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Appendix 2. Transit Dependency Analysis
1. Introduction
The Iowa Department of Transportation (DOT) conducted an update of its Public Transit Long Range Plan between 2018 and 2020 to
plan for the modernizing and rightsizing of the transit system, better aligning resources to meet the needs of public transit for the state
of Iowa. Early on in the planning process, distinct challenges were identified that are unique to various sizes of transit systems,
suggesting that a “one-size-fits-all” approach would not be sufficient to meet the needs of transit agencies and the transit-riding public.
In order to adequately understand the unique characteristics of transit systems’ riders, a comprehensive approach needed to be taken to
compare different regions of Iowa. While some ridership data was available for study, it was determined that this data was inherently
skewed because it only measured ridership on existing service routes. To properly assess transit needs, a different approach needed to be
taken in order to determine potential ridership demand, including in areas that do not have regular fixed-route service. Understanding
the unique characteristics or factors that contribute to an area’s potential for transit ridership could lead to a better focusing of resources
and efforts for targeted expansion of transit services.
Following a literature review, the methodology that was selected for studying potential transit ridership dependency in Iowa was based
on a 2015 study conducted by the Mineta Transportation Institute at San José State University titled “Investigating the Determining
Factors for Transit Travel Demand by Bus Mode in US Metropolitan Statistical Areas.”1 The study noted that while there were existing
studies that focused on identifying ridership dependency criteria, those factors were unique to specific transit systems. There were no
existing studies that utilized a generalized approach that could be universally and generally applied to larger geographic areas. The
Mineta study was an attempt to determine general conclusions to provide policy recommendations regarding public transit, and was used
as a basis for the Transit Dependency Analysis that was conducted in order to address these points and to provide an additional
analytical input into the development of the Iowa Public Transit Long Range Plan.

1

https://transweb.sjsu.edu/research/Investigating-Determining-Factors-Transit-Travel-Demand-Bus-Mode-US-Metropolitan-Statistical-Areas
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Background
Determining ‘needs’ and assessing the public transit system for gaps and issues occurred early in the planning process. While the Transit
Needs Assessment survey was being completed by the transit agencies in March 2019, other discussions took place in order to
adequately forecast or predict the locations of “hot spots” where transit need, or dependency, was highest in Iowa. The Mineta study that
was utilized as the basis for a transit dependency analysis in Iowa shared several common themes that were reproduced for the purposes
of this Plan which include:
 Predicting areas of transit need
 Not relying on ridership statistics or other reported transit data
 Utilizing general characteristics, universally applied throughout the entire study area

Objective of the Analysis
The goals for this analysis can be summarized by a single question: where are there gaps in Iowa’s public transit system? In order to
answer this question, a measure of public transit need, or dependency, must be formulated.

2. Mineta Study Key Findings
As previously mentioned, the basis for the methodology of Iowa’s transit dependency analysis is a study
conducted by the Mineta Transportation Institute from San José State University in May 2015, titled
“Investigating the Determining Factors for Transit Travel Demand by Bus Mode in US Metropolitan
Statistical Areas.” The intention of the researchers was to go beyond specific studies on the uniqueness
of a single or a few transit systems in order to determine general conclusions to provide policy
recommendations regarding public transit.
The authors of the study noted that nationwide transit ridership has gradually declined since its height
around 1950, as shown in Figure A2.1. This trend of declining ridership has occurred for most transit
systems which suggests that there may be general characteristics that can help explain what factors
contribute toward it.

2
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Unfortunately, there were few studies conducted at the nationwide scale that attempted to describe ridership factors for multiple transit
systems in general terms. Most research prior to the Mineta study had been focused on smaller regions and only took into account unique
aspects of those local areas to explain local ridership trends. Additionally,
many of those studies tended to only focus on a particular aspect,
Figure A2.1: Annual transit ridership trend by bus, 1922 to 2010
characteristic, or factor of that local system rather than try to understand
the complex relationship and influence that multiple variables have upon
one another.
The Mineta study divided the list of factors that contribute to transit
ridership dependency into internal and external factors. Internal factors
were described as characteristics that are directly controlled by transit
agencies. As Figure A2.2 shows, these factors primarily consist of things like
bus fares, hours of service, frequency of routes, and the type of routes
traveled (i.e., a circular ring-route, multi-stop route, or express route).

Source: Mineta Transportation Institute

External factors, on the other hand, are characteristics that describe the relationship between land use and transit ridership. These
attributes cover a spectrum of areas including household income, fuel prices, metropolitan sprawl, and other socioeconomic
characteristics. The combination of these internal and external factors results in the net transit travel demand or ridership.
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Figure A2.2: Internal and external factors

Source: Mineta Transportation Institute
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The primary takeaways from the study are that it is possible to take a generalized, regional approach to examining transit ridership
dependency and that there are a number of internal and external factors that can be drawn upon in
order to conduct the analysis. It is for these reasons that the Mineta study was used as a starting
Decision Point
point for the Iowa transit dependency analysis. However, there are a few departures that the Iowa
What will be the scope of
transit dependency analysis makes from the original source methodology that are worth noting.
the analysis (internal factors
vs. external factors)?
The Mineta study focused on comparing and contrasting metropolitan statistical areas (MSAs) to each
other; each of these areas had their own fixed route transit systems and routes. In the Iowa analysis,
This analysis will focus on
the comparison is statewide, which includes transit systems of various sizes: large urban transit
external factors only. Allows
agencies in several of Iowa’s largest metropolitan areas; small urban transit agencies found in
for an “apple-to-apples”
smaller cities that may be the only urban area within several counties yet lack many of the resources
comparison between
of larger metros; and regional transit systems that rely primarily on an on-demand format of
different transit agencies.
delivering transit service in rural areas.

1

Another departure is the focus on external factors rather than internal factors as the basis for the analysis. Ultimately, the desire for this
planning effort was to analyze factors that were independent of any factors or variables that could be directly influenced by transit
agencies. This worked well for utilizing the analysis as a predictive tool incorporating publicly available demographic data that can be
projected into the future. It also better supported an “apples-to-apples” comparison between very different sizes and types of transit
systems in Iowa.
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3. Inputs
The variables used in the Mineta study were reviewed for the selection of external factors to use in our analysis. For the purposes of this
Plan, only external factors were leveraged for the transit dependency analysis. This was mainly due to the fact that internal factors can
vary greatly across different regions and transit agencies, making it nearly impossible to describe the entire state under one universal set
of characteristics and factors. Additionally, several external factors from the original study were removed or adjusted due to their limited
applicability to Iowa or because they were redundant with other factors. The Mineta study external factors consisted of:
•
•
•
•
•
•
•
•
•
•
•

Rail Transit
Metropolitan Sprawling Index
MSAs in the South
Vehicles per Household
Percent of Immigrant Population
Percent of African American Population
Gas Price
Median Household Income
Percent of Carless Households
Percent of College Population
Population Density

2

Decision Point

Which factors to use?
Only external factors that
are relevant to Iowa and
could be broadly applied to
urban and rural regions.

While the overall goals of the Mineta study were the same with regards to identifying transit dependent areas in Iowa, the factors that
the study utilized needed to be evaluated and adapted in order to tailor them to be relevant in an Iowa statewide study. Iowa DOT staff
complied the list of external factors and examined each factor individually for consideration for inclusion in the analysis.

Factors that were not utilized
Rail Transit
The Mineta study relied upon rail transit mainly as an alternate competing mode of public transit with transit via bus. This could be more
accurately described as commuter rail service, which is not presently available in Iowa. The only other rail-based modes of passenger
transit in the state are two tourist or heritage railroads which are mainly recreational or educational in nature, and two Amtrak intercity
passenger routes for traveling much longer distances to locations such as Chicago and the east coast, or Denver and west coast. The two
6
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Amtrak routes are found in southern Iowa running between Omaha, Nebraska and Burlington, Iowa with another line briefly running
through Fort Madison in Lee County.
Since the only passenger service routes in Iowa are mainly for long distance interstate travel rather than supporting local or commuter
transportation, it was determined that rail transit would not be utilized as a factor for the analysis.

Metropolitan Sprawling Index
Metropolitan Sprawling Index (MSI) refers to a quantified value representing urban sprawl that combines a variety of individual factors
such as population density, human activity, and density of streets and other urban development. MSI was not utilized in this analysis as
our statewide study includes all sizes and types of transit agencies in Iowa. These transit agencies can be found in larger metro urbanized
areas, smaller towns and cities, and across vast regions of rural area. As such, this factor was not relevant and was disregarded in the
analysis.

MSAs in the South
The US Census Bureau reports that the United States Office of Management and Budget (OMB) defines a Metropolitan Statistical Area
(MSA) as having at least one urbanized area of 50,000 or more inhabitants. In the Mineta study, MSAs represented a common unit of
analysis with which to compare and contrast different transit systems. As with the MSI factor, MSAs were not included in the Iowa
analysis due to the inclusion of both urban and rural regions in the study.

Vehicles per Household
The factor for Vehicles per Household is a value the represents the average number of vehicles a family or household has access to
within a given US Census Block Group area. The data was obtained from the US Census Bureau like most of the other datasets and was
also the same dataset used in the determination of the Percent of Carless Households factor, described below. The primary difference
was that Vehicles per Household represented households across a range of different numbers of personally owned vehicles, whereas the
Percent of Carless Households focused only on those households without vehicles, indicating there was no access to a personally owned
vehicle.
After the working group considered this factor, it agreed that this seemed to be duplicative of the Percent of Carless Households factor
and the factor was disregarded. Additionally, since the intent of the analysis was to predict locations of transit dependent populations,
Percent of Carless Households seemed to more closely align with that intent. Households that have one or more vehicles could also be
transit riders; however, the Iowa analysis is primarily concerned with transit dependency in which riders have little or no choice rather
than transit riders who may typically have a choice of transportation options.
Iowa Department of Transportation | Transit Dependency Analysis
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Factors that were utilized but altered
Percent of Immigrant Population
The original Mineta study called out this variable’s usage as it represented a significant portion of the labor pool, but due to this
demographic having a lower income on average, this meant that they were likely more disposed to depending on public transit for their
transportation.
Feedback received from Iowa transit agencies suggested that immigrant populations may become less dependent on transit over time
and thus this may not be a factor that should be used. Additionally, the Mineta study was using this factor partially to reflect a transit
dependent low-income population, which may be redundant with other factors.
In leu of country-of-origin data, the group decided to utilize English language proficiency instead. This was based on feedback received
from stakeholders in the form of certain strategy and action item recommendations. One of these strategies that resonated greatly
through the results of a public survey conducted in October 2019 was a strategy seeking to improve accessibility of all transit
information to include service notifications, bus route information, and language translation services for multilingual riders. Adjusting
this factor to describe non-English speaking populations allows for the analysis to be better tailored to the strategies that are planning to
be implemented.

Percent of African American Population
The Mineta study used the Percent of African American Population; their literature review noted that a larger portion of the African
American population rides public transit. As such, the Mineta researchers used this demographic category to represent all minority riders
of transit. Given that the demographic characteristics of Iowa are much different than many of the states used in the Mineta study, the
group decided to broaden the definition of this factor to encompass all non-White minority populations in Iowa. The intent was that this
broader category would be more inclusive of the variety of backgrounds and ethnicities of Iowa residents.

Factors that were utilized and unchanged
The Mineta study factors of Gas Price, Median Household Income, Percent of Carless Households, Percent of College Population, and
Population Density were utilized without modifications.

8
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Data Sources
After the factors were selected and adjusted, the next step was to gather the necessary data in order to conduct the analysis. After
reviewing the available datasets, it was determined that the smallest, most granular geographic until that most of the factors could be
described at was U.S. Census block groups.
Data from the American Community Survey 5-year estimates were used to obtain tabular data for all of the external factors except for
gas prices. This includes geometry for the U.S. Census block groups which was joined to the tabular demographic data and rendered in
geographic information system (GIS) software.
Obtaining information on gas prices proved to be the most difficult aspect of gathering data. Efforts were made to contact a variety of
state agencies for this information; however, none provided average gas prices at a geographic level smaller than statewide. Through
online searches, the AAA gas prices website2 was found to have average retail prices of gas, both unleaded and diesel, at the county
level. These gas prices change daily which was reflected in an interactive map. Contacting the operator of the AAA website led to a thirdparty website maintainer who only permitted direct access to the data as a download through a pre-determined price bundle based on
the period of time one wished to gather the data for. Thus, the gas price data was recorded based on the website’s live data at the
beginning of each month between June and November 2019. Data was gathered for all counties in Iowa except for O’Brien County, which
did not have data available through the website.
O’Brien County data was gathered from the Gas Buddy website3, which also depicted average gas prices; however, the data is much more
specific to various regions in Iowa and not reflected on a county basis. The town of Primghar was consistently used through the data
gathering period as it represented the largest town in its vicinity which had at least two gas stations, and it was located approximately in
the center of the county.
Figure A2.3 shows the seven factors used in the transit dependency analysis and their definitions.

2
3

“Gas Prices”, American Automobile Association (AAA), https://gasprices.aaa.com/?state=IA
“Gas Price Map”, GasBuddy, https://www.gasbuddy.com/
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Figure A2.3: Transit dependency factors

Factor

Scale

Description

Gas Prices

County

Average gas prices from AAA web site with samples taken
between June and November 2019. O’Brien County data from
Gas Buddy website (not available from AAA).

Median Household
Income

Block Group

Median household income for the block group.

Carless Households

Block Group

Percentage of all households with zero vehicles available.

Language

Block Group

Race

Block Group

College Enrolled

Block Group

Population Density

Block Group

Percentage of households where English is spoken “not well”
or “not at all.”
Percentage of households not classified solely as “White.”
Percentage of households that are enrolled in “college,
undergraduate, graduate or professional school.”
Density of population per square kilometer (land area only –
water area not included).
Source: Iowa DOT
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4. Methodology
This section will cover the key steps of the process to describe how the results were generated, enabling the process to be transparent
and allowing for the analysis to be replicated. This section is divided into three distinct steps: Prep, which will briefly discuss actions
taken to initiate the analysis; Process, which discusses how the raw data that was gathered during initial preparations was manipulated;
and Analyze, which discusses the generation of the final overlays.

Prep

• Literature review – methodology
• Identify factors – what to analyze
• Gather data

This Prep section will not restate was has already been described in the previous section, other than to highlight the importance to
conduct a literature review in order to provide clarity on how the analysis is expected to take shape. The identification of the factors was
especially important for this analysis as previous studies conducted through other groups will invariably have aspects that are not
applicable to the study area, in this case a statewide analysis of Iowa.
As such, the Prep or preparation phase of the analysis proved crucial in helping prevent the need to go back and reexamine previous
aspects of the Mineta study. Furthermore, efforts taken to gather and document the data with metadata ahead of time helped save time
later on when the results needed to be posted online or shared with partner agencies and organizations.

Process

• Join tables to geometry
• Calculate scores – categorization, comparison

Iowa Department of Transportation | Transit Dependency Analysis
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The Process step of the analysis encompasses the manipulation of the raw data in order to make it useable as an input into the analysis.
All of these steps utilize ArcMap GIS software developed by Esri with some brief data formatting within Microsoft Excel.

Join tables to geometry
After the data was downloaded (in the case of the American Community Survey (ACS) 5-year Estimates) or transcribed (in the case of the
gas prices), all data was initially previewed in Microsoft Excel. Since these tables would be joined in a GIS with vector data, all tabular
information needed to be checked to ensure it had unique identifying attributes that could be used in the joining.
For ACS data, this meant having an ID field marking the appropriate U.S. Census Block Group identifier. This information could also be
extracted from the GEO_id field. This field is a smart key whose format includes the state number, country name, block group number,
and tract number.4
For gas prices data, this meant having the county name or county number in the same alphanumeric format as the data type in the
joinable boundary layer. The county name and number was already included in the table when it was originally set up to receive the
month average gas price information recorded from the AAA and Gas Buddy websites.
Having unique identifier fields available allowed for the tabular ACS data to be joined with the block group vector data available as
TIGER/Line Shapefiles from the U.S. Census Bureau5 and country boundary vector data available from the Iowa DOT.6

Calculate scores
Each unique factor was described using a variety of different metrics. Some factors were represented as percentages, some as whole
integer values, and others as decimal numbers. The raw values themselves do not allow for easy comparisons between the factors, nor
does it allow for any cross-factor calculations unless everything is described in similar terms.

4

https://www.census.gov/programs-surveys/geography/guidance/geo-identifiers.html
Block Group vector data: https://www.census.gov/geographies/mapping-files/time-series/geo/tiger-line-file.html
6 Iowa County vector data: https://data.iowadot.gov/datasets/county-5
5
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The working group decided to utilize an existing scale for applying scores and evaluating them that
was based on the methodology currently used in the Infrastructure Condition Evaluation (ICE)
analysis that the Iowa DOT performs on an annual basis. The ICE analysis tool uses scores applied to
several different criteria and then weights those individual scores before combining them to form an
overall composite score for a particular portion of the roadway network.7
For this analysis, each of the individual external factors would be assigned a score ranging from 1 to
10, with the lowest score of 1 indicating an area being more transit dependent with the highest score
of 10 indicating an area being the least transit dependent. Having a 1 through 10 score for each of
the external factors will then allow for all factors to be added together to form a composite overlay
representing the overall transit dependency of a given area.

3

Decision Point

How to compare the factors?
Utilized a similar scoring
process like that used in the
annual ICE analysis.

4

Decision Point

How to score the values?
Another decision requiring the group’s feedback involved the 1 through 10 scoring for each of the
factors. Dividing the entire range of values for a given factor by 10 was originally considered;
however, the group did not think that this would result in a product that would accurately depict
transit dependency due to the high likelihood that less transit dependent regions would possibly
skew the results. The final determination of the working group was to calculate the overall statewide
average for each of the factors and assign a score of 10 to those values at or above the statewide
average. The remaining regions in the state with values below the statewide average would then be
divided into nine equal categories.

Values greater than or equal
to the state average set to
10 indicating least transit
dependent. Remaining
values binned evenly
between 9 categories.

The addition of a score field and calculation of the statewide average was performed in a GIS using ArcMap by Esri. Each of the external
factors had an additional field added to its table with its alias marked with “(Normalized)” indicating that the 1 through 10 scoring was
based on the related value of that factor. Right-clicking and selecting the ‘Summarize’ option allowed for quickly determining the
statewide average for a factor. As shown in Figure A2.4, the statewide average for median household income was determined as being
$57,136.45. Using the ‘Field Calculator’ tool, all median household income values at or higher than the statewide average was assigned a
value of 10 for the normalized score.

7

Iowa Infrastructure Condition Evaluation: ICE 2018 Data Year, Iowa DOT, 2019, https://iowadot.gov/systems_planning/pr_guide/Plans and Studies/ICE-2018.pdf
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Figure A2.4: Example of calculating normalized scores

Source: Iowa DOT
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In order to assign scores 1 through 9 to the remaining records, the total number of remaining unscored records was divided by nine with
that result indicating how many records would be binned together. Sorting the values in descending order allowed for quick selecting of
the next lowest binned group of records. This process, while manual, was able to be quickly performed. In future iterations of this
analysis, a scripted query could be executed to perform this task to decrease the number of instances in which an analyst would need to
manually manipulate the data or calculate scores.

Analyze

• Feature-to-Raster tool – individual factor layers
• Determine weights
• Weighted Overlay tool – composite layer

The generation of the overlays take place during this step of the analysis. Before an overall overlay is created though, overlays for each
of the individual factors must be created first. To do so, the ‘Feature-to-Raster’ tool was utilized to represent the normalized scores that
were calculated in the previous step. The factor overlays then served as inputs into the ‘Weighted Overlay’ tool.

Feature-to-Raster tool
The ‘Feature-to-Raster’ tool is found as part of the raster group of tools available to users of ArcMap. This tool takes the joined result of
the vector boundaries with the tabular data and produces a raster overlay with each cell of the raster representing the calculated
normalized score. Esri’s online resource8 was utilized as a reference for this process and provides additional details on the tool.
The premise of the ‘Feature-to-Raster’ tool, as shown in Figures A2.5 and A2.6, is to convert vector data into an image consisting of cells
which represent the resolution of the raster image. Converting vector data into a raster gives it a pixelated appearance and while it is
rarely a perfect fit to the original data, it serves as a good representation of the data trends that were depicted by the normalized values
for the overlay. By running the process across all of the factors and producing multiple raster overlays, this then enables calculations
across the different rasters such as with the ‘Raster Calculator’ tool, or, for this analysis, use of the ‘Weighted Overlay’ tool.

8

Esri, “Converting Features to Raster Data”, https://desktop.arcgis.com/en/arcmap/10.7/tools/conversion-toolbox/converting-features-to-raster-data.htm
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For the purposes of this analysis, the default cell sizes (roughly 75 x 75 meters for county and 10 x 10 meters for block groups) populated
by the tool were utilized as they were deemed appropriate for a statewide level analysis. Consideration should be given to this though, as
the smaller the cell size that is used, the longer the processing time, particularly over large regions. Additionally, smaller or finer
resolution cells do not provide as much benefit when the original vector features do not have as many vertices or the shapes are not very
complex. For example, county sized shapes are much less complex than U.S. Census block groups or water features which tend to have a
lot more curves and unique shapes.
Figure A2.5: Vector data converted to a raster

Figure A2.6: Raster cells representing values

Source: Esri

Determine weights

Source: Esri

Before the ‘Weighted Overlay’ tool can be used in the next set of overlay production, weighted values are needed in order to emphasize
which factors influence transit dependency more than other factors.
In other possible future follow-on studies, the literature review or examples used in other studies could serve the basis for determining
factor weights. Through discussions within the working group, it was decided that the transit agencies should be asked to help provide
this information by supplying a set of scoring values for each of the seven factors, based on their background, experience, and

16
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perspective. The higher the value assigned to the factor, the more weighting, or influence, was given to that particular factor. Lower
values for a factor indicate less influence on ridership.
An email was sent to each of the transit agency managers and directors requesting weighting data
for the factors utilized in the Iowa analysis. They were asked to assign a weight or percentage to
each of the seven factors, and told that the total for all the weights should equal 100. Assigning a
higher weight to a factor means it has more relative importance than factors with lower weights.
A total of 15 responses were received out of 35 agencies, resulting in just under a 43 percent
response rate. Of the agencies that responded, 5 of 12 (42 percent) large urban, 3 of 7 (43 percent)
small urban, and 7 of 16 (44 percent) regional transit agency responses were received. The work
group was happy with both the total number of responses, as well as the balance of large urban,
small urban, and regional transit responses.

5

Decision Point

How to weight the values?
The transit agencies have
more localized knowledge
and experience with the
ridership in their areas.
Feedback was solicited
through their directors.

The responses were recorded in a Microsoft Excel spreadsheet with each of the responding agencies weighted values aligned vertically
with the factors. Figure A2.7 shows the results with the transit agencies being grouped by the type of transit system.
Figure A2.7: Transit agency assigned weights to the factors

Source: Iowa DOT
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The results, in some ways, were not unexpected. For example, areas that had universities and colleges tended to weight the Enrolled in
College factor higher. Some results posed interesting questions in and of themselves; for example, a large urban transit system may have
weighted Population Density higher because it reflected the local land use patterns and density of urban development in that area,
whereas a regional transit system located in a much more rural area might have weighted Population Density higher because the lack of
dense urban development results in significantly fewer transportation options available and thus increases transit dependency. Neither of
these interpretations is necessarily wrong, and so all the results were kept.
In addition to the numeric weighted values, a few transit agencies provided further clarifying statements pertaining to the usage of the
external factors in this study.
“…another factor that we believe is driving some (especially college aged) trips away from transit is the onset of Transportation Network
Companies. There are more options today to dial up quick and easy transportation, and the options keep evolving (e.g. bike share,
micromobility, etc).”
“When gas was over $4.00 per gallon, [the transit agency] found little or no elasticity in demand for rides. Eighty percent or more of our
ridership falls into the demographic groups of low income households, carless households, and elderly.”
“Along with a community infrastructure built for automobiles, creating a public transit service that appeals to and motivates people with
a choice is quite difficult.”
“Race and language factors in for newly arrived immigrants. Once settled and employed, those two weighted factors dissipate.”
“As you are no doubt aware, the critical factors are service reliability (the bus is consistently on time), headways are ½ hour or less, and
service hours operate to 10:00 PM or later.”
While these statements, in and of themselves, did not change the methodology of this study, they did highlight a few examples in which
this study could be modified in future efforts. A future external factor could be the presence of alternate transportation modes such as
Transportation Network Companies (TNCs) which include ride hailing companies like Uber and Lyft. The original Mineta study included
commuter rail transportation due to it being a possible competing mode; however, in the Iowa study it was disregarded since there were
no commuter rail options in Iowa. The presence of other locally competing modes of transportation could possibly be used in lieu of
commuter rail.

18
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Other future study modifications could incorporate different demographics such as older populations that may not be able to drive and
populations with a disability or medical condition preventing them from driving.
Lastly, the final quote from the transit agencies included a reference to service reliability and frequency, as well as off peak hours of
service. These factors would be considered internal factors for the purposes of this study and, like the other internal factors described in
the Literature Review in section 2, will not be included in this study. However, it does highlight the important role that internal factors
can play in driving local transit demand, despite being highly variable when compared to other transit agencies across Iowa.
In order to better understand the data, some simple statistical functions were applied to the results as shown in Figure A2.8. In addition
to these functions being applied to each of the types of transit systems, and overall All category was also utilized to represent an acrossthe-board result without respect to the type of transit system the responses originated from. This was done to help understand how far
different types of transit systems departed from the overall average.
Figure A2.8: Statistical evaluation of transit agency weights

Source: Iowa DOT
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The primary purpose of doing a statistical evaluation of the results is to ensure that the results are an accurate representation of the
transit agencies’ feedback and that they all total to 100 across the factors.
The most notable issues arose for results in which the standard deviation was high, indicating a wide range of values and greater
discrepancy between the feedback from individual transit agencies. For factors with double digit standard deviations, the average and
median values were scrutinized to ensure that there were no outliers having a disproportionate influence over the results. A few of the
results were adjusted slightly, reflected in the Median (adjusted) results in Figure A2.8, in order to compensate for some of these
deviations. Whole number values were utilized for the Median (adjusted) values due to the Weighted Overlay tool restriction on using
non-decimal values.
Figure A2.9 shows the final weighted values which correspond to the Median (adjusted)
values from Figure A2.8. Note that the All category is also included which represented
values derived from Large Urban, Small Urban, and Regional transit systems. Since the
Regional results and the All results are identical, all graphics discussed from this point will
treat both Regional and All results as one and the same.

Figure A2.9: Final weighted values

One of the main takeaways from these results is the fact that the external factors
characterized as being more economic in nature, such as gas prices, median household
income, and percent of carless households, were weighted much higher than
characteristics that could be described as more social in nature including language, race,
and percent enrolled in college.
Additionally, it is worth noting that population density was weighted lower among Small
Urban transit systems compared to Large Urban and Regional transit systems. This could
be due to the fact that Small Urban towns lack the density of urban land use and
development like their larger urban counterparts, while at the same time not having its
population dispersed over larger areas like their Regional transit system counterparts.
Source: Iowa DOT

20

4. Methodology | Iowa Department of Transportation

2050

IOWA PUBLIC TRANSIT LONG RANGE PLAN

Weighted Overlay tool
At this point in the analysis the ‘Weighted Overlay’ tool can be run with a raster overlay depicting the normalized score for each of the
individual factors as the first input and the weighted values for each of the factors as the second input.
Similar, to the ‘Feature-to-Raster’ tool, the ‘Weighted Overlay’ tool is also found as part of the raster group of tools available to users of
ArcMap.9 This tool takes the normalized score for each factor and multiplies by that factor’s weight. This process is done for each of the
factor overlays and then added together to produce an overall composite raster with the final transit dependency score. The graphic
shown in Figure A2.10 conceptually depicts the multiple overlays of rasters as they are combined together to generate a new result.
Figure A2.10: Concept diagram of multiple rasters combined to create the final output

Sources: Esri, Iowa DOT
9

Esri, “How Weighted Overlay works”, https://desktop.arcgis.com/en/arcmap/latest/tools/spatial-analyst-toolbox/how-weighted-overlay-works.htm
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The ‘Weighted Overlay’ tool, as shown in Figure A2.11, was run multiple times in order to compare and contrast how different weighting
affected the results. The primary differences lie in the weighted values utilized within the tools’ interface. Four sets of values were
utilized to produce these results:
Figure A2.11: Weighted Overlay tool

•

Non-weighted: all percent influence values for the weights were set at
or as close as possible to being equal for all factors. This was quickly
set using the ‘Set Equal Influence’ option in the tool interface.

•

Large Urban weighted: weighting values used the Large Urban transit
system values from the transit agency survey results.

•

Small Urban weighted: weighting values used the Small Urban transit
system values from the transit agency survey results.

•

Regional/All weighted: weighting values used the average results
from all transit system values from the transit agency survey results to
include Large Urban, Small Urban, and Regional. The final All
weighted and Regional weighted were identical and so this set of
values was only run once as a single overlay.

Workflow Summary
The workflow for this analysis was not particularly complicated but it did
necessitate a number of smaller, discrete steps to be taken in order to produce
the desired end products as shown in Figure A2.12. Likewise, there were a
number of sequential key decision points throughout the analysis that were vital
to shaping the final results.

Sources: Esri, Iowa DOT

In the Prep or preparation phase of the analysis, having a solid methodology and understanding of the data provided the foundation for
which the build the rest of the analysis. Additional time invested in this phase invariably proved beneficial and saved time later on, by
preventing going back and defining new or additional factors, identifying alternative sources of the data, or redoing portions of the
analysis. The decision points in this phase helped focus those efforts by keeping the scope of the study appropriate in terms of relevance
and applicability for the study area.
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The Process phase of the analysis was spent organizing and manipulating the data that was gathered in the previous phase. The most
important steps in this phase were calculating the normalized values that would be used in the next phase of the analysis and generating
of the overlays. Decision points in this phase revolved around the means of scoring and comparing the values between each of the
overlays using common and like terms or units.
The Analyze phase took the outputs from the previous steps and used those as input into the geoprocessing tools used to generate the
raster overlays and ultimately the weighted overlay results. It was critical to identify the weights that were used in the calculation of the
weighted overlay by seeking input from knowledgeable sources. While the consultation of other previous studies through a literature
review could provide those values, it was the determination of the working group that direct feedback from the transit agencies would
supply the needed information.
Figure A2.12: Workflow and decision points by phase of the analysis

Source: Iowa DOT
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5. Analysis and Results
As discussed in the previous section, individual overlays were generated for each of the external factors using the normalized value to
assign a score. This score is represented on a thematically symbolized scale between 1 and 10 with 1 indicating more transit dependency
symbolized as red with 10 indicating less transit dependency symbolized as green.
Both the overall composite overlays, as well as the individual factor overlays each provide useful insight for better understanding the
factors, characteristics, and circumstances that affect how some areas and populations are more or less dependent upon public transit for
their passenger transportation needs. This also assists with implementation of different strategies that could be used to enhance access
and increase transit ridership through targeted marketing, outreach, or tailoring of transit services to these transit dependent
demographics.

Carless Households
While the U.S. Census Bureau’s American Community Survey 5-year estimates includes the average number of vehicles per household,
this analysis focused only on those households with zero vehicles available for transportation. The resulting overlay for the carless
households factor in Figure A2.13 shows clusters of populations mostly in southern Iowa that do not own a vehicle. This is partly
explained by the presence of Amish communities in the southern two tiers of counties in the State. However, other characteristics such as
medical conditions or disabilities could impact the ability to own or operate a car. Additionally, college students and other working adults
may also lack vehicles due to lower income or simply as a choice due to a number of other transportation options.
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Figure A2.13: Carless Households

Source: Iowa DOT
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Median Household Income
The factor of Median Household Income produced results that the working group found interesting. As can be seen in Figure A2.14, the
map shows an increased variety of colors indicating much more equal distributions across the different dependency categories. However,
the most striking results are the very clear distinctions between the larger metro areas and the suburbs and rural areas surrounding them.
While the metros themselves had a wide variety of income levels, it is the rural areas surrounding them that are almost entirely shown in
dark green, indicating they are higher than the statewide average in median household income and thus considered less transit
dependent.
A possible explanation for this could be that households with higher than average income can afford to live further away from
workplaces and commute. Not only that, these populations may be more willing to live far enough away to live in a rural area but close
enough to take advantage of wide variety of services, recreational options, and businesses in the metro.
Another perspective could be that while this analysis is focused on transit dependency, the dark green non-transit dependent areas
shown in Figure A2.14 could indicate larger concentrations of potential choice riders who are not dependent on transit for their
transportation needs. Targeted outreach and marketing may need to take this into consideration if attempts are made to connect with
these groups of choice riders in order to entice them to leverage public transit rather than single occupancy, personally owned passenger
vehicles.
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Figure A2.14: Median Household Income

Source: Iowa DOT
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Race
According to the U.S. Census Bureau’s QuickFacts, data as of July 1, 2019 show that Iowa’s White, non-Hispanic or Latino population is
85.0 percent.10 As such, it is not surprising to find that using the statewide average for Non-White population would yield an overlay
depicting most of Iowa as less transit dependent for this factor.
However, while there are block group areas within all of the larger metros with larger non-White populations, metro’s alone are not the
only places in Iowa to find different demographic groups. As seen in Figure A2.15, places such as Fairfield with the presence of Maharishi
Vedic Observatory, the Sac and Fox / Meskwaki Settlement west of Tama, and employment centers in Decorah, Postville, and West Union
in northeastern Iowa show that diverse populations are still found in a variety of settings and regions.

10

U.S. Census Bureau QuickFacts for Iowa V2019 results for population estimates for July 1, 2019: https://www.census.gov/quickfacts/IA
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Figure A2.15: Non-White Population

Source: Iowa DOT
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Language
The Language factor, shown in Figure A2.16, is based on the percentage of households that do not speak English at all or do not speak
English very well, as defined by the U.S. Census Bureau. This information is collected so that local communities and government agencies
can comply with regulations, plan for language translating services, conduct research or studies, or assist organizations and businesses in
their outreach to different demographics.11
Specifically, for public transit and transportation purposes, identifying unique language characteristics is important in order to support
transit agencies as they provide service to individuals speaking languages other than English. This also helps agencies comply with the
Safe Harbor Provision included as part of Federal Title VI requirements and guidelines. These regulations note that in regions in which 5
percent or 1,000 persons, whichever is less, of the total population speaks a language other than English and does not speak English well
or very well, the transit agency should provide written translation of important documents.12

11

U.S. Census Bureau, “American Community Survey Redesign of Language-Spoken-At-Home Data”, 2016, https://www.census.gov/library/working-papers/2018/demo/SEHSD-WP2018-31.html
Federal Transit Administration (FTA), Circular FTA C 4702.1B, 1 October 2012, “Title VI Requirements and Guidelines for Federal Transit Administration Recipients”,
https://www.transit.dot.gov/sites/fta.dot.gov/files/docs/FTA_Title_VI_FINAL.pdf
12
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Figure A2.16: Non-English Speaking Population

Source: Iowa DOT
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College Enrolled
Like some of the other factors described above, the College Enrolled populations with increased transit dependency is somewhat
predictable in that those demographics are found within the large college towns in Iowa, which include the Ames, Waterloo, and Iowa
City urban areas. However, these three areas are not the only places to find college students. According to the 2015 edition of the
Carnegie Classification of Institutions of Higher Education,13 there are 65 colleges and universities across Iowa. These institutions include
everything from technical schools and community colleges to traditional 4-year baccalaureate universities to advanced doctoral or
research institutes, and includes public and private schools.
Figure A2.17 shows how widespread the college population is in Iowa. This reinforces the idea that a majority of the counties in Iowa and
every single region in the state will have some residents that are taking college courses in-person or online but likely do not have a
means of traveling beyond public transit. These college students encompass most age categories, have a diverse range of backgrounds,
and come from families with a wide range of income brackets. The transportation needs of this population could be everything from
basic trips to the grocery store to connection trips with airline, passenger railroad, or long-distance intercity bus services.

13

Carnegie Classification of Institutions of Higher Education, “Carnegie Classifications Data File”, 2015, https://carnegieclassifications.iu.edu/downloads/CCIHE2015-PublicDataFile-01Feb16.xlsx
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Figure A2.17: College Enrolled

Source: Iowa DOT
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Population Density
As can be clearly seen in Figure A2.18, using the statewide average for population density in Iowa results in nearly the entire state
covered in a dark green category of being less transit dependent. The only exceptions to this are the larger metro areas and small urban
centers dotted across the state.
On the one hand, having higher population densities indicates more traffic, more people, and more need for public transit. On the other
hand, having significantly less population density poses other issues such as dispersed populations with higher overall transportation
costs. One option lies in the intercity bus feeder system which was conceived of by Jefferson Lines in 1980 with pilot programs with
routes for Creston to Chariton and Jefferson to Osceola as well as, demand response service from several counties in northern Iowa to
Mason City.14 In the 1990’s intercity transit service reorganizations and fleet reductions decreased the number of stops and miles that the
service operated.
Intercity bus service and dispersed communities with low population densities aligns with other trends seen in the decreasing
populations of rural communities. Understanding the relationship between rural areas and the small urban centers that appear as dots
across multiple counties is equally important of a consideration for transit planning, as much as it is important to understand large
concentrations of dense urban development.

14

Bonnie Buchanan, Jefferson Lines, Iowa Passenger Transportation Summit, 23 May 2019, “Intercity Bus/Public Transit Partnerships Panel Discussion”
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Figure A2.18: Population Density

Source: Iowa DOT
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Gas Prices
Beyond the difficulties of obtaining gas price information at a granular level, there were also unique trends in the data itself that led to
follow-up research and analyses in order to validate it. As shown in Figure A2.19, there are clear areas within Iowa that routinely showed
higher than average gas prices. While these results did change a bit when symbolized using standard deviation (indicating gas price
stability or volatility), the general trends remained mostly the same.
Publicly available pipeline maps were also compared to the overlay but nothing conclusive could be determined from it. Some areas that
have high concentrations of oil pipelines and terminals would have higher or lower gas prices; likewise, regions with few or no pipelines
or terminals may or may not have high gas prices. The conclusion was that the underlying circumstances related to increased gas prices
was likely a combination of unavailable data such as the number and concentration of competing gas stations within a county or across
state borders, in addition to consumer-based pricing, population density, and estimated vehicle miles traveled by customers. While these
factors would be interesting to study for their own merits, such an effort was beyond the scope of this analysis and thus the gas prices
overlay was accepted and used as is.

36

5. Analysis and Results | Iowa Department of Transportation

2050

IOWA PUBLIC TRANSIT LONG RANGE PLAN

Figure A2.19: Gas Prices

Source: Iowa DOT
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Non-Weighted Composite
A non-weighted overlay, shown in Figure A2.20 was produced by using the ‘Set Equal Influence’ option in the Weighted Overlay
geoprocessing tool. Since the tool only permitted whole numbers for the weighting and there was an odd number of factors, this resulted
in a few factors being weighted one percent higher than the others, but this did not seem to significantly alter the resulting overlay. The
purpose of creating a non-weighted overlay was to serve as a basis of comparison in the event that unusual results appeared in the
overlays using the weighted criteria determined by the transit agencies.
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Figure A2.20: Non-Weighted Composite

Source: Iowa DOT
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Weighted Small Urban Average
The weighted overlay using the small urban transit agency values, shown in Figure A2.21, emphasizes factors that could be considered as
being more economically related. In other words, factors including gas prices, median household income, and carless households. The
small urban transit agencies weighted carless households as their highest weighted factor; this was the highest that this factor was
weighted among transit agencies. This could perhaps indicate that land use and urban development patterns are built with the
assumption that single occupant vehicle usage is almost a given or a requirement in order to access community resources and services.
Unlike their large urban transit agency counterparts, college enrolled and population density were not weighted very high at all and were
among the lowest weights assigned by the small urban transit agencies. The low population density weighting could be interpreted as an
indicator of a community’s decreased emphasis on dense development and perhaps indirect encouragement for more spread-out
development and land usage. The end result though is a sprawling, albeit smaller, urban area with a transit agency trying to maintain a
logistically complex fixed route transit system while relying on a much more limited tax base for support and being much more sensitive
to fluctuations in the amount of fares and ticket revenue that is collected.

40

5. Analysis and Results | Iowa Department of Transportation

2050

IOWA PUBLIC TRANSIT LONG RANGE PLAN

Figure A2.21: Weighted Composite of Small Urban Agencies

Source: Iowa DOT
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Weighted Large Urban Average
Like their small urban transit agency counterparts, most of the weighting of the factors for large urban transit agencies, shown in Figure
A2.22, was on economic factors such as gas prices, median household income, and carless households. However, population density and
college enrolled factors were weighted higher by large urban agencies. In particular, population density’s higher weight is likely because
fixed route transit services are more closely aligned with the presence of denser population centers in order to maximize ridership and
access multifamily residential areas.
Another difference is the increased emphasis on college enrolled populations of large urbans, although it should be noted that the
increased weighting for this factor was not universally shared by all of the large urban transit agencies respondents.
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Figure A2.22: Weighted Composite of Large Urban Agencies

Source: Iowa DOT
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Overall Composite
As mentioned previously, the overall composite overlay, shown in Figure A2.23, is identical to the regional transit agency weighted
feedback, thus only one overlay was produced for it. For the most part, the weighted values that were averaged across all of the transit
agencies balanced some of the key differences noted above between the small and large urban transit agency feedback.
The economic factors of gas prices, median household income, and carless households were weighted relatively higher than some of the
other factors, although carless households was not weighted as high as the small urbans set it. Population density was also weighted
higher than regional or small urbans set it, although this factor still falls far short of being among the highest weighted factors. While the
college enrolled factor was weighted higher for large urbans, this higher weighting was not reflected in the final averaged weights.
One aspect that was fairly consistent across all transit agencies (large, small, and regional) was the low weighting placed on the nonWhite population factor and the non-English speaking factor. As mentioned earlier, one of the transit agency respondents described how
these factors may be more important when refugees or immigrant populations initially moved into a community, but then become less
important factors as far as transit dependency is concerned once these populations are able to afford other transportation options. It
could be that the other transit agencies are observing similar trends in their communities which resulted in universal agreement on
weighting these factors lower.
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Figure A2.23: Weighted Composite of All Agencies

Source: Iowa DOT
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6. Conclusions
The value of performing this analysis is in understanding the complex relationship between multiple factors in how they contribute to
transit dependency. Regardless of whether a transit system is in an urban or rural community, a transit agency can review these results
and see where there are predicted pockets of the population that are more likely to be dependent on that transit system for
transportation. This allows for focused discussion on how to address those potential needs.
In the case of this analysis, one size does not fit
all. Different strategies can be leveraged based
on the combination of the individual factors in
the region that are flagged as more transit
dependent. Just because an area is “more transit
dependent” does not necessarily mean that
routes or schedules need to change, which could
be quite costly for the transit agency. By
examining the individual factors in transit
dependent block groups, an agency can tailor a
more appropriate response which may save
resources and time, while potentially achieving
the end goal of serving additional riders in those
areas. Figure A2.24 illustrates this for the Des
Moines area, with bus routes and stops overlaid
on top of block groups identified as being more
transit dependent based on the composite result.
This helps visualize the relationship between
existing transit service routes and the predicted
transit dependent population block group areas.

Figure A2.24: Des Moines area with bus routes and stops

Source: Iowa DOT
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While the overall composite score is useful for an initial impression of whether or not the existing service aligns with transit need,
additional context is needed in order to positively impact transit ridership and market the service to certain demographics. The
individual, non-weighted factors can be used as a reference to better understand a particular area’s characteristics in order to tailor
appropriate strategies.
Figure A2.25 shows a zoomed-in view of the Des
Moines area shown in Figure A2.24, but also
depicts a few of the individual non-weighted
factors for context. This example shows that
some areas in downtown Des Moines may
initially appear a light green color, indicating less
overall transit dependency. However, when the
non-weighted factors of race, language, and
population density are considered, the narrative
changes. With these other factors, one could
conclude that a lower transit dependency score
may have resulted from lower population density
from the presence of single-family homes, but
this residential area is occupied by a much higher
than average non-White population who does not
speak English very well. This perhaps indicates a
significant cluster of immigrant or refugee
populations that could benefit from increased
outreach through translated marketing materials.

Figure A2.25: Des Moines area with bus routes and stops

Source: Iowa DOT

As this analysis shows, not every region in Iowa necessarily needs fixed route transit service in order to increase ridership or serve transit
dependent areas. A variety of strategies could be employed locally to meet the unique set of characteristics that impact transit
dependency as a “one size fits all” approach may not be practical, feasible, or appropriate.
Expanding on the analysis by incorporating new factors and examining them at a local level will address some of the shortcomings of
this analysis. Since this analysis was in support of a statewide transit plan, the focus was at a higher level and broader in scope, as
compared to an analysis that studies a single transit service area. This is part of the reason why internal factors were not included in the
Iowa Department of Transportation | Transit Dependency Analysis
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analysis as the transit agency-specific data was either not universally available or not consistent between the agencies. By incorporating
internal factors and refining the other factors utilized in the analysis, this product can go from being a forecasting tool to an optimization
tool.
One particular external factor, Gas Prices, was also one of the more difficult factors to obtain regular and reliable data on. The AAA gas
prices website is updated every day; however, it was cumbersome to manually record this data every single day. Having an automated
process that harvests this data would be much more ideal. Additionally, the AAA website did not report any gas price information for
O’Brien County which meant another source of data was required to gather data for the entire state. The Gas Buddy website had much
more granular data, rather than being constrained by county boundaries, and also covered the entire state including O’Brien County. This
was preferable, but automation would still be required to make it a streamlined process.
Going forward, future plans for this project include the publication of the data itself to make it accessible to transit agencies,
metropolitan planning organizations, and regional planning affiliations as well as the general public. The original intent was to conduct
in-person one-on-one sessions with all stakeholders prior to the publication of the Transit Plan by means of the Passenger
Transportation Summit in May and the IPTA Conference in June of 2020. Unfortunately, due to complications related to the COVID-19
pandemic response, these conferences were cancelled. However, the results of this analysis have already been presented and shared at
multiple smaller meetings with specific stakeholders, not to mention that all the stakeholders and transit agencies that were involved in
the development of the Transit Plan and aware of the Transit Dependency Analysis.
In order to facilitate the continued sharing of information, the data itself including the overlays will be posted online. A web mapping
application using Esri’s ArcGIS Online is also being planned to not only help public users visualize the data that was analyzed, but to also
build upon the analysis that was conducted. Esri has made various resources and examples available that can serve as an example of an
approach to take when conducting more detailed transit analysis. This example15 utilizes general transit feed specification (GTFS) data to
examine bus routes, bus stops, timetables, and schedules in combination with expected walking times or distances. This allows for a
more robust analysis at a local level in order to optimize transit service or validate that existing services provide adequate coverage.
It is hoped that transit and planning agencies alike will find this analysis useful to help understand the unique interconnections between
land uses and transit dependent demographics. These aspects are important for providing public transportation options to all Iowans.

15

Esri, “Public Transit in ArcGIS”, https://urbanobservatory.maps.arcgis.com/apps/MapSeries/index.html?appid=1c32233ab04241a08f6bbc80f668d022
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