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Presenter Notes
Presentation Notes
Good morning every body. My name is Matt Weschler. You may know me from my work at LandDesign but what you may not know is I am also completing a masters in geography program at UNC Charlotte.  The tool I’m going to share with you today was something I created as part of my masters capstone work, although I hope to apply it also in the real world. The title of my presentation is Predicting Ped & Bike Volumes on Greenways. I said greenways here because we’re at Carolina Thread Trail and I wanted this to be relevant to the greenway crowd. But the truth is that this tool can actually be applied to all links in an active transportation network not just greenways. 



Why do we want to predict volumes?

Right sizing trail &
Separating users

Quantifying benefits

Health

Amenity Value

Mode Shift

Economic Development
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Presenter Notes
Presentation Notes
So why do we want to predict volumes? First – it’s about planning and design. We want to right size trails to give people plenty of space to for trail users to pass one another comfortably or travel side by side. We want to know if the expected volumes of people walking and biking warrant separation of uses. And we want to quantify the benefits. Health benefits, the amenity value of the trail where the number of users is a simple metric of the trail’s value, mode shift from single occupancy vehicles to active transportation, and of course the economic development benefits which Steve is going to speak about after I’m done. 



How do we predict volumes today? 
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Historic counts from 
other greenways

• Assume historic 
counts will be the 
same for future 
greenways

Simple statistical 
models 

• Correlate 
population with 
counts

Trip generation and 
distribution

• Using ped or bike 
transportation 
analysis zones

Basic Complex

Presenter Notes
Presentation Notes
Options range from the basic to the quite complex. In practice most estimates for greenway planning and design purposes stay at the basic level. We can simply look at historical manual or automated count data from other greenway and assume historic counts will be the same for future greenways. We could take it one step further and measure the # of people living within a given buffer distance from trail count locations and correlate populations with trail counts. At the most complex level we could create mini transportation analysis zones and model ped and bike activity like how we model car traffic. 



These methods struggle to answer 
important questions

For example, how are volumes affected by:
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What’s the issue?



The stress level of the ped/bike network? 

Credit: Chicago DOT 5

Presenter Notes
Presentation Notes
The stress level of the ped/bike network? Do we expect more people to walk and bike on greenways compared to busy arterial streets?



The connectedness of the ped/bike network?
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Presenter Notes
Presentation Notes
The connectedness of the ped/bike network?Would expect higher volumes of people on networks where there are many ways to get around safely compared to disconnected networks where are few or no options to get around safely? 



The “betweenness” of ped/bike links in the 
network? 
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Presenter Notes
Presentation Notes
What about the “betweenness” of the ped/bike link. Literally measuring the extent to which a link is in-between places, like homes, office buildings, parks, and stores. 



What are the expected answers?

 Lower Stress 
 More connected
 More In-between

8

Less Ped/ More Ped/
Bike Activity Bike Activity

 Higher Stress 
 Less Connected
 Less In-between 

Low Importance Links High Importance Links

Presenter Notes
Presentation Notes
So what are the expected answers? We expect less ped/bike activity on high stress, less connected, less in-between network links. And more ped/bike activity on low stress, more connected, more in-between network links. Network links with these characteristics are low importance links. And network links with these characteristics are high importance links. 



The Theory
If we measure the importance of every link in a network

And we measure ped/bike activity at different places on 
some of those links

We can use AI (aka pattern learning) methods to find 
the relationship between link importance and ped/bike 
volumes
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So here’s the theory. 



This ped/bike activity model can then be 
used to predict things like: 
 Ped/bike counts where existing data is missing. 

Identify potential safety “hot spots”.  
 Future flows on proposed greenways
 The impact of road diets on ped/bike activity 
 The impact of a new ped/bike bridge over a highway
 The effect of completing a greenway master plan on 

city-wide mode shift
 The impact of new developments on ped/bike flows –

a “Ped/Bike Transportation Impact Study” 
 And more…
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To build the prediction model: 
1. Measure the importance of links in the network
2. Collect ped/ bike activity data
3. Use AI to model the relationship between link 

importance and ped/bike activity and make 
predictions.

How do we measure which links are important?
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Presenter Notes
Presentation Notes
To build the prediction model we follow 3 steps…How do we measure which links are important



Ped/Bike trips aren’t like car trips
 Most of the time, drivers take the shortest time route 

to their destination. This is why highways are 
important links to drivers, and they’re shown as big 
and bold on roadway maps. 

 People walking and biking care about time, but more 
so than drivers they care about experience. 

Is experience measurable? 
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Prioritize 
Speed            or       Experience?
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Presentation Notes
The answer is YES. A good example of this is the app Pointz. I recommend trying it out if you’ve never used it before.The app works like google maps, except it allows users to specify if they prioritize speed or experience. If experience is prioritized, the routing algorithm will direct you on a path that follows low stress networks like greenways and neighborhood streets. What’s cool about this kind of analysis, is that we can actually measure trade-off between speed and experience when people are walking or biking. And from these accumulate trade-offs, we start measuring physical vs physical distance



Physical vs Perceived Distance
1 Mile feels like… 
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1 Mile 1.2-1.3 Miles

1.5-1.7 Miles
2.0-3.0 Miles

Presenter Notes
Presentation Notes
So 1 mile traveled does not always feel like 1 mile traveled. If I’m biking on a greenway, yes 1 mile may feel like 1 mile. But as the level of traffic stress increases so does perceived distance. 1 Mile on not bike friendly street could feel like 2 or 3 miles. Why does this matter for predicting ped/bike volumes? 



Ped/bike activity goes does down as the perceived 
distance between places get further apart
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Presenter Notes
Presentation Notes
Well – we know that ped/bike activity goes down as the perceived distance between places get further apart. So instead of modeling travel times between origins and destinations in a network, I instead model perceived distance between origins and destinations in the network. 



Charlotte example – define the “perceived distance” network
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Presenter Notes
Presentation Notes
Here’s and example in Charlotte of a perceived distance map – I borrowed the bike friendliness ranks from Pointz. 
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Charlotte example – define the origins and destinations 

Presenter Notes
Presentation Notes
And then here are the places we want to travel from and to. I’m interested in both the quantify of development - # of residential units, square foot area of office space, # of daily transit stops, etc… And the mixing of land uses. 
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Link Importance HighLow

Higher perceived distance 
between land uses

Connects less development
Less “in-between”

Connects more development

Lower perceived distance 
between land uses

More “in-between”

And all origins and destinationsUsing the perceived distance network

+

From this data we run an analysis that measures 
“the importance of each link in the network” 

Presenter Notes
Presentation Notes
So if we combine the perceived distance map with all the origins and destinations in the network we can run an analysis that measures the importance of each link in the network. What makes a link important? It connects more development. It is more in-between. And it is on a route that follows lower perceived distance between land uses. 



1. Measure the importance of links in the network
2. Collect ped/ bike activity data
3. Use AI to model the relationship between link 

importance and ped/bike activity and make 
predictions.
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Alright. If you followed along thus far, you get a gold star. We’ve completed task 1 –measuring the importance of links in the network. Step 2 is to collect ped/bike activity data. 



Ped/Bike Data Options
Manual Counts Automated 

Sensors

 Short duration
 Low sample size

 Long duration
 Low sample size
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Mobile Device 
Location Data. 

 Long duration
 High sample size

Presenter Notes
Presentation Notes
Ped/bike data can come in different forms. The most basic form is the old-school method of manual counts.We can replace the person with a sensor which allows for longer durations but still low sample size because you can’t deploy these everywhere. And then finally we’ve got modern ped/bike activity tracking using mobile device location data. Not to alarm everyone and I hope you’re not surprised, but you are being tracked. If you have agreed to share your location information with any app, that app is selling your anonymized location data to whoever is willing to buy it. One such buyer is a company called StreetLight Data. What they do with your data is they have algorithms to detect your mode of travel based on your speed, angularity, path of travel and other metrics. Personal data is not available, and the data is shared in a way where I can’t actually track individuals. I can’t look up Beth’s path of travel from home to office each day, that would be a violation of her privacy. But I can ask, just like the guy or the sensor county, how many people on average pass by a given point over a given time period.  I’ve been very fortunate that they have agreed to share some of their data with me as part of an academic agreement through UNCC. The important thing to understand is that the data collection using StreetLight is analogous to these other two options. I’m literally counting the number of people who walk or bike past a specific point over a specific duration. 



What kind of data could we collect?
 Average weekly peak hour flow
 Average daily flow per year or month
 Total annual flow 
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Presenter Notes
Presentation Notes
So what kind of data could we collect?Average weekly peak hour flow – which may choose to use as the design criteria for path widthWe could look at average daily flow per year or month, to see seasonal or annual changes.We could look at total annual flows. 



If mobile device location information is 
everywhere, why do we need a prediction 
model?
 Data isn’t free
 No ped/bike data provided by StreetLight after April 

2022 (as of now)
 Data by itself can’t predict the future 
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So you may be asking  - if mobile device location info… Data by itself can’t predict the future, it just gives a snapshot in time. I want to know what causes ped/bike activity, not just how much there is. 



Example Bike Data: Average weekly peak hour traffic April 2022
Counts collected from 600 spots around Charlotte

23

Presenter Notes
Presentation Notes
Here’s an example of count data. 
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1. Measure the importance of links in the network
2. Collect ped/ bike activity data
3. Use AI to model the relationship between link 

importance and ped/bike activity and make 
predictions.



Predicted bike volumes example
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Presenter Notes
Presentation Notes
So from the collected data for bike/ped counts at 600 locations around the City, we can now estimate bike/ped volumes on every street and greenway in the City. So we took data from 600 locations, and created prediction data for tens of thousands of locations. 



Predicted ped volumes example
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Presenter Notes
Presentation Notes
And here’s an example of peak pedestrian volume predictions.Some interesting notes. Bike activity is much more dependent on perceived stress than ped activity. Ped activity is much more tied to the amount of development. 



Caveats
 Prediction models will never be better than the data 

they are trained on. 
 Perceived distance is not a hard science and needs 

more research
 Creating GIS representations of active transportation 

networks is cumbersome but may be automated in the 
future. 
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Thank you for listening!
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Creating a Comprehensive & Defensible Economic 
Impact Analysis
Carolina Thread Trail Forum

December 5, 2024



“Not everything that can be counted counts, 
and not everything that counts can be 

counted.”

Presenter Notes
Presentation Notes
Picture is from the Cooks Wall Trail at Hanging Rock State Park – Piedmont Legacy Trails. On the Great Trails State Coalition website. 
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Why Economic 
Impact Studies?

• Value of trails to 
communities, regions, and 
economies

• Empower stakeholders to make 
informed decisions about land 
use, funding allocations, and 
policy priorities 

• Serve as compelling advocacy 
tools, building support for 
sustainable infrastructure

Presenter Notes
Presentation Notes
Trail economic impact studies are vital tools for understanding and demonstrating the value of trails to communities, regions, and economies. These studies provide concrete evidence of the ways trails contribute to local and regional economies, including increased tourism, enhanced property values, job creation, and cost savings in healthcare and transportation. By quantifying these benefits, they help justify public and private investments in trail development and maintenance.Moreover, such studies empower stakeholders—government agencies, nonprofits, businesses, and community groups—to make informed decisions about land use, funding allocations, and policy priorities. They also highlight less tangible but equally critical contributions of trails, such as improved quality of life, environmental conservation, and community connectivity.In an era where resources are often limited, trail economic impact studies serve as compelling advocacy tools, building support for sustainable infrastructure that enriches lives, bolsters economies, and fosters a healthier, more connected society.



Economic Impact Methods

Economic impacts 
facilitated by trail 

use

Physical activity 
supported by trail use

Environmental benefits
> Land preservation 

> Reduced vehicular 
emissions

Impacts annualized 
using unique trail 
user estimation



DIRECT INDIRECT INDUCED

Businesses where 
trail users 
purchase goods 
and services

Business-to-
business 
expenditures 
that result 
from trail user 
purchases (from 
supplying and 
supporting 
firms)

Employee 
spending in 
the economy

Input / Output 
Modeling

Presenter Notes
Presentation Notes
Input-output (I-O) model. An input-output model is a representation of the flows of economic activity between sectors within a region. The model captures what each business or sector must purchase from every other sector in order to produce a dollar's worth of goods or services. Using such a model, flows of economic activity associated with any change in spending may be traced either forwards (e.g., spending generates employee wages, which induces further spending) or backwards (e.g., visitor purchases of meals leads restaurants to purchase additional inputs -- groceries, utilities, etc.). Multipliers for a region may be derived from an input-output model of the region's economy.�IMPLAN is a micro-computer-based, input-output modeling system. With IMPLAN, you can estimate I-O models for up to 546 sectors for any region consisting of one or more counties. �Direct effects are the changes in economic activity during the first round of spending. Such as the change in number of employees in the workforce.�Secondary effects are the changes in economic activity from subsequent rounds of spending in the economy. In this instance, resulting the change in number of employees in the workforce relative to levels of congestion. There are two types of secondary effects: indirect and induced effects.�Indirect effects denote business-to-business economic transactions that are generated from the direct impact. (in this instance the change in workforce employment due to congestion levels). Indirect effects are the changes in sales, income, or other business employment within the region which result from business-to-business transactions precipitated by the direct economic impact of hiring more workers. For example, a business that directly employs more workers may choose to purchase additional computers for those employees. This transaction of purchasing new computers would be an example of an indirect effect of employing those workers.�Induced effects are the increased sales within the region from household spending of the income earned from employees in direct and supporting industries. Employees and supporting industries spend their earned income on housing, utilities, groceries, and other consumer goods and services. This generates sales, income, and employment throughout the region's economy.�Total effects are the sum of direct, indirect, and induced effects.�Multipliers capture the size of the secondary effects in a given region, generally as a ratio of the total change in economic activity in the region relative to the direct change. Multipliers may be expressed as ratios of sales, income or employment, or as ratios of total income or employment changes relative to direct sales. Multipliers express the degree of interdependency between sectors in a region's economy and therefore vary considerably across regions and sectors.



Hector H Henry II 
Greenway

Mount Holly River 
Hawk GreenwayGoat Island Park & 

River Link Greenway

South Fork Trail

Piedmont 
Medical Center 

Trail

Four Mile Creek 
Greenway

Study TrailStudy trail

Completed Trail

Planned Trail: 1,630 Miles

Catawba Lands Conservancy 
Footprint

Economic Impact



Physical Health Benefits

441K
Walk Visits

2.8 visits per week
56 min per visit l 158 min per week 

51K
Run Visits

3.5 visits per week
43 min / visit | 157 min / week 

558K
Trail Visits

28K
Other Exercise Visits

1.3 visits / week
48 min per visit | 62 min per week 

38K
Bike Visits
2.4 visits / week

52 min per visit | 126 min per week 

$3.9M
Annual Health Care 

Savings
Benefit of $7 per trail visit

Across all six study trails…



Vehicle Miles 
Traveled 
Reduction 
Benefits

104K
Eliminated Car Trips

227K
Reduced-Mileage Car 

Trips

1.57M
Vehicle Miles 
Eliminated

$90K
Emissions Cost-Savings

Across all six study trails…

Eliminated Car Trips. Car trips were deemed to 
be eliminated if survey respondents who used 
active transportation to get to the trail said 
they would drive to their destination, or a 
similar destination, if the trail did not 
exist.

Reduced Distance Car Trips. Car trips were 
deemed to be made at a reduced distance if 
survey respondents who used vehicular 
transportation to get to the trail said they 
would drive to a similar destination, often 
requiring a further distance of travel, if the 
trail did not exist. Based on survey response 
data it was estimated that vehicle trips to a 
similar destination would be approximately 20 
percent farther



Environmental Benefits
Land Preservation Benefits



Land Preservation 
Benefits

Land Cover Classifications, Carbon Stock Values, and Annual 
Sequestration Rates

Land cover designations

• Multi-Resolution Land 
Characteristics Consortium’s 
(MRLC) National Land Cover 
Database

Carbon Stock and Sequestration 
Rates

• European Environmental Agency’s

• (EEA) terrestrial and marine 
carbon stocks and sequestration 
rates data tablesCarbon stock (also known as carbon storage) is 

the absolute quantity of carbon held in a 
habitat pool at any specified time.
Carbon sequestration is the annual rate at 
which carbon is extracted from the air and 
stored within a habitat pool.



Land Preservation 
Benefits

26.8K
Carbon Stock 

(metric tons)

Across all six study trails…

Habitat Carbon Stock. The absolute 
quantity of carbon held in a 
habitat pool at any specified time 
is the carbon stock or store.

Annual Carbon Sequestration. The 
annual rate at which carbon is 
stored within a geographic boundary 
is referred to as its carbon 
sequestration rate.11For this analysis, carbon stocks and sequestration 
rates were evaluated for the land area within a 
200-foot buffer of the trail. 

$1.45M
Annual Emissions 

Cost-Savings

559.5
Carbon Sequestration 

(metric tons)



Incorporating Cell Phone Data



Trail 
Counter and 
Cell Phone 
Comparisons

Data 
Options

Presenter Notes
Presentation Notes
2.5 minutes






Trail Counter and Cell Phone Data Comparison
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10,000
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New Data Options
Placer.Ai

Goat Island Park & River Link Greenways | Cramerton NC 

Prior-Post Data

• Locations 
visited prior 
to using the 
trail

• Locations 
visits after 
using the 
trial



Visits Related to Trail Use
Raw Data Output



Floyd & Blackie’s Ice 
Cream
Trail-Related Visits: 
1,777
Annual Visits: 30,200
Trail Share: 5.9%
Total Sales: $344,000 
Trail-Related Sales: 
$20,250

Sources: Placer.Ai and Data 
Axel, 2024 

Mayworth’s Public 
House
Trail-Related Visits: 
5,025
Annual Visits: 32,200
Trail Share: 15.6%
Total Sales: $197,000
Trail-Related Sales: 
$30,740

Goat Island Park & River Link 
Greenways

Goat Island Disc Golf
Trail-Related Visits: 
2,830

Town Center
Trail-Related Visits: 
4,024

Prior-Post Visits



Economic Impact 
Study Costs

Typical Costs

Basic Studies

• $10,000 to $30,000: Focused on smaller 
trails or limited geographic areas with 
basic data collection (e.g., surveys, 
traffic counters) and a straightforward 
economic analysis.

Mid-Level Studies

• $30,000 to $75,000: Comprehensive 
studies for larger or regional trails. 
These include detailed user surveys, 
advanced modeling (like input-output 
models), and broader assessments of 
economic benefits (e.g., tourism).

High-End Studies

• $75,000 to $150,000+: In-depth studies 
for statewide or national trail 
systems. They involve extensive data 
collection, stakeholder engagement, 
sophisticated modeling tools, and 

     

Imagine if they 
were free



Steve Bert
Program Manager
Economic & Policy 
Assessment, ITRE
stevebert@ncsu.edu
919-263-4062

Questions?
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