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disseminated to the public. Including information such as the distance of the trail, the estimated time of
completion, the average energy expenditure, and the difficulty level of the trail, users will be better

informed and can choose the trail that best suits their preferences.

Another important consideration of trail planning is its aesthetic qualities, where scenic routes that
incorporate sites of biological, historical, and cultural relevance were found to be the main motivation
behind the reason why people will visit certain areas (Proshansky et al. (1983). It was also found that
individuals will exhibit emotional, as well as cognitive responses because of the environment
(Pronshonsky et al., 1983). Li (2000) studied the effect that geographical awareness has on an
individual's experiences and found that such effects result from spatial and time-based links that are
formed between places and people (Li, 2000). In 1989, Hull and Harvey studied the effect that a park’s
physical characteristics (i.e., tree density, understory, the presence, or absence of pathways) had on
the emotions of individuals and found that there is an increase in pleasure when trees are bigger and
denser (Hull & Harvey, 1989). This correlation between increased aesthetic qualities, as well as the
presence of other amenities with the perceived increase in enjoyment in parks, has also been
highlighted by Dinda & Ghosh (2021), Mundher et al. (2022), and Chhetri (2015). Thus, providing a trail
that has a diverse ecology and well-planned and well-maintained walkways, in addition to suitable and

beneficial amenities, enhances the overall satisfaction and attainment of the park.

Trail planning is not only needed to produce trails that are sensible, accessible, and traversable, it is
also required to ensure that the environmental impact of such undertakings will not be damaging to the
current and future natural systems of the area. It also assists in producing and maintaining economically
sustainable projects that minimise the cost of construction, as well as the maintenance costs of these
trails in the long run. It should also be seen as a tourism activity, and as such be developed and planned
with the needs and demands of consumers in mind. Trail planning is thus not only a process of
delineating a walkable trail, but also a way of participating as a sustainable tourism product, a notion
also encouraged by Hugo (1999a). This fits directly into the importance of maps as an information
product. Correctly and accurately delineated trails, points of interest, and amenities provide the end
user with important information on the desired trail they wish to traverse. Intrinsic to this is the mapping
of trails, which follows on from the planning process. By providing users with adequate information
regarding the available trails, users can make well-informed decisions regarding which trail best suits
their fitness goals and personal needs. Having information available for users to peruse beforehand
can help them decide which trail they prefer to use, which in turn also ensures that the trails are
adequately utilised and benefitted from the most. Information regarding the characteristics of the trail
and the urban green spaces can be disseminated through maps and infographics to the public, allowing
for better accessibility and utilization of these spaces, as the information needed by users to make

decisions will be provided to them in the form of such informational products.

2.2.2  Trail grading
Certain trail characteristics are known to increase the difficulty of a trail, thus increasing the energy

output needed to partake and complete the trail (Hugo, 1999a). Parameters such as trail slope,
distance, the travelling speed of the user, load carried by the user, fithess level of the user, age and
gender of the user, weather conditions, and the general condition of the trail are all important factors to

consider when assigning a difficulty level to a trail. Trails that have steeper slopes and more rugged
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2.3.3 Fieldwork and Volunteered Geographic Information (VGI)

Data validation is an important facet of any research project, as it reduces the risk of errors and
increases the accuracy and completeness of a dataset (Bastos et al., 2014). This is especially true for
data that have been retrieved via calculations and formulae (as done in this study), as such modelled
data needs to still be compared to known results. Only datasets that are known to be reliable and correct
can be used in further analysis, as these datasets will allow for studies to be properly conducted with
the results being more realistic, true, and usable. One way of validating data is through fieldwork
assessments, which is the process of gathering in-field data that is subjected to the same characteristics
as that which have been used in the modelling process. The data collected via fieldwork allows the
reliability of the modelled data to be tested by comparing the modelled data to the fieldwork collected
data (Bastos et al., 2014). Careful consideration should be given to the exact specifics of the modelled
data to obtain ambiguity when doing the fieldwork. Since the modelled datasets will be directly
compared to the fieldwork data, researchers must ensure that all testing parameters are the same for

the validation process to be successfully done.

Another form of data validation that is useful is Volunteered Geographic Information (VGI). VGI data is
submitted by citizen volunteers and is especially helpful when time constraints reduce the amount of
data that can be collected through fieldwork studies, which is important since an adequate amount of
data is necessary for the verification process (Sui et al., 2012). Crowd-sourced data is a form of VGI
where data is collected through an online platform by means of, for example, a questionnaire or survey
(Irtenkauf, 2014). This method allows for a vast amount of information to be collected, as these
platforms are available by any individual that has access to the internet, social media, or smartphone.
Thus, VGI can gather high volumes of data that can then be analysed and used for research purposes.
However, the standards of the data can come into question since most individuals that submit their
responses do not have knowledge of data standards, which is why such data must be carefully studied
before being used (Sui et al., 2012).

2.4MODELLING AND GRADING TRAILS IN NATURE RESERVES

As discussed in trail grading (pg. 19), trail mapping is an important facet of tourism information that not
only provides the user with better understanding of the area and trails, but ensures that proper
management and the ecological and economical sustainability of the area are considered (Peterson et
al., 2018). This study analyses, among others, the estimated travel time per trail and energy expenditure
of individuals while traversing the various trails of the CoT’s nature reserves. Various factors can
influence the amount of energy needed to complete a given trail, such as the slope/gradient, the terrain
coefficient (human energy cost over different surface conditions), the load carried by the individual, the
travel time, and the distance travelled. To accurately model and grade the trails, these factors must be

considered.

Several functions exist that model travel time when walking, or energy expenditure when walking or
running. For example, the Madified hiking function (Marquez-Pérez et al., 2017) models walking speeds
of an individual, whereas Pandolf's metabolic rate function (based on walking speeds), models an

individual's energy expenditure (in Watts), based on metabolic rate, subject weight, load, velocity, slope,
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less than the energy expended tracked by the smart watches. Also, this yet again in contrast to the
findings of Hall et al. (2004), which indicated that females have lower energy outputs than men when
traversing the same path. The values received from the Garmin Forerunner 55 indicated that the female
expended 1430 kJ, while the Samsung Galaxy Watch Active2 BT measured 1954 kJ. For the male, the
Garmin Forerunner 55 indicated that 1470 kJ were expended, with the Samsung Galaxy Active2 BT
measuring a value of 2008 kJ. Additionally, another reason why the energy output measured by the
smart watches is much higher than that of the modelled values can be the travel time associated with
these trails. The smart watches tracked that these trails took 78 minutes to complete, while the modelled
results indicate that these trails can be completed within 33 minutes (the modelled results do not take
into consideration rest times). Also, the load carried by the male is 1.5 kilogram heavier than the load
used in the calculations, and the weight of the male is 105 kilograms, which is 33.1 kilograms heavier
than the average weight of a male. A higher body weight (Taylor et al., 1970), as well as a heavier load
carried (Kramer, 2010) both increases the total amount of energy expended over a trail. These factors,
as well as the longer travel time and extra 200 m walked led to a significant increase in the energy

expended when walking these trails.

5.1.2.2 Volunteered Geographic Information (VGI)

It is important to highlight that although VGI data does have its positives and can be successfully used
to verify and enhance modelled data, such data do contain inconsistencies and, in some instances,
inaccurate results that cannot be used and as such should be carefully analysed and thoughtfully
incorporated in a study. Also, it must be considered, especially when including qualitative aspects (as
was done in this study when asking users to provide a description of the routes), that users provide
answers based on their own personal perceptions and experiences, which can be usable, but can also

not be indicative of the actual reality.

For Faerie Glen Nature Reserve, results were received for all three routes namely, Kiepersol Route,
Acacia Route, and Hadeda Route. For the Kiepersol Route the travel time ranged from 60 minutes to
190 minutes, with the average being 109 minutes. This is comparably longer than the 28 minutes
modelled. However, rest times ranged from zero minutes to 30 minutes with an overall average of 13
minutes. The route description ranged from easy to difficult, with the mean indicating that the trail is
mostly perceived to be fair to moderate, while the modelled results assign this trail to be easy. The
average load carried was two kilograms, which is 1.5 kilograms less than the assumed 3.5 kilograms
used in the modelled results. The average energy expenditure for females was 387 kCal, compared to
the modelled 86 kCal. For males, the average energy expenditure was 553 kCal, compared to the
modelled 83 kCal. Interestingly, this now correlates to the findings of Hall et al. (2004). The time travelled
ranged from 60 to 70 minutes and averaged 65 minutes. The Acacia Route had a travel time which
ranged between 60 and 70 minutes, with the average being 65 minutes. Compared to the 28 minutes
modelled, this is significantly longer. The entries indicated that zero minutes were spent to rest. The
route description was given as being easy and fair, compared to the easy description assigned by the
modelled data. The average load was found to be 1.5 kilogram, and no energy expenditure was

provided. The Hadeda Trail’s travel time ranged from 53 minutes to 150 minutes, with the average time
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spent on the route being 82 minutes. The modelled data indicate that the route can be completed in 28
minutes, which is 54 minutes less than the average of the VGI data. The VGI data indicate that rest
times range between five to 30 minutes, with the average being 15 minutes. The route description
ranged from very easy to moderate, with the mean being easy, corroborating the assigned grade for
the trail. The average load carried was found to be 2.8 kilogram, compared to the 3.5 kilogram used in
the modelled data. The average energy expenditure for females was found to be 420 kCal, compared
to the 79 kCal modelled. The average energy expenditure for males was indicated to be 174 kCal, with
the modelled data being 77 kCal. Yet again, this contrasts with the findings of Hall et al. (2004). Overall,
the grade assigned to the Faerie Glen Nature Reserve trails is in close agreement by the perception
provided by volunteers in the study.

Within the Moreleta Kloof Nature Reserve all the trails received usable data, which includes the Duiker
Route, Suikerbos Route and Rademeyer Route. The Duiker Route’s travel time ranged between 40 and
150 minutes, with the average 79 minutes. This is significantly longer than the modelled travel time
which is 16 minutes. Rest times for this trail ranged between zero and 45 minutes, with the average
being 10 minutes. The VGI data indicated that the trail is very easy to difficult, with a mean of easy,
which compares with the grading level of easy assigned by the modelled data. The average load carried
was found to 1.3 kilogram. For females, the average energy expenditure was 293 kCal, compared to
the modelled results of 62 kCal. For males, the average energy expenditure was 311 kCal which is
more than the 61 kCal of the modelled data. This correlates with the findings of Hall et al. (2004). For
the Suikerbos route, it was found that the time travelled ranged between 60 to 120 minutes, with the
average time travelled being 86 minutes. Again, this is significantly higher than the 33 minutes that was
modelled. The rest times ranged between zero and 20 minutes, with the average load carried being 2.6
kilogram. The route was easy to moderate, with the mean being moderate. This contrasts with the grade
of very easy assigned through the modelled data. There were not enough data given to calculate the
average energy expenditures for males and females. The Rademeyer Route had travel times that
ranged between 45 and 130 minutes, with the average being 88 minutes. This, again, is higher than the
18 minutes travel time that was modelled. Rest times were indicated to range between zero and 15
minutes, with an average of 9 minutes. The route description ranged from easy to moderate, with the
mean being easy which is graded slightly less difficult than the modelled data of fair. The average load
carried was found to be 0.6 kilogram. Yet again there was not enough data provided to calculate the

average energy expenditures for males and females.

With regards to Groenkloof Nature Reserve, only the Red and Yellow routes received usable data. The
travel time for the Red Route ranged between 60 and 160 minutes, with the average being 113 minutes,
which is longer than the modelled travel time of 55 minutes. The rest times ranged between two and 30
minutes, with an average of 14 minutes. The route was described as easy to moderate, with the mean
being moderate. Compared to the grading level of very easy as depicted by the modelled results, the
VGI data indicates that the trail was perceived as being more challenging than what is indicated by the
modelled data. The average load was 2.3 kilogram. For the Yellow Route, the travel time ranged
between 90 and 250 minutes, with the average being 177 minutes. This is again much longer than the

modelled travel time of 117 minutes. The rest times ranged between zero and 40 minutes, with an
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average of 9 minutes. The route was described as very easy to difficult, with the mean being moderate.
His compares well to the modelled data, which assigns a value of moderate. The average load carried
was found to be 1.8 kilogram. For females, the average energy expenditure was found to be 798 kCal,
and for males is 1055 kCal. This is also significantly higher than the energy modelled which was
calculated to be 345 kCal for females and 335 kCal for males. Again, this correlates with the findings of
Hall et al. (2004).

Some interesting discrepancies were highlighted by the VGI data. Overall, it was found that the time
travelled for the routes are significantly longer than the time that was modelled. This could be attributed
to the fact that individuals do not walk at the assumed speed of 1.4 m.s'1. Also, most of these nature
reserves have game and several points of interests along the routes, which increases the amount of
time spent on the route when users then stop and enjoy these amenities. Moreleta Kloof Nature Reserve
in particular has a number of game and people will stop along the trails to view these. This significantly
increases the amount of time of citizens spent on such trails. The modelled data also do not indicate
rest times, which were included in the VGI data. The average energy expenditure was also significantly
higher than that of the modelled results. Regardless, in most cases the final difficulty grade assigned to

trails aligns with the perceptions of trails provided by volunteers.

However, many entries indicated that routes were not walked in its entirety because of poor markers,
which needs to be considered as it can have an impact on the data received. For example, a user can
think that they have walked the Acacia Route in Faerie Glen Nature Reserve, because that is the
signage that they followed in the beginning. But due to lack and/or inconsistent signage along the route,
they accidentally incorporated some of the Hadeda Route. When filling in the survey, however, they
were still under the impression that they only walked Acacia Trail and as such only indicated that they
walked the Acacia Trail. Consequently, we process the entry as an entry for the Acacia Trail, when in
fact it also incorporated the Hadeda Trail, which makes it inaccurate and unusable when comparing the
modelled data, which is trail specific, to the VGI data. Also, some of the entries received contained
numerous errors and inaccuracies, which is important to note and a limitation in this study. It also
reiterates the caution given by Sui et al. (2012), which stated that data standards of VGI collected data

can come into question, and therefore such data should be carefully studied before being used.

5.2 ASSIGNING GRADES TO EXISTING TRAILS

Most routes in this study (58%) were assigned a difficulty level of “easy”. This was followed by “very
easy” (21%), “moderate” and “fair” (both 9%), and “difficult” (3%) (see Figure 9, pg. 75), The Tswaing
trail is seen as “Difficult”, with the Yellow route of Groenkloof and the Brollocks & Bittergal, and Red
routes of Fort Klapperkop as “Moderate”. As indicated previoulsy, an “easy” route has moderately easy
terrain, takes roughly 1.7-3.3 h to complete, and has gentle hill sections. Because most of the routes in
the nature reserves of the CoT are not long in distance and are over well-established tracks with
minimum steep sections, these trails are classified as being “easy” and can be utilised and enjoyed by
most individuals including children and the elderly. Similarly, those trails classed as “very easy” are
more easily traversed by children, the elderly, and those requiring additional assistance. Groenkloof

Nature Reserve’s Yellow Trail is 9,9 km and has an estimated travel time of almost two hours, but
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sections of moderate slope, which is why it was classified as being “Fair”. Tswaing Meteorite Crater
Site’s route is 6,2 km in length and has areas with extremely steep sections, which resulted in this route
being classified as “difficult’. This reiterates the findings of Elliot (2012), Marsh et al. (2006), and

Zealand (2007) who all indicated that hikers perceived trails with steeper gradients to be more difficult.

= Easy (58%) = Very easy (21%) = Moderate (9%) = Fair (9%) = Difficult (3%)

Figure 9: Quantity of each difficulty level (in percentage)

The biggest discrepancies found between the modelled and fieldwork data was that of the energy
expenditure and the travel time. With regards to the energy expenditure, it was found that the modelled
values were much less than the data collected through the fieldwork portion. For example, Wonderboom
Nature Reserve’s Fort to Waterfall and Cave Trail, Waterfall and Cave Trail, and the Fort Trail was
modelled to be 2,8 km (when the values were added together), with an estimated energy expenditure
of 243 kJ for a male and 250 kJ for a female. However, the fieldwork data indicated that the routes are
three kilometre or more, and the energy expended ranged between 1431 and 1954 kJ for females, and
1469 kJ for males. The slight discrepancy in the trail distance can, however, be attributed to poor trail
marking as the volunteers indicated that they did not just traverse one specific trail, because of poor
and/or the lack of proper route markers. What is most notable is the difference between the modelled
energy expenditure and the energy expenditure collected through the fieldwork data. One of the reasons
why the male’s fieldwork data indicated higher energy values could be attributed to the fact that the
male volunteer’s weight is 105 kilograms, which is 33.1 kilograms heavier than the average weight of
71.9 kilogram used in the modelled calculations. Something that was also interesting to note was the
fact that the different smart watches weren’t cohesive in their results. The Garmin Forerunner detected
500 m less than the distance detected by the Samsung Galaxy Watch Active2 BT. The increased
distance also increased the energy expenditure with the Garmin Forerunner indicating 1431 kJ
expended compared to the Samsung Galaxy Watch Active2 which indicated 1954 kJ (for the female
volunteer). For the male volunteer the Garmin Forerunner indicated an energy expenditure of 1469 kJ,
with the Samsung Galaxy Watch Active?2 indicating 2008 kJ.

When incorporating the data collected through the survey, an argument can be made that grading
systems should not only include quantitative approaches but should also incorporate qualitative factors

to assign a grading level more accurately to a trial, as was also iterated by Coetzee et al. (2021). This
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was particularly evident when comparing the modelled data with the fieldwork data which indicated
inconsistencies, especially with regards to the time travelled and the energy expenditure. Also, careful
consideration should be given to the input parameters which, in this study, were assumed to be correct.
In this study it was assumed that the walking speed is 1.4 m.s1, the load carried is 1 kg and 3.5 kg for
running and walking respectively, and the weight used for a female 77.6 kg is and for a male 75.4 kg
is. As highlighted by the VGI data, these averages are not entirely accurate and can thus lead to the
modelled results being erroneous. Furthermore, the VGI data indicates an average load of 2 kg.
However, when trails are evaluated individually, these values change. The level of detail (scale of
investigation) is thus important when modelling parameters. Furthermore, it is important to note that
VGI data inherently is not always correct and precise, and as such it is recommended that such data
not be used on its own, but rather be supplemented with more qualitative results. This is because VGI
data are based on the perceptions of individuals that all come from different backgrounds and as such
each person’s reference framework of what is considered an “easy” trail and what is considered a “hard”
trail will differ. Most individuals also make use of smart watches or other activity-tracking technology,
which is also not as accurate because of the limited modelling capabilities that these software programs

and applications have.

With this being said, the new proposed grading system was found to be an improvement for measure
of route difficulty by taking into consideration the route length, travel time, energy expenditure, and
slope characteristics when assigning a difficulty level to a trail. The more difficult a trail, the longer it will
take the user to complete the trail and the more energy output will be required for the activity, which
corroborates the findings of Lanza (2022). Thus, knowing the characteristics of each trail will allow users
to make well-informed decisions, as well as enhance their understanding of each trail and how these
characteristics align with their current fitness levels and health status. This in turn, as also highlighted
by Slabbert & du Preez (2017), allows users to properly utilise these urban green spaces that are

available to them.

5.3 TRAIL MAPPING

As was highlighted by Hugo (1999a), trail hiking and/or running should be seen as tourism activities, as
such activities increases the visitation and usage of their respective green areas, which in turn increases
these areas’ revenue and their ability to sustainably continue in an ever-increasing urbanised world.
When associating trails as tourism products, the specific demands and needs of the target consumer
must be viewed as important and subsequently reflected in the planning, usage, and marketing of these
areas. It is thus imperative to provide adequate information regarding these green areas, enabling users
to make better and more well-informed decisions. Correctly and accurately portraying the trail
characteristics and points of interest will provide users with the necessary information to make these
decisions, which will lead to better and more proper usage of these areas. This directly relates to the
importance of maps as information products, as well as the importance of the accessibility of these

areas to the public.

Hardcopy and/or online maps, an online resource, and infographics have been produced that indicate

the trail distance, the difficulty grade of the trail, the estimated travel time, and the energy expenditure
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for both walking and hiking activities for males and females in each nature reserve. Additionally, the
points of interest and relevant amenities are also indicated. Copies of the hardcopy maps are available
at the info desk of the nature reserves, and occasionally also on the trails. The online maps and online
resources are both accessible by scanning respective QR codes that have been printed on posters and
flyers and distributed at the nature reserves. The infographics are also available in hardcopy format at
each nature reserve. Benefits derived from access to urban green spaces (see Lee et al., 2012,
Schipperijn et al., 2013, Cvejic et al., 2015, Burkart et al., 2016, Oscilowics et al., 2019, Rishbeth et al.,
2019, Kabisch et al., 2021), cannot be realised if access (in this case based on information) is restricted.
By calculating parameters of interest, and making these available in various formats, information access

is improved.

By calculating and providing the physical parameters of each reserve’s associated trails, users will be
able to choose the routes that are most suited to their needs. Families with small children, for example,
might prefer routes that are shorter and less strenuous, whilst individuals wanting to use the trails for
exercise purposes might desire a more challenging and longer route. By also providing the estimated
energy expenditure and grading system of each route, users can get an idea of the physicality required
to complete the route and they will then be able to decide whether a route falls within or outside of their
physical limitations. This adequately provides sufficient means for users to access the necessary
information which directly ties back to the aim of SDG 11, which is to make cities more liveable,
inclusive, and accessible.

As was mentioned previously, these nature reserves should be seen and appreciated as tourism
destinations and as such the ability of these areas to sustainably exist is important. By providing
information products in the form of hardcopy and/or online maps, an online resource, as well as
infographics, information regarding the physical characteristics and features of the nature reserves are
more accessible to the public. This allows users to choose more accurately which trail, and more
specifically which nature reserve, is most suited to their current needs and physical limitations, leading
to better usage of these areas. This also enhances public health and well-being, as individuals will be
more inclined to partake in the activities that these areas have to offer when they are more adequately
informed on its various services. Also, with regards to SDG 11, usage of these areas is promoted
through the provision of these information products as it improves the accessibility and sustainability of
these urban green areas.
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CHAPTER 6: CONCLUSION AND RECOMMENDATIONS

The aim of this study was to improve the information accessibility of the City of Tshwane’s nature
reserves by providing its residents with the necessary information products, to make these urban green
spaces more accessible and usable to the public. These informational products including each nature
reserve’s relevant details such as the trail length, estimated travel time, expected energy expenditure,

as well as the points of interest and the difficulty grade.

This study successfully used various relevant functions to model the estimated travel time and the
energy expenditure for the existing delineated trails of the nature reserves, both for walking and running.
This was effectively done by using The Modified Hiking Function, Pandolf's Metabolic Rate Function
and Epstein’s Function. These functions modelled the travel time and metabolic cost, which was further
substantiated by the data collected through the fieldwork analysis, as well as the input received from
the survey entries. The successful modelling of the energy expenditure allowed for a difficulty grade to
be assigned to each trail. By adapting and merging the proposed grading systems of Hugo (1999a,
1999b), the Australian Walking Track Grading System (Victorian Government DSE, 2010), and
Wildrunner Trail Grading System (Wildrunner, n.d.), the subsequent study of each trail's relevant

characteristics enabled the allocation of a more comprehensive grading level.

Informational resources were created and disseminated in the form of hardcopy and/or online maps, an
online resource, and infographics. These resources provide information to the public that enable users
of these areas to make well-informed decisions and use these areas more appropriately. This allows
citizens to be able to access the information of each nature reserve in whichever format they want,
which in turn enhances their spatial awareness, and subsequently also their usage of these urban

areas.

Benefits ascribed to urban green spaces cannot be effectively used if information accessibility is poor.
This project provides a measure of improving the information accessibility on the nature reserves of the
CoT. Not only do the findings of this study enhance the public’s spatial awareness through improved
informational accessibility, but it also promotes the usage of these green spaces which directly links to
the aim of SDG 11. By providing informational products to the public regarding the characteristics of the
nature reserves, these areas can be appropriately and more extensively utilised and enjoyed. This aids
in promoting cities that are more liveable and sustainable and encourages healthier living by endorsing
outdoor recreational activities and the many health benefits that can be derived from a more active

society.

6.1 Recommendations

A recommendation is to use Naismith-Langmuir's Rule when determining parameters for existing trails,
which offers the opportunity to estimate the travel time of trails more accurately. By considering both
the horizontal, as well as the vertical distances travelled, it models a more accurate travel time, as not
all trails have a set gradient that is applicable to the entirety of the route. Moderate Downhill is between
negative 5 and 12 degrees and Steep Downhill is less than negative 12 degrees slope (Fritz, Carver &

See, 2000). The other parameters adjust travel speed based on these slope classes. Langmuir’s
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proposed values are a: 0.72; b: 6.0; c: 1.9998; d: -1.9998 and these can be applied to data in future

studies.

Survey data offer the opportunity to improve the grading systems by Hugo (1999a, b), the Australian
Walking Track Grading System (Victorian Government DSE, 2010), and Wildrunner Trail Grading
System (Wildrunner, n.d.). By incorporating the perceptions of users into the grading system, a more
accurate grading system can be created that does not only focus on quantitative measurements alone,
but which also allows for qualitative insights to be integrated therein. Additional parameters to include
in this new grading system are rest times for walks in time modelled per path, and environmental
parameters such as temperature and humidity (both based on VGI). Such information is compared to
the perceived difficulty of a trail as provided by the public using VGI. By integrating the above-mentioned
factors into existing grading systems one can more accurately gauge the difficulty of the trail, which will

have a significant impact on the energy expenditure associated with the trail (DeVoe et al., 1997).

A further recommendation is to create trails for the nature reserves that do not currently have designated
trails available, as well as suggesting alternative routes for the reserves that already have delineated
trails. Reserves that currently do not have delineated routes can designate trails to include certain points
of interest, as well as incorporate least-cost path analysis (LCPA) which finds the most suitable route
while taking into consideration the restrictions and limitations of any cost surface, including those
considering the surrounding topography. Similarly, nature reserves with existing trails can improve
these routes by incorporating points of interest along the routes, or by analysing where these paths can
be expanded, reduced and/or redirected to make these paths less “expensive” based on a specific cost
layer. Future studies should also consider the inclusion of land cover in modelling new trails. This
requires high resolution land use and land cover extraction, something doable using machine learning

such as Random Forest and Support Vector Machine, using platforms such as Google Earth Engine.

Due to time constraints, not all the nature reserves were included in the fieldwork portion of this study.
Instead, the focus was on the 4 most visited reserves that also have demarcated walking hand hiking
trails. As the fieldwork data were used to verify the modelled results, including more, if not all the
reserves, will significantly improve the verification process and will thus lead to more accurate results
and a more accurate assignment of the grading levels to the paths. Also, due to the lack of proper
signage on the trails, it is difficult to follow only one specific trail, especially in nature reserves that
provide several routes that cross one another, which affects the effectiveness of such data collected in

the verification process.

Similarly, also due to time limitations, environmental parameters such as temperature and humidity
were not considered but is considered a recommendation for further studies as such parameters have
been found to influence the energy expenditure of a trial (see section 2.4, page 28). Also including
demographic data such as age, as well as other physical characteristics such as disabilities, prior
injuries and other health-related ailments can also be used to improve the grading system. By producing
a grading system that incorporates specific user preferences and needs, users will have a better

understanding of the trail characteristics, which allows them to make better decisions as well as use the
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trails more competently. Future research should also look at incorporating security and crime in the

delineation and analyses of hiking trails within this context.
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APPENDIX A: CONSOLIDATED DETAILED STEPS
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Figure 10: Consolidated and detailed steps of the methodology employed.
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APPENDIX B: SURVEY OUTLINE

Figure 11 illustrates what the participant sees when starting the survey. Participants are given text to read, after

which they are required to indicate their willingness to partake in the survey (by selecting ‘Yes’). Only if a

participant indicates ‘Yes’, can they continue with the survey.

How was your walk?

This survey forms part of a project from the University of Pretoria (Using GISc for energy
expenditure modelling for use in human health, well-being, and a well-informed public, ethics
clearance NAS160/2021). The project assesses your perception of hiking and walking paths
within Tshwane nature reserves and open spaces and you must be 18 years and older to take

part in this survey.

facuny of Nazuwaf sod
Agrimdlural Sclewres

CAT  pYGARMIN GARMIN.

AN

I e P PP
" —

Consent™

This confirms your participation in the University of Pretoria project Using GISc for energy
expenditure modelling for use in human health, well-being, and a well-informed public (UP
ethics clearance NAS160/2021). You can contact the investigators at christel.hansen@up.ac.za

or at melandriesmit?6@gmail.com.

Participation is voluntary and there will be no penalty or loss of benefit if you decide not to
take part. You have the right to withdraw from the research at any time without having to
explain why. You can ask questions about the proposed study before signing this consent
torm. You also have the rights of access to your data.

By agreeing (i.e., selecting 'Yes') you confirm that you are 18 years of ager {or older), you are
aware that the results of the study, including personal details, will be anonymously processed
into research reports. You further confirm that you are participating willingly and that you have
no objection to participate in the study, that you understand that there is no penalty should
you wish to discontinue with the study, and that your withdrawal will not affect any treatment in
any way.

Figure 11: Participation consent.
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Figure 12 details the survey questions related to the personal information of survey participants. This includes
information on the participant’s age, gender, population group, height, and weight. Compulsory questions are

indicated by the red asterix (*).

Your details &

Enter your details here.

Age™
How o e yo
Plea v
Gender™
What is your gend
F"u,f | C b

Height

Enter your height in centimeters, c.g. 170
Weight*

Enter your weight in kilograms, e.g. 65

Figure 12: Survey section recording information on the personal particulars of volunteers.

Age brackets are:

e 18-29
e 30-39
e 40-49
e 50-59
e 60-69
e 70-79
e 80-89
e 90-99
e 100-109
e 110-119

No age group for under 18 years of age is provided, since anyone under that age may not complete the survey.
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Gender options include:

Female

e Male

Other

Prefer not to say

Participants also have the option to add a gender not listed, by selecting Other. Once this option is selected, an
additional text box becomes visible. This is illustrated by the image below. In this image, the Other option has
been selected.

Gender*

What is your gender?

Other -

Population group information is recorded to gauge insight into the various physical parameters (average male or
female weight) for the different population groups. For consistency, population groups are based on the official
groups of the South African Census 2022, and include:

e Black African

e Coloured
e Indian
e White

e Prefer not to say

The next section of the survey records particulars of the trails. This section asks questions on which trails was
walked, and if children were in the party (Figure 13, pg. 95).
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Walk details &

Here you will capture information on the walk/hike you took

Route walked*

o i i
e did you

Did you walk with children

R aba anv childrenan vourwalk? A child herameans anvona lecethan 12 vears of age
Did you take any children on your walk? A child here means anyone less th: 2 vears of age.

Figure 13: Survey questions on which nature reserve was visited, the option to describe aroute taken, and if children
took part in the excursion.

Options for nature reserves include those of listed CTMM nature reserves:

¢ Austin Roberts Memorial Bird

e Bishop Bird Nature Area

e Boardwalk Bird Sanctuary

e Bronkhorstspruit Angling Area

e Bronkhorstspruit Nature Reserve
e Chamberlain Bird Sanctuary

e Colbyn Nature Area

e Faerie Glen Nature Reserve

e Groenkloof Nature Reserve

o Klapperkop Nature Reserve

¢ Kwaggaspruit Nature Area

e Luton Valley Bird Sanctuary

e Moreleta Kloof Nature Area

e Pierre van Ryneveld Nature Area
e Rietvlei Nature Reserve

e Struben Dam Bird Sanctuary

e Tswaing Meteorite Crater

e Wonderboom Nature Reserve

However, if participants did not walk only one designated route, they have the option to provide a description of

the route walked.
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Participants also have the option to indicate if they walked with children.

The section continues by asking what the environmental conditions were like, how long the walk took, and if a
load was carried (Figure 14).

Conditions™

Walk duration™

time in minutes below. For example, if you

Load carried

pack and a bott

ht in kilograms below. For ex:
er3

Figure 14: Survey questions on environmental conditions prevalent during the walk, the walk duration in minutes,
and the load carried while walking.

Environmental conditions include an ‘Other’ option (Figure 15). Once this option is selected, an additional text

box becomes visible. This is illustrated by the image below. In this image, the Other option has been selected.

Environmental parameters*

Too hot oo cold Too humid Comfortable

Other

Figure 15: Selecting 'Other' among the options of environmental parameters.
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Finally, this section of the survey asks the participant to indicate how much energy was expended traversing a
trail, how many times a volunteer stopped to take a break, overall, how long those breaks were, and how difficult
the walk or hike was (Figure 16).

Energy expended

t you ha rt watch or phone t

Rest period(s)*

Rest duration™

n resting during your <7
iter 30. If you did not stop to rest durin

the time you took in minutes.

Walk difficulty™

How would you rate the overall difficulty of the walk / hike?

m
m
|
:

Difficult Severe Extreme

Figure 16: Survey questions on the energy expended while walking, the number of rests (breaks) taken, how long
those were altogether, and the perceived difficulty of the walk.

The next section focuses on participant’s fitness level and health status (Figure 17, pg. 98).
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| Your health details &

Please enter your health details here.

Fitness level*

How fit are you? Indicate your fitness

Unfit Moderately unfit  Neither fit nor Moderately fit Fit
fit
Pre-existing health conditions™
Do you have any pre-existing health conditions? Please select all that apply
Cardiovascular disease Diabetes
High blood pressure (hypertensior Respiratory ill
No
Other

Figure 17: Survey questions on the participant’s fitness level, and any pre-existing heath conditions.

The first question in the final section requires the participant to select their (perceived) fitness level.

The second question in this section requires the participant to select from a selection of health conditions (or
None, if applicable). Participants also have the option to add other conditions not listed, by selecting Other. Once
this option is selected, an additional text box becomes visible. This is illustrated by Figure 18. In this image, the

Other option has been selected.

Pre-existing health conditions*

Do you have eny pre-existing health conditions? Pleese select &ll that epply.
Cardiovascular disease Diabetes
High bleod pressure (hypertension) Respiratory iliness

MNone

Other

Figure 18: Selecting 'Other' among the options of health parameters.
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The survey concludes with the splash screen illustrated in Figure 19.

How was your walk?

Great! Your data was sent successfully. Thanks. For any queries please contact us

at christel.hansen@up.ac.za.

Figure 19: Survey splash screen (conclusion of survey).
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APPENDIX C: MAPS
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Figure 20: Map for Faerie Glen Nature Reserve
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Figure 21: Map for Groenkloof Nature Reserve
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Figure 22: Map for Moreleta Kloof Nature Reserve
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Figure 23: Map for Wonderboom Nature Reserve
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APPENDIX D: INFOGRAPHICS

What to know?

Austin Roberts Bird Sanctuary

This bird refuge has been open for almost 70 years and has since been home to
upwards of 170 different bird species who year after year flock to this tranquil oasis.

Difficulty =

A)>°= 550 m

Travel time (min) = 7 min

Difficulty = ﬂ
5= st0m
Travel time (min) = 9 min
Min calories (walking) @@

Min calories (walking)

Min calories (running) @ Min calories (running) @

* These values are based on modelled formulas and should only be used as a guidetine.

What to know?

s Bishop Bird Nature Area

This nature area, which forms part of the Rooihuiskraal Historical site, is the
perfect escape from busy city life!

ROUTE 1 ROUTE 2

Difficulty = ﬂ Difficulty =
A)'f: 2,0 km A))A= 1.5 km
Travel time = 24 min Travel time = 16 min Travel time = 5 min

Min calories (walking) ,2’% Min calories (walking) Min calories (walking) @

Min calories (running) v Min calories (running) E Min calories (running) @

Figure 25: Infographic of Bishops Bird Nature Area.
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What to know?

Boardwalk Bird Sanctuary

With its scenic routes and picturesque lawns, this place offers a perfect escape from
the hustle and bustle of city life!

Difficulty =
45%=260m
Travel time =3 min
Min calories (walking)
Min calories (running)
Yo

Difficulty = ﬂ

A)>A =700 m

Travel time = 10 min

Min calories (walking) é
Min calories (running) @

* These values are based on modelled formulas and should only be used as a guidetine.

Figure 26: Infographic of the Boardwalk Bird Sanctuary.

What to know?
Faerie Glen Nature Reserve

This family friendly reserve boasts three beautiful hiking trails that can be
enjoyed by all... You can even bring your four-legged family members!

KIEPERSOL TRAIL ACACIA TRAIL HADEDA TRAIL
Difficulty = Difficulty = ﬂ Difficulty = ﬂ
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Min calories (walking) é Min calories (walking) @ Min calories (walking) O Yy
Min calories (running) @ Min calories (running) @ Min calories (running) [l‘_lp

l -
4%

* These values@are basedon modelled fo

Figure 27: Infographic of Faerie Glen Nature Reserve.
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What to know?
Fort Klapperkop Nature Reserve

Come and enjoy the beauty of this tranquil paradise, while also visiting one of Gauteng’s historical sites.

hetps:/ /bit ly/46Qp6E.

BROLLOCKS & ROAD ROUTE RED ROUTE VAN HUNKS SE PYP
BITTERGAL (_ROUTE ROUTE
Difﬁ%ulty = l Difficulty = ﬂ Difficulty = m Difficxlty =
Travel time = 49 min Travel time = 54 min Travel time = 30 min Travel time = 15 min
Min calories (walking) -8 Min calories (walking) 5 Min calories (walking)/ozg Min calories (walking) [

Min calories (running) 2\, Bl Min calories (running) s il Min calries (running)s7 il Min calries (nmm,,%@@

Figure 28: Infographic of Fort Klapperkop Nature Reserve.

What to know?
Groenkloof Nature Reserve

This family friendly reserve has plenty of activities to keep the entire family
happy and active in one of nature’s most picturesque areas.

RED TRAIL WHITE TRAIL YELLOW TRAIL

Difficulty = ﬁ Difficulty = ﬂ Difficulty =
ﬁ))A =4,5km 0)>° =3,8km %A= 9,9 km
Travel time = 55 min Travel time = 45 min Travel time = 117 min

< i
Min calories (walking) ﬁ Min calories (walking) Min calories (walking)
Min calories (running) Min calories (running) /2\ Min calories (running) @

Figure 29: Infographic of Groenkloof Nature Reserve.
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What to know?

Luton Valley Bird Sanctuary

This sanctuary boasts a variety of different bird species, all flocking to this
beautiful oasis that exhibits the splendour of Africa.

ROUTE 1 ROUTE 2 ROUTE 3
Difficulty = ﬂ Difficulty = ﬂ Difficulty =
s A _ 8 _
%—I,Okm %-mm %—62(“-
Travel time = 12 min Travel time = 5 min Travel time = 8 min
Min calories (walking) @ Min calories (walking) (*) Min calories (walking) /@ s st edon ot
Min calories (running) <<=/ Min calories (running) Min calories (running) (5 : '

Figure 30:Infographic of Luton Valley Bird Sanctuary.

Al What to know?
sl Moreleta Kloof Nature Reserve

Come and enjoy the lovely trails that this reserve has to offer, and remember to keep a look out for the
various antelope species roaming the veld!

RADEMEYER
TRAIL

Difficulty = ﬂ Wﬁ;"" = Difficulty =

45728 m ) e A55=15km

Travel fime = 33 min [l fme: = 16 ein Travel fime = 16 min

Min calories (walking) ,PZ; s caluciex (olking) é Min calories (walking)
Min calories (running) Min calories (running) @ Min calories (running) ﬁ

SUIKERBOSTRAIL =
DUIKER TRAIL

* These values are bassd on modeliad formudas

Figure 31: Infographic of Moreleta Kloof Nature Reserve.
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What to know?

i~  Pierre van Ryneveld Nature Area

With its well-maintained routes and beautiful scenery, this place offers a perfect
escape from the hustle and bustle of city life!

Difficulty = ﬂ

%‘3 =800 m

Travel time =9 min

Difficulty = g
A)>A =1,200 m

Travel time = 13 min

Min calories (walking) @
Min calories (running) @

Min calories (walking) W
Min calories (running)

are based on modelied formulas and should only be used asa guidetine.

: What to know?
B~ Struben Dam Bird Sanctuary

Come and enjoy a picturesque day next to the calming waters of Struben Dam.
Remember to bring your binoculars and fishing gear!

Difficulty = Difficulty = ﬁ
457 = 800 m 459 = 500 m
Travel time (min) = 9 min OUTE . Travel time (min)= 6 min

Min calories (walking) C)

Min calories (walking)
. Min calories (running) @

Min calories (running) @

sed on modelied formutas and should only be used as a guidstine.

Figure 33: Infographic of the Struben Dam Bird Sanctuary.
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What to know?
Wonderboom Nature Reserve

Just as the name suggests, this reserve really is a wonder to be treasured and enjoyed by all!

iEEos: / /bit ly/46CpsE

ALTERNATE FORT TOWARDS

WATERFALL & CAVE FORT ROUTE JOOS BECKER GUIDED

WATERFALL & CAVE ROUTE WATERFALL & CAVE ROUTE
ROLTE Difficulty = ROUIE e ﬂ Difficulty =

Difficulty =

A)>A =1,200 m

Travel time = 13 min

Min calories (walking)o
Min calories (running) %7

Difficulty =

0)70 =330 m

Travel time = 4 min

Min calories (walking)
Min calories (running) ﬁ@

A)>A= 2,500 m

Travel time = 29 min
Min calories (walking) é

A))‘)=480m

Travel time = 6 min
Min calories (walking) Ep
Min calories (running) é

A)?ﬂ,zso m

Travel time = 14 min
Min calories (walking) f
Min calories (running) @

Min calories (running) ?

ese values are based on modelled formutas and sh e used asa guideline.

Figure 34: Infographic of Wonderboom Nature Reserve.
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