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Monitoring Use of Minnesota State Trails
Considerations and Recommendations for Implementation 

Executive Summary
From the mid 1990s to the mid 2010s, the Department of Natural Resources (DNR) quantified trail use on Minnesota 
state trails by conducting user-duration counts.  The user-duration count methodology, though useful at the time, 
needs to be reconsidered given the shifting strategic directions for trail development and management both within 
the DNR and in organizations throughout Minnesota. This document provides the DNR with a framework for how to  
approach a new counting methodology implementation plan that includes background research, decisions to be made 
when implementing the program, and our recommendations moving forward. 

Quantifying the use of a trail network the size of Minnesota’s state trail system involves a set of seven interrelated 
decisions that require careful consideration by DNR staff.

 
1. Comprehensiveness:  What is the scope of the monitoring program?
2. Frequency:  How often should trails be counted?
3. Segmenting:  How many trail segments will be counted and how long will they be?
4. Length of count:  What season of the year will counts be done?  How long will the length of counting be?
5. Technology:  What types of equipment will be used to count?
6. Extrapolation Method:  What extrapolation factors will be used for short duration counts?
7. Data Management:  How will counting data be managed?

 
The purpose of this report is to illuminate the decisions in front of the DNR and to help minimize the challenges 
they face in implementing a state trail monitoring program. This document will help the DNR maximize their limited 
resources while providing them with the necessary information to address their most important organizational 
questions regarding trail funding and maintenance. 
 
After a literature review, professional interviews, and primary and secondary data collections, we recommend the use 
of automated traffic counts to monitor the state trail system. Automated traffic counts could provide the DNR with 
robust and accurate data sets that are easy to interpret and comparable to approaches used by many organizations 
across Minnesota. In addition, we explore how manual traffic counts could be used to diversify data types and engage 
volunteers in trail communities around the state. After addressing each of the decisions in front of the DNR, we 
present two scenarios that illustrate different responses to each of these decisions. We weigh the advantages and 
limitations of each scenario as a way to provide examples of tradeoffs when implementing a state trail monitoring 
program.

I
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1. Introduction
Minnesota was one of the first states with an established state trail system and was an early promoter of the rail-
to-trail movement.  Minnesota currently has over 1,300 miles of state trails, the system was recognized nationally 
by American Trails in 2010 (DNR 2015).  See Figure 1.1 for a map of the current state trail system.  The Department 
of Natural Resources (DNR) has completed detailed studies of trail use since the 1990s.  Yet, due to staffing and 
resources, DNR has relatively little information to demonstrate how many people use state trails today.

In recent years, many organizations have begun non-motorized traffic counting initiatives.  Minneapolis Park and    
Recreation Board, Three Rivers Park District, Transit for Livable Communities, University of Minnesota, along with 
other organizations in the state are actively counting bicyclists and pedestrians.  These projects have been primarily in 
the Twin Cities Metropolitan Area until the Minnesota Department of Transportation’s (MnDOT) Bicycle and Pedestrian 
Counting Initiative, developed in collaboration with Humphrey School of Public Affairs at the University of Minnesota 
(MnDOT, 2016).

DNR staff identified an opportunity to consider methods for monitoring use of state trails into the future.  A group 
of students at Humphrey School of Public Affairs organized to address this need and gain exposure to methods for     
monitoring non-motorized traffic.

This report will outline considerations and recommendations for developing a monitoring plan for Minnesota’s state 
trail system.  It will help provide context, framework, and recommendations to help answer the following question: 

What is the best methodology for quantifying use of Minnesota’s state trails? 

This first chapter introduces the project and the methodology.  Chapter two explains the organizational context within 
DNR and clarify the project purpose and scope.  Chapter three defines three different types of quantifying trail use:  
duration, visits, and traffic.  Case studies on the Gateway and Brown’s Creek state trails are used to illustrate the 
differences between these types.  The fourth chapter explains how short duration counts and permanent automated 
counts can be used to estimate annual average daily traffic (AADT).  This chapter also establishes a framework of seven 
decisions that need to be made when designing a trail monitoring program.  Chapter 5 uses two scenarios to illustrate 
potential courses of action for DNR while demonstrating the costs and benefits of various decisions.  The final chapter 
discusses other recommendations for future steps in establishing and implementing a monitoring program on DNR’s 
state trails.
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Figure 1.1:  Minnesota State Trail System (DNR, 2016)
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1.1. Project Methodology 
 
Literature Review 

To begin, we reviewed past DNR strategic plans and goals to ground ourselves in the existing organizational context. 
We reviewed previous state trail research, implemented under leadership of DNR Research Director Tim Kelly, 
to understand prior research needs and observed trends. Next, we reviewed trail counting research from other 
Minnesota organizations in order to understand how the DNR fits within the context of statewide non-motorized 
traffic monitoring. By understanding which organizations count trail users, how they count, and why they count, we 
began to understand the benefits and limitations of various methods. Finally, we reviewed academic research on 
counting methodologies. See references for a complete list of reviewed literature. 

Professional Interviews 

To better understand the counting methodologies reviewed in our literature review, we interviewed professionals 
from a range of organizations in Minnesota. In addition to affirming our understanding of their counting methods, we 
sought to understand:

• How their organization has used trail use data, 
• How they would improve counts given a best case scenario, and any 
• Advice they would give to DNR as they design a statewide trail counting plan. 

We interviewed the following individuals during development of this report:  

• DNR: Laura Preus, Rachel Hopper, Andrew Korsberg, Rachel Hintzman, and Tim Kelly
• Parks and Trails Council of Minnesota: Andrew Oftedal
• University of Minnesota and project consultants to MnDOT: Greg Lindsey and Michael Petesch
• St. Louis and Lake County Regional Railroad Authority: Bob Manzoline and Chris Lee
• Arrowhead Regional Development Commission: Charlie Moore
• Three Rivers Park District: Thomas Mercier
• City of Minneapolis: Simon Blenski

 
Additional information was gathered from DNR staff, and individuals at other organizations, through meetings, email, 
and secondary research.  Information about other organization’s counting methods and purposes, and our general 
interview questions are included in Appendix A.
 
Primary Data Collection and Analysis 
 
We completed two case studies to provide insight into various trail counting methods.  Our first case study consisted 
of a two-hour count on the Gateway State Trail on March 20, 2016.  This study was designed to understand the 
differences between user duration, visit, and traffic counts.  The second case study was a system traffic analysis of the 
Gateway and Brown’s Creek state trails.  Data were collected to demonstrate the effectiveness of automated traffic 
counters and provide context for the choices made when designing a trail monitoring program. 
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Secondary Data Analysis 

Several project objectives were served through secondary data analysis.  Data sources included:
• Past DNR trail studies (DNR 2015 and 2016; Kelly, various)
• Permanent counters from MnDOT’s non-motorized count program (MnDOT, 2016)
• Minneapolis trail counts (Hankey, Lindsey, & Marshall, 2014)
• Geospatial data for segmenting analysis, from the following:

• DNR - trails, parks, forests, and hydrography data; Division of Parks and Trails Area and District boundaries
• MnDOT - statewide roads
• Minnesota Population Center - NHGIS Census data
• U.S. Census American Community Survey 2009-2014 5-year estimates
• U.S. EPA Smart Location Database
• U.S. Geological Survey - National Land Cover Database, 2011 land cover
• U.S. Department of Agriculture - Aerial Photography Field Office
• ESRI - U.S.A. Parks data
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2. Project Context
2.1. Historical DNR Trail Surveys
 
The DNR began conducting a series of trail counts in the 1990s.  The DNR methodology was developed in 1996 to 
survey the Paul Bunyan State Trail.  While some modifications have been made since, the method remained largely 
unchanged into the 2010s.  The method used to count duration of trail use was often paired with an intercept survey 
to gather qualitative data.  The counts were designed to monitor usage of trails and surveys were designed to gather 
information about user characteristics and preferences.
The monitoring program intended for all summer use trails to be surveyed once every ten years, however resource 
limitations have made this impractical.  This method was utilized a total of 23 times between 1996 and 2013 (see table 
1.1).  Counts were performed in the summer, between Memorial Day and Labor Day.  Studies were focused entirely on 
non-motorized uses and were conducted on paved trails (those with a hardened surface).  Five state trails have been 
surveyed twice while others have never been surveyed using this method. 
 
      Table 2.1:  Past State Trail user surveys 

State Trail First study Second study
Gitchi-Gami 2011     2015**
Root River and Harmony Preston Valley   1997* 2008-09
Heartland 1998 2007-08
Sakatah Singing Hills 1998 2013
Glacial Lakes 1998 2012
Luce Line 1998 2011
Paul Bunyan (Lake Bemidji State Park) 1998 2009
Douglas 1997 2009
Paul Bunyan 1996 2007
Gateway 1997 2003
Great River Ridge 2013 -
Shooting Star 2013 -
Central Lakes 2011 -
Willard Munger 1999 -
*Root River only
**Traffic study completed by Arrowhead Regional Development Commission (2015)
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State trail surveys had two general goals.  The first goal was to monitor and measure trail usage.  This included 
gathering data on total summer use, intensity of use by trail segment and time, and type of use.  The second goal was 
to gather information about trail users including demographics, motivations for use, where users came from, and their 
satisfaction with the trail. 

A survey methodology was designed in 1996 to respond to these goals.  The first goal was accomplished by manually 
counting trail users while traveling along a selected trail segment.  Counts lasted no longer than an hour, and 
segments, times, and days were specified in a statistical sampling schedule.  In addition to counting users, the counter 
classified users according to their trail use:  biking, walking, running, skating, horseback riding, and other activities. 

To provide insights related to the second goal, trail users were asked to complete a survey.  A randomized sampling 
plan was used to determine when and where to recruit survey participants.  Since 1996, participants were asked to 
complete a mail back survey with a variety of questions.
Trail usage was reported in terms of “user hours.”  A user hour is defined as one person using the trail for one hour.  
One person using the trail for 15 minutes would be 0.25 user hours, and two people using the trail for an hour would 
be 2 user hours.  User hours were selected in order to effectively compare trail use activities that typically have 
different durations.  For example a biking occasion may be longer than a walking occasion, which may be longer than 
a running occasion.  Measuring distance would allow comparison by travel distance but not necessarily time spent 
on the trail.  It is possible to translate user hours to visits, however this requires that trail counts are paired with an 
intercept survey.

These surveys have influenced decision making about system planning and investment.  Studies have provided the 
DNR with perspective on: 

• Trail use intensity across the system and between trail segments (e.g. Gateway State Trail is the most used 
state trail, and use is higher on the western half)

• Long-term trends in trail use
• Mode split and long-term trends trail activities (e.g. an increase in walking and a decrease in skating)
• Tourist vs. local use and economic impact
• Demographic trends of trail users
• Trail users’ satisfaction and concern about their experience 

These outcomes are clearly valuable but it may now be an appropriate time to revisit the DNR’s trail monitoring 
methods.  The user-duration method was never fully implemented due to resource constraints and attrition has 
left the DNR without much of the expertise needed to continue these counts.  Also, this body of research is quickly 
becoming outdated as new research is conducted and new methods of monitoring are developed in Minnesota and 
elsewhere.
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2.2. Project Purpose 
The findings of past surveys are valuable but four factors have resulted in a need to reconsider state trail monitoring 
methods.  First, the user-duration method requires substantial labor due to manual data collection and manual 
data entry.  Resource limitations have prevented the user-duration method from being consistently and regularly 
applied, and new technologies have been developed which minimize the need for manual data entry and analysis.  
Second, the DNR’s research needs for state trails may be shifting alongside changing priorities for trail development 
and management.  Third, increased interest in non-motorized traffic has resulted in development of new methods 
for counting trail users.  Organizations in Minnesota have adopted these methods and continued to refine them.  
Fourth, the user-duration metric is incongruent with other counting methods utilized in Minnesota.  It is difficult for 
people, especially those unfamiliar with the method, to interpret and understand user-hours.  This report describes 
considerations and recommendations to design a trail monitoring program to overcome these challenges.
 
The context and strategic direction for state trails has changed since previous survey methods were developed and 
implemented.  This change has resulted in new and shifted research objectives for state trails.  Among other issues, an 
updated trail monitoring method is needed to provide guidance on the following issues for the state trail system: 

• Where and how to invest in developing and adding to the system,
• Where and how to maintain the existing system,
• What kinds of promotions and partnerships should the DNR pursue, and
• How to generate support for funding?

 
Responding to these issues will require quantitative and qualitative information.  This report focuses on gathering 
quantitative information to provide context about trends in overall usage of the system, what people use trails for, 
patterns between trail segments, and patterns across the entire system.  Quantitative information can be used to 
explore usage trends by time-of-day, day-of-week, and month-of-year.  Qualitative information is also critical to answer 
the issues listed above.  The methods outlined in this report will have to be supplemented with occasional intercept 
surveys, or other data collection, like the Handbook for Minnesota Parks and Trails Visitor Surveying: A Statewide 
Standardized Survey Tool (Pradhananga, Davenport, & Saari,  2016).  
 

2.3. Project Scope 
The Minnesota state trail system consists of 25 legislatively authorized trails and five other acquired trails.  Minnesota 
state trails are in varying stages of acquisition and development, and they serve a wide range of users.  The authorized 
system encompasses over 2,900 potential trail miles, of which about 1,500 miles are developed and open for public 
use.  The state trail system does not include hiking trails in state parks, state forest roads, or other types of recreational 
trails managed by the DNR. 

State trails provide opportunities for a variety of activities.  Some trails, like the Gateway and Brown’s Creek state 
trails, are exclusively for non-motorized uses.  Other state trails, like the Matthew Lourey, are used almost entirely 
for motorized recreation.  The type of uses allowed on trails varies by season and across trail segments.  Some trail 
segments have dual treadways, parallel natural surface and paved trails, to accommodate more uses within the same 
corridor. 
 
The majority of developed state trail miles is used for non-motorized uses in the spring, summer and fall.  Most state 
trails, 1,315 miles, are reserved for snowmobile use in the winter.  Only 212 miles of state trail are open to off-highway 
vehicles in warm seasons (electric assist wheelchairs and other mobility devices are not considered motorized uses).
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This report was developed primarily to count non-motorized trail uses on 677 miles of improved state trails (Figure 
2.1).  Improved state trails have paved, crushed limestone, gravel, or other aggregate surfaces.  However, analyses 
and recommendations could be applied to monitoring use in the winter or on natural surface trails. 
 
      Table 2.2:  Miles of Minnesota State Trails 

 
      Figure 2.1:  Paved or hardened and natural surface State Trails

Authorized Developed Paved or hardened

Authorized State Trails M.S. 85.015 2,723 1,296 677

Acquired State Trails M.S. 84.029 197 183 -

Total 2,920 1,479 677
Source: DNR, 2016



Monitoring Use of Minnesota State Trails  |  MURP Capstone Paper      9

3. Counting Methods 
 
How do we count trail users?  The answer, though seemingly simple, becomes 
more complex based on what types of activities organizations wish to document, 
where and when they want to count, and how they want to use the data.  The 
choices organizations have to make regarding which data they use are all inter-
related and will vary based on organizational goals and resources.  For a list of 
organizational choices specific to the DNR, see Chapter 4. 

We have identified three types of data that are gathered when performing facility 
counts: duration, visits, and traffic counts (Box 3.1).  Traffic counts can be further 
subdivided into manual and automated counts, based on the method of data 
collection.  Many of the organizations doing counts within Minnesota use a hybrid 
of these methods in order to meet their research objectives while minimizing 
demands on costs, labor and/or time. . Below, we describe each method in 
detail and look at one example of an organization implementing the method in 
Minnesota. See Appendix A for a summary of trail counting methods currently 
used by organizations in Minnesota.

Duration 
amount of time 
spend on the 
facility by users

Visits 
number of people 
visiting a facility

Traffic 
the flow of users  
along a facility

3.1. Duration 

User duration attempts to quantify the amount of time the facility is being used.  In this method, a staff member or 
volunteer moves along a facility segment for a specified amount of time and counts each user of the facility.  Each 
person counted is assumed to spend one hour on the trail and is counted as one user-hour. However, this assumption 
is problematic since very few users spend exactly one hour on the trail and user duration can vary depending on 
mode. In addition, the person doing the counting tracks the time of day and day of the week they are counting and is 
also capable of tracking the type of mode, gender, or age of users.  

As stated in Chapter 1, the DNR used this method of counting for many years in an effort to quantify summer user 
hours along their state trails in Minnesota.  In their method, a user hour is defined as one person using the trail for 
one hour.  One person using the trail for 15 minutes would be 0.25 user hours, and two people using the trail for an 
hour would be 2 user hours.  Counting time also allowed the DNR to compare different trail use activities that typically 
have different durations.  For example, a biking occasion may be longer than a walking occasion, which may be longer 
than a running occasion.  A commuter who travels 30 minutes on a trail in the morning and evening would be counted 
as one user hour.  

Box 3.1:  
Counting Method Definitions 

Photo credit: www.eco-compteur.com/
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Using this method, the DNR was able to measure trail use by total summer use, intensity of use by trail segment and 
time, and type of use (Kelly, 2016).  Organizations can also extrapolate to estimate time spent on the facility by day and 
to compare the time spent on the trail by weekday and weekend.  If mode split, gender, age or other types of optional 
data are collected, the organization can extrapolate for those specific types of optional data.  
 

3.2. Visits 
User visits attempt to quantify the number of people visiting a facility.  In this method, a person counts each user as 
they enter a trail in order to measure the total use occasions.  The person counts over a specified period of time and, 
like with the duration counts, can track the time of day and day of the week they are counting as well as the mode, 
gender, or age of users.  However, counts of visits do not provide information on the amount of time users spend 
on the facility during their visit nor does it provide information on the intensity of use for certain parts of the facility 
unless additional information is gathered. 

The Metropolitan Council uses this method to quantify both regional park and trail use within the regional system by 
the number of annual visits. Staff conduct two-hour observational counts, documenting entries to the park or trail 
based on an identified site line .  Each time a user enters the trail or park, they are counted as one visit.  The sample 
counts then are extrapolated to estimate total user visits by trail or park segment and tracks trends over time.  Annual 
visits to the Metropolitan Council’s regional parks and trails system are derived from four-year averages of visit data 
collected manually by staff between Memorial Day and Labor Day.  Organizations can also extrapolate to estimate the 
visits by time of day and day of the week.  Visits can also be extrapolated by mode split, gender, age or other types of 
optional data if they are collected by the person doing the counting.

3.3. Traffic 

Manual 

Traffic counts attempt to quantify the flow of users along a facility to estimate measures such as the annual average 
daily traffic (AADT).  The manual method of collecting traffic counts involves a person counting users moving in 
multiple directions.  The user is counted if they cross an imaginary screenline, regardless of which direction they are 
heading.  Like visits, the manual traffic counts are done over a specified period of time.  The person can track the 
time of day and day of the week they are counting and is also capable of counting the type of mode, gender, or age of 
users. 

The Parks and Trails Council (PT&C) of Minnesota partly used manual traffic counts to deliver an order-of magnitude 
estimate of state trail use in Minnesota and to highlight the need for future, expanded trail counts on state trails.  
We say “partly used” since they also relied on existing automated counters to derive their extrapolation factors.  
Volunteers were asked to complete five, two-hour long field counts during the month of September, 2015.  This data 
was then extrapolated to estimate combined April through October traffic at their 25 counting sites.  Organizations 
can also extrapolate to estimate trends over time, the traffic by time of day and day of the week. Traffic can be 
extrapolated by mode split, gender, age or other types of optional data if they are collected by the organization.    

In addition to providing an order-of-magnitude estimate of state trail use in Minnesota, the PT&C was able to engage 
local volunteers to conduct trail counts.  Andrew Oftedal of the PT&C cited impressive participation rates with friends 
of the trails and was happy with the study’s ability to mobilize volunteers (Oftedal, 2016). 
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Automated 
Traffic counts may also be gathered using automated counters.  Automated counters save time and labor costs by 
allowing for data collection over time without the use of staff or volunteers and is comparable to the practice used to 
count motor vehicles.  As an example, there is a trail system with counters placed about every mile.  The commuter 
who travels 30 minutes, or 5 miles, each way in the morning and afternoon would be counted each time they pass 
a counter.  In this instance they would be counted 5 times in the morning and 5 times in the afternoon.  This can be 
interpreted as 10 miles traveled on the system.
 
The Minnesota Department of Transportation began implementing automated bicycle and pedestrian counters 
throughout the state to estimate the flow of users along both on-road and off-road facilities.  Their counts are 
intended to provide evidence of multimodal transportation efforts across the state.  For that reason, their automated 
counting locations are not representative of all facilities in the state. Similarly, the MnDOT traffic counts are illustrative 
of local bicycling and walking volumes and patterns, not estimates of total use (Lindsey, 2016).  
 
Capital costs to buy and maintain the automated counters may make them unfeasible for organizations with limited 
resources and, unlike with the counting methods described above that use people to conduct counts, automated 
counters are not capable of distinguishing gender or age on facilities.  Furthermore, automated counters can be 
tampered with and may fail to register passing users due to occlusion, an event that occurs when counters register 
only a single user when multiple users pass simultaneously.  They may also overcount due to something other than a 
trail user passing in front of the counter such as a tree branch. 

That being said, automated counters have the distinct advantage over manual counts because they create large data 
sets with longer durations of counts and, therefore, increase accuracy in the data.  Adjustment factors can allow 
organizations using the technology to overcome some of the inaccuracies relating to occlusion above.  For more 
information on automated counting technologies, see the Technology section in Chapter 4.

      Table 3.1: Trail counting purpose matrix

Data output Question answered Counting season Mode split Duration of 
Sample

Cost considerations

User visits Number of people that 
visit trail

Seasonal; combine with survey 
to extrapolate

Yes Day of week Labor for manual counts; 
data processing

User duration Time spent on trail Seasonal; combine with survey 
to extrapolate

Yes Day of week Labor for manual counts; 
data processing

Traffic: Automated Traffic flow thru/ along 
trail

Year-round Depends  on 
technology

Day of week; 
time of day

Capital cost of counters; 
labor for moving, 
maintaining

Traffic: Manual Traffic flow thru/ along 
trail

Seasonal; combine with survey 
or automated counter to 
extrapolate

Yes Day of week Labor for manual counts; 
data processing
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During our counting on March 20th, there were three people counting at 3 locations marked with red stars in Figure 
3.1. We named each location using the name of the streets intersecting with the Gateway State Trail or the name 
of the place close to the trail. The name of the locations from the west to the east are Wheelock Parkway, Edgerton 
Street, and Flicek Park. One other person counted user hours while riding a bike between each end of this segment. 
Results of the 2-hour count are summarized in Table 3.2.

      Table 3.2:  2-hour counts for user-duration, visits, manual traffic, and automated traffic

3.4. Case Study 1:   
Differentiating Duration, Visits, and Traffic on the Gateway State Trail 
  
In order to explore different trail traffic counting methods as well as compare their effectiveness, we completed 
a 2-hour trial count on the Gateway State Trail. The count was conducted on Sunday, March 20, from 12:30 to 
2:30 pm. We counted duration, visits, and traffic simultaneously on the same section of trail. Figure 3.1 is a map 
showing counting locations and other basic information regarding this portion of the Gateway State Trail.
 
Figure 3.1:  Map of Case Study 1 Counting Locations

Location Duration Visits Traffic

Flicek Park | 4 24

Edgerton St 11 4 23

Wheelock Pkwy | 9 16.5

Average counts per hour

Photo credit: Google Maps
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For duration counts, the number “11” means that, while riding bicycle along the trail during the counting period, the 
counter staff saw 11 trail users coming towards him/her. This method assumes that the average duration of use for 
each user is one hour. As a result, 11 trail users observed represent 11 user hours. For visit counts, the numbers mean 
that the counting staff observed 4 people entering the trail from Flicek Park, 4 people entering from Edgerton Street, 
and 9 people entering from Wheelock Parkway per hour during the counting period. For traffic counts, the number 
means that, on average, counting staff observed 24 trail users passing by at Flicek Park, 23 trail users passing by at 
Edgerton Street, and 16.5 trail users passing by at Wheelock Parkway per hour during the counting period. 
 
Based on our counting experiences, we summarized the characteristics, including strengths and weaknesses: 

Duration counting assumes that the average trail using time of every user is one hour. This hypothesis can lead to 
inaccurate estimation in practice. Also, the count can be inaccurate or an underestimate since an individual is traveling 
along the trail while counting users. For instance, if all users of the trail segment are traveling in the same direction as 
the counter, they are less likely to be intercepted and counted.  

“Number of visits” is very easy for people to understand, and it describes trail use in a reasonable way by documenting 
how many people are using the trail. Nevertheless, this method still has limitations. For trails that have multiple access 
points, it is very difficult for counters to monitor users at every location, especially in residential neighborhoods where 
people can get on and off trails wherever they would like. It is not plausible to monitor every access points along the 
trail. And limited monitoring will lead to inaccurate trail use estimation.  

Trail traffic can be counted both automatically and manually, which is fairly easy and cost effective. Automatic counters 
can count 24/7 for a long period of time. Continuous traffic counts can make year-long trail traffic extrapolation more 
accurate. The downside of traffic counting is that it may count trail users multiple times (for people who do loops or 
out-and-back trips on the trail). And trail traffic doesn’t tell information regarding who and how long people are using 
the trail. Based on the variation between manual counts and automatic counts, automatic counters also tend to miss 
around 20% of users due to occlusion (MORPC, 2015).

3.5. Recommendation: Traffic Counts 
Based on our case study, conversations with DNR staff, and our understanding of organizational needs, we recommend 
the use of automated traffic counts.  Automated traffic counts provide robust and accurate data sets that are easy 
to interpret and comparable to many organizations across the state of Minnesota.  Automated counts will provide 
guidance on issues most important to the DNR and their state trails and will help answer the DNR’s most pressing 
questions regarding where to invest and where to maintain state trails.  

In addition to our recommendation of automated traffic counts, we will also consider a varying degree of manual 
traffic counts to help supplement the automated counts.  The purpose of using manual counts is to engage volunteer 
groups surrounding the trails.  The manual counts will add information regarding demographic data of trail users and 
will give the DNR a chance to interact with a wide variety of organizations around Minnesota, an important endeavor 
that will help to pool counting resources.  

A combination of automated and manual counts could be an advantageous option for the DNR moving forward.  In the 
next chapter, we focus on the automated counts before introducing two possible scenarios that both use automated 
counting as the base for the DNR’s counting program; scenario one suggests a fully automated traffic approach while 
scenario two uses supplemental manual traffic counts to help engage volunteers and bolster cross-organizational 
interactions.
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4. Considerations for Automated Traffic Counts
 
This chapter explains how traffic counts are conducted and describes seven decisions for implementing a traffic 
monitoring program. Here we develop a framework for explaining which decisions need to be made given the 
recommendation of automated traffic counts for the DNR’s state trail counting program.  We clarify how to conduct 
traffic counts using short duration and reference counting sites and we describe how to extrapolate annual average 
daily traffic (AADT).  The second half of the chapter provides an overview of seven decisions the DNR must take into 
account when weighing options for designing a monitoring plan for state trails.

4.1. How to Implement Automated Traffic Counts
 
Data Collection
 
The process of getting trail traffic data using automated counters includes the steps below: 

1. Select reference counting sites and short duration counting sites on the trail; the data collected at reference 
sites will be used to provide patterns of how traffic volumes vary on different days throughout the year ,while 
the data collected at short duration sites will be extrapolated to AADT based on the patterns shown at the 
reference sites.

2. Install counters at the chosen locations.
3. Collect the data from the counters. For some newer counters, DNR has the option to upload data 

automatically to the cloud. If these newer, wifi-enabled counters are not being used, staff will need to go to 
the field and collect the data manually, on-site (ideally every other week).

4. Move counters to other locations regularly to get short duration counts, and leave counters at reference sites 
for at least a year. Figure 4.1 illustrates how to use automated counters for collecting traffic counts. Trail A uses 
a permanent reference site counter and a short duration counter that is moved once every 14 days at sites 
along Trail A. Once all short du ration sites have been counted on Trail A, the short duration counter is moved 
to another trail, Trail D, and the permanent reference site on Trail A continues to be used as the reference site 
for Trail D. In contrast, trails B and C use a semi-permanent reference site counter that is moved from Trail B to 
Trail C after year one. 

Photo credit: www.flickr.com/photos/133066393@N08/23587720635/
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Ideally, the trail users would be counted simultaneously within the same time window at every collection point along 
the trails. However, some organizations choose to move counters over a period of time to minimize the amount of 
automated counters and, therefore, minimize costs. Different time windows of sampling can hinder clarity of the 
results.
 
      Figure 4.1: Illustration of Using Reference and Short Duration Counters 

 
Figure 4.2 depicts daily traffic volumes on three trails in Minnesota from November 2014 to October 2015 (MnDOT, 
2016). All trails have higher usage during the summer season. Though the specific peaks and valleys are different 
because of different weather patterns and unique special events. The day-of-year extrapolation method is used to take 
local weather into account. Research has demonstrated that weather has a much higher impact on non-motorized use 
than vehicular traffic (Lindsey, Hankey, Wang, and Chen, 2013).

      Figure 4.2: Daily Traffic at Three Minnesota Trails  
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There are three different ways to use automated counters in trail monitoring:  permanent reference site, semi-
permanent reference site, and short duration site.  Permanent reference sites would be located at representative 
locations throughout the system to collect continuous data.  A short duration site is a location where 7-14 days of 
data is collected at a location on each individual trail segment.  These short duration counts are extrapolated to AADT 
using data from reference sites.  It is unlikely that each state trail will have a permanent reference site due to resource 
constraints - this is where a semi-permanent reference site is appropriate.  A semi-permanent reference site consists 
of equipment deployed on a trail for exactly one year, coinciding with the year that trail is surveyed.  This equipment 
would gather enough information to create localized extrapolation factors, then be redeployed to another trail the 
following year.

Extrapolation of AADT 

For the purpose of acquiring year-long traffic volume data in a more efficient way, we chose to extrapolate short 
duration bike/pedestrian traffic volume data collected by automated active infrared counters during certain sample 
periods.  Our procedure for calculating AADT from automated counts is summarized in the following steps: 

1. Check the plausibility and integrity of the collected data for quality control purposes;
2. Make data complete by estimating missing or invalid traffic data with weather statistics;
3. Select reference counting sites with year-long trail traffic data collected in the same time period;
4. Calculate the day-of-year factor of each site to show how much traffic volume occur in the short duration 

period in a year (as shown in the equation below): 
 day-of-year factor = X1 / X2 
 Where  X1 = The total traffic volumes at the reference site during the same short duration                                        
                          X2 = The yearly total traffic of the reference site 
“Day-of-year factor” represents the proportion of trail traffic that happens in certain days of a year; likewise, 
some studies also use “week-of-year factor”, which represents the proportion of trail traffic that happens in a 
certain week or several weeks of a year. Day-of-year factor is preferred because it is more flexible and can be 
pulled from  incontinuous counts at different times of the year.

5. Divide the total traffic at each site by their day-of-year factor to get the estimated year-long total counts, then 
divide the total counts by 365 to get AADT (as shown in the equation below): 
 AADT = (M / D) / 365

Where M = The total traffic volumes of the short duration site
            D =  The day-of-year factor 

4.2. Case Study 2: Gateway and Brown’s Creek State Trail AADT 
 
Methodology
 
In order to test the effectiveness and plausibility of practical traffic volume counting, we conducted a series of short 
duration counts along the Gateway and Brown’s Creek state trails, and then use the data to estimate the AADT of the 
trail. 
 
We chose several locations along the Gateway and Brown’s Creek trails to conduct the short duration counting.  The 
minimum counting duration was two weeks, which provides us with enough references on the trend of how traffic 
volumes varies between weekdays and weekends.  Previous studies have shown that capturing both weekday and 
weekend counts is essential to minimize the error during extrapolation (Nordback et al., 2013; Hankey et al., 2014).   
As for reference sites, we chose the trail traffic counts collected in West River Parkway, Minneapolis from 3/27/2015 to 
3/26/2016, which is the only monitoring site on a multi-use trail in the metropolitan region with a least one full year of 
data.
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First we adjusted the invalid counts.  We could tell if the counters were malfunctioning if the counts were unusually 
high, low or absent (we theorize that snowfall led to inflated counts). Secondly, we also needed to adjust the 
systematic undercounts.  Previous research have shown that the automatic counters we used tend to underestimate 
the traffic volume due to occlusion, which can be corrected by the validation equation developed by correlating 
automated counts with manual counts (MORPC, 2015). 

The AADT was estimated after collecting and validating the counts.  We used the day-of-year extrapolation factor 
derived from the year-long counts collected from a reference site on the West River Greenway in Minneapolis.  We 
developed this extrapolation method based on the fact that bike/pedestrian traffic shows similar trends in the 
distribution between 12 months in a year.  Usually summer months share more counts of the year while winter 
months have less counts.
 
Findings and Outcomes 
 
Our results show that the traffic volumes on these two trails are, overall, higher on weekends, especially on Sundays.  
The average hourly traffic volumes are higher between 11:00 a.m. and 4:00 p.m weekends. Weekday trail use peaks 
between 3:00 and 7:00 p.m. 

The AADT we calculated for each counting site along the Brown’s Creek and Gateway state trails are summarized in 
table 4.1 below.  To increase the accuracy of AADT, we calculated the mean of the AADTs estimated from different 
sample periods for each counting site. Overall, the sites closer to downtown St. Paul have higher AADTs.

      Table 4.1: AADTs of each counting site on the case study State Trails

This method of data collecting offers a general idea of how well the trails were used throughout the year.  In 
completing this case study, we learned that, despite some limitation such as underestimation and counter 
malfunctioning, the method of extrapolating counts based on the distribution trend of bike/pedestrian traffic data 
throughout the year is still an efficient and effective way to understand how well trails are being used.
 
See Appendix B for additional results of trail count data from the Gateway and Brown’s Creek state trails.

State Trail Location Sample period Proportions AADT Mean AADT

12/20 - 1/19 0.027 47
11/22 - 12/19 0.030 57

1/31 - 2/11 0.009 108
2/13 - 2/26 0.013 101
2/28 - 3/10 0.015 217

Bruce Vento 12/20 - 1/19 0.027 191 191
2/28 - 3/10 0.015 405
3/12 - 3/26 0.023 147
2/14 - 2/26 0.012 67
2/28 - 3/10 0.015 215

Manning Ave 3/12 - 3/26 0.023 234 234
North St Paul Drive 3/12 - 3/26 0.023 273 273

Edgerton St 3/12 – 3/26 0.023 302 302

71

159

276

141

Brown’s Creek 
State Trail

Gateway State Trail

Duluth Junction

McKusick

Hadley Ave

Jamaca Ave
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Limitations 

There are several limitations to the data we collected on the Gateway and Brown’s Creek state trails. Due to project 
timing, all short duration counts were collected between November and March. Trail use is low and extremely variable 
in winter which increases the potential error when extrapolating AADT. We attempted to overcome this by completing 
short duration counts over longer periods (2 to 8 weeks). 

Use of the West River Greenway may also introduce error when extrapolating AADT. The greenway is more urban than 
the average section of the Gateway or Brown’s Creek state trails. The trail may have different trail use patterns because 
it is more urban (see Figures 4.2 and 4.3 for a comparison of weekday traffic patterns). While both counters are in 
the Twin Cities metro area, they are far enough from one another that there may be a difference in weather between 
the two sites. Also, maintenance practices on the two trails were different during the study period which may have 
influenced trail use. 

Figures 4.3 and 4.4 illustrate the daily trail use patterns for the two trails.  THe different color bars illustrate direction 
of travel, which allows us to interpret commuting use trends. Data for Figure 4.3 is from the Gateway State Trail near 
the intersection with the Bruce Vento trail.  Data for Figure 4.4 is from the West River Greenway at 32nd Street. Data 
for both figures are from the same timeframe. As we can see from the two figures below, the traffic peak appears at 
around 4 pm on Gateway State Trail. Whereas on West River Greenway trail, the evening traffic peak appears later 
and longer at around 5:00 and 6:00 pm. After the evening traffic peak, the traffic on Gateway State Trail has a steeper 
decline compared to West River Greenway.
 
      Figure 4.3: Weekday traffic profile of Gateway State Trail

 
 
 
 
 
 
 
 
 
 
 
      Figure 4.4: Weekday traffic profile of West River Greenway 
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4.3. Seven Decisions for Program Design 

We have identified seven decisions DNR will need to make when developing a program for monitoring state trails: (1) 
comprehensiveness, (2) frequency, (3) segment analysis, (4) length of count, (5) technology, (6) extrapolation method, 
and (7) data management. Each of the considerations for counting are interrelated with one another, making it difficult 
to parse out the important questions that need to be answered when implementing a counting program. Below, we 
break the questions into seven categories of considerations that the DNR must contemplate when implementing their 
statewide counting program. Each of these considerations focuses on the DNR’s unique case of statewide trails, though 
the framework of these questions may be helpful to other organizations considering similar counting programs. 
 
1. Comprehensiveness 

The DNR will need to consider how much of the system they want to count. For example, should the entire system of 
1,300 miles of state trails be monitored?  Or, is it enough to measure the 680 miles of improved surface trails?  Can 
the program sample representative sites instead of monitoring the whole system?  Once a decision is made about 
which parts of the system are important to measure, other factors can be considered.  

Based input and direction from DNR staff, and our understanding of DNR’s organizational goals, we assume that 
measuring the 680 miles of improved surface trails is sufficient in meeting the organization’s goals of a statewide trail 
counting program.
 
2. Frequency 

The DNR will need to consider how often they will count the users on their trails.  For example, will they need to count 
all of their trails annually, every 10 years, or somewhere between in order to guide investment and maintenance 
decisions?  Furthermore, how long will their count period be within a given year?  Once they decide on how often to 
measure, they can move forward with the considerations below.  

Based on our conversations with the DNR and our understandings of their organizational goals, we assume a 5-year, 
rotating measurement of state trails during the summer months from May to September is sufficient for their 
statewide trail counting program.  This means that roughly 20% of the system would be counted every year. 
 
3. Segment Analysis  

The DNR will need to consider how the 680 miles of improved surface trails will be broken into manageable sections - 
or segments -  for measurement.  This decision will inform where automated or manual counting will take place.  There 
are many ways to segment a trail, each with benefits and drawbacks, depending on the goals of the counting program.  
Does the DNR want to know trail use at a particular point, say, a trailhead?  Or is it important to determine extended 
lengths of the trail that exhibit similar use?  Can each trail have the same segment lengths, or do they need to be 
segmented differently based on geography and use characteristics? Figure 4.5 illustrates some of these segmenting 
alternatives. 

Perhaps the simplest segmentation approach is to use lengths of equal distance across the entirety of a trail or trail 
system (example a. in Figure 4.5). This may be useful in the early stages of planning for a trail use counting program, 
providing an organization with a general understanding of resource needs.  But, in practice, trail segments of equal 
lengths many not account for use variability within and among trails.  
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      Figure 4.5:  Various ways to create trail segments

 

In order to understand the spatial variation in trail use within and among the DNR’s state trails, segments should 
be defined with user behavior in mind. If, on average, the distance traveled by bicyclists on the state trail system 
is 5 miles, should all trails be divided into segments of 5 miles in length each (example b. in Figure 4.5)?  When 
determining counter locations and the length of the trail they represent (segments), should we take into consideration 
human-made and/or natural barriers, such as a busy highway intersection or a large, steep hill (example c. in Figure 
4.5)?  Further, how might land use and development patterns impact trail use behavior, including distance traveled 
(examples d. and e. in Figure 4.5)?  How might an intersecting trail influence trail use on either side of the divide 
(example f. In Figure 4.5)?  What methods might we use to capture some of these factors?  
 
Based on our literature review, conversations with the DNR, and our understanding of their organizational goals, 
we recommend trail segments be defined, preliminarily, on the basis of characteristics of the built and natural 
environment, and reflective of population surrounding the trail.  We employed an approach developed by Wilson 
and Lindsey (2015) to create a trail typology reflective of the DNR state trail system.  The method used helps to 
operationalize the process of determining trail segments and counting locations, while being responsive to unique trail 
characteristics along each trail.  

Using this approach, we identify five trail types across the state trail system: urban, developed/suburban, low 
intensity/agriculture, forest, and parks.  One of the five trail types was attributed to each mile of the state trail system. 
Doing so results in a tool that highlights the “natural breaks” along a trail (see Figure 4.7).  After this initial step, the 
local knowledge of trail managers and staff will further inform the designation of segments and counter locations 
along the trail - identifying the patterns that data cannot.  This second step will ensure that evolving user trends are 
accounted for. 
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The trail typology is the product of geospatial data inputs grouped into four basic categories: parkland, land cover, 
population, and street network connectivity (Figure 4.6).

      Figure 4.6:  Segment analysis data inputs

Using ESRI ArcGIS software, a point was placed at every mile along the State Trail system. Next, a half-mile-radius 
buffer was created for each point, used to capture the unique physical and demographic characteristics surrounding 
each mile of the trail. Descriptive variables used include estimated population, number of street intersections, square 
miles of parkland, agriculture, and forest land within the half-mile-radius buffer.  See Appendix C for more on the 
methodology used, and a complete list of variables measured and attributed to each unique buffer.  
 
The attributed trail point buffers were classified into one of the five trail types using the ESRI Grouping Analysis tool. 
Complete summary statistics of the grouping analysis output is shown in Appendix C.
 
Figure 4.7 illustrates the attributed trail buffers by type, on four of the system’s twenty-five trails. Figure 4.8 highlights 
break points along the Gateway and Brown’s Creek state trails. Such could be used as aides in the process of defining 
trail segments.  
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Figure 4.7:  Overview of segment analysis results
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Figure 4.8:  Segment analysis output: Gateway and Brown’s Creek state trails

 

 
4. Length of Count 

The DNR will need to consider how long they want to count at each trail segment.  Short duration sites can vary in 
length from hours to days depending on whether the DNR wants to implement manual or automated traffic counts 
and how much error is considered acceptable in measuring its trail users.  Depending on the method of extrapolation, 
shorter, manual traffic counts can result in up to 40% margin of error, while longer, two-week automated traffic counts 
can have as low as an 11% margin of error.  In addition to determining an acceptable margin of error, the DNR will 
need to consider how many resources can be allocated towards each counting period. 
 
5. Technology  

There are at least seven different types of commercially available technologies for automated traffic counting: 
pneumatic tubes, video analytics, inductive loop detectors, passive infrared detectors, combined passive infrared 
and inductive loop detectors, radio beams, and magnetometers (MnDOT, 2013).  These counters have a range of 
capabilities and costs associated with them.  Some are able to distinguish between bicyclists based on the metal 
frame of the bicycle or speed at which the user is moving.  Some are capable of providing counts in real-time through 
a wireless internet connection while some  require a person to physically collect data by downloading via a cable 
connection, while newer counters have the option of sending data through a wireless internet connection.



Monitoring Use of Minnesota State Trails  |  MURP Capstone Paper     25

In general, newer, more expensive equipment have more capabilities. For the purposes of this report, we focus on 
two types of counting devices both distributed by Eco-Counter (http://www.eco-compteur.co): the Eco-pyro and 
the Eco-multi. The Eco-pyro uses passive infrared to count both cyclists and pedestrians and can be used for both 
temporary and permanent installations. The Eco-multi combines a passive infrared with an inductive loop sensor to 
count both cyclists and pedestrians with high accuracy and is typically installed permanently. Eco-multi counters are 
most appropriate for permanent and semi-permanent reference sites.  Eco-pyro counters could be used for semi-
permanent reference sites or short duration sites. We consider both counters as reference counters in our 2 Scenarios 
chapter below when making program recommendations. Based on a memo to MnDOT in 2013 regarding counting 
technologies, the cost of the Eco-pyro is $3,500 and the cost of the Multi is $10,000: $5,000 to purchase and $5,000 
to install  (MnDOT, 2013). Each Eco-Counter device requires an annual fee of  $400 in order to to make use of the 
Internet-based data retrieval feature. MnDOT is investing approximately $250,000 in Eco-Counter devices and has 
worked to have Eco-Counter on a state vendor list which makes it easier for other agencies to purchase (Lindsey, 
2016). 
 
Regardless of which technology the DNR employs, there will be maintenance costs and resources required to maintain 
the equipment. Both the Eco-multi and the Eco-pyro, though featuring long-lasting batteries and weather protected 
exteriors, will need to be maintained and occasionally fixed. That being said, we believe these two counters have the 
capability to fulfill the DNR’s need over long period of time.
 
6. Extrapolation Method 

Once the DNR decides on the counting methodology they will use to count users, they need to decide on the factoring 
method they will use to extrapolate their data. Will they use day-of-year, day-of-week, or month-of-year factors (pg. 
17)? By deciding the factoring method, the DNR is deciding what type of data they want to produce. 

Based on our literature review and our Case Study 2 outcomes (pg. 17), we recommend using day-of-year factoring 
method since this method tends to outperform others when monitoring bicycle and pedestrian traffic (Hankey et 
al., 2014).  This is the prevailing method used by organizations that extrapolate short duration non-motorized traffic 
counts in Minnesota. 

7. Data Management 

The DNR will need to consider how much time they want to spend collecting and entering data once it is collected. As 
stated in the technology section above, not all automated counters are created equally.  Older automated counters 
require a person to physically collect data by downloading via a cable connection while newer counters can send data 
wirelessly. Furthermore, if people are asked to help manually count traffic along the trails, information will have to be 
entered by hand into a spreadsheet or database.  Additionally, utilizing volunteer hours for manual counts may result 
in sacrificed quality control.  The DNR must consider how many capital resources they are willing to put into newer 
counting technology in order for data to be streamed via a wifi connection.
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5. Scenarios for Counting State Trails
 
There are seemingly infinite ways to combine these seven choices for counting Minnesota’s state trail system.  We 
describe two scenarios that illuminate the implications of some of these choices.  These scenarios could be blended, 
or other choices could be modified, to create a distinct monitoring scenario. 

Some choices are held constant between scenarios because of input from DNR staff and assumptions by the authors.  
Both scenarios assume the scope of monitoring will include paved or hardened-surface trails only.  The requirements 
for labor and equipment would have to be increased proportional to the miles of trails added to the monitoring 
program.  Each scenario is based on a rotating 5-year count, where roughly 20% of state trail miles are counted 
each year.  Additionally, each scenario uses the proposed segment analysis, and focuses on short duration counts 
completed during peak seasons with slightly different time frames. 

A variety of automated counters could be utilized for short duration sites, and semi-permanent and permanent 
reference sites. As described in our technology section in the previous chapter, we recommend Eco-counters because 
data can be accessed and monitored remotely, reducing staff demands.  Eco-multi counters are most appropriate for 
permanent and semi-permanent reference sites.  
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5.1. Scenario 1: Fully Automated Traffic Counting 

Scenario 1 completes traffic counts through a fully automated data collection system (Table 5.1).
 
      Table 5.1: Fully Automated Traffic Counts

 
This scenario concentrates short duration counts in the summer.  The day-of-year factoring is most effective during 
peak use seasons (Hankey et al., 2014).  State trails are assumed to follow typical recreational patterns with peak 
use occurring in the summer.  Therefore, this scenario assumes all short duration counts will be performed between 
Memorial Day and Labor Day. 

Permanent reference sites in this scenario fall into two categories: MnDOT and the DNR.  MnDOT is establishing 
a statewide system of Eco-multi permanent counters with half located on trail facilities and half on road facilities 
(MnDOT, 2016).  Two of MnDOT’s permanent counters will be located on state trails; the Root River State Trail in 
Lanesboro and the Paul Bunyan State Trail north of Brainerd.  Data from these counters can be used to extrapolate 
short duration counts on those trails.  MnDOT is also investing in counters on at least three other trails in the state.  
Some of these counters are located on trails which are adjacent to, or extensions of a state trail. All of MnDOT’s 
permanent counters can be leveraged in the DNR’s counting program and do not need to be duplicated.  This scenario 
includes five additional permanent counters to be purchased and installed on state trails by the DNR. The DNR 
needs to consider the location of existing MnDOT permanent counters and whether they are sufficient for reference 
locations for the state. 
 
Five Eco-pyro counters to be purchased by the DNR in this scenario.  These five counters will be used for semi-
permanent reference sites and short duration counts.  About five counters are needed to count the entire system 
of 680 trails on a 5-year rotating basis.  Staff or volunteer time could be used to move and install counters at short 
duration sites. 

Since this scenario uses fully automated data collection, factoring can rely on continuous counts of 7-14 days.  A 
counting duration as short as seven days be adequate for high use trails and peak seasons.  Longer durations are 
advisable for lower use trails and non-peak seasons.  The day-of-year factoring method could produce an estimate of 
AADT for every trail segment with an 11% estimated margin of error (Hankey et al., 2014). 
 
This scenario includes the use of Eco-multi counters for permanent reference sites and Eco-pyro counters for semi-
permanent reference sites and short duration counts.  Both of these counters allow for remote data collection and 
monitoring.  Data can be easily downloaded and analyzed from the office.  The vendor also offers an online platform 
for viewing and analyzing data, however, specific research questions would require more sophisticated analysis tools.

Choices Scenario 1

1: Comprehensiveness  - Count 680 miles of paved trails
2: Frequency  - Every 5 years; count 20% of system annually

 - 175 segments with average length of 4 miles
 - Segment trails by typology and local knowledge
 - Counting season:  Memorial Day to Labor Day (100 days +/- )
 - Permanent sites (10 locations): 365 days
 - Short-duration sites:  minimum 7-14 days long
 - Leverage 5 existing MnDOT Eco-Multi counters on trails
 - Purchase 5 additional Eco-Multi counters for permanent state trail reference sites
 - Purchase 5 Eco-Pyro counters for roving reference sites and short duration counts
 - Use day-of-year factoring with 7-14 day long short duration counts
 - Estimated error for each trail segment: 11%
 - Data streamed via wifi and accessed remotely
 - Staff time for quality control and analysis

4: Length of counting season 
and monitoring

3: Segmenting

5: Technology

6: Extrapolation method

7: Data management
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5.2. Scenario 2: Automated Reference Sites with Manual Short Duration 
Counts
 
Scenario 2 completes traffic counts through a combination of automated and manual data collection system (Table 5.2).
 
      Table 5.2:  Combined Automated and Manual Traffic Counts

This scenario allows for short duration counts to be spread to a slightly longer season than scenario 1.  Short duration 
counts could be completed anytime between May and September, and they could be extended into April and October 
if needed. 

The extended season is done for several reasons.  First, counting in the shoulder seasons will allow short duration 
counts to capture a larger proportion of daily traffic.  In the height of summer, trail use is spread across a larger 
portion of the day, which could be the result of longer daylight or higher temperatures (See Appendix D).  Second, 
the extended season could allow for short duration counts to be paired with other counting initiatives.  The National 
Bicycle and Pedestrian Documentation Project has established counting windows in May and September.  Manual 
counting on state trails could be combined with this project for efficiency and increased exposure. 

Like scenario 1, MnDOT permanent counters are leveraged for reference sites.  No additional permanent reference 
sites are included in this scenario.  Instead equipment is deployed to semi-permanent reference sites on whichever 
trails are counted in a given year. 

In this scenario, all short duration counts are completed through manual observations.  All short duration counts 
would include 12 consecutive hours of counting during peak use hours (daylight).  A 12-hour count would require 
multiple shifts and could be completed with a combination of staff and volunteer labor. 
 
This scenario also uses the day-of-year factoring method but it requires an additional step.  Since a 12-hour long count 
is less than a complete day, the counts will have to be adjusted.  Site specific correction factors could be determined 
using data from a local reference site.  The error of extrapolating a 12-hour count may vary substantially.  Preliminary 
academic research suggests an estimated error between 30 and 40 percent (Nordback, Marshall, Janson, & Stolz, 
2013; Hankey et al., 2014).  Error will tend to be lower on higher use trails since higher use trails tend to have lower 
traffic variability from day to day.

Choices Scenario 2

1: Comprehensiveness  - Count 680 miles of paved trails
2: Frequency  - Every 5 years; count 20% of system annually

 - 175 segments with average length of 4 miles
 - Segment trails by typology and local knowledge
 - Counting season:  May to September (125 days +/- )
 - Permanent sites (5 locations): 365 days
 - Short-duration sites:  12-hour periods preferred
 - Leverage 5 existing MnDOT Eco-Multi counters on trails
 - Purchase 5 Eco-Pyro counters for roving reference sites
 - Manual counting for short duration counts
 - Adjust 12-hour long short duration count to estimated daily total traffic
 - Use day-of-year factoring with 7-14 day long short duration counts
 - Estimated error for each trail segment: 11%
 - Manual data collection
 - Manual data entry
 - Staff time for quality control and analysis
 - Staff time to maintain volunteer database

4: Length of counting season 
and monitoring

3: Segmenting

5: Technology

6: Extrapolation method

7: Data management
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5.3. Comparing Scenarios 

As mentioned these 2 scenarios are not mutually exclusive, however they do illuminate some of the differences 
between various decisions.  Scenario 1 requires a greater capital investment to gain staffing efficiencies and consistent, 
quality data.  Scenario 2 minimizes capital investment and gains adaptability and the opportunity to engage volunteers.  
The second scenario could be pursued on an interim basis or portions of both could be implemented simultaneously.  
Table 5.3 summarizes the benefits and limitations of each approach.

      Table 5.3: Benefits and limitations of scenarios

 
.

Manual Versus Automated Data Collection 

The use of manual observation will limit the duration of short duration counts.  Counts as short as 2-hours have been 
used to extrapolate AADT, with large margins of error.  The Federal Highway Administration suggests 12-hours as the 
preferred length of short duration counts (2013).  This allows for some interpretation of time-of-day patterns, though 
one day may not be representative of typical use patterns.  Also, limiting observations will not allow for interpretation 
of patterns by day-of-week.  Manual observers can collect more information about user characteristics such as gender, 
mode-split, group size, etc. However, contiguous 12-hour counts may be difficult to implement due to resource and 
staff constraints.  Two-hour long counts are standard practice because of limitations of using manual observers. 

The use of automated counters allows for a dramatic extension of short duration counts.  This also improves the 
estimated error of extrapolated AADT.  Automated counters collect data 24/7 which allows for accurate profiles of use 
by time-of-day, day-of-week, and month-of-year.  Some automated technology is able to differentiate use between 
bicycle and pedestrian, but no technology is able to collect detailed user characteristics as a manual observer can. 

Factor Scenario 1 Scenario 2

Capital cost $80,000 $28,000
Minimal Moderate to high
Requires staff or volunteers to move counters Requires staff to input, analyze, and possibly collect 

data
Requires staff to analyze data Volunteer base could minimize staff time

Moderate None to minimal
Cost to upload data via internet for 10 counters Cost to upload data via internet for 5 counters
Maintenance of permanent equipment Administrative maintenance of volunteer contacts, 

data entry forms
High Moderate
Accurate and robust data Less accurate and less robust data
Track patterns by time-of-day, day-of-week, and 
month-of-year
Minimal Moderate
Some automated equipment can determine mode 
split

Manual observers can collect mode split, 
demographic data

Moderate Minimal
Investment in infrastructure implies commitment Monitoring depends upon staff time and volunteer 

base
Minimal Moderate to high
Fewer, less fruitful volunteer opportunities Many opportunities for volunteer engagement

Minimal Moderate to high
Capacity building through information sharing and 
ability to track trail use

Volunteer network could build support and advocacy 
network for trails
Potential to partner with other organizations

Volunteer role

Capacity building 

Labor cost

Maintenance cost

Data quality

Data richness

Program stability
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 Automated counters also introduce error due to occlusion, where two or more people pass the counter 
simultaneously, resulting in undercounts. 

Hybrid of Counting Techniques 

As we mentioned above, some automated counters do not differentiate between modes of transportation. This 
limitation can be overcome through validation where a person counting users manually can compare manual results 
to users registered by an automated counter. Using a combination of automated counts and fewer manual counts, the 
mode split and accuracy of automated counts can be estimated. 

Cost and Program Stability
 
Increased use of automated counters increases the capital cost of the program while limited labor costs.  Though, 
there will be marginal increases in required labor as the number of permanent reference sites increases.  Equipment 
will need to be maintained and vegetation around counters must be cleared for counters to operate effectively.  
Manual observations require additional labor for conducting the counts, performing data entry, and ensuring quality 
control.  Use of volunteers requires staff time to maintain contact lists, conduct training, and organize the logistics of 
counting days. 
 
Investment in permanent equipment implies a commitment to the monitoring program.  Once equipment is installed 
it will continue to count users without much intervention and monitoring.  A manual counting program is extremely 
reliant on staff to lead and execute the monitoring program.  Manual surveys may be easily discontinued if there 
are competing priorities for staff time or turnover.  One benefit of manual surveys is the ease in which they could 
be scaled up and down or deployed in different contexts.  In this way, manual surveys may be more adaptable than 
automated counts.

Data Utility
 
While both scenarios quantify trail traffic, there are differences in the quality and possible applications of data. Since 
automated counters can count traffic 24/7, they allow for detailed analysis of temporal trends. These trends include 
use by time of day, day of week, and week of year.  Since large and detailed datasets will be gathered these trends can 
be compared across geographies, counters and seasons. Manual observations do not allow for this type of analysis 
unless an extremely large number of observations are conducted. Since automated counters allow for lengthier short 
duration counts, error for extrapolation of AADT can be reduced to 11% (Hankey et al. 2013). 

Continuous counts cannot be completed using manual observations due to the limitations of staffing and fatigue of 
observers. Since short duration counts would be less than 24-hours, the error for extrapolating AADT will increase to 
30-40% (Nordback et al., 2013 and Hankey et al., 2013). However, manual observers are able to capture additional 
data that technology can not discern. Manual observers would be able to collect information on mode split, sex, age, 
group size, and pets. In some cases this information may be more valuable than having an accurate estimation of 
annual use. 
 
Collaborating with Volunteers 

For the Parks and Trails Council State Trail User Study, local volunteer groups were involved in counting users and 
selecting specific counting locations (Oftedal, 2016). Once the Parks and Trails Council defined segments, they allowed 
trail groups to use their local knowledge to help identify counting locations. The number of sites and selection of sites 
were based on the expected level of volunteer interest and capacity (Oftedal, 2016). Not all state trail segments were 
counted because sufficient volunteers were not recruited in all locations.
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Collaborating with volunteers to conduct manual counts can reinforce the importance of counts and their role in 
supporting Minnesota trails. According to Andrew Oftedal, using volunteers to conduct the Parks and Trails Council’s 
manual counts engaged people and generated excitement surrounding counting efforts.  Unfortunately, participants 
and trail groups who are most affiliated with a specific trail may see themselves in competition with other trail groups 
for resources. 

Better coordination with other programs and organizations may increase utility and benefit of repeating manual 
counts on state trails.  Manual counts on state trails could be coordinated with the National Bicycle and Pedestrian 
Documentation Project.  Transit for Livable Communities, Minneapolis Department of Public Works, and Parks and 
Trails Council are organizations in Minnesota which have been part of this initiative.  Partnering with these, and other 
organizations, could increase exposure to the DNR’s monitoring program and aid volunteer recruitment. 
 

5.4. Example Implementation Plan 
We developed an example implementation plan to help illustrate how the scenarios would look in practice (Table 5.4). 
This plan could be used for either scenario 1 or 2, except scenario 2 would require fewer counters per year. This plan 
was developed with the following principles in mind: 

• Define segments at major land use breaks, using the trail typology 
• Maximize potential to leverage existing and planned reference sites, including counters installed by the DNR 

and other agencies
• Focus counts by geography to minimize potential extrapolation error due to weather variation
• Focus counts by administrative area to gain staffing efficiencies
• Monitor every mile of hardened trail in Minnesota State Trail system once every five years

 
      Table 5.4:  Example Implementation Plan

 

Year State Trails Admin. area Total miles Total segments Counters needed per year
Paul Bunyan 1A, 2F
Heartland 1A
Central Lakes 1B
Cuyuna Lakes 2F
Gitchi-Gami 2D, 2C
Willard Munger 2C
Alex Laveau Memorial 2C
Matthew Lourey 2D
Taconite 2A
Luce Line 3B, 4C, 4A
Glacial Lakes 3A, 4A
Minnesota Valley 3B
Gateway 3B
Brown's Creek 3B
Root River 3C
Harmony-Preston Valley 3C
Douglas 3C
Great River Ridge 3C
Goodhue Pioneer 3C
Other Blufflands 3C
Sakatah Singing Hills 4C, 4D
Shooting Star State 4D
Casey Jones State 4B
Blazing Star State 4D
Mill Towns State 4D

7.6

7.32682

47 9.4

1034120

120 38 8.6

262

93 30

2017

2018

2019

2020

2021
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The number of counters (C) needed to complete the monitoring of one trail over the course of one summer is 
calucalted as: 
 
 C = R  - M + ( (S-R) / 9) 
 Where   R is the number of reference sites needed,  
  M is the number of MnDOT counters available 
  S is the estimated number of segments along the trail 

Using automated counters (e.g. Eco-multi or Eco-pyro), each segment along the trail should be monitored for at least 
10 days in order to minimize margin of error. If we assume it takes one day to move a counter to the next counting 
location, a counter is assigned to each segment of trail for 11 days. There are roughly nine 11-day periods throughout 
the summer months within which to collect data at short duration sites.

We assume the DNR will count about 5 trails per year. The total number of counters needed per year is the summation 
of the number of counters needed for each trail, based on the formula above. 
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6. Additional Recommendations for Implementation
In addition to our recommendations listed above, we present supplementary recommendations for trail monitoring. 
Some of these recommendations may be used to guide implementation of a trail monitoring program.  Others 
recommendations are suggested next steps which were beyond the scope of this project. 

1. We recommend that the DNR test potential permanent sites before installing equipment. 
 
Past state trail studies were completed at a macro scale which may mask some trail use trends. It is important 
to carefully consider locations of reference sites since they are permanent and non-representative reference 
sites may increase extrapolation error. Sites should be tested across geographies and trail types to gain the 
broadest representation of trail use. Sites should be tested for mode split, time of day and day of week trends, 
and seasonality of use. By testing potential permanent sites for short durations ahead of time, the DNR can 
ensure that they place their permanent counters at representative sites. 

2. We recommend that the DNR coordinate the installation of permanent counters with trail development and 
rehabilitation projects. 
 
Coordinating installation with trail development and rehabilitation projects may create efficiencies in the 
cost of installing counters. A coordinated program may also allow for a comparison of use before and 
after construction projects. This data could be valuable for justifying funding for trail development and 
maintenance. 

3. We recommend the DNR coordinate trail counts with other organizations throughout Minnesota. 
 
Better coordination with other organizations could decrease costs and help to pool counting resources. 
Additionally, data and knowledge sharing can be beneficial to organizations with similar monitoring interests 
and can have spillover effects onto other projects once a dialogue between counting partners has begun. In 
an interview with Andrew Oftedal of the Parks and Trails Council, he described the benefits of organizational 
collaboration when mobilizing volunteers (Oftedal, 2016).  

Photo credit: www.startribune.com/mndot-expands-interactive-bike-map-app/268742081/
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We recommend the DNR consider extending traffic counting efforts to other trail systems. 
 
The same principles for counting non-motorized users could be applied to other seasons and other types of 
trails. In many cases the same equipment could be used to monitor winter uses and motorized uses. Other 
types of trails systems, like state park trails and forest roads, could be monitored. The management issues on 
these systems are likely similar to those facing the state trail system.

4.

 
In addition to our recommendation of automated traffic counts, these additional recommendations could preserve 
resources by saving time or money. These recommendations could help the DNR better understand trail use trends 
and what factors influence those trends. Furthermore, they could provide the DNR with insights on how to best 
implement and modify trail monitoring practices in the future, resulting in better quality data and the ability to make 
better management decisions.



Monitoring Use of Minnesota State Trails  |  MURP Capstone Paper      37

7. References
Alta Planning and Design. (2016). National Bicycle and Pedestrian Documentation Project. Retrieved from http://
bikepeddocumentation.org/

Arrowhead Regional Development Commission (ARDC). (2015). Gitchi-Gami State Trail 2015 Usage Study:  Summer 
2015.  Duluth, MN: ARDC Regional Planning Division.

ESRI. (2016). How Grouping Analysis Works. Retrieved from 
http://pro.arcgis.com/en/pro-app/tool-reference/spatial-statistics/how-grouping-analysis-works.htm

Federal Highway Administration. (2013). Chapter 4 Traffic Monitoring for Non-motorized Traffic. Traffic Monitoring 
Guide. Retrieved from https://www.fhwa.dot.gov/policyinformation/tmguide/tmg_fhwa_pl_13_015.pdf

Hankey, S., Lindsey, G., and Marshall, J. (2014). Day-of-Year Scaling Factors and Design Considerations for Non-
motorized Traffic Monitoring Programs. Transportation Research Record: Journal of the Transportation Review 
Board. 2468 (08)  http://dx.doi.org/10.3141/2468-08

Kelly, T. (2010). Status of Summer Trail Use (2007-09) on Five Paved State Bicycle Trails and Trends Since the 1990s. 
Retrieved from http://files.dnr.state.mn.us/aboutdnr/reports/trails/5trailstudies10.pdf

Kelly, T. (2012, March 19). MN DNR Paved Bike Trail Counting Procedures. 

Kelly, T. (2014). User Characteristics of Use Trends Since the 1990s on Paved State Bicycle Trails. Retrieved from 
http://files.dnr.state.mn.us/aboutdnr/reports/trails/1996_2013_trail_trends.pdf

Kelly, T. (2016, March 10). DNR User Duration Counting Methodology [Telephone interview].

Lindsey, G., Hankey, S., and Marshall, J. (2014). New Performance Measures for Urban Trails. Submitted to Journal of 
Park and Recreation Administration.

Lindsey, G., Hankey, S., Wang, X., and Chen, J. (2013). The Minnesota Bicycle and Pedestrian Counting Initiative: 
Methodologies for Non-motorized Traffic Monitoring. St. Paul, MN: Minnesota Department of Transportation.

Lindsey, G. (2016, March 3). MnDOT Automated Counting Methodology [In person interview].

Manzoline, B. and Lee, C. (2016, March 10). Mesabi Trail Counting [Telephone interview].

Mercer, T. (2016, March 17). Three Rivers Park District Counting Methodology [Telephone interview]. 

Moore, C. (2016, March 17). Arrowhead Regional Development Commission’s 2015 Gitchi-Gami State Trail Count 
[Telephone interview].

Minnesota Department of Natural Resources (DNR). (2015). System Plan: Charting a course for the future. St. Paul, 
MN: DNR Parks and Trails Division. Retrieved from http://files.dnr.state.mn.us/input/mgmtplans/pat/system_plan/
system_plan.pdf



  38    Monitoring Use of Minnesota State Trails  |  MURP Capstone Paper

Minnesota Department of Natural Resources (DNR). (2016). State Trail System Summary As of December 31, 2015. St. 
Paul, MN: DNR Parks and Trails Division.

Minnesota Department of Transportation (MnDOT), “The Minnesota Bicycle and Pedestrian Counting Initiative: 
Implementation Study,” 2015, citing Erik Minge memorandum to Lisa Austin. “Re: Bicycle and Pedestrian Detection 
Recommendations,” 2013.

Minnesota Department of Transportation (MnDOT). (2016). Bicycling Research:  Bicycle and pedestrian traffic counts.  
Retreived from http://www.dot.state.mn.us/bike/research/research.html.

Nordback, K., Marshall, W., Janson, B., and Stolz, E. (2013). Estimating Annual Average Daily Bicyclists: Error and 
Accuracy. Transportation Research Record: Journal of the Transportation Research Board, 2339 (10), 90-97.

Parks and Trails Council of Minnesota. (2016). 2015 State Trail User Count: An exploratory look at how Minnesota’s 
State Trails are used. St. Paul, MN.

Pradhananga, A., Davenport, M., and Saari, H. (2016). DRAFT Handbook for Minnesota Parks and Trails Visitor 
Surveying: A Statewide Standardized Survey Tool. St. Paul, MN: University of Minnesota, Department of Forest 
Resources.

Oftedal, A. “Parks and Trails Council Trail Counting Methodology.” Telephone interview. 8 Mar. 2016.

Wilson, J. and Lindsey, G. (2015). Design and implementation of a method for selecting sampling locations for trail 
traffic monitoring.

XLSTAT. (2016). Software Guide.



Monitoring Use of Minnesota State Trails  |  MURP Capstone Paper      39

8. Appendix
Appendix A. Current Minnesota Trail Counting Methods
 
Since the DNR’s trail counting methodology was developed in the 1990s, other organizations in Minnesota have begun 
to quantify trail use.  These organizations began counting trail users for similar reasons as the DNR.  However, each 
organization has utilized a different approach to gathering this data.  As a result, data from one organization is not always 
comparable to data gathered by another.  Several efforts have been undertaken to develop a standardized approach to 
trail counting throughout the state (MnDOT and MnPAT).  Though, development of different counting methods is driven by 
the fact that each organization has a unique system with unique needs. In Table A.1 are the Minnesota organizations that 
we studied and/or interviewed, by their method of trail counting.  

      Table A.1:  Organizational trail counting methods

 

For the seven organizations we interviewed, our questions included: 

• Is our description of your counting methodology accurate?
• How many years of data do they have?
• Is the trail counting data available to us?
• Has the methodology changed over the years? If so, why?
• How have you used the counts? Administratively?  To plan trail management and operations?  To supplement 

funding requests?  Other?  (focus on the value of these counts to the organization) 
• How would you like to use trail counting data, if you are unable to use current data for that
• Why did you choose to count at the places you did?
• How could you modify your counting methods to answer these questions?  What is the barrier to doing this:  

money, time, not a priority?
• Is there anything else you want to tell us about trail counting?
• How would you like to be involved in the project going forward?/Are you interested in receiving the final report?

 
These questions deviated slightly among the seven organizations we interviewed based on their counting methodology 
and interviewee responses.

Method Output Organizations
Duration User hours Metropolitan Council (all 11 implementing agencies)

Cannon Valley Trail Authority

Parks and Trails Council of Minnesota

Transit for Livable Communities

City of Minneapolis

National Bike and Pedestrian Documentation Project

MnDOT

St. Louis & Lake County Regional Railroad Authority (Mesabi Trail)

Arrowhead Regional Development Commission (Gitchi-Gami State Trail)

Minneapolis Park and Recreation Board

Three Rivers Park District

Note: This table is not exhaustive; it includes organizations interviewed or researched during the course of developing this report. Methods may change 
over time. Additionally, some organizations implement multiple methods depending on the context.

Visit User visits

Manual Traffic Annual Average Daily Traffic

Automated Traffic Annual Average Daily Traffic
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Counting Methodologies of Minnesota Organizations 
        
Metropolitan Council 

As charged by the Minnesota State Legislature (Minnesota Statute 85.53, subd. 3-4; Minn. Stat. 473.351, subd. 3), the 
Metropolitan Council conducts annual use estimates of the metropolitan regional parks and trails system. Guided by 
methodologies developed as part of studies in 1998, and later updated in 2008, the Council quantifies park and trail 
use by the number of annual visits it receives. The number of annual visits for each regional park and trail are derived 
from four-year averages of visit data collected manually by staff (typically seasonal employees) from each of the 11 
implementing agencies (e.g. Dakota County, Minneapolis Park and Recreation Board). Annually, between Memorial 
Day and Labor Day, staff conduct two-hour observational counts, documenting entries to the park/trail based on an 
identified site line, similar to a screen line. This type of manual observation allows for the collection of additional 
demographic information, such as gender, age group, and mode. 
 
The methodology used by the Metropolitan Council is labor-intensive. The Council selects its annual count sites and 
times randomly, while ensuring a minimum of sixteen two-hour observations at each park/trail each year. Summer use 
data is extrapolated to winter, spring, and fall visits using seasonal multipliers.  Multipliers were developed from an i 
ntercept survey of users administered in 2008. 

Data applications: Funding allocations for trails and parks within Metropolitan Council’s jurisdiction. 

Three Rivers Park District
         
As an implementing agency of the metropolitan regional parks and trails system, Three Rivers Park District collects trail 
data in accordance with the methodology of the Metropolitan Council. In addition to the Council’s approach, Three 
Rivers Park District also tracks user entries, exits, and passes, resulting in a measure of traffic. Additionally, the Three 
Rivers Park District makes use of TRAFx infrared counters at select sites. 

In an interview with Thomas Mercer of the Three Rivers Park District, we discussed the difficulties of quantifying a 
complex system using visits where there are many formal and informal entrances (Mercer, 2016). In the long term, 
Mercer hopes to install Eco-multi counters at year-round reference sites with rotating short duration counts (Mercer, 
2016).

Data applications: Deciding engineering decisions regarding intersection use, safety, and justification for grants and 
improvements; understanding mode splits for centerline striping and mitigating user conflicts.

Parks and Trails Council of Minnesota 
 
The Parks and Trails Council of Minnesota conducted a trail counting project in the fall of 2015 to deliver an order-
of magnitude estimate of state trail use in Minnesota. To conduct the counts, volunteers were asked to complete 
10 hours of field counts at 25 locations during the month of September. The locations were chosen by first dividing 
651 hardened-surface miles of the state trail system into segments of approximately 15-25 miles in length.  Then, 
“purposeful sampling” was used to prioritize points-of-interest along the state trails and to make the best use of 
volunteer hours. Data from the resulting 25 locations can be used to extrapolate non-winter use for average weekend/
weekday traffic, average daily traffic, AADT, annual traffic, and total non-winter use. 

The total state trail traffic was estimated at 1.81 million for combined April through October traffic at the 27 locations 
included in this study. With a 40% confidence interval, chosen based past research that found that extrapolating short 
duration field counts of only one or two hours in duration can be as high as 40%, the figure could range somewhere 
between 1.09 million and 2.54 million. There is a large degree of uncertainty with such a small sample of counts since 
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the 10 hours of counts at each location may not have conveyed representative data for trail traffic in September. Reliable 
extrapolation factors for most regions of Minnesota were not yet available so the authors assumed that traffic patterns on 
all state trails were similar to traffic patterns on trails in Minneapolis. 

This is new counting initiative so the applications for data are still emerging and evolving.  The counts produced an order-
of-magnitude estimate for usage of state trails to use in promotional materials and FAQ sheets.  Parks and Trails Council 
anticipates using these figures for legislative advocacy for trail funding.  The counting project was a way to engage council 
volunteers, build community, and generate support for recreational trails.  Staff feel this project could serve as a stepping 
stone to future systematic and robust trail counting approaches (Oftedal, 2016).  The data produced by Parks and Trails 
Council has also been used by individual trail user groups to further their own activities.
 
Data applications: Order-of-magnitude estimate for usage of state trails; highlight the need for future, expanded trail 
counts on state trails; and engage local volunteers to conduct trail counts. 
 
UMN Center for Changing Landscapes/MnPAT 2016 

The University of Minnesota, Center for Changing landscapes developed a standardized survey tool to survey users at 
state and regional parks and trails. The survey focused on collection of qualitative data about users, not counting people, 
visits or traffic. A previous iteration of this method was piloted in 2009 and administered in 2010. A modified version of 
this method will be implemented in the summer of 2016. The goal will be to collect at least 400 surveys from each park or 
trail surveyed. A hybrid randomized and systematic manual sampling plan was utilized to select theintercept locations and 
times. 

Data applications: Have comparable data across regional and state park and trail systems; understand qualitative user 
information like socio-demographic characteristics, satisfaction with facility, and recreation history.
 
Cannon Valley Trail Authority 

The Cannon Valley Trail Authority requires that users have a wheel pass (pedestrians, educational groups, and mobility 
assist devices are exempt).  The number of trail passes sold each year is used to estimate annual trail use.  Extrapolation is 
performed using formulas established from a manual survey of trail users in the 1990s. Survey findings indicate that about 
85% of users are cyclists, 5% are in-line skaters, and are 9% pedestrians.  Automated counts have been performed on the 
Cannon Valley Regional Trail in the past, but staff found these to be unreliable and the practice was discontinued.
 
Data applications: Advocate for and promote the trail; mode split data is used for planning decisions and responding to 
user group requests.

Mesabi Trail 

The St. Louis and Lake Counties Regional Railroad Authority uses ten permanent counters to gather information about 
usage of the Mesabi Trail.  These ten active infrared counters are located along 110 miles of the trail.  Staff travel the 
length of the trail and collect data every two weeks.  The counters are primarily located in more remote sections of 
the trail. In an interview with Bob Manzoline and Chris Lee of the Mesabi Trail, he stated that the remote locations of 
the counters have led to challenges of understanding benefits to local communities but they have helped inform their 
maintenance funding. 

Data applications:  Economic impact study;  justification for funding support; inform maintenance activities. 
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MnDOT 

The Minnesota Department of Transportation began a non-motorized traffic counting initiative in 2011, in conjunction 
with the Humphrey School of Public Affairs at the University of Minnesota. The initiative has provided support to 
organizations and governments across the state who are interested in non-motorized traffic monitoring. MnDOT is 
developing a system of permanent reference sites on trail and on-road locations throughout the state (MnDOT, 2016).
 
Yearlong data samples were collected by permanent counters in selected sites for a wide range of facilities including 
trails. Using these yearlong reference sites counts, MnDOT extrapolates seasonal counts to AADT. In addition, several 
manual counting were also conducted to modify the underestimation of automatic counters. 

Data applications: Build database and systems to institutionalize multimodal decision making; demonstrate statewide 
importance of multi-modal transportation; track trends over time and geography; performance indicators; provide 
resources to other organizations.

ARDC Gitchi-Gami

The Arrowhead Regional Development Commission (ARDC) conducted a trail counting project along the Gitchi-Gami 
State Trail in the summer of 2015 to collect data on traffic volume and use pattern along the trail. To complete the 
counts, the ARDC collaborated with several entities to secure and operationalize seven automatic infrared counters 
between May 23rd and September 8th of 2015. Two of the TrailMaster counters they stationed at permanent, control 
sites and five of counters were moved to sample sites for 10 day increments. In total, 23 sites were sampled with each 
collection site being 1 to 2 miles apart. ARDC personnel adjusted raw data by using a multiplier based on previous trail 
count studies. After adjusting, they broke data down into daily and hourly events, and calculated summer average 
daily traffic (SADT) for each site.

The data collected during the project will allow trail stakeholders and partnering agencies to more effectively plan 
and manage the trail in the future. Results indicated that SADT counts for the 23 sites along the Gitchi-Gami average 
around 108 daily users per site with a range of 165. The results suggest that popularity of certain segments or nodes 
along the trail may be connected to proximity to popular attractions or population centers. Strengths of the study 
include use of control counters at Iona’s Beach Scientific and Natural Area and at Lutsen and constant data collection 
methods throughout the study window. Limitations include lack of mode split, occlusion, different time windows for 
sampling, and issues with counters due to tampering or dying batteries.

Data applications: Build database and systems to institutionalize multimodal decision making, demonstrate statewide 
importance of multi-modal transportation, track trends over time and geography, performance indicators, provide 
resources to other organizations. 
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Appendix B. Findings from Gateway and Brown’s Creek trail counts
Figure B.1 illustrates the extrapolated AADT from table 4.1. The darker shaded sections of trail correspond to a higher 
estimated AADT. The triangles represent the locations where short duration counts were completed. Next to each triangle 
are the dates when each trail count was completed and the ADT during the sample period. This demonstrates that 
relationship of ADT between sample sites is different than the relationship of AADT between segments because of the 
timing of short duration counts. 

      Figure B.1: Gateway and Brown’s Creek state trail AADT 

The following graphs illustrate trends on the Gateway State Trail near the intersection of the Bruce Vento trail.  All graphs 
use data collected from February 13 to May 6, 2016. 
 
      Figure B.2: Percent traffic by day of week
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Figures B.3 and B.4 demonstrate that daily traffic is almost twice as high on typical weekend days than typical 
weekdays. On average, weekends account for over 40% of weekly trail use. 

      Figure B.3: Percent weekday traffic by time of day
 

 
 
      Figure B.4: Percent weekend traffic by time of day (Out is towards downtown St. Paul and In is east)

 

Figures B.3 and B.4 show trends in trail use by time of day and direction. Figure B.3 demonstrates that peak weekday 
usage occurs between 3:00 and 7:00 pm. This graph shows some evidence of commuting patterns. This figure could 
be used to determine when to complete trail maintenance activities. For instance, trail maintenance crews could 
disrupt the least amount of people by completing work around 10:00 am. Figure B.4 shows that weekend use is 
spread more throughout the day with a peak between 2:00 and 4:00 pm.
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Appendix C:.Segment Analysis Methodology 
We consulted a methodology developed by Wilson and Lindsey (2015) as a framework to create a trail typology 
reflective of the Minnesota state trail system.  The method used helps to operationalize the creation of trail segments 
and counting locations, while being responsive to unique trail characteristics along each trail. 

Using this method, we identify five trail types across the state trail system: urban, developed/suburban, low intensity/
agriculture, forest, and parks.  One of the five trail types was attributed to each mile of the state trail system.  The trail 
typology is the product of geospatial data inputs grouped into four basic categories: parkland, land cover, population, 
and street network connectivity.  The complete list of characteristics measured is shown in Table C.1.

Our segment analysis methodology is grouped into six steps: (1) disaggregate the statewide trail system into one-mile 
segments; (2) data collection and manipulation; (3) calculate variable values and attribute to each of the one-mile 
segments; (4) explore the use of factor analysis; (5) run iterations of the Grouping Analysis; and (6) evaluate typology 
outcome to ensure it is reflective of reality. Steps 1-4 and 6 were completed using ESRI ArcGIS software, while step 5 
utilized the XLSTAT add-on for Microsoft Excel.  

Disaggregate 
• Using the Create Points Along Lines toolbox for ESRI ArcGIS, a point was placed at every mile along the trail 

system.  Points were also added to the beginning and end of every line feature.  An individual trail may be 
comprised of many line features of various lengths.  Feature geometry was not edited from the original file 
provided by the DNR so as to preserve the use of the existing detailed attribute set.  

• Using the output point feature, buffers of one-half mile radii were created across the trail system. The buffers 
are used to capture characteristics surrounding that unique mile of trail.        

 
Data collection and manipulation 

• We collected all 15 data inputs listed in Table C.1.  The parkland feature class used in this analysis is the 
product of three datasets. The DNR’s State Parks and State Forests feature classes were merged with a 
national parkland feature class created by ESRI. Doing so captures not only DNR facilities, but also local and 
regional parklands. We then recalculate the area of the features in this merged file.  

• The land cover dataset was simplified to fit the needs of this analysis. Deciduous, evergreen, and mixed forest 
classes were combined into one, Forest, to proxy forest cover. Additionally, a general Agriculture class was 
created by combining the pasture/hay and cultivated crops classes.

 
Calculate and attribute variables 

• The ParkSQMI, PIntSQMI, and HydroSQMI variables were each calculated using the same GIS processes. 
Simplified, the steps are as follows: 
• Union between the buffers feature class and the feature class that is being measured (e.g. Parkland) 
• Erase the buffers feature class from the Union output (a)
• Select by location from the Union output (a) the feature that have their centroid in the buffers feature
• Select by location, from the currently selected Union output (c), the feature that are within the Parklands 

feature
• Export the remaining selected items
• Erase from the Export output (e) the output from (b)
• Add a field to the output from (f); Calculate geometry 
• Join the output from (g) to the original buffers feature class, using the unique ID given to each buffer

https://www.xlstat.com/en/
http://www.arcgis.com/home/item.html?id=a2a41c8345e24ab6a9dd2ae215710b39
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• Values for the CDPpopInt, SQMIinPl, Est_Pop, and Est_Emp variables are attributed to the buffers feature 
class using the Spatial Join tool. Values are averaged when more than one census designated place or block 
group intersects with a buffer feature. Both Est_Pop and Est_Emp were calculated based on the population 
or employment density of the block group, multiplied by the area of the buffer (0.785 square miles).  

• Road_ft was calculated using the following steps:
• Intersect between the roads feature class and buffers feature class
• Using the output from (a), dissolve by unique ID
• Calculate new length (ft) and join to the buffer feature class by unique ID

• Road_ft was calculated using the following steps:
• Intersect roads feature class, identifying POINT as the output file type 
• Add XY Coordinates to the output from (a)
• Dissolve by X coordinate to eliminate duplicates
• Spatial Join output from (c) to the buffers feature class, using the merge rule = count for the X 

coordinate field  
• Land cover

• Tabulate Area 2 tool, from the  Spatial Analyst Supplemental Tools

Factor analysis
• We explored the use of factor analysis with the XLSTAT add-on for Microsoft Excel, mirroring the process 

used by Wilson and Lindsey (2015). The exploratory factor analysis method is used to “reveal the possible 
existence of underlying factors which give an overview of the information contained in a very large number 
of measured variables.” (XLSTAT 2016). In this application, factor analysis would be used to reduce the 14 
measured variables “into a fewer number of underlying factors” (Wilson and Lindsey, 2015), refining and 
simplifying the model. 

• This project tested but ultimately did not make use of factor analysis.  A prior decision had been made to 
use the trail types developed by Wilson and Lindsey (2015): urban, suburban,  low intensity / rural, forest, 
and parks. 

• The XLSTAT software was used to test many different variations of factor analysis, including changing the 
number of factor groups. The outputs were, in some instances, inconsistent with the chosen classification. 
It was determined that maintaining consistency with the Wilson and Lindsey classification was more 
aligned with the project purpose than was including factor analysis in our methodology. Factor analysis is 
an appropriate tool for this study methodology, and should be explored further in future studies. 

 
Grouping analysis

• This project focuses on the 680 miles of improved surface trails in the Minnesota state trail system. Our 
grouping analysis focuses on the buffers of trails that meet this distinction. 

• Each unique trail buffer from the trail buffer feature class was assigned one of the five trail types, based 
on their quantitative attributes. We employed the Grouping Analysis tool in ESRI ArcGIS, which uses a 
K Means cluster analysis algorithm (ESRI 2016). Our results do not take into account spatial properties. 
Grouping non-spatially highlights in finer detail the differences along a trail, as opposed to highlighting only 
continuous patterns. 

• We ran many variations of the Grouping Analysis tool, a product of the following: different mix of measured 
variables (Analysis Fields) included in the model; the number of output groups specified (4, 5, and 6); 
and the inclusion or exclusion of features located in St. Paul, MN (n=4), which were clear outliers among 
the dataset. In this process we found the variables most descriptive of the difference among groups and 
included them in our model. 

• The chosen grouping analysis model used in this report is made of up five groups, with no spatial 
constraints, and excludes features in St. Paul (n=4); the variables (Analysis Fields) included in the model are 
ParkSQMI, Est_Pop, Road_Int, Dev_Med, Forest, and Agriculture.

http://www.arcgis.com/home/item.html?id=3528bd72847c439f88190a137a1d0e67
https://www.xlstat.com/en/
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Confirm types
• The output from the grouping analysis placed each feature into one of the following groups: urban, 

developed/suburban, low intensity/agriculture, forest, and parks. We validated the classification scheme 
through visual analysis, comparing the output to aerial photography, and against our own understandings of 
the surrounding areas.  

Table C.1: Variables calculated and their sources

# Variable Abbrevs. Description Dataset(s) Retrieved from
1 Park area in buffer State Parks, Recreation Areas and 

Waysides
Minnesota Geospatial Commons

State Forest Statutory Boundaries and 
Management Units

Minnesota Geospatial Commons

USA Parks layer ESRI

2 Park area intersecting buffer State Parks, Recreation Areas and 
Waysides

Minnesota Geospatial Commons

State Forest Statutory Boundaries and 
Management Units

Minnesota Geospatial Commons

USA Parks layer ESRI
3 CDP population intersecting buffer CDPpopInt Total population in Incorporated  

places intersecting each half-mile 
buffer

American Community Survey 2010-14 5-
year estimates (Places)

Minnesota Population Center, 
National Historical Geographic 
Information System

4 CDP area in buffer CDPpopSQMI Total area of incorporated places 
intersecting each 0.5 mile buffer 

American Community Survey 2010-14 5-
year estimates (Places)

Minnesota Population Center, 
National Historical Geographic 
Information System

5 Estimated total population Est_Pop Est. of total residential population in 
each half-mile buffer

American Community Survey 2010-14 5-
year estimates (Block groups)

Minnesota Population Center, 
National Historical Geographic 
Information System

6 Estimated number of employees Est_Emp Est. of total employee population in 
each half-mile buffer

US EPA Smart Location Database US Environmental Protection 
Agency

7 Hrydrography area in buffer HydoSQMI Total area (sq mi) within 0.5 mile 
buffer included in MNDNR 
Hydrography dataset

MNDNR Hydrography Minnesota Geospatial Commons

8 Feet of roadway within buffer Road_ft Length of road (ft) in each 0.5 mile 
buffer

Roads, Minnesota, 2012 Minnesota Geospatial Commons

9 Number of street intersections in 
buffer

Road_Int Count of road intersection in each 
0.5 mile buffer

Roads, Minnesota, 2012 Minnesota Geospatial Commons

10 Developed, high intensity DEV_HIGH

11 Developed, medium intensity DEV_MED

12 Developed, low intensity DEV_LOW

13 Developed, open space DEV_OPEN

14 Forest FOREST

15 Agriculture AGRICULTUR

Total area (square miles) of land 
cover types in each 0.5 mile buffer as 
identified in the 2011 National Land 
Cover Database (NLCD)

National Land Cover Database 
(NLCD)(2011)

Minnesota Geospatial Commons

PIntSQMI

ParkSQMI Total parkland within each half-mile 
buffer 

Total area of parkland intersecting 
each half-mile buffer
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Appendix D. Feasibility of 12-hour Manual Counts 
We analyzed various datasets to determine the appropriateness of conducting 12-hour manual counts for AADT 
extrapolation. One dataset was comprised of short duration counts conducted at 43 locations on the Minneapolis 
trail system in 2013 (Lindsey et al., 2014). The other dataset was on three permanent reference sites in MnDOT’s 
network (MnDOT, 2016). This analysis was completed to answer two questions: 

• What proportion of daily use occurs within a 12-hour window?
• How consistent is the proportion of use temporally and geographically?

 
A 12-hour count during warm season daylight hours will typically capture between 80 and 90 percent of daily 
traffic. A window of 8:00 am to 8:00 pm will capture a higher proportion of users than a window of 7:00 am to 7:00 
pm (findings from 43 locations in Minneapolis). The proportion changes depending on location. Locations within a 
trail network could be expected to have similar 12-hour proportions (see Figure D.1). 
 
      Figure D.1: Proportion of daily traffic for 364 sample days at 43 locations in Minneapolis

 
 
 
 
 
 

 
      Table D.1: Percent daily traffic from 8 a.m. to 8 p.m. in 2015, May to September

      Table D.2: Percent daily traffic from 8 a.m. to 8 p.m. in 2015, July to September

Duluth Lake Walk
West River Parkway 

Trail
Average of Mpls Trails*

All days May 1 to Sep 30 84.6 83.7 80.6

Weekends/Holidays May 1 to Sep 30 87.5 90.8 87.8

Weekdays May 1 to Sep 30 83.4 80.5 77.5

*Average of 43 locations on Minneapolis trail system

Duluth Lake Walk
West River Parkway 

Trail
Rochester Macnamara 

Bridge*
All days May 1 to Sep 30 84.6 84.4 86.9

Weekends/Holidays May 1 to Sep 30 88.4 90.7 90.9

Weekdays May 1 to Sep 30 83.1 81.7 85

*Data for Rochester Macnamara Bridge is inconsistent from May to June
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      Figure D.2: Percent daily traffic for three MN trails

These figures demonstrate there is a predictable pattern between percent of daily traffic from 8:00 am to 8:00 pm and 
site location and seasonality. Daily proportions are higher in spring and fall when daylight hours are shorter.


