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Executive Summary: 
 
The Duke Forest is primarily used as a research laboratory for Duke University, but has been 
open to the public for recreational purposes since it was first established in 1931.  Since then, 
recreational studies have been undertaken every 10 years beginning in 1981 to better understand 
recreational use.  While recreational use has increased over the years, these studies have helped 
to inform the Duke Forest on how best to manage the land both for recreational purposes but also 
for timber, research and conservation.  Understanding the intricacies of visitation and visitor 
perception help with understanding how to best allocate resources within the forest. 
 
For this project, a recreational study was conducted in the Duke Forest with three main 
objectives.  The first was to figure out the number of recreational users entering the Duke Forest 
by user type across an entire year starting in June of 2022.  The second was to conduct a survey 
to find out about visitor perceptions, demographics, and recreational habits.  The third was to use 
a revealed preference method which created an economic model to determine the value of the 
Duke Forest as a recreational asset.   
 
The method for determining visitor usage was a sampling scheme using four camera traps across 
16 entrance gates identified as moderate to high use by Duke Forest staff, which provide access 
to the forest.  Each gate was sampled for at least one week out of every season (spring, summer, 
fall and winter).  The camera footage was used to determine both visitor count and user type.  
User types were categorized into the following groups: pedestrians, dog walkers, dogs, bikers 
and equestrian trail users (dogs were not counted as users in the total).  Data from summer and 
fall was collected, and data for winter and spring were interpolated from these data.  The total 
number of recreational user days was estimated for an entire year to be 108,000. 
 
There were two methods for deploying the visitor perception survey.  One was via email, 
newsletters and social media (offsite survey), and the second was using signs placed at gates in 
the forest with a QR code linking to the survey which was conducted using Qualtrics (onsite 
survey). 
 
The visitor survey data showed that demographically, visitors were mostly Caucasian (87.4%), 
well educated (65.8% hold a graduate degree and another 22.1% hold a college degree), and 
middle aged (average age of 52 years old).    The most common complaint was dog waste bags 
followed by dogs off leash.  Questions regarding cell phone usage revealed that visitors primarily 
used an app called AllTrails to navigate in the Forest and Google Maps to navigate to the forest.  
It will be important for Duke Forest staff to keep an eye on the information provided by AllTrails 
as visitors are primarily getting their navigational information from this app rather than directly 
from the Duke Forest website. 
 
The economic valuation consisted of a revealed preference method called the Travel Cost Model 
(TCM) which assumes that the value of a recreational asset is determined by the travel cost 
associated with reaching the site.  The TCM used data collected from the visitor survey as well 
as the visitor count data to determine the value of the Duke Forest over a one year period.  Two 
versions of this model were created, an onsite model which took into consideration truncation 
and endogenous stratification, and an offsite model.  The TCM uses a Poisson regression to 



generate a demand curve which is also known as the trip generating function.  The function 
yields the number of trips based on cost of travel (both opportunity cost of time and the distance 
traveled) to the Duke Forest, income, and cost of visiting substitute sites. The consumer surplus 
is the area under the demand function. 
 
The onsite model found a mean consumer surplus of $33, and the offsite model found a mean 
consumer surplus of $65 per trip.  The total value of the Duke Forest as a recreational asset was 
found to be $3.5 million using the onsite data and $6.9 million using the offsite data.  Cost to 
substitute sites were not included in the model because the incorrect question was asked on the 
visitor survey. 
 
The recommendations to the Duke Forest include: 
• Using the value of the Duke Forest to justify spending more resources on recreation 

management, and to apply for more funding and resources. 
• Taking into consideration the visitation rates by gate during timber operations. 
• Allocating more resources to the top visited gates such as trail maintenance and road 

maintenance as well as using Duke Forest trail stewards and Duke Forest staff to patrol 
those areas. 

• Monitoring AllTrails to better understand the information that visitors have for 
navigating in the Duke Forest.  
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Introduction and Background 
 
In areas where outdoor recreation takes place, recreational studies play an important role in land 
management.  Land managers must understand recreational use to balance other land uses such 
as conservation efforts or timber management.  The extent to which visitors interact with both 
natural and built environments within the landscape is important for managing infrastructure and 
amenities as well as natural habitat.  Understanding the extent of visitation can also help 
managers keep visitors safe and prevent crowding while prioritizing spending and advocating for 
protected areas.  Further, understanding the distribution of recreational visitors can allow for 
better distribution of resources and could predict recreational use changes if sites or entrances are 
closed because of natural disasters or management decisions (Wood et al., 2020) (McMahan, 
2011). 
 
Recreational studies generally employ physical counters such as infrared sensors as well as a 
visitor survey to find out more about visitor behaviors and preferences (Wood et al., 2020).  
These surveys can help land managers better understand recreational issues as well as help land 
managers estimate the benefits that recreation on their land can provide.  
 
Opportunities for outdoor recreation provide communities with countless benefits.  These range 
from connecting people with nature to mental health and physical wellness benefits.  While there 
is generally no monetary value associated with outdoor recreation as there is with other land 
values such as timber or grazing, being able to quantify the value of recreation can allow land 
managers to make decisions that could maximize the benefits to local communities.  For 
example, the US Forest Service has estimated the recreation value across the national forest 
system to be worth $14 billion per year (Avit, 2021). 
 
Maintaining recreational opportunities incurs real costs such as the cost of building and 
maintaining trails, parking lots, roads, and bathrooms.  Even though many recreational assets are 
free to the public, if we only look at the costs, we are missing half the picture- namely the 
benefits to recreational users.  Being able to weigh the benefits against the costs allows land 
managers to make the best decisions for their land (Avit, 2021). 
 
For this project, a recreational study was conducted for the Duke Forest with the purpose of 
providing information on the recreational use and visitor perceptions of the Duke Forest, as well 
as the economic value or benefit of the Forest as a recreational asset within the community. 
 
The Duke Forest is primarily a working forest, providing research and learning opportunities for 
students at Duke University.  Offering a recreational resource to the local community is listed as 
one of the forest’s management priorities, but does not fall under the mission of the Duke Forest, 
which is “to facilitate research that addresses fundamental and applied questions across a variety 
of disciplines to aid in the instruction of all students in their pursuit of knowledge, especially 
regarding the stewardship of our natural resources” (Duke Forest, 2022). 
 
The Duke Forest has been open to recreation since it was first established in 1931.  The Civilian 
Conservation Corps (CCC) built many of the roads and bridges within the forest during the 
1930’s (The Shepherd Nature Trail).  While the Duke Forest contained 4,696 acres of land in 



1931, more land was purchased and added to the Forest over the years partially through funds 
generated from the sale of timber.  Along with its acreage, recreational use across the Forest has 
also increased over the years. 
 
Today the Duke Forest is over 7,000 acres and spans across 3 counties in North Carolina.  There 
are six divisions of the Duke Forest and gravel roads and dirt trails are typically accessed from 
gates along public roads (see Figure 1). 
 
Figure 1: Overview map of the Duke Forest and the six divisions. 

 
Source: https://dukeforest.duke.edu/location/ 
 
Recreational studies have been carried out roughly every ten years in the Duke Forest, starting in 
1981 by Consoletti (Management of the Duke Forest, pg. 65).  Previous methodology was quite 
different from the methodology used in this project.  Historically, sampling was done manually 
at random but stratified times by recording visitor use at gates while also implementing visitor 
perception surveys in person.  By contrast, this study uses data collected using sensors and 
camera traps and the visitor perception survey was implemented online as well as through signs 
posted at entrance points to the forest with QR codes. 
 
It is imperative to have an accurate estimate of visitor use in the Duke Forest so that decisions on 
forest management can be made based on potential visitor impacts.  Increased recreational users 



may present management concerns, especially when they conflict with other priorities for the 
forest.  Visitors could potentially disrupt research studies that students and faculty at Duke 
University are working on, which fall directly under the mission of the forest.  Recreational users 
could also present additional considerations regarding timber management and gate or trail 
closures when timber is being harvested, or when other improvements are being made to the 
Forest. 
 
Being able to quantify visitor use as well as the value of the Duke Forest as a recreational asset 
to the community can help to further quantify the benefit of maintaining the forest for 
recreational purposes.  The results of this analysis could be used to justify the building of new 
trails, as well as the need for more funding or resources to maintain them. 
 
The goal of this project is to provide the Duke Forest with data related to recreation.  This 
includes the number of users in both summer and fall seasons across various user categories 
(pedestrian, bike, and equestrian).  These data will be compared to the previous recreational 
study conducted in 2013 to gauge the change in visitor usage over the last decade.  This 
recreational study also will provide the Duke Forest with data on visitor thoughts, attitudes and 
demographics.  The visitor perception survey contained many of the same questions that were 
asked in Snape’s 2002 Recreational Study as well as the 2013 study, so comparisons can be 
made to see how visitor’s attitudes and demographics have changed over the decades.  The 
survey also asked economic questions providing data for an economic evaluation of the Duke 
Forest which was conducted using the travel cost model (TCM) to determine the nonmarket 
valuation of this resource for recreational purposes. 
 
First developed in the 1950’s and 60’s, the TCM is a revealed preference method for nonmarket 
valuation of recreational sites.  This method uses the cost associated with traveling to the 
recreational site along with the number of trips that are made to the site as a revealed willingness 
to pay.  This cost is broken down into both the cost of visitor’s time and the cost of their travel.  
The theory is that as a person must travel further to reach the site, their willingness to pay with 
their time and travel expenses decreases, resulting in a reduction in the number of visits over a 
given time-period (Champ et al. 2017).  
 
This relationship creates a downward sloping curve which is our demand function.  This function 
can include several variables.  This version is from A Primer on Nonmarket Valuation by Champ 
et al.: 
 

𝑥! = 𝑓(𝑝!, 𝑅!, 𝑍!, 𝑦!) 
 
where 𝑥! is the number of trips taken by person n over the course of the season of study, 𝑝! is 
the cost for that individual for each round-trip visit to that site (trip cost), 𝑅! represents the cost 
of a trip to a substitute site, 𝑍! represents other factors that could influence the number of trips 
taken, and 𝑦! refers to income.  Trip cost includes both travel cost and time cost.  This trip 
generating function, which predicts the number of trips a household makes and should include at 
minimum the following variables: trip cost, cost to substitute sites, and income. 
 



The consumer surplus is a value important for land managers to estimate.  A consumer surplus 
occurs when the price that the consumer pays is less than what they are willing to pay. This 
amount is important to land managers especially when the access to the land is free because the 
consumer surplus gives an economic benefit or value that the land is providing to the public.  In 
this case, the consumer surplus is calculated by taking the integral of the demand curve from the 
current trip cost to the choke price, which is the cost at which the demand for trips reaches zero 
(for a graphical illustration, see Figure 2).  To then calculate the value of the recreational asset, 
the consumer surplus is summed across the visitors to a site over a given period.  Equivalently, 
an estimate of mean consumer surplus per visit is multiplied by the number of visitors over a 
given period (Champ et al. 2017), which is the more common approach in practice. 
 

 
Figure 2: A graphical illustration of the consumer surplus. From Champ, P. A., Brown, T. C., & Boyle, K. J. (2017). 
A Primer on Nonmarket Valuation. Springer. (p. 191) 
 
 
A Poisson model, which is generally used for count data, is typically used to estimate the number 
of trips (𝑥!) an individual is likely to make over a given time-period: 
 

ln(𝑥!) = 	𝛼𝑝! + 𝛽"𝑅! + 𝛽#𝑍! + 𝛽$𝑦! 
 
We would expect that number of trips to decrease as the trip cost increases, meaning that alpha 
will be a negative number.  The formula for the mean consumer surplus, which in this case is %&

'(
  

will therefore yield a positive value (Champ et al. 2017). 
 
The marginal effect for the Poisson model can show how the number of trips changes with a 
change in price.  The elasticity of the model will show the effect of a percentage increase in trip 
cost on number of trips.  These measures show us how sensitive our model is to changes in price.  
They can also be calculated for other variables in the model, in particular income.  
 



Objectives 
 
There were three main objectives for this project. 
 

1. Quantifying user use of the Duke Forest by user type (pedestrian, bike or equestrian) over 
a one year period. 
 

With this objective, my aim was to answer the question: “how many recreational users use the 
Duke Forest each year?”  This number was further stratified by user type (pedestrian, bike, and 
equestrian), by season (spring, summer, fall and winter), weekday vs. weekend, and by Duke 
Forest Gate number.  As many users visit the forest more than once per year, the resulting 
number was user-days rather than total number of individual people.  The number of dogs was 
also be recorded. 
 

2. Conducting a recreational user survey to study user demographics, behavior, and 
attitudes. 

 
This objective attempted to better understand the recreational users in the Duke Forest.  The 
survey was loosely based on previous surveys that have been conducted in the Duke Forest, but 
important updates were made including questions about use of mobile phones and app usage.  
Other questions included questions about visitor use, visitor experience, and knowledge of the 
Duke Forest.  
 

3. Determining the value of the Duke Forest as a recreational asset using the Travel Cost 
Model. 

 
With this objective, I attempted to answer the question “what is the Duke Forest worth to the 
recreational community, over and above the monetary and time costs required to visit the 
Forest?”  This question was answered through the user survey outlined above where visitors 
answered questions about travel time and distance, income level, household size, and other 
recreational sites visited. 
 
A secondary objective to this project was to compare the results from this study to the 2013 
recreational study.  This included comparing the visitor count data as well as the visitor survey 
data.  The survey was closely modeled after the 2013 survey, with a few changes, most notably 
some questions were added about cell phone and app use. 
 
  



Methods 
 
Methods for determining visitor usage 
 
Data collection 
 
The Duke Forest is currently composed of six divisions and is primarily accessed via gates off of 
public roads.  There are roughly 42 gates scattered across the six divisions.  Of these, staff at the 
Duke Forest identified 16 gates as high or moderate use (see Table 1 for GPS locations of these 
gates).  A sampling plan was created to count visitors using these gates.  These 16 gates are: 
 
Durham Division: Gates 3, 4, 7, 10, 11, 12, 14, C and F  
 
Korstian Division: Gates 21, 23, 24, 25, 26, and 44  
 
Edeburn Division: Gate 28 
 
Table 1: GPS Coordinates of the Gates that were sampled 

 
 
There are two limitations of sampling only at these gates.  First, not all gates were being sampled 
from, only the 16 moderate- to high-use gates, so activities at other gates were not being 
accounted for.  Second, there are also unauthorized footpaths that have formed from 
neighborhoods adjacent to the forest.  Visitors entering via these unauthorized footpaths were 
also not being accounted for unless they also passed through one of the gates.  We would expect 
that these limitations would result in fewer users being counted than are present.  However, a 
further limitation of this method is that many users create loops that incorporate more than one 

2022 Gates GPS Coordinates
3 36.007015, -78.966072
4 36.008002, -78.966833
7 36.012018, -78.974040

10 36.017694, -78.982744
11 36.019912, -78.984410
12 36.025339, -78.989406
C 36.012273, -78.974157
F 36.026465, -78.989326

21 35.994860, -79.008517
23 35.999653, -79.023832
24 35.977422, -79.030412
25 35.977991, -79.022575
26 35.977825, -79.016453
28 36.030824, -79.060450
14 36.016634, -78.983827
44 36.005585, -79.046293



gate, and so these users are being counted more than once.  This limitation would over-count the 
number of visitors to the forest. 
 
To count the number of users remotely, I used a combination of a camera trap and an infrared 
pedestrian traffic counter.  The counter that was chosen for this project was the TTC-4430 from 
Diamond Traffic Products (see Appendix A for sensor choices).  This sensor was originally 
designed in the 1970’s in cooperation with the US Forest Service. 
 
This pedestrian counting device was installed at gate entrances according to a sampling plan 
outlined in Table 2.  As the TTC-4430 counter is an active infrared sensor, the light emitting 
diode is placed on one side of a trail and emits a beam that is not within the visible spectrum 
which points across the trail to a reflector on the opposite side of the path.  When the beam is 
interrupted, the sensor will count that a user has passed by.  Because this sensor only counts 
people when the infrared beam is disrupted, it is important that the sensor is placed in an area 
where visitors are most likely to walk single file.  If visitors are walking side by side, the sensor 
may count several people as just one person.  This limitation could cause the TTC-4430 counter 
to under-count visitors, as it was not always possible to place the sensor in an area where people 
would be likely to walk in single file. 
 
Funding was provided by the Duke Forest to purchase four TTC-4430 sensors.  These sensors 
were moved once every three weeks to cover the 16 gates listed above in each of the four 
seasons.  Each season is 13 weeks long. 
 
The data collected from the TTC-4430 only provides a count of users, and not the user type.  
Therefore, we also used a trail camera to subsample at each gate to identify the ratios of each 
user type at each gate.  These camera traps were moved along with the sensors, but only one 
week of camera data was used during each three-week period at each gate during each season.  
The goal of having both cameras and sensors was to be able to calibrate sensor data to the 
camera data, for each gate, which was used as a ground truth.  For future studies, only sensor 
data will be needed to estimate visitor usage, as the ratios obtained from the camera study can 
then be applied to each gate. 
 
The four seasons of interest are defined as: 
 
Fall: September 15 – December 14 
Winter: December 15 – March 14 
Spring: March 15 – June 14 
Summer: June 15 – September 14 
 
The dates for these seasons are the same as those described in the last recreational study in 2013. 
 
 
 
  



Table 2: 2022/2023 Sampling schedule for the four sensors and cameras 

 

Week Number Week starting with Sensor 1 Sensor 2 Sensor 3 Sensor 4
1 13-Jun 3 11 23 28
2 20-Jun 3 11 23 28
3 27-Jun 3 11 23 28
4 4-Jul 4 12 24 14
5 11-Jul 4 12 24 14
6 18-Jul 4 12 24 14
7 25-Jul 7 C 25 44
8 1-Aug 7 C 25 44
9 8-Aug 7 C 25 44

10 15-Aug 10 21 26 F
11 22-Aug 10 21 26 F
12 29-Aug 10 21 26 F
13 5-Sep 11 23 28 3
14 12-Sep 11 23 28 3
15 19-Sep 11 23 28 3
16 26-Sep 12 24 14 4
17 3-Oct 12 24 14 4
18 10-Oct 12 24 14 4
19 17-Oct C 25 44 7
20 24-Oct C 25 44 7
21 31-Oct C 25 44 7
22 7-Nov 21 26 F 10
23 14-Nov   26 F 10
24 21-Nov 21 26 F 10
25 28-Nov 23 28 3 11
26 5-Dec 23 28 3 11
27 12-Dec 23 28 3 11
28 19-Dec 24 14 4 12
29 26-Dec 24 14 4 12
30 2-Jan 24 14 4 12
31 9-Jan 25 44 7 C
32 16-Jan 25 44 7 C
33 23-Jan 25 44 7 C
34 30-Jan 26 F 10 21
35 6-Feb 26 F 10 21
36 13-Feb 26 F 10 21
37 20-Feb 28 3 11 23
38 27-Feb 28 3 11 23
39 5-Mar 28 3 11 23
40 12-Mar 14 4 12 24
41 19-Mar 14 4 12 24
42 26-Mar 14 4 12 24
43 2-Apr 44 7 C 25
44 9-Apr 44 7 C 25
45 16-Apr 44 7 C 25
46 23-Apr F 10 21 26
47 30-Apr F 10 21 26
48 7-May F 10 21 26
49 14-May 3 11 23 28
50 21-May 3 11 23 28
51 28-May 3 11 23 28
52 4-Jun 4 12 24 14



Camera data was collected at each gate based on the sampling schedule presented in Table 2, and 
only the middle week of each three-week period was analyzed.  The analysis involved reviewing 
all photos taken at a given gate, and counting the number of distinct users by category, and 
finally dividing these numbers by two to account for the fact that each user both entered and 
exited the gate, resulting in a double count of each visitor. 
 
These were the distinct user categories: 
 

• Pedestrians: Any person who was without a dog, bike, or horse.  This included babies 
and children being carried, or in baby carriers. 

 
• Bikers: People on bikes or walking next to their bike 

 
• Dog walkers:  Any person or people with a dog.  In the case of a group of people with 

one dog, every person in the group was considered a dog walker.  Dog walkers included 
children and babies who were being carried or were in baby carriers.  Total pedestrians 
therefore include both the pedestrian category and the dog walker category. 

 
• Dogs: Dogs were counted separately from dog walkers, as multiple people could be 

walking one dog, and conversely one person could be walking several dogs.  This 
allowed us to get an accurate assessment of how many dogs were visiting the Duke 
Forest. 

  
• Equestrian: Anyone on or with a horse. 

 
• Non recreation: Anyone who was clearly in the forest for non-recreational purposes.  

This included vehicles, maintenance equipment, people wearing reflective vests (trail 
stewards), and Duke Forest staff. 

 
• Wildlife:  This included any wildlife that was captured on camera.  Wildlife documented 

during this survey included deer, fox, coyote, squirrels, and an owl. 
 

• Attention: Any photos that required the attention of Duke Forest staff including clear 
violations of Duke Forest rules.  Typically, these involved the use of dirt bikes, but 
sometimes also included possible theft. 

 
The resulting numbers were tabulated into a table (see Table 3). 
 
  



Table 3: Results of Camera Trap Data for Summer (red) and Fall (yellow) prior to further 
analysis (prior to dividing by two) 

 
 
 
Data Analysis 
 
I calculated an estimate of the total number of visitors for the year based on only the camera data 
because I found that the sensor data contained erroneous data.  I took the sample I collected at 
each gate for both Summer and Fall, and multiplied those by 13, which is the number of weeks in 
a season.  When one gate was sampled more than once during a season, the average of those 
samples was taken.  Occasionally there was a sampling period where the cameras malfunctioned 
and did not record any data.  Where there was missing data for a given gate, data from the same 
gate in a neighboring season was taken.  This occurred once during the summer season at gate 
number 26, where data from the fall season had to be used, and once during the fall season at 
gate number 10 where data from the summer season had to be used.  Unfortunately, gate 10 was 
one of the highest visited gates, and so having only one week’s worth of data to use for both 
summer and fall seasons was unfortunate.  
 

Week Number Gate Number Attention Bike Dog Dog Owners Equest Non Rec Ped Wildlife Notes
2 3 0 10 21 25 0 2 80 0
2 11 0 50 83 83 0 1 180 1
2 23 0 23 7 7 1 0 44 0
2 28 0 23 44 37 0 3 60 0
5 4 0 0 0 0 0 0 0 0
5 12 0 27 23 23 0 25 130 1
5 24 0 68 114 135 0 2 428 2
5 14 0 1 8 12 0 1 23 1
8 7 0 34 46 52 0 0 316 1
8 C 1 22 108 171 0 1 300 0
8 25 0 35 75 93 0 0 284 3
8 44 0 23 15 17 0 0 25 0

11 10 1 40 127 158 0 13 334 1
11 21 0 0 23 30 0 0 53 1
11 26 0 0 0 0 0 0 0 0 Camera fail
11 F 1 19 25 42 0 40 357 0
14 11 0 40 110 112 0 0 233 0
14 23 0 50 130 165 1 2 293 3
14 28 0 20 55 56 0 7 88 0
14 3 0 38 138 152 0 2 514 0
17 12 0 5 35 45 0 12 47 2
17 24 0 32 48 75 0 6 286 7
17 14 0 4 8 10 0 2 5 5
17 4 0 15 20 27 0 7 88 7
20 C 0 8 59 95 0 34 370 1
20 25 0 14 19 29 0 0 62 0
20 44 9 5 15 11 0 9 8 2
20 7 0 20 36 52 0 2 198 2
23 21 0 0 44 56 0 20 94 1
23 26 7 2 68 117 0 2 140 0
23 F 0 17 26 33 0 35 129 1
23 10 0 0 0 0 0 0 0 0 Camera fail
26 23 0 47 48 63 2 20 143 6
26 28 0 20 94 115 0 4 122 0
26 3 4 45 59 82 0 2 195 1
26 11 0 31 58 77 0 9 83 1



For a rough estimate of the total visitor count for an entire year, the total mean number of users 
for the two seasons that were sampled (summer and fall) was multiplied by 4, which is the 
number of seasons in a year. 
 
Methods for Visitor Perception Survey 
 
A 32-question survey (see Appendix B) was implemented using Qualtrics.  A QR code which 
provided a link to this survey was posted on signs at the 16 gates (Table 1) within the forest 
which were also used for the visitor count data collection (see Figure 3). The survey was also 
emailed out to various Duke Forest listservs as well as posted on Duke Forest webpage as a pop-
up and shared on Duke Forest social media sites.  The survey was modeled from the 2013 
recreational study with a few added questions in order to perform the economic valuation of the 
Duke Forest and also to find out more about cell phone app usage such as Strava, iNaturalist, 
AllTrails, etc. 
 

 
Figure 3: Sign with QR code for survey placed at gates in the Duke Forest.  
Photo credit: Christine Martens 
 
Methods for Economic Valuation of the Duke Forest 
 
Data Collection 
 
The Economic Valuation of the Duke Forest was conducted using the Travel Cost Method for 
nonmarket valuations of recreational assets.  This valuation method is a revealed preference 
method since it looks at visitor’s behavior to try to find out their willingness to pay.  In this 
model, the number of trips to a recreational site is treated as the quantity demanded, and the cost 
of each trip to that site is treated as the price.  
 
The data collection made use of the visitor perception survey detailed above to also ask questions 
about visitor’s opportunity cost of time, and their frequency of visits to the Duke Forest. 
 
Responses to the following questions (paraphrased) were used as part of this analysis: 



Whether the survey was taken onsite or offsite, the number of visits to the forest visitors reported 
over the past year, how long it takes visitors to travel to the Duke Forest, how far visitors travel 
to visit the Duke Forest, their yearly income, their zip code, the number of people in their 
household, the number of people employed in their household, and a list of substitute sites that 
had been visited over the past year.  For the full survey, see Appendix B. 
 
Data Analysis 
 
For this analysis, I used data from June 12th, 2022, through September 25th, 2022.  June 12th was 
the date that we first started collecting data, and September 25th was the last day that the Duke 
Forest was open seven days a week before the beginning of deer hunting season.  The deer hunt 
closed the forest Monday through Friday through December 16th. 
 
Perhaps the most important variable for this analysis is the trip cost.  The trip cost comprises two 
parts in this case (given that there are no entry fees or equipment costs): travel cost, and time 
cost.  The travel cost consists of the round-trip distance multiplied by the cost per unit distance.  
For this, I used the government mileage rate for the second half of 2022, $0.625/mile (Internal 
Revenue Service, 2022). 
 
To calculate the opportunity cost of time, I used the following formula: 
 

𝑤 = 𝛼 ∗
𝑦
ℎ 

 
Where w is the opportunity cost of time, 𝛼 is a constant, 𝑦 is the annual household labor income, 
and ℎ is the annual hours worked by an individual.  In this case, 𝛼 was set to 0.4, and the number 
of hours worked by an individual per year was set at 2000.  These are typical values in the travel 
cost literature (Vincent, 2021). 
 
For my income variable, I had respondents choose their income bracket, and I took the value of 
their income to be the midpoint for each income bracket.  The options for income brackets were 
less than $20,000, $20,000 to $50,000, $50,000 to $100,000, $100,000 to $200,000, and the 
upper income bracket was set at $200,000+.  To put a value on income for the respondents that 
fell within the upper bracket of $200,000+, I took the mean of the top 5% of household incomes 
within the respondents’ zip code from statisticalatlas.com and took the mean of that value and 
$200,000.  For any respondents who did not disclose their income, but did disclose their zip 
code, I took the mean income within their zip code as their household income. 
 
Normally a Travel Cost Model includes the cost of travel to substitute sites.  The question that 
should have been asked to determine this variable is “If you had not visited the Duke Forest 
today, which other outdoor recreational site would you have visited?”, with follow up questions 
about the time and distance required to travel to that site.  Instead, I asked “Did you visit other 
Triangle-area outdoor recreation sites during the past 12 months? (Check all that apply)” with a 
list of eight possible answers, and the opportunity to write in an answer as well.  I tried various 
methods of transforming this data into usable substitute data.  First, I tried creating a dummy 
variable (either 1 or 0) for if the zip code of one of the sites was not in the same zip code as the 
subject’s, and a second dummy variable (also either 1 or 0) for whether one of the sites was not 



in the same zip code as the Duke Forest.  I also tried multiplying these dummy variables by the 
opportunity cost of time for each respondent, and finally I tried multiplying these final two 
variables together. 
 
The analysis was conducted using the program Stata, using Poisson regressions to determine the 
best model for explaining the number of trips per year an individual would take to the Duke 
Forest.  First, onsite and offsite surveys were separated as onsite surveys suffer from truncation 
and endogenous stratification issues.  This is because for an onsite survey, we oversample 
visitors who visit the forest more often, and we do not sample any people who do not visit the 
forest.  The simple but statistically valid way of accounting for these issues is to subtract one 
from the trip cost variable (Champ et al. 2017). 
 
For the Poisson regression, the inputs that are generally important for a Travel Cost Model 
include trip cost, income, and cost to substitute sites with the most important variable being trip 
cost.  As I did not have the correct data for the cost to substitute sites, I had to omit this variable 
from the model as I could not find significance in any of the variables I created from the data I 
did have, nor could I find any joint significance.  For the income variable, it is possible that the 
number of trips per years does not vary linearly with income, therefore I tried the natural 
logarithm of income as an alternative to untransformed income to determine if one version was 
more significant that the other. 
 
The average consumer surplus was calculated by taking the negative inverse of the trip cost 
coefficient in the Poisson regression, which is why unbiased, precise estimation of the trip cost is 
so important for this calculation.  The total value of the Duke Forest for recreational purposes is 
then calculated by multiplying the average consumer surplus by the total number of recreational 
user days per year. 
 
 
Results and Observations 
 
Visitor Count Results 
 
The results for the visitor count for the summer season can be seen in Table 4a and 4b and the 
results for the fall season can be seen in Table 5a and 5b.  These results were aggregated using 
only the camera trap data.  As each gate was only sampled for one week during each 13-week 
season, the results from each gate were multiplied by 13. 
 
Table 4a: Summer results for user type using camera data only 

 
 
 

User type Total numbers Percent of total
Total Summer Users (not including dogs) 26871 100%
Total Summer Bikers 2451 9%
Total Summer Pedestrians 24414 91%
Total Summer Equestrians 1 0%



 
Table 4b: Summer pedestrian breakdown using camera data only 

 
 
Table 5a: Fall results for user type using camera data only 

 
 
Table 5b: Fall pedestrian breakdown using camera data only 

 
 
For a rough number of users for a full year, the mean total total number of users for both summer 
and fall (26,515 users) was multiplied by four (the number of seasons in a year), yielding an 
estimated 106,060 visitors in a year.  This can be broken down by gate as can be seen in the 
histogram in Figure 4. 
 
 

Pedestrians and dogs Total numbers Percent of total
Total Summer pedestrians 24414 100%
Total Summer Dog Walkers 6513 27%
Total Summer non-dog walkers 17901 73%
Total Summer Dogs, Ratio of Dogs to Pedestrians 5116 21%

User type Total numbers Percent of total
Total Fall Users (not including dogs) 26159 100%
Total Fall Bikers 1999 8%
Total Fall Pedestrians 24151 92%
Total Fall Equestrians 0 0%

Pedestrians and dogs Total numbers Percent of total
Total Fall pedestrians 24151 100%
Total Fall Dog Walkers 7274 30%
Total Fall non-dog walkers 16877 70%
Total Fall Dogs, Ratio of Dogs to Pedestrians 5532 23%



 
Figure 4: Total number of visitors per year by gate number 
 
 
The total number of visitors per year can also be compared to previous surveys.  We have data 
from the previous 4 recreational surveys (see Table 6).  Each survey was performed using 
different methods and are therefore not directly comparable.  The least accurate survey method 
was likely the 1991 survey done by Schenck since only 8 gates were sampled, and the data was 
simply collected using a regression equation based on visitors signing logbooks (Schenck 1991). 
 
 
Table 6: Comparison of total number of visitors to previous surveys 

 
 
 
Visitor Perception Survey Results 
 
The complete results of the visitor perception survey can be found in Appendix C.  For reporting 
the results of this survey, data was collected from June 12th, 2022, through February 13th, 2023.  
A total of 881 surveys were at least partially completed during this time period.  Of those, 43% 

Year Author Visitors Estimated Gates Surveyed Count Method
1981 Consoletti 135,000 22 Random 15-minute intervals on random days

1991 Schenck 273,000 8
Regression equation based on number of visitors signing 
log books 

2002 Snape 164,000 16 Hour-long sample blocks across the year

2013 DF staff 110,000 19

hour-long sample blocks across the year, NO FALL 
WEEKDAY USE…, probably accounts for ~11,000 less 
visitors based on winter and spring season averages of 
~32K 

2022 Martens 106,000 16
Camera trap data for 1 week intervals at 16 gates in each 
season - only Summer and Fall were sampled.



were onsite (accessed the survey via a sign in the forest), whereas the remainder of those found 
the survey through email, social media or the Duke Forest website or newsletter.   
 
The mean number of visits per year was 42, with a standard deviation of 63 visits per year.  The 
visitation distribution is highly right skewed, and we even had several visitors who visited the 
Duke Forest more than 365 times in a year, with a maximum of 720 times in a year.  The mean 
distance traveled to the Duke Forest was 6.9 miles one way with a standard deviation of 17.5 
miles, and the mean amount of travel time to reach the Duke Forest was 16 minutes with a 
standard deviation of 26 minutes.  These results were used for the economic analysis using the 
Travel Cost method. 
 
In general, 20% of respondents visited the forest on either a Saturday or Sunday, while only 11 
to 13% visited on each of the weekdays (see Table 7).  The most common time to visit was 
between 9AM and 12PM (33.6%), and the majority of respondents (57.6%) spend one to two 
hours in the forest. 
 
Table 7: Answers to the question “What days of the week do you usually visit? (Check all that 
apply)” 

# Answer % Count 

1 Monday 11.00% 294 

2 Tuesday 11.86% 317 

3 Wednesday 12.84% 343 

4 Thursday 12.43% 332 

5 Friday 12.01% 321 

6 Saturday 20.10% 537 

7 Sunday 19.76% 528 

 Total 100% 2672 

    
 
The most common activity is walking without a dog (34.7%), while the second most common 
activity was walking with a dog (20.0%), followed by running or jogging (16.4%), biking (8.5%) 
and bird watching (8.3%).  Compared to the 2013 study, fewer people claimed to walk with their 
dogs.  In 2013, 24.6% of responses were “walk with dog” compared to 20.0% in this study.  
Slightly more visitors reported bicycling (8.5% of responses compared to 6.9% in 2013), and 
many fewer visitors reported running or jogging (16.4% of responses compared to 28.9% in 
2013.)  
 



The most common other Triangle-are recreational site visited by respondents was the Eno River 
State Park (20.7%) followed by Duke Gardens (17.3%), and the Triangle Land Conservancy 
preserves (15.9%). 
 
Demographics: 
Based on survey responses, 47.7% of respondents were male, 48.4% female, 0.14% transgender, 
0.55% nonbinary, 0.27% were another identity, and 2.9% preferred not to answer.  The vast 
majority 87.4% of respondents were Caucasian, with 1.5% African American, 1.1% Asian-
American, 2.1% Hispanic, and 7.8% other races, or preferred not to answer.  The majority, 
65.8% of respondents hold a graduate school degree, 22.1% hold a college degree, 4.2% have 
completed some college, and only 0.84% hold a high school degree or did not finish high school, 
and 0.56% preferred not to answer regarding their educational level.  The mean age of 
respondents was 51 years old with a standard deviation of 15 years. Of those who chose to 
answer the question on household income level, 28.5% earned more than $200,000, while 
another 38.2% earned between $100,000 and $200,000, 24.8% earned between $50,000 and 
$100,000, and 7.4% earned between $20,000 and $50,000, and only 1.1% earned less than 
$20,000. 
 
Perceptions: 
Results of note for visitor perceptions, as well as comparisons to the study done in 2013, follow. 
 
Results for question: “To the best of your knowledge, what is the Duke Forest’s primary reason 
for existence? (Check only one)” and “In your opinion, what should be the Duke Forest’s 
primary reason for existence? (Check only one)” 
 
A total of 735 responses were recorded for the first of these two questions, and of those, 86.9% 
of respondents knew that the primary reason for Duke Forest’s existence was teaching and 
research (see Table 7).  This compares to 75.6% of respondents in 2013, so the number of people 
who understand the mission of the Duke Forest has increased in the last ten years.  However, of 
the 745 responses that were recorded for the second of these two questions, only 49.4% believed 
that the Duke Forest’s primary reason for existence should be teaching and research (see Table 
8).  Another 31.1% believed that the primary reason should be conservation followed by 11.7% 
who believed that its primary reason for existence should be recreation.  This is somewhat 
similar to the 2013 study where 35.9% believed that the primary reason for Duke Forest’s 
existence should be teaching and research followed by conservation (29.2%) and recreation 
(18.9%).  
 
  



Table 7: Responses to the question: “To the best of your knowledge, what is the Duke Forest’s primary reason for 
existence? (Check only one)” 

 
 
Table 8: Responses to the question “In your opinion, what should be the Duke Forest’s primary reason for 
existence? (Check only one)” 

 
 
The most commonly cited nuisance was dog waste bags (24%) followed by unleashed dogs 
(21%).  This has not changed much since the 2013 survey when 23% of respondents reported 
dog waste bags to be the most common nuisance followed by 22% for unleashed dogs. 
 
New questions to the survey included questions about cell phone and app usage.  Here are some 
results from those questions: 
 
Results for the question “Have you used any of the following digital resources in the Duke 
Forest? (Check all that apply)”: 

# Answer % Count 

1 Recreation 2.72% 20 

2 Conservation 7.07% 52 

3 Timber production 0.95% 7 

4 Teaching and research 86.94% 639 

5 Open space 0.27% 2 

6 Real estate investment 0.54% 4 

7 Don't know 1.50% 11 

 Total 100% 735 
 

# Answer % Count 

1 Recreation 11.68% 87 

2 Conservation 31.14% 232 

3 Timber production 0.27% 2 

4 Teaching and research 49.26% 367 

5 Open space 4.56% 34 

6 Real estate investment 0.13% 1 

7 Don't know 2.95% 22 

 Total 100% 745 
 



 
A total of 580 respondents answered this question (Figure 5).  Unfortunately, we did not add an 
option for “did not use any digital resources,” so while 301 survey respondents (34.2%) did not 
answer this question, it is impossible to tell whether they simply did not answer the question, or 
whether they do not use any digital resources.  However, it was still interesting to note that the 
most commonly used digital resources included Google Maps (30.9% of responses) followed by 
AllTrails (25.7% of responses).   As may be expected, most people used the aforementioned 
digital resources for navigating to the trailhead (23.8%) followed by on the ground navigation 
(21.4%) and health (12.5%) (Figure 6).  Furthermore, only 32.8% of respondents knew that there 
are official Duke Forest digital maps freely available. 
 
 

 
Figure 5: Pie chart of responses from question:  

Have you used any of the following digital resources in the Duke Forest? (Check all that apply) 
 
 
 



 
Figure 5: Pie chart of responses from question: 

In what ways do you use the digital resources in the Duke Forest? (Check all that apply) 
 
 
 
  



Results for Economic Valuation of the Duke Forest 
 
Consistent with economic theory, the raw data for the onsite data of trips per year vs. trip cost 
show that as trip cost increases, trips per year decrease, and as trip cost decreases, trips per year 
increase (see Figure 7). 
 

 
Figure 7: Trips per year vs trip cost for the onsite sample 
 
The raw data for the offsite data of trips per year vs. trip cost also show the same general trend.  
However, there is an outlier (see Figure 8), someone who visited the Duke Forest over 200 times 
despite having a trip cost of over $100 per trip.  I ran the model with and without this outlier.  
After looking more closely at the data for this outlier, I believe this particular individual walks 
rather than drives to the Duke Forest, which is why they had a trip time of 60 minutes and a 
distance of only 2 miles.  The Travel Cost Model as I applied it assumes that travel is by car.  
Because this person’s income is over $200,000, their trip cost was inflated due to the time spent 
traveling, while in reality this travel time could be part of their recreational time. 
 

 
Figure 8: Trips per year vs trip cost for the offsite sample. 
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The results of my final five regressions can be found in Table 9.  The number of observations for 
the two onsite models was 159.  For the onsite models, one was subtracted from the dependent 
variable to account for truncation and endogenous stratification.   
 
For the first model, the regression was run using trip cost and income as explanatory 
(independent) variables.  Trip cost was found to be significant (p = 0.010), and income was not 
very significant (p = 0.155).  However, trip cost and income were found to be jointly significant 
(p = 0.029).  The elasticity of trip cost was -0.608, meaning that every 1% increase in trip cost is 
associated with a 0.608% decrease in the number of trips.  The elasticity of income was found to 
be 0.245, meaning a 1% increase in income resulted in a 0.245% increase in the number of trips 
(however the 95% confidence interval for the elasticity of income spans over 0). For this model, 
the estimated consumer surplus was found to be $33 per trip. 
 
For the second onsite model, model 2, the regression was run using trip cost and the log of 
income as explanatory variables.  The results of this model were almost the same as Model 1 
with only a slight improvement in the significance of the log of income variable (p = 0.130). 
 
The number of observations for the two offsite models was 359.  For model 3, the regression was 
run using trip cost and income as the explanatory variables.  Trip cost was not very significant (p 
= 0.266), but income was found to be significant (p = 0.003).  However, trip cost and income 
were found to be jointly significant (p = 0.012).  The elasticity of trip cost was -0.179, which is 
much less elastic than the onsite model, and the elasticity of income was found to be 0.409, more 
elastic than the onsite model.  The estimated consumer surplus was found to be $134 per trip.  
However, this model had an outlier which skewed the consumer surplus towards a higher value. 
 
Model 4 was our offsite model using trip cost and the log of income as our explanatory variables.  
The significance of both trip cost and income did not change dramatically from Model 3, but the 
joint significance dropped significantly (p = 0.103).  This indicates that Model 3 with income as 
opposed to log of income was likely better for these data. 
 
Finally, I removed the outlier in the offsite model to see what effect it had on the offsite model.  
Model 5 was run with the outlier removed (358 observations) using trip cost and income as 
dependent variables, and the joint significance increased remarkably (p = 0.006).  The consumer 
surplus was found to be $65.28 per trip which is quite a bit lower than the previous offsite 
models.  This shows how much the outlier was skewing the consumer surplus for the previous 
offsite models. 
 
  



Table 9: Results of Poisson regressions 

 
 
The best models were therefore Model 1 for the onsite data and Model 5 for the offsite data.  
Both these models use income as opposed to the log of income.  Keep in mind that the offsite 
respondents were largely contacted through mailing lists or from the Duke Forest social media or 
website.  Respondents who have a higher vested interest in the Duke Forest were more likely to 
be included in my offsite sample compared to respondents who saw the recreational survey sign 
in the forest.  For this reason, it makes sense that the consumer surplus for the offsite model was 
quite a bit higher than the onsite model, as people who value the Duke Forest highly are 
overrepresented in the offsite sample. 
 
To calculate the value of the Duke Forest as a recreational asset over a given period, the 
consumer surplus is multiplied by the number of visitors over that same period.  In the visitor 
count results, I found that an estimated 106,000 visitors use the Duke Forest annually.  Using the 
onsite model, which is the more conservative estimate of consumer surplus at $33 per trip, the 
value of the Duke Forest as a recreational asset is estimated at $3.5 million per year.   
 
Using the offsite model, the Duke Forest would be worth $6.9 million per year, but I believe that 
this number is inflated due to the fact that our offsite sample was likely biased.  This is because 
our offsite sample was a convenience sample gathered from sending my survey to the Duke 
Forest email list, advertising it in the Duke Forest newsletter as well as their social media 
accounts.  I believe this method of choosing my sample systematically choose people who value 
the Duke Forest higher than the average recreationalist, as mentioned above. 
 
To further analyze the value of the Duke Forest, I divided the outcome of the onsite model by 
both recreational activity (Table 10) and Duke Forest Division (Table 11).  Non dog walking 
pedestrians made up the majority of the users, and the Durham division was the most visited.  
Note that these estimates do not account for possible differences in consumer surplus by activity, 

Model name and number 1. Onsite with 
income

2. Onsite with log 
of income

3. Offsite with 
income

4. Offsite with log 
of income

5. Offsite with 
income and outlier 

removed

Number of Observations 159 159 359 359 358
P value for trips cost 0.010 0.010 0.266 0.326 0.033
95% conf internval for 
trip cost -0.052 to -0.007 -0.054 to -0.007 -0.021 to 0.006 0.019 to 0.006 -0.029 to -0.001
P value for income 0.155 0.130 0.003 0.035 0.002
P value for joint 
significance of income 
and trip cost 0.029 0.029 0.012 0.103 0.006
Elasticity of trip cost -0.608 -0.619 -0.179 -0.154 -0.361
95% conf interval for 
Elastisity of trip cost -1.071 to -0.146 -1.091 to -0.147 -0.495 to 0.137 -0.463 to 0.154 -0.693 to -0.030
Elasticity of income 0.245 0.238 0.409 0.322 0.431
95% conf interval for 
Elastisity of income -0.093 to 0.583 -0.070 to 0.545 0.138 to 0.679 0.022 to 0.622 0.153 to 0.708
Estimated consumer 
surplus per trip $33 $33 $134 $155 $65



as the simple Travel Cost Model I estimated generates a single estimate of average consumer 
surplus across all activities. 
 
Table 10: Value of the Duke Forest using the onsite model by recreational activity 

 
 
Table 11: Value of the Duke Forest using the onsite model by division 

 
 
In 2019, the median value for a 20-to-75-acre parcel in the triangle area was $7,857 per acre 
(Farm Credit Carolina, 2019). Given that the values listed above are per year, it would only take 
8-12 years for the recreational value to outweigh the value of the land for development in the 
case of the Durham and Korstian Divisions, which are the most visited areas of the Duke Forest. 
 
 
Discussion 
 
Visitor Count Data 
 
While a recreational study has been completed in the Duke Forest every decade since the 1980’s, 
the results of the visitor count surveys have varied dramatically.  Looking at the past estimates of 
number of visitors, it is impossible to determine a trend (see Figure 9).  Given that the methods 
for each of these surveys were quite different, these count surveys cannot easily be compared.  It 
is possible, for example that the method that Schenck used in the 1991 survey overestimated the 
number of visitors.  Her method involved using the number of people who signed trail logbooks 
and creating a regression.  Physical visitor counts were compared to the number of visitors self-
registering.  If her sample was small, the regression coefficient she used (proportion) may have 
been too high (Schenck 1991).  The 2013 method involved taking average hourly usage by gate 
and time of day and using that sample estimating the entire year.  My results are almost identical 
to the 2013 estimate. 
 
It is possible that my estimate is inaccurate because I only used summer and fall data and 
extrapolated through winter and spring.  During the fall, the deer hunt caused the forest to close 
to all recreation Monday through Friday from September 26th through December 16th.  This 
along with normal variation in recreational demand by season could have impacted my results.  
The fact that the forest was closed during weekdays for part of the fall season could mean my 
results are low.  
 

Recreational Activity Percent of total users Value per Year 
Bike 8% $293,650.79
Equestrian 0% $1,072.50
Dog Walking 26% $909,909.91
Non Dog Walking Pedestrians 66% $2,295,366.80

Division Acres Percent of Total Users Value per Year Value per Acre per Year
Durham 2467 61% $2,140,712.14 $867.74
Korstian 1828 35% $1,217,503.22 $666.03
Edeburn 487 4% $141,784.64 $291.14



 

 
Figure 9: Estimated number of visitors to the Duke Forest by decade using different methods. 
 
While I believe that the visitor count data using camera traps are fairly accurate, obtaining data 
for the rest of the year (spring and winter) will help to increase the accuracy of the total visitor 
count.  Because my method did not involve having someone physically present to obtain data, I 
was able to collect more data than in any previous study. 
 
My original intention for the visitor count data was to use the infrared sensors in conjunction 
with the camera trap data.  The infrared sensors were supposed to be calibrated based on the 
camera trap data, making the counting process easier, as camera trap data takes a long time to 
process, and while I was only analyzing one week’s worth of camera trap data per three-week 
cycle, I was collecting the entire three weeks’ worth of infrared sensor data.  This strategy would 
have yielded even more data than just the camera data alone. 
 
Unfortunately, however, I encountered issues with the infrared sensors.  It seems that there were 
ways in which the sensor was triggered besides by visitors passing, and it was also possible for 
visitors to pass without being counted.  At Gate 25, there were often thousands of counts of 
visitors being logged per hour in the middle of the night.  Gate 25 had the most erroneous data, 
but other gates also occasionally suffered from similar problems.  I have a few hypotheses as to 
why this could have been happening.  One hypothesis is that a spider or other insect was building 
a nest or traveling directly in front of the sensor, causing it to count.  Another hypothesis is that a 
reflection from another light source such as the moon or headlights from cars was causing the 
sensor to count.  The sensors were on poles that eventually wiggled when the ground was wet 
and less compacted in the winter, and the alignment of the sensor with the reflector was therefore 
often in jeopardy.  When the alignment is broken, the sensor counts.  Second, the somewhat large 
distance between the sensor and the reflector meant that the alignment had to be precise, making 
the alignment trickier.  This distance was large because the sensors were set up at the entrance 
gates where the trail width is the same as a road.  I also believe that the fact that the poles were 
made of a reflective material (metal) may have contributed to some erroneous data because more 
light had the opportunity to reflect back at the sensor.   
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In the end it was hard to find a set of rules that could eliminate these errors, as they were not very 
systematic.  While much of the erroneous data occurred at night, an increase in the number of 
visitors sometimes occurred well into daylight hours, making it very difficult to decipher if data 
were correct or erroneous.  Because of these difficulties, I decided to only use the camera data 
for determining visitor counts and user types for this study. 
 
While the camera traps were meant to be the ground truth data, it became evident that there were 
also some limitations to the camera data as well.  In general, I believe that the data are fairly 
accurate, but the four cameras used in this study were different brands and acted differently.  
Three were the same brand, but one was a different brand.  Three cameras took an abundance of 
photographs, but one of the cameras was not triggered quickly enough for some fast-moving 
users such as bikers and runners.  This is evident from the fact that the camera was sometimes 
triggered by a cyclist, but I could only see the very tip of the bike, or sometimes a picture would 
contain nobody.  Also, occasionally the camera would show a dog running past without an 
owner, but it became clear from another photograph documenting their return to the parking area 
that the dog was accompanied by a person. 
 
Impact of COVID-19 
 
Because of the lack of indoor activities during the COVID-19 pandemic, outdoor recreation 
became very important to every community.  The result was a surge in visitor usage in 2020 and 
2021.  Although this survey did not cover the period when recreational demand was at its peak, 
anecdotal evidence shows that the value of recreational assets boomed during this period with a 
huge increase in visitation.  Matt Rutledge, the Associate Director of Stewardship at the Triangle 
Land Conservancy recounts: “With many public parks closed in 2020, our number of visitors at 
Brumley doubled (Brumley South is our only location that had an active trail counter before the 
pandemic).  We know we had large increases in visits at our other preserves as well, though we 
don’t have the hard data.  We had overflowing parking lots, people parking along the street, etc.  
In 2022, the number of visitors dropped some, but not to where it was before the pandemic – the 
number of visitors at Brumley South in 2022 was still probably 50% higher than in 2019.” 
 
While it is impossible to predict how COVID-19 will continue to impact outdoor recreation, it is 
safe to say that the increased demand during the 2020 and 2021 timeframe has had a lasting 
impact on people’s habits into 2022.  Based on the data from Brumley South, it is possible that 
visitation numbers are still on a decreasing trend from the 2020-2021 boom.  More data would 
need to be collected to continue to monitor the changes in recreational demand across the Duke 
Forest. 
 
Visitor Perceptions Survey 
 
The visitor perceptions survey gave us a clear understanding of the demographics of recreational 
users in the Duke Forest.  In general, visitors are well educated, Caucasian, and with high 
household incomes (compared to the median for Durham County), 27% of whom are affiliated 
with Duke University in one way or another.  In some sense this isn’t surprising given that 
minorities are across the board underrepresented in outdoor recreation, and wealthy families 



have more time and money to spend on recreational activities (2021 Outdoor Participation 
Trends Report, 2021). 
 
By in large my findings show that not much has changed in visitor perception over the past 
decade.  Demographics are largely the same.  Dogs seem to continue to create the most nuisance 
for visitors with dog waste bags and off leash dogs being the primary offenders.  Visitors by in 
large understand the purpose of the Duke Forest, but many would prefer that land’s primary 
purpose be for conservation. 
 
The added questions regarding cell phone use will be interesting to the Duke Forest, as this is the 
first survey to ask these questions.  It is clear that visitors are primarily using Google Maps to 
find access points in the Duke Forest, and All Trails is the app that visitors primarily use for 
onsite navigation.  These questions should be asked again in another decade (or sooner) as cell 
phone technology and popularity of apps change quickly.  It may be helpful to run a shorter, less 
robust visitor perception survey more frequently to gauge changes in app usage.  It is particularly 
important to understand how visitors are using apps in the Duke Forest because many of these 
apps use crowd sourced data to offer information for visitors.  If the Duke Forest is not aware of 
these resources, information may be shared that is not of interest to the Duke Forest, such as 
information on unsanctioned trails (Strava), or rare animals or habitat (iNaturalist). 
 
Travel Cost Method 
 
My objective was to try to answer the question “What is the Duke Forest worth to the 
recreational community, over and above the monetary and time costs required to visit the 
Forest?”  This was essentially trying to figure out what the consumer surplus of the Duke Forest 
is for recreational users.  The Duke Forest is currently free for recreational users to visit, but if 
the Duke Forest charged an entrance fee, this value (the consumer surplus) would be the highest 
fee (on average) the forest could charge.  Above this value, visitors would not be willing to pay, 
hence not willing to visit the Forest. 
 
Since I had to run two different models, one based on the onsite sample and the other one based 
on the offsite sample, the result was two different mean consumer surplus values.  The onsite 
model found the mean consumer surplus to be $33 per person, while the offsite model found the 
mean consumer surplus to be $65 per person. The offsite mean consumer surplus was therefore 
nearly double that of the onsite mean consumer surplus, however since the 95% confidence 
intervals of these two samples overlapped, they are not actually significantly different.  However, 
the methods of obtaining my sample for these surveys point to the reason for the potential 
discrepancy in the two samples.  My onsite sample was obtained from people finding my signs in 
the Duke Forest and using the QR code to fill out the survey.  My offsite sample was obtained 
from email lists that the Duke Forest has curated as well as through social media and the Duke 
Forest website.  One of the email lists is the Duke Forest’s monthly e-Log newsletter, which 
people are added to when they donate to the Duke Forest, rent a shelter or order maps, or if they 
sign up themselves on the Duke Forest website.  This is clearly a convenience sample and not a 
random sample.  People who donate, sign up for newsletters or follow the Duke Forest on social 
media are more likely to value the Duke Forest higher than the average recreationalist, which 
created a biased dataset for our offsite model.  For this reason, I used the onsite model’s more 



conservative result of $33 per person as the mean consumer surplus for the remainder of my 
results. 
 
Rosenberger at Oregon State University conducted a meta-analysis of outdoor recreational use 
studies in the United States and found that the mean consumer surplus per person per day was 
$69 and the median was $47 across all studies.  This data was further analyzed by activity, and 
hiking had a mean consumer surplus value of $78 (Rosenberger, 2016).  These values are in line 
with my results of consumer surplus in the Duke Forest.  Further adding to the credibility of my 
results, Siderelis et al. used the travel cost method to analyze recreation demand across trails in 
North Carolina and found the mean consumer surplus to be $56 per trip (Siderelis et al. 2000). 
 
Finally, a different nonmarket valuation method, the contingent valuation method, was used by 
Kurt Hupé in a prior Master’s Project for the Nicholas School in 1994 to determine the 
recreational value of the Duke Forest.  This method involved determining visitors’ WTP 
(willingness to pay) by asking them to bid (hypothetically) on a permit to access the Duke Forest 
for an entire year.  This method resulted in an estimated value of between $5.8 and $7.6 million 
per year based on the estimated number of users determined by Schenck in 1991.  Adjusting for 
inflation, the value in 2022 would equate to between $10.9 and $14.3 million annually.  While 
these numbers are higher than my most conservative estimate of $3.5 million annually, it appears 
that Hupé assumed that each user-day that Schenck counted was actually a unique visitor to the 
forest, and did not divide his value by the mean number of visits per person per year (which in 
my study was found to be a mean of 42 visits per year with a standard deviation of 63).  Schenck 
did not report the mean visitation rate by user, so we do not know what that value would have 
been in 1991.  Also keep in mind that Schenck’s estimate of annual visitor usage was unusually 
high (273,000 user days) and has been called into question by every recreational study in the 
Duke Forest since.  It would therefore make more sense to compare Hupé’s per person WTP 
estimates, which were found to be around $28 for pedestrians and $35 for bikers annually, to my 
estimates.  In today’s dollars, these estimates equate to $53 for pedestrians and $66 for bikers, 
which are quite similar to my estimates of $33 per trip for the onsite model and $65 for the 
offsite model (I did not separate by user type).  Again, this does not take into consideration the 
fact that Hupé’s values are per year and not per visit.  The values for WTP that I determined 
based on my research are therefore quite a bit higher than the values that Hupé established, and 
this might be due to the increase in household income that has occurred in the Durham-Chapel 
Hill area over the past 30 years (see Figure 10).  Differences in valuation methodology could 
also create differences in the WTP estimates, given that Hupé’s method was a contingent 
valuation method, and my method was a revealed preference method.  
 
Although the travel cost model does not allow for an estimation of the effect of population 
growth, it is possible that visitation rates will increase with future population growth in the area.  
Raleigh and Durham have been ranked as the US’s 4th fastest growing cities in 2022 (Bae, 2022), 
and Durham has seen a 18% increase in population size in the last decade alone (Durham metro 
area population 1950-2023).  As the population in the Triangle grows, subdivisions are more 
likely to be developed closer to the Forest, likely boosting visitation rates based on the trip cost 
elasticity results. 
 



The positive income elasticities obtained from my model imply that the value of the Duke Forest 
will rise if incomes in the Triangle continue to increase.  Household income adjusted for inflation 
has increased by about 25% over the last decade in Durham (see Figure 10). 
 
Figure 10: Durham Household Income Adjusted for Inflation (2005 through 2021) 

 
Graph created from data obtained from https://www.deptofnumbers.com/income/north-carolina/durham/ 
 
 
Recommendations 
 
Visitor Count 
 
While my intention was to use the infrared sensors for this project, the camera data turned out to 
be much more accurate, and sufficient to perform this analysis (see discussion).  I would 
recommend that the Duke Forest continue to obtain visitor count data from the camera traps until 
there is data for an entire year (until June 2023) so as to obtain a more accurate number of users.  
In the future, artificial intelligence may make sorting through camera data much easier, making 
this method much less time consuming. 
 
I believe that the Duke Forest could use the infrared sensors more effectively in the future to 
gauge visitor use in areas where visitors walk single file and in areas where the sensor and the 
reflector can be placed closer together.  This could include detecting the volume of use for 
unsanctioned trails, or other single-track trails such as the Shepherd Nature Trail.  It is important 
that the sensors are placed on poles that do not wiggle.  As the ground moistened during the 
winter months, the poles on which the sensors were mounted for my study became loose such 
that alignment became more challenging.  This could have led to some erroneous data.  Better 
would be to attach the sensors directly to a tree, or a sturdy wooden post.  The metal posts could 
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still be used as long as they are very secure.  Wooden posts may be preferable to ensure that 
there is no reflection off the post itself. 
 
Based on the information above on visitor count by gate, the Duke Forest can prioritize the use 
of existing resources for forest management. This could include managing the safety of visitors 
by visiting (or having Duke Forest Trail Stewards visit) the high use gates more frequently.  This 
could also include investing in trail maintenance in those areas to prevent erosion or using 
infrastructure to encourage visitors to follow Duke Forest rules.  Examples of this could include 
better signage, or the use of fencing.  Visitor count data is also helpful for making the decision to 
and understanding the impact of closing certain gates when forest operations are taking place. 
 
Visitor Perception Survey 
 
Interesting information was obtained from the visitor perception survey regarding the use of 
digital resources in the Duke Forest.  The most used digital resource was Google Maps (30.9% of 
responses), which is used primarily for reaching the trailhead, followed by AllTrails (25.7% of 
responses), which is an app that is used for navigating while on-trail.  It would therefore be 
advisable for Duke Forest Staff to monitor AllTrails to make sure the information available on 
the app aligns with what the Duke Forest would like the general public to know.  This is 
especially important given that 67% of respondents do not know that digital maps are available 
from the Duke Forest website, so many people are getting their trail information from AllTrails 
rather than directly from the Duke Forest.  In particular, it would be important to make sure that 
unsanctioned trails are not being added to the AllTrails platform. 
 
Dog waste bags were the most cited problem in the Duke Forest (24% of respondents noticed 
dog waste bags more than once).  This problem is not unique to the Duke Forest and is a difficult 
problem to address.  Dog waste bags have been a problem on the Duke Forest for many years, as 
the results of each recreational survey illustrate.  Trash receptacles may be helpful at Gates, but 
this solution is costly as trash receptacles must be emptied on a regular basis.  Another option 
could be further education of the public through signage, and through on the ground education by 
the Duke Forest Trail Stewards.  As the Duke Forest has been issuing citations to visitors who 
violate regulations, this could be an opportunity to crack down on this offense.  
 
Similarly, off-leash dogs have been a problem on the Duke Forest for many years, and this 
problem was the second most cited problem in the forest (21% of respondents noticed dogs off 
leash more than once).  I did not track dogs off leash during my research, and I would 
recommend that the camera data I collected not be used to determine off-leash dogs because the 
cameras were set up close to the gates, and many dog owners wait until they are away from the 
road to remove the leash from their dogs.  Cameras set up further into the forest would be a 
better method for determining the extent of this problem.  As with dog waste bags, this offense 
could be targeted by Duke Forest employees through citations. 
 
Economic Implications 
 
Knowing that the Duke Forest has a recreational value of at least $3.5 million will hopefully help 
the Duke Forest to make a case for securing more resources for recreational management.  This 



could be through applying for grants specifically for recreational projects, or through 
conversations with Duke University to find further funding sources through the University.  A 
dedicated recreation manager on the Duke Forest would be welcome based on conversations 
with Duke Forest Staff.  Between the ecosystem service value and the recreational value, the 
Duke Forest offers the local community tens of millions of dollars in benefits (Hayashi & 
Horrigan). 
 
Two potential grant opportunities are: 
 

• Grants offered by Duke Energy, which provide grants of up to $20,000 for “thriving 
natural environments including access to green space, in historically underserved and 
environmental justice community” (visit https://www.duke-energy.com/community/duke-
energy-foundation/north-carolina).  

• Grants offered by NC Trails, which administers the Recreational Trails Program in North 
Carolina, offering federal grants for trail creation and maintenance (visit 
https://trails.nc.gov/trail-grants/apply-grant) 

 
 
Further research 
 
Visitor Count Data 
 
While only 16 gates were directly sampled, Strava user data could have been collected across the 
Forest to extrapolate the usage at the remaining gates.  Strava is a GPS based app that allows 
athletes use to track their workouts.  The research arm of Strava is called Strava Metro, and 
provides anonymized data on trail usage.  This strategy of counting visitor usage has been used 
in the past few years by researchers in Whitefish, Montana, Austin, Texas and Victoria British 
Columbia (Lawson, 2021).  Artificial intelligence could also be tested as a means of analyzing 
camera data in future studies. 
 
Visitor Perception Survey 
 
In the visitor perception survey, data was collected regarding how far visitors travel to recreate in 
the Duke Forest.  This information could be mapped using GIS in order to find the area that the 
Duke Forest serves.  The demographics of visitor use data can then be compared to census data 
to see what disparities may exist between the population of people using the Duke Forest, and 
those that are within the area that Duke Forest serves, but choose not to visit. 
 
Travel Cost Model 
 
For the Travel Cost Model, the study could have been improved if a better question was posed 
for the substitute travel sites.  Since the cost substitute sites are normally a significant variable in 
travel cost models, it is possible that my model suffered from omitted variable bias.   
 



A good question to add to this survey for future studies would be: “If the Duke Forest were not 
available, is there another place you would have gone for similar recreational opportunities?”  
Followed by: “How many miles would you travel, one way, to this other place?” 
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Appendix A: Sensor Choice 
 
I chose to use the TTC-4430 from Diamond Traffic Products. Other sensors that were considered 
are listed in the table below. 
 
Passive infrared sensors measure the body temperature of a person and can catch riders as long 
as they are not too close.  Active infrared sensors have two parts one that emits infrared light, 
and another that acts as a receiver.  When the beam is broken, it measures that as one user.  For 
this reason, users must be in single file, otherwise multiple users will be counted as one.  
 

Sensor Specs Pros Cons 
See Insights LLC Passive infrared 

Vibration/accelerometer 
Magnetometer 

Used by Brumley Nature 
Preserve and Eno River 
Association 

Lasts only one or two weeks before 
battery needs to be charged 
$770 upfront cost 
$240/yr maintenance cost per device 

TRAFx system 
package 

Passive infrared sensor NA Three counters cost $2490 
Phone number did not work 

Arrowtech 
Innovations 

Passive infrared sensor NA Out of stock 

Eco-counter Pyro 
counter 

Passive infrared sensor + 
pyroelectric technology 

NA $3000 per sensor + $420/yr 
connectivity package 
Does not detect different user types 

Eco-counter Multi 
sensor 

Passive infrared sensor + 
ZELT inductive loop 
sensor 

Can detect different user types 
(pedestrian vs bike) 

$5000 per sensor 
To detect equestrian is an additional 
~$1000 per sensor 

Diamond Traffic 
Products 

Active infrared sensor No maintenance cost 
$585 per sensor +$179 for 
enhanced software 

Cannot detect different user types 
People need to be single file to 
register them as separate users. 

 
 
 
  



Appendix B: Survey 
 
This survey was administered entirely on Qualtrics, but was crafted entirely from the survey 
below, with one exception.  This question was added to the beginning of the survey: 
 
Which link did you click to access the survey today? 
 
Sign in the forest 
Duke Forest Newsletter 
Duke Forest website 
Direct email from Duke Forest staff 
Social media 
Other (please specify) 
 
DUKE FOREST RECREATION SURVEY 
 
The Office of the Duke Forest is updating its plan for managing recreational use of the Forest.  
This questionnaire gives recreational visitors an opportunity to provide information that will 
support development of the plan.  It should take about 10 minutes to complete.  If you have any 
questions about this survey, please call or e-mail the Duke Forest Office (919-613-8013 or 
dukeforest@duke.edu).  If you have already answered this questionnaire, please do not do so 
again.  Thank you for your help!    
 
Please check (√) the box next to your answer and/or fill in the available blank. 
 
Part 1 – Visitor Use  
 
In the past month, approximately how many times did you visit the Forest, including today?  
____ times 
 
During the past 12 months, how many times did you visit the Forest, including today?  
____ times 
 
How long do you normally travel (one-way) to visit the Forest? 
_____minutes 
 
How far do you normally travel (one-way) to visit the Forest? 
_____miles 
 
 
 
 
 
 
 
 



Questions 5-11 refer to the past 12 months 
 
What days of the week did you usually visit?  Check all that apply. 
Monday Friday 
Tuesday Saturday 
Wednesday Sunday 
Thursday  

 
What time of day did you usually visit?  Check all that apply. 
Sunrise  - 9am 12pm – 3pm 
9am – 12pm 3pm – Sunset 

 
How much time did you usually spend per visit? Check all that apply. 
Less than 1 hour 3-4 hours  
1-2 hours More than 4 hours  
2-3 hours   

   
What did you usually do when you visited?  Check all that apply. 
Walk without dog Fish 
Walk with dog Picnic 
Run or jog Bird watch 
Bicycle Other (please specify): __________________________ 
Horseback ride  

 
Did you usually stay on the gravel roads or the dirt foot trails?  
Gravel roads Dirt foot trails Both 

 
Please indicate the gate number(s) (if known) or the road (if not) that you most often used to 
enter the forest: 
 ____________________________gate number(s) or road names 
 
Did you visit other Triangle-area outdoor recreation sites during the past 12 months?  Check all 
that apply. 

 
  

Sarah P. Duke Gardens Jordan Lake recreation areas 
UNC Botanical Gardens  Falls Lake recreation areas 
NC State Arboretum or forests Triangle Land Conservancy preserves 
Eno River State Park Other (please specify): __________________________ 
Umstead State Park No, I only visited the Duke Forest 

 



Part 2 – Visitor Use and Perceptions 
 
Have you used any of the following digital resources in the Duke Forest? Check all that apply 

 
In what ways do you use the digital resources from Question 12 in Duke Forest? Check all that 
apply 

 
 
Are you aware that official Duke Forest digital maps are now freely available? 

 
 
To the best of your knowledge, what is the Duke Forest’s primary reason for existence?  Check 
only one.  
Recreation Open space 
Conservation Real estate investment 
Timber production Don’t know 
Teaching and research  

 
In your opinion, what should be the Duke Forest’s primary reason for existence?  Check only 
one.  
Recreation Open space 
Conservation Real estate investment 
Timber production Don’t know 
Teaching and research  

 
How do you find information about the Duke Forest?  Check all that apply. 
Duke Forest website E-newsletter 
Social media Friends/ word of mouth 
Google search Other (please specify): 

__________________________ 
 
  

Google Maps 
Apple Maps 

iNaturalist 
Social media (e.g. Instagram, Facebook, etc.) 

Strava 
AllTrails 

Other (please specify): ______________________ 

Planning routes ahead of time Health tracking (e.g. steps, calories, HR, etc.) 
On-the-ground navigation 
Tracking/uploading activities 
Social sharing of activities 
Posting pictures/videos 

Leaving reviews, comments, and ratings 
Performance tracking (e.g. speed, endurance, etc.) 
Competing with other app users 
Other (please specify): ______________________ 

Yes No 



On a scale of 1 to 5, with 1 being very unsafe and 5 being very safe, how safe do you feel in the 
Duke Forest? 
1 
2 
3 
4 
5 

 
Feel free to share any safety issues you have experienced within the Duke Forest: 
 
 
 
 
 
What problems or nuisances have you noticed in the Forest more than twice in the past 12 
months?  
Check all that apply. 
Trash/litter Soil erosion 
Unleashed dogs 
Parking problems 

Vandalism 
Unsafe situations with others 

Dog waste bags 
Trails in need of maintenance 

Car break-in (outside Forest gates) 
Other (please specify): 
__________________________ 

 
Use of Duke Forest is subject to various regulations. Of these regulations, choose five that you 
believe are the most important to protecting the Forest  
Check five. 
Leave no trace and take all trash with you 
Dogs must be leashed at all times with a physical, visible leash 
Do not disturb scientific equipment, stakes, or flagging 
Stay on forest roads and foot trails posted Designated Access 
Bikes and horses on forest roads only 
No off-trail activity 
No access exept at gates 
No access after sunset or before dawn 
No vehicles including motorized or electronic bikes 
No collecting, picking, harvesting or cutting of plants, trees, mushrooms, or animals 
No rock or tree climbing 
No commercial or pay-to-participate uses 
No geocaches, terracaches or letter boxes 
No metal detecting 
No hobbyist drone flights 
 
Duke Forest issues citations to visitors who violate these regulations. All citations are recorded 
on file with the Duke Police. Visitors receiving two or more citations are contacted by Duke 
Police and may receive a notice of trespass, which means they are no longer allowed in the 



Forest. Were you aware that Duke Forest has been issuing citations to visitors who violate its 
regulations?  
 

No Yes 
 
 
Part 3 – Visitor Characteristics 
 
The following questions will be used to estimate the economic value of the Duke Forest as a 
recreational resource to the community using the travel cost method. 
 
What is your zipcode? 
________ 
 
What is your gender?   

Male  
Female 
Transgender 
Nonbinary 
Prefer not to answer 

 

 
What is your age? 
______ years 
 
How many people are in your household? (Household is defined as people who typically live 
together, pool some or all of their income and wealth, and who consume certain goods and 
services collectively)  
______ people 
 
How many people in your household are employed? 
______ people are employed full time 
______ people are employed part time 
 
 
What is your household income level? 

Less than $20,000 
$20,000 to $50,000 
$50,000 to $100,000 
$100,000 to $200,000 
More than $200,000 

 
  



What is the highest level of education you have completed? 
Some high school or less College degree 
High school degree Some graduate school 
Some college 
Prefer not to answer 

Graduate school degree 

 
Are you currently affiliated with the Duke Forest? Check all that apply.  

Recreational Visitor Duke alum 
Neighbor Nicholas School Student 
K-12 Educator 
Duke Staff 
Duke Faculty 
Duke Student 

Nicholas School alum 
Duke Forest researcher 
Donor/ Friend of the Duke Forest 

 
How would you describe your ethnic or racial background? 

African-American American Indian 
Asian-American Two or more races 
Hispanic or Latino Other 
Caucasian Prefer not to answer 

 
 
 
 
  



Appendix C: Survey Responses  
 
Q2 - Which link did you click to access the survey today? 

 
 
 
 

# Answer % Count 

1 Duke Forest website 7.35% 62 

2 Sign in the forest 43.13% 364 

3 Social Media 4.50% 38 

4 Duke Forest Newsletter 18.25% 154 

5 Other (please specify in text box below) 5.57% 47 

6 Direct email from Duke Forest staff 21.21% 179 

 Total 100% 844 
 
 
 
 
 
 



Q2_5_TEXT - Other (please specify in text box below) 

Other (please specify in text box below) - Text 

Link posted at trail head 

Qr 

qR code at trail head 

QR code at gate 26 

Ordered maps, link in that emai 

saw sign in forest when walking there 

Friend 

Forward from friend 

Google search 

Link from froend 

I requested maps 

friend 

friend forwarded the survey 

Friend email 

Sent from a friend 

Shared by a friend 

Friend shared 

Forwarded from a group I belong to 

Received an email from a friend 

Email from a friend 

e-mail from interested party 

Sent from friend 

Charlotte Clark's Duke page 

I did not notice, I am trying to get info and I am being forced to take a survey. This stinks! 

Friend 

word of mouth, email 



friend 

Forwarded email 

emailed from friend 

Trail search 

A runner friend posted it on strava 

Friend sent it to me 

Survey on forest use 

Email 

Rec Survey 

email 

Notification from friend 

email from someone on our community mailing list 

QR code sign at 851 gate abutting Constitution 

Email 

Gmail 

email message 

July: Recreation Survey and Research/Volunteer Updates 

email from Duke Forest 

email from Duke Forest, but I saw the sign today at gate of entry on Academy Rd. 

Email 
 
  



Q4 - In the past month, approximately how many times did you visit the 
Forest, including today?  Please indicate a numeric value 
 

# Field Minimum Maximum Mean Std 
Deviation Variance Count 

1 
In the past month, approximately 
how many times did you visit the 

Forest, including today?  Please 
indicate a numeric value 

0.00 62.00 4.82 6.38 40.73 810 

 
 

 
 
 
 
 
 
 
 
 
  



Q5 - In the past 12 months, approximately how many times did you visit the Forest, 
including today?  Please indicate a numeric value 
 

# Field Minimum Maximum Mean Std 
Deviation Variance Count 

1 

In the past 12 months, 
approximately how many 

times did you visit the 
Forest, including today?  

Please indicate a numeric 
value 

0.00 720.00 41.61 63.32 4009.00 796 

 
 

 
 
 
 
 
 
 
 



Q6 - How long (in minutes) do you normally travel (one-way) to visit the Forest?  Please 
indicate a numeric value 
 

# Field Minimum Maximum Mean Std 
Deviation Variance Count 

1 

How long (in minutes) do 
you normally travel (one-

way) to visit the Forest?  
Please indicate a numeric 

value 

0.00 480.00 16.19 25.78 664.63 766 

 
 

 
 
Q7 - How far (in miles) do you normally travel (one-way) to visit the Forest?  Please 
indicate a numeric value 
 

# Field Minimum Maximum Mean Std 
Deviation Variance Count 

1 

How far (in miles) do you 
normally travel (one-way) 
to visit the Forest?  Please 

indicate a numeric value 

0.00 360.00 6.88 17.50 306.20 762 

 
 
  



Q9 - What days of the week did you usually visit? (Check all that apply) 

 
 

# Answer % Count 

1 Monday 11.00% 294 

2 Tuesday 11.86% 317 

3 Wednesday 12.84% 343 

4 Thursday 12.43% 332 

5 Friday 12.01% 321 

6 Saturday 20.10% 537 

7 Sunday 19.76% 528 

 Total 100% 2672 

    
 
  



Q10 - What time of day do you usually visit? (Check all that apply) 

 
 

# Answer % Count 

1 Sunrise - 9am 16.95% 226 

2 9am - 12pm 33.61% 448 

3 12pm - 3pm 22.88% 305 

4 3pm -Sunset 26.56% 354 

 Total 100% 1333 
 
 
  



Q11 - How much time did you usually spend per visit? Check all that apply. 

 
 

# Answer % Count 

1 None at all 0.41% 4 

2 Less than 1 hour 20.51% 201 

3 1-2 hours 57.65% 565 

4 2-3 hours 17.04% 167 

5 3-4 hours 3.67% 36 

6 More than 4 hours 0.71% 7 

 Total 100% 980 
 
 
  



Q12 - What did you usually do when you visited? (Check all that apply) 

 
 

# Answer % Count 

1 Walk without dog 34.76% 480 

2 Walk with dog 19.99% 276 

3 Run or jog 16.36% 226 

4 Bicycle 8.47% 117 

5 Horseback ride 0.43% 6 

6 Fish 0.80% 11 

7 Picnic 3.48% 48 

8 Bird watch 8.33% 115 

9 Other (please specify in text box below) 7.39% 102 

 Total 100% 1381 
 



Q13 - Did you usually stay on the gravel roads or the dirt foot trails? 

 
 
 
 
 

# Answer % Count 

1 Gravel roads 18.10% 133 

2 Dirt foot trails 11.70% 86 

3 Both 70.20% 516 

 Total 100% 735 
 
  



Q15 - Did you visit other Triangle-area outdoor recreation sites during the past 12 months? 
(Check all that apply) 

 
 

# Answer % Count 

1 Sarah P. Duke Gardens 17.33% 481 

2 UNC Botanical Gardens 9.80% 272 

3 NC State Arboretum or Forests 3.60% 100 

4 Eno River State Park 20.68% 574 

5 Umstead State Park 10.30% 286 

6 Jordan Lake recreational areas 8.72% 242 

7 Falls Lake recreation areas 8.18% 227 

8 Triangle Land Conservancy preserves 15.92% 442 

9 No, I only visited the Duke Forest 0.97% 27 

10 Other (please specify in text box below) 4.50% 125 

 Total 100% 2776 



Q17 - Have you used any of the following digital resources in the Duke Forest? (Check all 
that apply) 

 
 

# Answer % Count 

1 Google Maps 30.92% 358 

2 Apple Maps 5.09% 59 

3 Strava 9.67% 112 

4 Other (please specify in text box below) 12.26% 142 

5 iNaturalist 8.81% 102 

6 Social Media (e.g. Instagram, Facebook, etc.) 7.60% 88 

7 AllTrails 25.65% 297 

 Total 100% 1158 
 



Q18 - In what ways do you use the digital resources above in the Duke Forest? (Check all 
that apply) 

 
 

# Answer % Count 

1 Planning routes ahead of time 23.72% 358 

2 On-the-ground navigation 21.40% 323 

3 Tracking/uploading activities 11.07% 167 

4 Social sharing of activities 5.83% 88 

5 Posting pictures/videos 8.48% 128 

6 Health (e.g. steps, calories, HR, etc.) 12.46% 188 

7 Leaving reviews, comments, and ratings 2.12% 32 

8 Performance tracking (e.g. speed, endurance, etc.) 9.34% 141 

9 Competing with other app users 1.06% 16 

10 Other (please specify in text box below) 4.51% 68 

 Total 100% 1509 
 



Q19 - Were you aware that official Duke Forest digital maps are now freely available? 

 
 
 
 
 

# Answer % Count 

1 Yes 32.84% 244 

2 No 67.16% 499 

 Total 100% 743 
 
  



Q20 - To the best of your knowledge, what is the Duke Forest's primary reason for 
existence? (Check only one) 

 
 

# Field Minimum Maximum Mean Std 
Deviation Variance Count 

1 

To the best of your 
knowledge, what is the 
Duke Forest's primary 
reason for existence? 

(Check only one) 

1.00 7.00 3.83 0.82 0.67 735 

 
 
 

# Answer % Count 

1 Recreation 2.72% 20 

2 Conservation 7.07% 52 

3 Timber production 0.95% 7 

4 Teaching and research 86.94% 639 

5 Open space 0.27% 2 

6 Real estate investment 0.54% 4 

7 Don't know 1.50% 11 

 Total 100% 735 



 
Q21 - In your opinion, what should be the Duke Forest's primary reason for existence? 
(Check only one) 

 
 
 
 
 

# Answer % Count 

1 Recreation 11.68% 87 

2 Conservation 31.14% 232 

3 Timber production 0.27% 2 

4 Teaching and research 49.26% 367 

5 Open space 4.56% 34 

6 Real estate investment 0.13% 1 

7 Don't know 2.95% 22 

 Total 100% 745 
 
 
 
 
 
 
 



Q22 - How do you find information about the Duke Forest? (Check all that apply) 

 
 

# Answer % Count 

1 Duke Forest website 31.93% 446 

2 Social Media 7.44% 104 

3 Google search 16.68% 233 

4 E-newsletter 12.03% 168 

5 Friends/word of mouth 24.12% 337 

6 Other (please specify in text box below) 7.80% 109 

 Total 100% 1397 
 
 
  



Q23 - On a scale of 1 to 5, with 1 being very unsafe and 5 being very safe, how safe do you 
feel in the Duke Forest? 
 

# Field Minimum Maximum Mean Std Deviation Variance Count 

1 1 1.00 5.00 4.58 0.64 0.41 723 
 
 

 
 
  



Q25 - What problems or nuisances have you noticed in the Forest more than twice in the 
past 12 months? (Check all that apply) 

 
 

# Answer % Count 

1 Trash/litter 14.35% 159 

2 Unleashed dogs 20.67% 229 

3 Parking problems 9.39% 104 

4 Dog waste bags 24.01% 266 

5 Trails in need of maintenance 7.85% 87 

6 Soil erosion 10.56% 117 

7 Vandalism 0.99% 11 

8 Unsafe situations with others 0.27% 3 

9 Car break-in (outside Forest gates) 3.52% 39 

10 Other (please specify in text box below) 8.39% 93 

 Total 100% 1108 
 



Q26 - Use of Duke Forest is subject to various regulations.  Of these regulations, choose five 
that you believe are the most important for protecting the Forest.  (Check five) 

 
 
  



 

# Answer % Count 

1 Leave no trace and take all trash with you 19.50% 685 

2 Dogs must be leashed at all times with a physical, visible leash 11.02% 387 

3 Do not disturb scientific equipment, stakes, or flagging 14.86% 522 

4 Stay on forest reads and foot trails posted Designated Access 9.28% 326 

5 Bikes and horses on forest roads only 4.56% 160 

6 No off-trail activity 4.76% 167 

7 No access after sunset or before dawn 2.02% 71 

8 No vehicles including motorized or electric bikes (e-bikes) 12.22% 429 

9 No collecting, picking, harvesting or cutting of plants, trees, 
mushrooms, or animals 8.31% 292 

10 No rock or tree climbing 0.60% 21 

11 No commercial or pay-to-participate uses 7.23% 254 

12 No geocaches, terracaches or letter boxes 0.60% 21 

13 No metal detecting 0.46% 16 

14 No hobbyist drone flights 4.58% 161 

 Total 100% 3512 
 
  



Q27 - Duke Forest issues citations to visitors who violate these regulations.  All citations are 
recorded on file with the Duke Police.  Visitors receiving two or more citations are 
contacted by Duke Police and may receive a notice of trespass, which means they are no 
longer allowed in the Forest.  Were you aware that Duke Forest has been issuing citations 
to visitors who violate its regulations? 

 
 

# Field Minimum Maximum Mean Std 
Deviation Variance Count 

1 

Duke Forest issues 
citations to visitors who 

violate these regulations.  
All citations are recorded 

on file with the Duke 
Police.  Visitors receiving 
two or more citations are 
contacted by Duke Police 
and may receive a notice 
of trespass, which means 

they are no longer allowed 
in the Forest.  Were you 
aware that Duke Forest 

has been issuing citations 
to visitors who violate its 

regulations? 

1.00 2.00 1.15 0.36 0.13 731 

 
 
 

# Answer % Count 

1 No 84.68% 619 

2 Yes 15.32% 112 

 Total 100% 731 
 



Q30 - What is your gender/gender identity? 

 
 

# Answer % Count 

1 Male 47.75% 350 

2 Female 48.43% 355 

3 Transgender 0.14% 1 

4 Nonbinary 0.55% 4 

5 Prefer not to answer 2.86% 21 

6 Something else/Another identity 0.27% 2 

 Total 100% 733 
 
  



Q34 - What is your household income level? 

 
 
 
 

# Answer % Count 

1 Less than $20,000 1.07% 7 

2 $20,000 to $50,000 7.36% 48 

3 $50,000 to $100,000 24.85% 162 

4 $100,000 to $200,000 38.19% 249 

5 More than $200,000 28.53% 186 

 Total 100% 652 
 
  



Q35 - What is the highest level of education you have completed? 

 
 
 
 
 

# Answer % Count 

1 Some high school or less 0.56% 4 

2 High school degree 0.28% 2 

3 Some college 4.17% 30 

4 College degree 22.11% 159 

5 Some graduate school 6.54% 47 

6 Graduate school degree 65.79% 473 

7 Prefer not to answer 0.56% 4 

 Total 100% 719 
 
  



Q36 - Are you currently affiliated with the Duke Forest? (Check all that apply) 

 
 

# Answer % Count 

1 Recreational Visitor 49.44% 575 

2 Neighbor 16.85% 196 

3 K-12 Educator 1.29% 15 

4 Duke Staff 6.62% 77 

5 Duke Faculty 5.59% 65 

6 Duke Student 1.98% 23 

7 Duke alum 10.23% 119 

8 Nicholas School Student 0.34% 4 

9 Nicholas School alum 2.15% 25 

10 Duke Forest researcher 0.26% 3 

11 Donor 5.25% 61 

 Total 100% 1163 



 
Q37 - How would you describe your ethnic or racial background? 

 
 
 
 

# Answer % Count 

1 African-American 1.54% 11 

2 Asian-American 1.12% 8 

3 Hispanic or Latino 2.10% 15 

4 Caucasian 87.41% 625 

5 American Indian 0.28% 2 

6 Two or more races 1.82% 13 

7 Other 1.26% 9 

8 Prefer not to answer 4.48% 32 

 Total 100% 715 
 
 
 


