Abstract
The aim of this project was to optimize the layout of vendor booths at the
Davidson Farmers’ Market to reduce congestion of pedestrian traffic and increase
connectedness between the two parking lots of vendor booths. The Davidson
Farmers’ Market, open Saturday mornings in the spring and summer months and
every other week in colder weather, offers a wide variety of local goods and
produce to the Davidson community. Unfortunately, during the busier parts of the
season, the market has high amounts of pedestrian congestion that can negatively
impact visitors’ experiences, and the market can feel fractionated to vendors in
either lot.
To address this problem, we first collected data on pedestrian traffic through
the market to calculate distributions of visit times and queue lengths at booths.
We then used these data to inform various models of the market, which employed
techniques such as Monte Carlo simulations, queueing theory, and agent-based
modeling. We evaluated the pedestrian congestion levels resulting from different
booth layouts and modeling techniques, and drew final conclusions based on
which market layouts fit the necessary space constraints. While our modeling
process made a number of simplifying assumptions, we intentionally designed our
models such that they would not obscure important traffic factors.

Methods
Data Acquisition
• Monitor inter-arrival time and service times for five booths
• Use drones to collect overhead footage for analysis
• Survey market visitors to validate simplifying assumptions
• Incorporate data provided by Farmers’ Market for seasonal visitor levels
Model Creation
• Incorporate Monte Carlo and queuing theory techniques
• Identify parameters for individual ‘agents’ (market visitors)
• Create user-defined variables based on collected data averages and standard
deviations
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Model Testing
• Assess seasonal effects on visitor wait times and market congestion
• Determine effects of lowering service time of busier booths
• Measure effects of switching high traffic booths with low traffic booths
Figure 4 Effects of layout and timing changes on numbers of visitors waiting. Current
parameters in summer season (A), removal of booth 1 (B), reduction of maximum
people visiting booths to two (C), and decreasing interarrival time to 15 seconds (D)
generate differing traffic patterns and queuing behavior of market visitors.
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Simplifying Assumptions
• Customers all enter the market from the same direction and leave via
one universal exit
• The four booths clustered around the bottleneck are responsible for all
traffic issues
• All vendors are willing to move or change their configuration for the
sake of the solution
• Serving times at booths remain the same throughout the day
• Customers all move independently of each other about the market--no
families/couples
• Traffic is the worst in the summer season and model should be
programmed to mitigate summer traffic

Time (x-axis) is measured in seconds, and simulations are run for 4.5 hours, which is
equivalent to the four hour open time of the market, plus the thirty minutes
necessary for the simulation to converge.
Close-up of the
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People Waiting (y-axis) reports the total number of visitors waiting in any queue in
the market at each second.

Concluding Recommendations
•
•
•
Figure 2 An agent-based model of the farmers’ market. User-defined parameters
such as the percentage of visitors that stop at each booth and the average time a
visitor waits at each booth affect the visitor ‘agents’ in the market.

Results

Move the booths a foot off the path to allow multiple visitors to look at
booths without interrupting traffic flow
Rotate the King of Pops booth so the queue does not interfere with
traffic flow
If congestion persists, replace the food booth (booth 2) with a lowtraffic, fast service time booth
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Figure 1 Layout of Davidson Farmers' Market. The red square indicates the market
area that experiences the highest levels of pedestrian traffic congestion during
summer months.

Figure 3 Sensitivity reports and effects of layout changes on visit times. The upper table
shows that removing booths has significant effects on congestion reduction. The lower
table shows that the model is very sensitive to max people per booth and is somewhat
sensitive to interarrival time changes.
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