distinct
contrast between vegetation, and urban areas.

After getting past the small issues of opening imagery we needed to clip
the Landsat tiles to our area of interest, or AOI. For this project we are interested
in the 7-County Metro, and Scott County. To do this there were a few steps that
follow.

Steps for clipping our project AOI -

Find out what Counties are included in Metro area.

Search the DNR Data Deli for GIS layer(s) that will have county
shapefiles.

Download data, and extract images.

Import images into ARCMap for processing

Merge all 7 Counties into one shape

Dissolve borders between Counties

Export as shapefile, .Shp

Import 7-County shapefile into ERDAS Imagine as vector layer
Select the new AOI button on the ribbon

Select Copy (making sure shapefile is selected)
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Now in the table of contents there is a new AOI of the 7-County area.
Steps for Scott County were similar, but processing in ARCMap was
unnecessary. The shapefile of Scott County was easily uploaded into ERDAS
Imagine for processing. From the stages of gathering shapefile data and AOI
creation brings the stages of clipping Landsat imagery to this projects areas of
interest. To clip these two areas, ERDAS has the ability to take a subset of the
Imagery clipped to the AOI.

1 First select subset and Chip.

1 Next, use Landsat raster image as input
T Choose output file, and location

1 Select AOI at bottom

From the above steps clipped images of Scott County, and the 7-County
metro were developed. During this process, and after checking projections, it was
found that a portion of Anoka County at the far north of the image was not



available within the Landsat tile available. For this reason we needed to edit a
portion of Anoka county out of the AOI, and final 7-County image.

Now that clipped Landsat images of the seven counties and Scott County
have been developed, classification processes can begin. Training sites using
supervised classification became problematic because of a heavily
heterogeneous mixture of urban and rural settings. A homogenous landscape
would be much easier to classify, especially to the novice. For this reason it was
decided that unsupervised classification was the method of choice. Using
ERDAS Imagine unsupervised classification, and K Means algorithms, the image
pixels were split and clustered based on digital number values.

First the image pixels were split into 20 clusters based on digital number
values. Next every cluster class was analyzed against a reference.

Reference options:

1 Landsat imagery provided

1 Professional Metropolitan Council GIS Urban Growth Map (see appendix A)

1 Google Maps high-resolution imagery acquired through DigitalGlobe, and the
USDA Farm Service Agency (see appendix B).

After analyzing each of the 20 cluster classes individually, and against a
reference, each cluster was assigned to one of five common thematic classes,
and each AOI had an individual sixth thematic class not common to each other.

7-County Thematic Classes

1 Wateri Blue
Vegetation - Dark Green
Agriculture - Orange
Residential - Gray
Urban/Impervious - Black
Golf Course/Manicured - Brown

=A =4 =4 -4 4

Scott County Thematic Classes
Water - Blue

Vegetation - Dark Green
Agriculture - Orange
Residential - Gray
Urban/Impervious - Black
Cloud Interference i White

=A =4 -4 -4 -4 -4

Assigning thematic classes based on breaks in pixel value can prove to be
extremely difficult based on similar spectral reflectance gathered from different
land covers. For example, pixel values for concrete, which is an urban
characteristic, is very similar to bare ground pixel values. This similarity causes
process of assigning clusters to a thematic class a time consuming, and very
difficult process.

Once the thematic land cover classifications are finalized, a thematic data
re-code of the image needs to be done. This takes the 20 cluster classes, and



groups them into one of the assigned six different land cover classes.

Re-code process

1 Click the thematic tab under the raster tab in the ribbon.

T From there click the re-code button.

1 Next, each of the 20 clusters needs to be changed to new class value
individually.

T Once all have been updated click apply

T Now save the re-coded image

1 Rename and manipulate Symbology

At this point four thematic maps have been developed. 1984 and 2005
maps for the 7-County Metro, and Scott County. Following the development of
these images, comparisons have been made against GIS maps developed by
the Minnesota Metropolitan Council in 2006 (see appendix A-B) Also, zoomed
Google Maps images were used for visual comparison. Although there are
differences between years of acquisition with both Met Council and Google
images, they allow for visual interpretation between actual land cover and
assigned class through this projectds ERDAS

Change detection between classifications is the final step in the process of
identifying land cover change over the 20-year span for both areas. Once two
thematic images were produced for each specific area (metro and Scott County)
a change detection can be run. This process includes identification of Zonal
Change found in ERDAS Image. This was done for the 7-County Metro and Scott
County. ERDAS Imagine algorithms produced a chromatic scale of increase,
decrease and no change for our study areas.

Now 2 change images have been produced for each area. One image is a
black and white image broken into graduating classes from white to black. The
second image highlights change broken into five classes. Using the Highlight
Change map, we were able to manipulate the color scheme to visually represent
the growing density of the Twin Cities urban centers, as well as the growing
density of developments in the surrounding suburbs.

Change statistics gathered from this ERDAS Imagine process were used
todevel op change matrice3obhanfoomaaionafl omFe
class.

Once these files have been saved they can be entered into tables in
Microsoft Excel to tabulate useful statistics to gauge land cover class change.
These tables are present as appendix G. After above thematic statistics have
been tabulated, census data can be used to gauge accuracy of certain land
cover class changes.



Results:
7-County Metro:

Images 1 and 2

Below: Thematic images of the six land cover classes developed with ERDAS Imagine for 1984 and 2005 respectively. Black
equates to dense urban, gray residential, green natural vegetation, orange agriculture, blue is water, and brown is golf
course/manicured.




Our Matrix Union showed 17.5 percent of the agriculture class changed to
urban/impervious and residential. In 1984, urban/impervious and residential
comprised only 11 percent of total land cover, while by 2005, these two classes
represented 24 percent of the total land cover. This change is enforced when
examining population statistics from the U.S. Census Bureau. From 1980 through
2010 the 7-County Metro saw a total population increase of 207,514, and is
currently experiencing a growth rate of 7.85 percent®. From 2000 through 2010

2 Census Viewer. (2012Minnesota: census 2010 and 2000 interactive map, demographics,
statistics, graphs, quick factRetrieved from http://censusviewer.com/county/MN



alone, the population increased by 40,430. Breaking these numbers down
further, we found that 7.26 percent of agriculture was converted to residential,
and the remaining 10 percent was converted to urban/impervious. Our analysis
shows that the majority of the expanding metro was converted from agriculture
(see appendix G tables for more information).

These images show growth of dense urban city centers and an expansion
of residential boundaries, especially in the communities of Brooklyn Park,
Shakopee and Oak Park Heights. These suburbs represent the extent of the
metro area boundary at three locations, roughly the northwest, southwest and
northeast. Their increasing borders show a desire to push further away from the
busy downtowns of Minneapolis and St. Paul while still remaining within
commuting distance. With the help of increased fuel efficiency of cars, the
housing bubble pushing up home prices, and communities being rebranded as
safe and family oriented, the suburbs continued to grow over our study period.
While the suburbs continued to grow further and further away from the central
cities that help define them, the perks of suburban life clearly have not been lost
on the current generation. While it is hard to quantify the social aspects and
benefits of suburban life, they are strong enough to continue to grow these
communitiesd boundaries.

One of the most dramatic changes detected was the proliferation of golf
courses over the 20-year timeframe. From 1984 through 2010, golf courses as a
percentage of area grew by 51 percent. The extent of golf courses is subtle but
still noticeable, while by 2005, there is a dramatic increase. When we think of
suburbs it is important to distinguish between the modern communities and those
of the 19600s. The motivations fdr those rel
changed in fifty years. However, the wealth and income disparity between
households in the suburban counties, and those of the city has grown faster than
the population. The median household income in Minnesota is $58,476. There
are only two counties with a higher median income; Scott and Washington, home
to Shakopee and Oak Park Heights respectively®. This increased wealth in the
suburbs has a correlation to the increased number of golf courses found
throughout the metro. Minnesota is now home to over 500 golf courses®. We
were really excited when our classification scheme detected the finite subtle
nature of the short fairway grass to that of the | o n gaugha When studying the
golf course classification, one can even see doglegs of the fairways.

Our Zonal Change, Highlight Difference file (see image 3) shows the
extent of urbanization and provides a rough picture of a high volume of
construction undertaken over our research period. The red represents a higher
level of change detected, meaning while some areas may not have changed

3 Mean or median income? it matters. (2013, MaMimnesota's Private CollegeRetrieved
from http://www.mnprivatecolleges.org/newsletter/magdi3newsletter

* Exploreminnesota tourism: Golf in minnesota.d.). Retrieved from
http://www.exploreminnesota.com/thingsdo/golf/index.aspx
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class, there was a significant change over a 20-year period. This could be

explained by a change to dense residential such as multi-family housing and

larger apartment complexes. It also explains the areas of white downtown. A

cityébs dense downtown often does not wundergo
skyscrapers are infrequently demolished and rebuilt. Water remains white as

inner city and surrounding water features are often coveted. They increase

property values and are often incorporated into parks and natural areas for

recreation and public health.

Image 3

Above: Change in this map represents the expansion of dense urban areas in the 7-County metro
area. Black identifies little change, red identifies higher levels of change, while white identifies
areas of no change. Note: white is mostly water and pockets of natural vegetation with areas of
established dense urban and impervious.



Scott County:

After conducting unsupervised classification schemes for Scott County, we
are able to illustrate the areas of the greatest change and population growth.
Images 4 and 5 show the contrast between the county from 1984 and 2005.

Image 4 and 5

Black is dense urban/impervious, Gray is residential, Green natural vegetation, Orange
agriculture, Blue water, and white is cloud interference.




The Symbology in the two images is the same as the 7-County Metro. We
chose to further examine Scott County because it is currently the fastest growing
of the 7-County Metro, with a 45 percent population increase from 2000 through
2010°. According to the U.S. Census Bureau, from 1980 to 2010 the population
of Scott County has increased by 196.75 percent. Our findings found that from
1984 to 2005, roughly 37 percent of natural vegetation was converted to
agriculture, 26 percent converted to residential, and 10 percent converted to
urban/impervious (see appendix G tables for more information). Over the same
timeframe, agriculture too was converted to meet the growing need for housing
and urban expansion. Residential and urban/impervious combined claimed 28
percent of agricultural land. The increase in residential expansion and urban
development currently at a rate of 45 percent is a result of a population increase
of 40,430 new residents®. The majority of this growth was in the city of
Shakopee.

One must take into account that the 2005 image used for the classification
scheme and the summary matrix contained cloud interference that obscured
some percentage of each classification and therefore affected the true
percentage change between classes, however, we believe that our results are
still accurate to show where the most drastic changes occurred, mainly
Shakopee, which is affected by cloud interference, but many dense urban areas
were able to be classified (see appendix D-E).

When zooming into Shakopee, the largest and fastest growing city in Scott
County, the land cover change is drastic. The growing suburb has undergone
urbanization downtown, and expanding residential neighborhoods found around
the lakes and city limits.

In 2000, Shakopee was 23 percent of the population of Scott County. By
2010 it was 28.5 percent. In one decade the city alone grew by 16,508 residents
or 80.26 percent. Shakopee is an ideal example of suburban growth that carries
unigue characteristics. At only 25 miles from downtown Minneapolis, this city of
over 35,000 residents is large enough to support a unique economy and provide
more amenities for residents, as well as entertainment including the Mystic Lake
Casino. Images 6 and 7 show a zoomed portrait of Shakopee and closer
examination of the expansion that took place over three decades.

5 United States Census Bureau. (20Bate and county quickfacetrieved from
http://quickfacts.census.gov/gfd/states/27000l.htm

6 Census Viewer. (2012Population of Scott County, Minnesota: census 2010 and 2000
interactive map, demographics, statistics, graphs, quick.fResieved from
http://censusviewer.com/county/MN/Scott



Images 6 and 7
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Further examination:

By zooming in and examining more closely the before mentioned
suburban communities, we can again illustrate where the increased population
has settled.

The Stillwater area includes the communities of Oak Park Heights and
Bayport (see images 8 and 9). When comparing our thematic maps of this area
we see that downtown Still water hasnoét g
a result of the towndéds identity as a his
attract business with such a designation. However, one can see a drastic
increase in residential (gray) expanding west of downtown Stillwater. The city of
Stillwater has grown 20.5 percent from 2000 and 2010, however our thematic
maps still show little change in the urban classification.

The city of Bayport is home to the Anderson Windows plant, the original
state penitentiary, and a large coal-fired power plant. These structures explain
why Bayport remains consistent overtime with a large area of urban/impervious.
All of these structures were built before 1984.

The city of Oak Park Heights underwent the most dramatic change over
the study period. The city itself is a narrow band straddling Highway 36. This
area today is comprised of large box-stores like Home Depot, Walmart and
Menards, as well as strip malls and the large Washington County Government
Center. This dense urbanization took place in a narrow corridor and is clearly
visible when comparing the two thematic maps.

What is most interesting about this area are the population statistics. Our
change analysis shows dramatic urbanization and growth in Oak Park Heights.
Google images as well as familiarity with the area confirms that indeed large box
stores and stripmalls popul ate Oak Park Hei g
However, Oak P aulation Haganlgihcteaséd 96 p
percent. Similarly in Bayport, the city limits are dominated by the pre-existing
large structures apparent in both maps, the population has only increased by
9.77 percent. It appears that residents would prefer to live in Stilwater, but benefit
from the large box stores in neighboring Oak Park Heights. Upon further
analysis, Oak Park Heights has a lower property tax rate’.

It would not be a stretch to conclude that residents prefer the quaint
historic town of Stillwater all while benefiting from the selection of stores attracted
by the city of Oak Park Heights. Oak Park Heights had to compete any way they
could, and given their superb location adjacent and often encompassing Highway
36, they lowered their tax rates and encouraged businesses to relocate. Bayport
is limited by its location. Bordered by the St. Croix River and Oak Park Heights,
the majority of its commercial space is already dominated by established
commercial businesses. These factors lead to an explosion of residential growth

r own
tor i

7 Washington County Minnesotdroperty Records and Taxpayer Services. (AWdashington
county tax rates for taxes payable in 20R&trieved from website:
http://www.co.washington.mn.us/DocumentCenter/View/4481
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in Stillwater, drastic development of dense commercial zoning in Oak Park
Heights, and the relatively little change in the city of Bayport.

Images 10 and 11 show the northwest suburb of Brooklyn Park. Brooklyn
Park has seen explosive growth during the housing bubble, and continues to
serve as the western most boundary of the 7-County Metro. Increased growth in
this community will continue to expand the boundaries of the metro.
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