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ABSTRACT
Populating and depopulating cities have some degree of under-
utilised land. The duration of vacancy, or length of time a property
remains unused, more strongly influences urban decline than the
amount of vacant land. Assessment of the duration of vacancy is
seldom conducted, due to a lack of linking longitudinal data. This
research creates and applies a Python script to track the duration of
vacancy in Minneapolis, MN, U.S.A, to create a tool that can be
utilised by cities with vacant land inventories. The tool can be
used globally to prioritise treatment areas for urban regeneration
plans.
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Introduction

Vacant and abandoned urban land is a ubiquitous phenomenon but is most prominent in
depopulating cities (Mallach and Brachman 2013). Increased duration of vacancy, or the
length of time a lot remains unused, can result in a multitude of issues for urban and
urbanising areas (Immergluck 2008). The relationship between urban depopulation and
vacant land duration has a long history. The phenomenon more contemporarily occurred
in the U.S. after the Second World War. For example, sixteen of the twenty largest cities in
the U.S. in the 1950s lost excessive amounts of population prior to 2008, resulting in
increased vacancy and abandonment (Hollander et al. 2009). Vacancy duration became
a more crucial urban issue after the collapse of the American housing market in 2008 that
resulted in massive foreclosures and widespread housing abandonment throughout
many U.S. cities (Bowman and Pagano 2004, Crump et al. 2008, Kim et al. 2018). Due to
this, both the amount of vacancy and abandonment and the length of time they remain
unutilised are key factors in determining urban decline status (Han 2019).

While measurement of the amount of vacant land and abandoned structures per
U.S. city is on the incline (Newman and Saginor 2014), despite an increase in spatial
vacancy inventories (Kim et al. 2015), the ability to measure the duration of vacancy has
been severely hindered and rarely researched. This condition exists despite the literature
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showing significantly negative impacts related to increased vacancy duration and is
partially due to the complexities involved in measuring and assessing vacancy long-
itudinally (Whitaker and Fitzpatrick 2013).

Luckily, technological innovations have made automation an increasingly popular tool
in land use-based research (Liu and Lim 2016). This project both creates and applies
a Python script to analyse parcel level geodatabase files over time to measure the
duration of vacant land. The script assesses each vacant parcel’s first date of vacancy,
creates a dictionary of parcel identification numbers and determines each parcel deter-
mined vacancy status for a specific year. The output results in a CSV file that contains
parcel identification numbers, the starting year that the parcel became vacant, and the
number of consecutive years that each parcel was/is vacant. Using this script, the user can
then join the output table with the parcel Geographic Information Systems (GIS) shapefile
and conduct further analysis or produce maps highlighting parcels based on duration of
vacancy. The tool affords the possibility to more easily identify parcels and clusters of
parcels in need of immediate regeneration.

Literature review

Amounts and effects of vacant land

Several studies have attempted to inventory the amount of vacant land in U.S. cities.
Newman et al. (2016b) summarised the percentages of vacant urban land from previous
studies in the most recent inventory showing 20.7% of vacant land per U.S. city in 1964
(Hearle and Niedercorn 1964), 24.5% in 1971 (Northam 1971) and 15.4% in 2000 (Pagano
and Bowman 2000). The 2016 study indicated there was 16.7% of vacant urban land, on
average, per large U.S. city (Newman et al. 2016b).

The trajectory of vacant land across each U.S. city implies that the amount of vacant
land is on the incline (since 2000) and that changes in population and land area by
annexation primarily affect the amount of vacant land. For cities experiencing substantial
population losses, most have reported upsurges in the amount of vacant/abandoned land
(Lee and Newman 2017, Newman et al. 2018). Urban renewal programs, market failures in
inner-city residential areas, shortsighted municipal tax laws and zonings, and confusing
property assessment and disposal procedures were also shown to significantly contribute
to vacant land increases (Accordino and Johnson 2000).

Many empirical studies indicate degraded property values for lots adjacent to vacant
properties. Shlay and Whitman (2006) examined the impact of abandoned lots on
neighbouring property values in Philadelphia, Pennsylvania, U.S.A, finding that residential
properties closer to abandoned lots had lower property values than those of properties
located farther away from abandoned spaces. Mikelbank (2008) examined the impact of
vacant and abandoned lots in Columbus, Ohio, U.S.A, finding that a negative spillover
effect was highly concentrated around abandoned lots. The spillover effect covered up to
a 500 feet (150 metre) distance from a vacant property and up to a 1,000 feet (300 metre)
distance from an abandoned property. Griswold and Norris (2007) assessed land-use
status in Flint, Michigan, U.S.A, reporting that an abandoned structure within a 500 feet
distance of a lot could reduce property values by 2.27%. Han (2014, 2017) illustrated that
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the amount, distances and durations of abandoned properties degrade nearby property
values in Baltimore, Maryland, U.S.A.

Apgar (2012) introduced the concept of ‘underwater homeowners,’ defining this as
when the loan value of the house exceeds the market value of the house. In this
circumstance, underwater homeowners default on their mortgage if they cannot sell
their property or refinance their loans. The concept can be extended to determine
property owners’ decisions in terms of housing vacancy. The negative externalities from
a vacant lot can decrease nearby housing values and decreased housing values can yield
new underwater homeowners. Eventually, the decreased values can trigger the prolifera-
tion of vacancy. Then, local governments may decrease infrastructure investments such as
water, electricity, gas, communication and public transportation due to shortages in tax
revenue by the increased maintenance costs (Pearsall et al. 2014) and decreased tax bases
(Newman et al. 2016a). The reduced quality of public amenities, then, also accelerates
urban decline and abandonment (Leavitt and Saegert 1988).

Vacancy duration

Prolonged vacancy of a lot can be a sign of urban decline (Bowman and Pagano 2004).
Northam (1971) and Schenk (1978) explained the causes of prolonged vacant land based
on development restrictions, relating it to land with physical and social constraints.
Schenk (1978) showed that an excessive supply of unused land which is higher than
development demand could result in increased duration of vacancy. Other characteristics
contributing to increased duration of vacancy include factors hindering development
efforts such as utilities, taxes, hazard risks, ownership type and perception of neighbours
(Kim et al. 2018).

Excessive and long-term vacant land can be contagious and spillover to adjacent and
nearby lots (Mikelbank 2008). Accordingly, the number of vacant land properties (Zhang
2012, Zhang and Peacock 2009) and the distance of a nonvacant property from a vacant
one (Mikelbank 2008) affect the duration of vacancy. Deferred maintenance of properties
can also exacerbate the condition resulting in unmaintained lots and decreased property
values and quality of life in surrounding parcels (Gu et al. 2019, Kim 2016).

In disaster recovery studies, the duration of vacancy is a critical factor measuring
recovery. The comparisons of pre- and post-disaster conditions are the most common
quantitative measures to identify the duration from damaged and/or vacant housing to
repaired and/or occupied housing (Johnson andHayashi 2012). Other researchers observing
vacancy duration have examined land-use changes (Crawford et al. 2017), visual changes
(Jarmin and Miranda 2009), property value changes (De Silva et al. 2006), and building and
repair permit alterations by local governments (Rathfon et al. 2013, Stevenson et al. 2010).

Han (2014) focused on the duration of abandonment on nearby property values in
Baltimore, Maryland from 1991 to 2010. A repeat sales approach was used to control
omitted variables and market effects. Abandoned properties were divided into three
groups: abandoned for less than a year, abandoned for more than a year and less than
three years, and abandoned for more than three years. Results suggested that properties
abandoned more than three years significantly decreased nearby property values.

Eckerd and Keeler (2012) estimated the duration of the clean-up process for 6,309
brownfield sites in the U.S. which received EPA funding from 1990 to 2009. The brownfield
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remediation process has three procedures: ‘(1) Phase I Environmental Assessment; (2)
Phase II and, in some cases, Phase III Environmental Assessments; (3) Cleanup Activity; and
(4) No Further Action Required (NFA)’ (Eckerd and Keeler 2012, p. 299). The duration
started when a site started Phase I, and it ended when a site received an NFA letter.
Results indicated that the brownfield sites tended to locate in low-income and minority
neighbourhoods and that sites located in predominantly minority neighbourhoods
tended to be cleaned up more slowly compared to other neighbourhoods.

Zhang (2012) examined the impact of Hurricane Andrew in Miami-Dade County, Florida
from 1991 to 2000, covering two years before and eight years after Hurricane Andrew in late
August 1992. Vacant lots were identified based on changes in the land-use code, and
vacancy status was annually measured by each lot as a dummy variable. Results showed
that the increased duration of vacant properties increased neighbourhood decline.

Park and von Rabenau (2015) analysed annual tax data for all properties in Cuyahoga
County, Ohio in 1990, 1994, 1997, and from 2000 to 2008. The duration of tax delinquency
was used to identify abandoned properties. A property was considered as an abandoned
property when its tax delinquency lasted more than three years. The spillover effect from
abandoned properties was shown to be significant, and tax abatement policies showed
a limited impact on abandonment. The conversion cost for structural modifications to
change land-use also raised the probability of tax delinquency and abandonment.

Research objectives

While vacant land is a widely recognised and studied topic, empirical studies have rarely
focused on the duration of vacant land. New automated tools and GIS capabilities afford
opportunities to better measure the condition, yet no script has yet been created to do so.
Simultaneously, while an increasing number of cities have begun to create vacant land
inventories, the ability to easily track the duration of vacancy through time can be difficult
and time-consuming. This research both creates and shares a script to track the duration
of vacancy using GIS processes using Minneapolis, Minnesota, U.S.A, as a case site. The
goal of the project is to consolidate years of parcel data into one file and to compare each
parcel’s vacancy over time. The project creates a Python script to analyse any city or
district’s parcel geodatabase files for any number of years. The script opens each year’s
file, creates a dictionary of parcel identification numbers and finds each parcel that is
determined ‘vacant’ for that year. The output results in a CSV file that contains all of the
parcel identification numbers, the starting year that the parcel became vacant and the
number of consecutive years that each parcel is vacant.

Methods

Study area and data

Minneapolis is the study area because of the abundant publicly available vacancy infor-
mation and the city’s relatively stable condition over the past decade. Hennepin County
(where Minneapolis is located) updates parcel information yearly for taxation purposes.
This information includes whether or not a parcel is vacant. For the convenience of
measuring longitudinal vacancies, we used this information and were able to collect
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yearly citywide parcel data from 2005 to 2016 from Hennepin County GIS Open Data
(https://gis-hennepin.opendata.arcgis.com).

When measuring vacancy duration, a few operational assumptions were made. For the
cases when one vacant parcel split into two parcels or whenmultiple parcels merged into one
parcel during the study time, we assumed that a new lifecycle of vacancy began. Although
geographically located in the same area, their parcel IDs, as well as the shape of the parcels,
changed for a new purpose and were treated as a new vacancy. For the cases where a parcel
experienced vacancymore than one time sporadically, which is rare, we do not separate them
as two different vacancies for the convenience of simple measurement. There were only
twelve cases during the study time in Minneapolis where a parcel became vacant more than
one time.

Additionally, it should be noted that the GIS parcel geodatabase is not complete and
may include some technical errors. Although these errors are common from a city- or
county-scale database, it is essential to acknowledge the small limitations of such data-
sets. We found that the GIS data used for this study had multiple overlapping polygons
with identical parcel IDs. One parcel ID should represent only one property, and having
multiple polygons for one property can overestimate the total parcel numbers. In this
study, we first used the raw geodatabase to collect vacancy duration information by
parcel polygon and then joined the vacancy information with each parcel ID so we did not
inflate the total amount. In this way, we simplify the methodological procedure and,
simultaneously, control the issue of polygon duplicates. The application process followed
a three-step procedure described in the following sections.

Step 1: vacancy data assembly
This section includes instructions, codes and a demonstration to compare parcel files of
different years within a geodatabase. The script automates data and simplifies vacancy
duration of all the parcel datasets. Full instructions can be found below; a supplemental
file provided with this document also assists in understanding as well as a downloadable
file of the analyser itself.

(A) Download the Parcel Analyser (PA.py) file
(B) Make a geodatabase of only the parcels needing analysis

(a) Make sure the database is NOT inside of another folder that ends in .gdb
(b) For the program to work the analysed parcel data must end in ‘_parcel’ and the

last two digits of the year the data is from.
(C) Open the command window by typing ‘cmd’ into the search bar. Then type ‘cd’

then the file path of where the PA.py file is located, then press enter.
(D) Type the name of the python file ‘PA.py’ then press enter.
(E) The program will ask for the filepath of the geodatabase you are trying to analyse.

Open the location of it in File Explorer and copy the directory.
(F) Paste this into the command window and press enter. Then the program will ask

what you want to name the output CSV file. Press enter and the programwill create
a CSV file inside of the geodatabase you are analysing.

(G) The attributes column names will then be shown. First, type the column name
containing the parcel use and press enter, then type the column containing parcel
ID and press enter.
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(H) The program will then run and do the analysis and write the outcome in a .csv file.

As shown in Figure 1, the script follows three steps: (1) setting up workspace and
output file names, (2) creating a dictionary for a parcel and (3) calculating years for all
parcel dictionary.

In the first step, the user should set the workspace input and identify the output file
name. The user then must create a geodatabase path and output file name for the ‘.csv’
file. All scripts are supplied in Supplemental File 2 and separated into Step 1, 2 and 3.

Step 2: vacancy identification
The second step identifies the vacancy of each parcel per each year. In this stage, the
script creates one dictionary (parcel direct) with a key for each year and a separate
dictionary that assigns each unique parcel to the key (all parcels). Then, the script,
supplied below, reads and verifies each parcel feature class.

Figure 1. Scheme of Algorithm Flow.
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Step 3: duration calculation
Lastly, vacancy year is calculated and integrated into each parcel. This stage builds a sub-
dictionary by reading the individual parcel ID and parcel description from each feature
class, and updates each year with a new dictionary created by the previous step.
Afterwards, it builds this information onto the full parcel dictionary by creating a list of
years that the parcel was vacant and adding that as a value for each parcel. Then, it reads
through each parcel to determine if the parcel was vacant and outputs these data into a ‘.
csv.’ The script below can be used to calculate the duration of vacancy after data are
assembled and vacant lots are identified.

Results

The first and second steps identify which parcels were vacant during the study period.
Figure 2 shows the total number of vacant parcels for each year in Minneapolis. When
counting by polygon, the total number slightly decreased in the early years until 2007 and
then began increasing until the end of the study period. A clear fluctuation was in 2008
when the polygon numbers jumped from 4,779 to 7,490 due to the Great Recession’s
impact. There was also an update with the geodatabase file in 2008, and many polygons
were duplicated overestimating the total vacant parcels. When we compare the number
of vacant parcel polygons with the actual number of vacant parcels by parcel ID, 2,647
parcels were duplicates. As stated earlier, working with large-size citywide parcel data
requires a cautious approach, and the polygon data need to be validated by, at least,
cross-examining parcel IDs.

After the third step is complete, the final product from the script is a .csv file that lists
each parcel number and its years of vacancy duration; it links this data with parcel ID
number, vacancy starting year, vacancy ending year and total duration of vacancy in
years. In this way, one can examine how many years a parcel has remained vacant and
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Figure 2. Vacant parcels and population change in Minneapolis (2005–2015).
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what year the vacancy started. For example, as Figure 3 illustrates, parcel ID 053-
0102824110001 in Minneapolis was vacant for 11 years from 2005, and parcel ID 053-
0102824120039 was vacant for 1 year in 2015. Total number of parcels experiencing
vacancy during the period is 10,094, and 7,826 parcels were still vacant by 2016. Among
the vacant parcels in 2016 (Figure 4), 50% (3,914 parcels) remained vacant for 11 years and
32% (2,467 parcels) were vacant for 8 years. Note that the 2,467 parcels include the
polygon duplicates from 2008 and needs further assessment with the comparison of
parcel IDs as we did in the next paragraph.

Using this script, the vacancy duration result in CSV format can easily be joined to the
output table with the parcel shapefile and IDs, enabling further analytical capabilities or the
ability to visualise ormap conditions or highlight which parcels have been vacant and for how
long. Figure 5 illustrates vacancy duration inMinneapolis between 2005 and 2015, integrating
the csv result of vacancy duration with GIS parcel data. Joining the parcel IDs gives more valid
information on vacancy duration than the raw result from the CSV output. The map employs
five classification categories. The results show that the highest number of parcels are in the 10-
to 11-year category with 3,991 parcels (1,117,062 hectares). The second highest category is 1
to 2 years with 1,475 parcels (414,398 hectares), which are primarily distributed in the city
centre and upper-west side of the city. The number of vacant parcels from 3 to 9 years are
similar, ranging around 500 parcels.

Figure 3. Sample vacancy duration output.
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Discussion and conclusion

This research created a script to track the duration of vacancy through GIS which can be
easily utilised by cities with longitudinal spatial vacant land inventories. The tool can be
employed to inform planning policy in many ways. First, cities can use the tool to identify
the location of short-term vacancies to proactively treat and repurpose these spaces
before long-term vacancy sets in. Inversely, cities can also identify where long-term
areas of decline and vacancy have existed and develop phased strategies to reverse
these conditions. For example, based on the results from the script application,
Minneapolis has issues with both long-term vacancies and small, irregular shared vacan-
cies. Both duration rates have been shown in the literature as difficult to regenerate.

Many cities and municipalities have collected information on existing vacant proper-
ties, yet, it has been limited to the understanding of the current status. In fact, the impact
of vacant properties on the city primarily depends on how stagnant the vacancy condition
is, rather than how many vacant properties the city has. For this, examining vacancy
duration becomes critical information to identify long-term vacancies. In many ways, the
tool can be used as a means to help prioritise areas in need of treatment when developing
urban regeneration plans. This has strong implications for depopulating cities which can
be characterised by abundances of vacant lots. Researchers, engineers and politicians are
all interested in vacant parcels and the reasons behind why a parcel is vacant. This script
enables the ability to highlight zones by location and can be linked to development
potential, socioeconomic conditions, land value or other related spatial data to determine
associations. The program can be installed on any device and run on any computer with
Windows Operating System. It exports the data in a format that is easy and accessible to
use. This manuscript shows that the code has been tested with real data and proves to be
useful each time the code runs. There are thousands of parcels in each city; therefore,
analysis can take a significant amount of time if done annually or manually. The script
creates a method to compare vacant parcels between different years quickly and
efficiently.

We urge future users to validate the data when using the methodology introduced in
this research. A chronic issue with a citywide database is the degree of completeness. In
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Figure 4. Vacancy duration for vacant parcels in 2016.
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the case of the parcel dataset of Minneapolis, we have identified many duplicates of
polygons that overestimate the total number of citywide vacancies. By mapping on the
map and matching with the parcel IDs, we were able to merge the duplicates that we
identified from the first two steps. Future users also need to be aware of the potential
limitation of using secondary data that may be incomplete. Also, the way we measure the

Vacancy Duration Parcel Number Area (sqmi)

006.1574,1sraey2-1
415.0555sraey4-3
812.0824sraey6-5
456.0715sraey9-7
313.4199,3sraey11-01

Figure 5. Duration of vacant parcels in Minneapolis, MN.
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duration of vacancies does not account for the cases where a parcel becomes vacant more
than once. In our case, there were only twelve cases among thousands of cases that we
assumed as one vacancy. The methodology we introduce needs to be cautiously applied
depending on the data usage purpose.
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