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INTRODUCTION 

Purpose 
Bicycle transportation offers an inexpensive, environmentally friendly, and healthy alternative to 
automobile travel. To benefit the existing biking community and to encourage others to bike for 
commuting and recreation, Provo City is in the process of establishing a city-wide bicycle plan.  In the 
plan, existing vehicle facilities will be improved to accommodate bike lanes, bicycle boulevards, shared-
use paths, and/or shared-use lanes.  Exactly which routes are added or upgraded is still to be 
determined. 
 
The Provo Bicycle Committee, an organization created to give a political voice for the biking community, 
has proposed a list of routes most in need of these improvements based on a survey of bicyclists and 
concerned residents. Many of these routes are on major arterials, state-owned roads, and roads with 
little available right-of-way. City engineers have expressed concern about the financial and practical 
feasibility of improving some of these routes for cyclists and hope that alternative routes can be 
selected. Currently city engineers, the City Council, and the Bicycle Committee are seeking evidence to 
assist them in final selection of routes for improvement.  
 
Often the decision on where to locate bicycle routes is based only on anecdotal evidence and 
convenience. A quantitative method for determining where bicycle routes would best benefit the 
community would add objectivity to the decision making process and result in a more effective bicycle 
network. The Bicycle Committee is actively seeking such a quantitative method. 
 
The purpose of this project is to provide a quantitative measure of bicycle network performance with 
the proposed bicycle routes and possible alternative routes. The Bicycle Committee will use the results 
to lobby for the requests of the bicycle community; and the results will help the Provo City Council 
objectively prioritize future funding for bicycle improvements. 

Scope 
This project analyzed the effectiveness of proposed bicycle routes and alternatives at improving overall 
rider convenience. Rider convenience was assessed using connectivity and travel time as performance 
indicators. The proposed routes, alternative routes, and destinations in the analyses were defined 
through discussions with the Bicycle Committee and city engineers. Geographic information systems 
(GIS) data used in the analysis was edited to better represent the bicycle network. The connectivity and 
travel time analysis was performed using the GIS software package, ViaCityTM. Routes considered in this 
study include University Avenue bike lanes with possible alternatives on Freedom Boulevard and 100 
West. Bike lanes on 900 East will be evaluated with a possible alternative on 700 East. And 500 North 
will be evaluated with no alternatives considered at this time. 

Report Outline 
This report will first present background information on performance indicators for rider convenience 
and discuss GIS software. The methods used to perform the analysis are then detailed followed by the 
results.  A conclusion summarizing the project and underscoring the important results is then presented 
along with recommendations.  
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BACKGROUND 

Performance Indicators for Rider Convenience 
The performance of a bicycle network may relate to safety, travel times, congestion, rider comfort, rider 
convenience, and many other attributes that are often difficult to define. Each of these would be 
measured in different ways ranging from crash statistics, to rider densities, to number of rider head/eye-
movements.  In this report, we will only look into improvements to rider convenience.  This describes 
how conveniently a rider can travel from one location to another. Two performance indicators related to 
rider convenience are connectivity and travel time and are described in further detail below. 
Throughout the discussion, we will use the example of a rider, John, leaving his house and trying to 
connect to a shopping center. 

Connectivity 
Connectivity describes the directness of a route or of all possible routes within a network. For our 
example, it is the directness of JohnΩǎ ǊƻǳǘŜ ŦǊƻƳ Ƙƛǎ house to the shopping center. High connectivity 
indicates a direct route, or one in which the route gets you directly to the destination without 
meandering or requiring you to travel ƛƴ ŀ ŘƛǊŜŎǘƛƻƴ ǘƘŀǘ ŘƻŜǎƴΩǘ ŘƛǊŜŎǘƭȅ ƭŜŀŘ ǘƻ ǘƘŜ ŘŜǎǘƛƴŀǘƛƻƴ. Poor 
connectivity indicates an indirect route, or one in which you must cover much more distance than the 
total trip actually requires in order to reach the destination. Figure 1 below provides a simple illustration 
of a well-connected route (A) and a poorly connected route (B). Poor connectivity often increases travel 
times, inconveniencing the riders. 
 
Two measures of connectivity are described here: route directness index (RDI), and ViaCityϰ Score. The 
RDI is a simple ratio of the direct distance between JohnΩǎ ƘƻǳǎŜ ŀƴŘ ǘƘŜ shopping center and the actual 
route distance. This calculation is shown in Equation 1. A high RDI (near 100) indicates good connectivity 
and a low RDI (less than 50) indicates poor connectivity. 
 

 
Figure 1: Illustration of connectivity for the RDI equation. 

 

ὙὈὍ 
ὃ

ὄ
ρzππ 

Equation 1 

 
Where    RDI = Route directness index 

  A = Straight-line distance 
                B = Actual route distance 
 
One problem associated with RDI is that the score can be skewed by extremes in distance. If JohnΩǎ 
house is very close to the shopping center, but John needs to ride a quarter mile around the block to get 
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there, the resulting RDI score will be very low.  We may conclude that JohnΩǎ ƘƻǳǎŜ ŀƴŘ ǘƘŜ shopping 
center are poorly connected and that it is a very inconvenient route for John. This would be misleading, 
however, because a quarter mile trip around the block is very convenient. Now a different example; say 
the shopping center is on the same street as JohnΩǎ ƘƻǳǎŜΣ aƴŘ ǎƛƴŎŜ ƛǘΩǎ ŀ ǎǘǊŀƛƎƘǘ ǎǘǊŜŜǘΣ John can look 
down the street and see where shopping center isΦ hƴƭȅ ǘƘƛǎ ǘƛƳŜΣ ƛǘΩǎ 5 miles away. The RDI in this case 
would be very high, indicating good connectivity and thus high convenience for John. Obviously, though, 
this 30-minue ride is not as convenient as the ride going around the block. To address this issue, a better 
measure of connectivity ŎŀƭƭŜŘ ǘƘŜ ±ƛŀ/ƛǘȅϰ is used.  
 
The ViaCityϰ Score, a value calculated during an analysis with the ViaCityϰ software, corrects the 
skewed RDI value caused by extremes in distances. With this calculation, all routes within a short 
distance to the destination result in a good score, and long routes, regardless of their directness, will be 
penalized. A simple w5L ŀƴŀƭȅǎƛǎ Ƴŀȅ ōŜ ǳǎŜŦǳƭ ƛƴ ŎŜǊǘŀƛƴ ǎƛǘǳŀǘƛƻƴǎ ōǳǘ ǘȅǇƛŎŀƭƭȅ ǘƘŜ ±ƛŀ/ƛǘȅϰ {ŎƻǊŜ ƛǎ a 
more robust analysis variable.  
 

Travel Time 
For many transportation systems, travel time is a primary performance measure since it is what the user 
cares about on a day-to-day basis. This basic measure can be calculated using Equation 2. The concept of 
travel time is very easy to appreciate. If the travel time is shorter, the convenience to the rider is higher, 
and vice-versa.  
 

Ὕ
ὄ

ψψzὛ
 

Equation 2 

 
Where    T = Travel time, min 

  B = Actual route distance, ft 
  S = Speed, mph 
  88 is used to convert mph to ft/min  

 
Travel time for bicycles can be difficult to measure for a few reasons. Travel speeds vary from one rider 
to another (aggressive vs. casual) and for different trip types (commuting vs. recreation). They will also 
be affected by congestion on the road caused by additional cyclists and pedestrians. Comfortable, 
uncongested biking speeds generally range between 10 and 15 mph. Travel time is also impacted by the 
number of stops required along the route. Say JohnΩǎ ǊƻǳǘŜ ǘŀƪŜǎ ƘƛƳ ǘƘǊƻǳƎƘ a few signalized 
intersections; his trip may take 3 minutes when lights are green or 5 to 8 minutes if he hits every red 
light.  Similarly if his route traverses a busy, unsignalized intersection, John may be delayed until he finds 
a gap in traffic to comfortably cross. 
 
To simplify these issues, a uniform speed is assumed and congestion ignored as congestion for cyclists 
ƛǎƴΩǘ ŀƴ ƛǎǎǳŜ ƛƴ tǊƻǾƻ.  Intersection delays can be considered by either assigning a delay time to each 
intersection or by artificially increasing the length of the intersection crossing to produce an appropriate 
travel time. In summary, travel time is most greatly influenced by route distance (B in the equation). This 
metric could be represented as just distance, but travel time is easier to relate to. 

Adjusted Connectivity and Travel Time 
Both the measures of connectivity and travel time assess rider convenience with regard to the network 
layout only. There is no consideration for whether a route has bike lanes or not; both scenarios receive 
the same score ŀƴŘ ǘƘǳǎ ŀŦŦƻǊŘ ǘƘŜ ǎŀƳŜ άŎƻƴǾŜƴƛŜƴŎŜ.έ ¢Ƙƛǎ does not represent actual conditions. All 
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other factors held constant, a route with bike lanes is more convenient to cyclists than one without, and 
a busy street is less desirable than a low-traffic street. If John can get to the shopping center by traveling 
on a calm collector road with bike lanes or by ǊƛŘƛƴƎ Řƻǿƴ ŀ ōǳǎȅ ƳŀƧƻǊ ŀǊǘŜǊƛŀƭΣ ƘŜΩŘ ŎƘƻƻǎŜ ǘƘŜ 
collector. Similarly, a route without stop lights is typically more convenient than one with stop lights.  
 
To account for these effects, the equations for RDI (and consequently ViaCityϰ Score) and travel time 
should be adjusted. An impedance factor can be assigned to a bike route or street to represent the 
route attractiveness and general ride quality. The impedance will change the way the route distance is 
calculated, simply by multiplying the impedance factor to make the route seem longer or shorter 
depending on conditions. This change is shown in Equations 3 and 4. For example, a two-lane highway 
with two foot shoulders and no bike lane would have an impedance factor greater than 1.0 to make it 
appear longer because the conditions are not favorable. However, if a wide bike lane or separated path 
were constructed on the same highway an impedance factor of less than 1.0 could be assigned to make 
it appear shorter. Typical impedance factors are 0.8 for a good route and 1.2 for a poor route. Similarly, 
the delay caused by an intersection or crossing a busy street can be accounted for by assigning a high 
impedance factor (5 to 10) to the crossing.  
 

ὙὈὍ  
ὃ

ὄ Ὅzάὴ
ρzππ 

Equation 3 

 
 

Ὕ
ὄ Ὅzάὴ

ψψzὛ
 

 
Equation 4 

 
Where    A = Straight line distance 

   RDIadj = Adjusted RDI 
    Tadj = Adjusted travel time 
    B = Length of a given route segment 

   Imp = Impedance factor for a given route segment (generally 0.8 to 1.2) 
 

Geographic Information Systems  
Geographic Information Systems (GIS) are software tools used to manage, display, and analyze 
geospatial data. In a GIS, every feature of a map (ex. City, Road, Building, etc.) is uniquely identified, has 
specific location data, and can also posses attribute data (ex. City: name, population, average annual 
income; Road: length, speed limit, width; Building: height, floor area, appraised value). These features 
and attributes are used to analyze data in a geographic context. Because of its versatility, GIS is utilized 
in many fields including planning, engineering, cartography, geology, and emergency response.  
 
There are a number of GIS software packages available on the market. ArcGIS is the general name for 
DL{ ǇǊƻŘǳŎǘǎ ǇǊƻŘǳŎŜŘ ōȅ 9{wL όǇǊƻƴƻǳƴŎŜŘ ΨŜǎǎ-ǊŜŜΩύΣ ŀ ǿƻǊƭŘǿƛŘŜ ƭŜŀŘŜǊ ƛƴ DL{Φ ¢ƘŜ ǇǊƻŘǳŎǘǎ Ƴƻǎǘ 
commonly used are ArcMap, used to view and edit GIS data, and ArcCatalog, used for GIS data 
ƳŀƴŀƎŜƳŜƴǘΦ ±ƛŀ/ƛǘȅϰ ƛǎ ŀƴ !ǊŎDL{ ŎƻƳǇŀǘƛōƭŜ ǎƻŦǘǿŀǊŜ ǇŀŎƪŀƎŜ ŘŜǾŜƭƻǇŜŘ ōȅ ¢ǊŀƴǎǇƻ DǊƻǳǇΣ ŀƴ 
engineering firm based in Seattle, Washington. It was created specifically to aid city and regional 
planners in assessing pedestrian and bicycle connectivity of their area. The software uses ArcMap 
analysis tools, but is operated as a stand-alone program. 
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Via/ƛǘȅϰ ŀƴŀƭȅȊŜs connectivity of routes to ŘŜǎǘƛƴŀǘƛƻƴǎΦ ±ƛŀ/ƛǘȅϰ ǊŜǉǳƛǊŜǎ ǘwo sets of data for an 
analysis. A network or roads layer is used to determine travel routes and a parcel layer is used as the 
origins and or destinations of trips. After adding these layers the analysis is performed by selecting a 
single destination or set of destinations to which each parcel will be routed. The analysis is then 
performed by calculating the route and associated connectivity or travel time from each parcel in the 
layer to the selected destinations. Essentially it is checking the ability for each residence or business in 
the city/neighborhood to reach the selected location(s). When calculating the distance, connectivity, 
ŀƴŘ ǘǊŀǾŜƭ ǘƛƳŜ ŘǳǊƛƴƎ ǘƘŜ ŀƴŀƭȅǎƛǎ ±ƛŀ/ƛǘȅϰ ǿƛƭƭ ƛƴŎƭǳŘŜ ŀƴȅ ƛƳǇŜŘŀƴŎŜ ŦŀŎǘƻǊǎ ǘƘŀǘ ŀǊŜ ƛƴŎƭǳŘŜŘ ǿƛǘƘ 
the network layer. By performing the analysis with different impedance factors a simulation of different 
routes and scenarios can be performed.  
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METHODOLOGY 

Route Selection 
Routes were selected based primarily on discussions with Zac Whitmore, chair of the Provo Bicycle 
Committee; David Graves, Provo Deputy Public Works Director; and Brent Turley, Senior Engineer with 
Transpo Group. TƘŜ ƳŀǇ άtŜŘŜǎǘǊƛŀƴ tŀǘƘǎΣ ¢Ǌŀƛƭǎ ŀƴŘ hƴ-{ǘǊŜŜǘ .ƛƪŜǿŀȅǎ aŀǇέ ƛƴ ǘƘŜ нллф tǊƻǾƻ 
General Plan (Appendix A) was also considered. 

Existing Provo Bicycle Facilities 
The two major existing routes in Provo are the Provo River Trail and the Campus Connector Trail. The 
Provo River Trail provides north-south mobility through most of Provo and connects to other routes 
such as 800 North and The Campus Connector. The Campus Connector Trail provides east-west mobility 
including access to the Provo River Trail, Orem, and east Provo. 
 
The only routes in central Provo are bike lanes on 800/820 North and 700 North, which are connected 
by a short route on 200 East. These routes are heavily used because they provide east-west connections 
between dense residential areas and commercial and institutional locations. The rest of Downtown 
Provo is a fragmented system. Bike lanes were recently added on 100 South (route shown as proposed 
on General Plan map in appendix). The east half of Center Street has bike lanes, a small portion of 300 
South and two small segments on the south end of Freedom Boulevard also have bike lanes. 

Proposed Provo Bicycle Routes 
Dƻŀƭ пΦн ƻŦ tǊƻǾƻΩǎ DŜƴŜǊŀƭ tƭŀƴ ƛǎ ǘƻ άwŜŘǳŎŜ wŜƭƛŀƴŎŜ ƻƴ !ǳǘƻƳƻōƛƭŜǎ ōȅ 9ƴŎƻǳǊŀƎƛƴƎ !ƭǘŜǊƴŀǘƛǾŜ 
aƻŘŜǎ ƻŦ ¢ǊŀƴǎǇƻǊǘŀǘƛƻƴΦέ hōƧŜŎǘƛǾŜ пΦнΦм ƛǎ ǘƻ ά9ȄǇŀƴŘ ŀƴŘ ŜƴŎƻǳǊŀƎŜ ǊŀƛƭΣ ōǳǎΣ ōƛƪŜΣ ŀƛǊΣ ŀƴŘ ƻǘƘŜǊ 
ƳƻŘŜǎ ƻŦ ǘǊŀƴǎǇƻǊǘŀǘƛƻƴΦέ tǊƻǾƻ /ƛǘȅ Ƙŀǎ ŀƭǎƻ ǎŜǘ ŀ Ǝƻŀƭ ǘƻ ōŜŎƻƳŜ ŀ ƎƻƭŘ-level bicycle friendly city as 
ŘŜǎƛƎƴŀǘŜŘ ōȅ ǘƘŜ [ŜŀƎǳŜ ƻŦ !ƳŜǊƛŎŀƴ .ƛŎȅŎƭƛǎǘǎΦ Lƴ ŀŎŎƻǊŘŀƴŎŜ ǿƛǘƘ ǘƘŜǎŜ Ǉƭŀƴǎ ǘƘŜ ŎƛǘȅΩǎ .ƛƪŜǿŀȅ aŀǇ 
(Appendix A) has several proposed bike routes to be added to the system (Provo City General Plan, 2009 
Update, p. 24, 152-153). New Routes are shown on the following roads: 
 

¶ 600 South 

¶ 500 North 

¶ 200 North 

¶ 900 East 

¶ 500 West 

¶ 900 West 

¶ Freedom Boulevard 

¶ 100 West 

¶ University Avenue 

¶ 200 East 

¶ 400 East 

¶ 600 East 
 
This is an aggressive selection of routes that will greatly enhance the overall system in the city. These 
routes are part of the goals stated in the General Plan. 
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Essential Corridors 
Essential corridors were identified based on the existing and proposed routes. The needs that exist in 
each of these corridors will be addressed by the GIS analysis to be described later in this section. 
 

1. North-South Corridor in Central Provo 
Currently no north-south bicycle route exists in Central Provo. A north-south route is essential to 
provide access to downtown, north Provo, and Eastbay. David Graves explained that putting 
bike lanes on University Avenue North of 700 North would be no problem and is likely to 
happen. However, bike lanes south of 700 North would be difficult to construct because of 
existing traffic demand, on-street parking, and implementation of a dedicated lane for a future 
bus rapid transit (BRT) system. 

2. North-South Corridor in East Provo 
The need for a north-south route in east Provo has been identified in the General Plan (p. 153) 
due to high volumes of bicycle traffic currently on the road. Currently 30 inches of roadway is 
designated for bikes on 900 East, but with the curb and roadway slope it is probably only 10-15 
usable inches; making it inadequate for all but the most experienced cyclists. A safer and more 
usable facility is needed to provide north-south access on the east side of the city 

3. East-West Corridor in Central Provo 
800 North provides east-west mobility for upper central Provo, and with lanes on portions of 
Center Street and 100 South the Downtown area is well served. This leaves a gap of seven blocks 
between Center Street and 800 North with no east-west route. 

Destinations 
The destinations for route analysis were established through discussions with Zac Whitmore, David 
Graves, and Brent Turley. These destinations were selected because they are high traffic generators that 
are likely to be accessed by cyclists. It is important to consider destinations when selecting an analysis 
route because the two must coincide. Any route will only be useful if it connects to a destination with 
reasonable demand. The following destinations were identified as locations that would be beneficial to 
the analysis. 
 

¶ University Parkway ς Provides access to Provo River Trail and Campus Connector Trail 

¶ Downtown Center Street ς Quickly becoming a major hub for residential and commercial uses. It 
is central to all Provo neighborhoods. 

¶ Future Intermodal Hub ς Pedestrians and cyclists will frequently use the hub for long-distance 
trips. The hub will be completed and in operation by 2015. 

¶ Brigham Young University Campus ς The largest employers in Utah County and accessed daily by 
over 30,000 students. 

¶ Provo Recreation Center ς The Provo Department of Parks and Recreation will construct a 
recreation center on 500 North taking up most of the block between Freedom Boulevard and 
500 West. This will draw heavy local traffic. Being a recreation center it is likely to draw heavy 
cyclist traffic also. 

Analysis Design 
 
Based on the existing and proposed routes, essential corridors, and key destinations the following 
analyses were selected. Each analysis is meant to provide quantitative evidence to support the best 
solution to the respective need.  
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Analysis 1: North-South Corridor in Central Provo 

¶ University Avenue  
This state-owned major arterial would provide an essential link from South and Downtown 
Provo to the Provo River Trail and North Provo. This route is not currently feasible south of 700 
North because of the Bus-Rapid Transit (BRT) line that will be placed on University Avenue 
leading to the Intermodal Hub in the Eastbay area. Putting in bike lanes there would require on-
street parking or the sidewalk to be eliminated from the right-of-way. This is the preferred route 
by the Bicycle Committee 

¶ Freedom Boulevard  
This is a possible alternative to University Avenue. It would provide the same link to the Eastbay 
area and River Trail but has more flexibility for right-of-way designation and acquisition. 

¶ 100 West  
100 West is a very low-volume mostly residential road that could easily be fitted with bike lanes 
or other facilities. It does not reach as far north or south as Freedom or University but could 
provide access to 600 South and 800 North, which offer east-west access to other major routes. 

¶ Destinations: University Parkway at University Avenue was selected because of access to the 
Campus Connector trail. The Intermodal Hub was selected as a southern destination. Both 
Downtown Provo and BYU Campus will also be analyzed as both are major traffic generators 
accessed via this north-south corridor. 

 

 
Figure 2: Google Map of Analysis 1 design.  

(Red - routes to be studied; Green - existing routes;  
Yellow ς Major streets; Yellow pins ς destinations) 
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Analysis 2: North-South Corridor in East Provo 

¶ 900 East  
This is the preferred route but has significant barriers to implementation. Considerable right-of 
way would have to be acquired to put in a trail or bike lane. Closing lanes on the roadway is not 
an option because traffic performance would decrease significantly. 

¶ 700 East  
This route will be evaluated as a potential alternative to 900 East. The Provo General Plan map 
shows 600 East as the proposed route, but after discussion 700 East was selected as a better 
option because it terminates at Brigham Young University campus and South State Street. 
Reconstrucǘƛƻƴ ƻŦ тлл 9ŀǎǘ ƛǎ ƛƴ ǘƘŜ /ƛǘȅΩǎ Ǉƭŀƴǎ ŦƻǊ ǘƘŜ ƴŜŀǊ ŦǳǘǳǊŜ ǎƻ ƛǘ ǿƻǳƭŘ ōŜ ŎƻƴǾŜƴƛŜƴǘ ǘƻ 
at bicycle facilities at the same time. 600 East may also have a conflict at 500 North where a 
large apartment complex is being built. 

¶ Destinations 
BYU Campus will be the only destination measured for this analysis. 

 

 
Figure 3: Google Map of Analysis 2 design. 

 (Red - routes to be studied; Green - existing routes;  
Yellow ς Major streets; Yellow pins ς destinations) 
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Analysis 3: East-West Corridor in Central Provo 

¶ 500 North  
500 North was selected as the best option for the east-west corridor because it would provide 
similar layout and design to 800 North, which has been very successful as a bike route. In this 
analysis 500 North will not be compared with any other routes.  

¶ Destinations 
The future Provo Recreation Center will be the primary destination.  Also included will be 
western access to the Provo River Trail at University Parkway, 800 North, and 500 North. 
 

 
Figure 4: Google Map of Analysis 3 design.  

(Red - routes to be studied; Green - existing routes;  
Yellow ς Major streets; Yellow pins ς destinations) 

 

Study Area 
The study area was narrowed down to provide the most relevant results. The final study area selected is 
shown in Figure 5 along with the analysis routes and destinations. No parcels south of the railroad tracks 
were used because only a few track crossings exist. This tends to negate any route improvements 
because all trips have to be routed through one or two roads. North Provo was not used because the 
long distance travel skews results and none of the selected routes reach the area. Portions of Provo 
immediately west of BYU campus were also excluded because none of the route or destination sets to 
be analyzed would involve them significantly. 
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Figure 5: Final Study Area for Analysis.  

(Red - routes to be studied; Yellow pins ς destinations) 

 

Data Preparation 
Only two datasets were needed; the city parcels file and the street network file. These datasets were 
obtained from the Provo city GIS Department and the Department of Geography at BYU. 

Parcels 
Only parcels within the study area were used in the analysis. While the file was fairly complete and 
accurate, some preparation of the data was required. Minor editing was done to eliminate parcels that 
were duplicated or mistakenly placed on roads. Additional parcels were added to BYU campus housing 
and some housing in the Joaquin Neighborhood with high density apartments. This was done so the 
population distribution would be accurately represented. Non-housing areas of Brigham Young 
University were split into several smaller parcels instead of one large parcel. 
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Street Network 
The street network required significant preparation to modify it for bicycle analysis. The primary change 
made was how large, high volume streets were represented. Rather than a single line the road was split 
into two parallel lines with connections representing locations of crosswalks. This more closely simulates 
what a cyclist experiences because crossing usually does not occur mid-block except on low volume 
streets. University Avenue, 900 East, Freedom Boulevard, 500 West, Bulldog Boulevard, South State 
Street, and 300 South were all modeled this way.  
 
Impedances of 1.2 were added to very busy streets without bicycle facilities, an impedance of 0.8 was 
given to routes with a bike lane. These values were used based on recommendations from Transpo 
Group. 100 North was also added as a bike route because it will soon be reconstructed with bike lanes in 
a similar manner to what was done on 100 South. University Avenue north of 700 North was assumed to 
be a bike lane because David Graves advised that it was likely to be added and preferred that it be 
represented accordingly. Route impedance is summarized in Table 1. 
 
Crossings were given an impedance value of 7. This is based on an average bicycle travel speed of 11 
miles per hour, road width of 100 feet, and maximum wait time of 45 seconds. This helps the analysis 
more accurately model bicycle behavior and circumstances because crossings often require a significant 
portion of a single trip. This will also improve the model accuracy because cyclists often select routes 
based on which has the fewest stops. 
 
It was determined that the route selected from Analysis 1 (North-South Corridor in Central Provo) could 
have a significant impact on results of other analyses, so after a route was selected from this analysis it 
would be modeled as a bike lane for the rest of the study. 
 

Table 1: Impedances on Streets, Routes, and Street Crossings 

 

 

 
    

 

Streets/Routes Impedance

All bike routes and trails 0.8

University Ave.                              

(700 N to Univ. Pkwy)

0.8

University Ave. (Base value) 1.2

900 E (Base value) 1.2

300 S (State St.) 1.2

500 W                                     

(Center St. to 500 N.)

1.2

Bulldog Ave. 1.2

Between Bulldog Ave.           

and Campus Dr.

7.0

Everything else 1.0

Crossings Impedance

University Ave. 7.0

300 S. 7.0

South State St. 7.0

Center St. (downtown) 7.0
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GIS Analysis 
Results from ±ƛŀ/ƛǘȅϰ ŀƴŀƭȅǎƛǎ ǿŜǊŜ ƛƳǇƻǊǘŜŘ ǘƻ !ǊŎDL{ ǿƘŜǊŜ ŦǳǊǘƘŜǊ Řŀǘŀ ǊŜŘǳŎǘƛƻƴ ǿŀǎ ǇŜǊŦƻǊƳŜŘΦ 
¢ƘŜ ǘƻǘŀƭ ŘƛǎǘŀƴŎŜ ŎŀƭŎǳƭŀǘƛƻƴǎ ǿŜǊŜ ŎƻƴǾŜǊǘŜŘ ǘƻ ǘǊŀǾŜƭ ǘƛƳŜΦ ¢ƘŜ ±ƛŀ/ƛǘȅϰ ŎƻƴƴŜŎǘƛǾƛǘȅ ǎŎƻǊŜ and travel 
time were then represented graphically over the study area for analysis of the results. Additional tabular 
data of the results were obtained for analysis also. 
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RESULTS 

Overall 
The general results are shown in Table 2. Each analysis is shown with the preferred route bolded. These 
results provide quantitative evidence that the selected route will be the most beneficial to implement. 
For analysis 1, University Ave is superior to the Freedom Blvd and 100 W. alternatives. While routes on 
the alternative roads do improve the bicycle network, their impact is less than routes on University.  In 
analysis 2, 900 E is slightly better than 700 E, but the feasibility of 900 E is almost zero. However, having 
lanes on 700 E is much more plausible and still shows an impressive improvement score over the base 
condition.  In analysis 3, 500 North provides a 2% improvement in both categories, which means over 
300 parcels will have better connectivity and over 200 parcels will be added to the existing 10-minute 
bikeshed. Following is a detailed discussion on the results for each analysis. 
 

 
Table 2: Summary of Improvements 

 
 
 

Analysis 1: North-South Corridor in Central Provo 
Figure 6a shows analysis of travel time results for existing conditions, with North Trail Access as the 
destination. The travel time increases steadily in a concentric pattern away from the destination. The 
fact that this pattern is the same for all portions of the city suggests that travel time changes relatively 
little according to facilities, and that connectivity may be a better measure of route quality. Figure 6b 
clarifies this by showing the travel time improvement created by adding bike lanes on University 
Avenue. The south end of the 5-10 minute interval (light blue) reaches about two blocks further south. 
Also the orange and red areas (greater than 15 minutes) in southeast Provo show some improvement. 
 
 

Base
University 

Ave.

Freedom 

Blvd.
100 West Base 900 East 700 East Base 500 North

Ave. % Parcels with 

ViaCity Score > 65
48 52 51 49 67 72 70 42 44

# of Improved Parcels 524 420 214 645 423 380

Ave. % Parcels in 

Bikeshed (10 min.)
69 71 70 70 83 85 85 63 65

# of Improved Parcels 229 157 86 360 291 234

Analysis 2 Analysis 3Analysis 1
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(a) 

 
(b) 

Figure 6: Travel Time to North University under (a) Existing Conditions and (b) with bike lanes on University Ave. 
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The ViaCityϰ Score, which represents the quality of rider experience and connectivity, is shown in Figure 
7a with existing bike facilities. Figure 7b shows the improvement with University Avenue added as a bike 
lane. The added bike lane significantly impacts the connectivity of a large portion of Downtown and 
south Provo. Also, in both figures there is a pocket of gray/blue on the west side. This is because those 
residents are able to use the Provo River Trail for most of the trip. This shows the benefit of the Provo 
River Trail and having an interconnected network. 
 
This comparison strongly suggests that the use of ViaCityϰ anŘ ǘƘŜ ±ƛŀ/ƛǘȅϰ {ŎƻǊŜ offers a tangible 
benefit to bicycle planning. The software is able to clearly represent who is benefitted most by a facility 
and how significant the benefit isΦ Lǘ ŀƭǎƻ ǎƘƻǿǎ ǘƘŀǘ ŎƻƴƴŜŎǘƛǾƛǘȅ ό±ƛŀ/ƛǘȅϰ {ŎƻǊŜύ ƛǎ ǾŀƭǳŀōƭŜ ōȅ ƭƻƻƪƛƴƎ 
at factors besides total travel time. Travel time does not completely account for how easy it is to reach 
the route and how connected it is.  
 
¦ƴƛǾŜǊǎƛǘȅ !ǾŜƴǳŜΩǎ ǇǊƻǇƻǎŜŘ ǊƻƭŜ ŀǎ ŀ ǇǊƛƳŀǊȅ ŀǊǘŜǊƛŀƭ ŦƻǊ ōƛŎȅŎƭŜ ƛǎ ǎǘǊŜƴƎǘƘŜƴŜŘ ōȅ ǘƘƛǎ ŀƴŀƭȅǎƛǎΦ ¢ƘŜ 
same analysis was done for Freedom Boulevard and 100 West as potential alternatives. Both routes 
showed improvement but not as significantly as seen on University Avenue. A primary reason University 
has a greater impact than 100 West is because 100 West is not continuous all the way to the trail 
connection. Freedom Boulevard is continuous, but the location at which it accesses the trail is slightly 
further away, so cyclists would prefer to route onto University Avenue. Table 3 details the benefit seen 
by each location in the University Avenue analysis. Table 4 shows these same results for Freedom 
Boulevard. This detailed breakdown shows that the difference between University and Freedom is 
actually very little. For the Intermodal Hub and Campus locations Freedom is the same or even better 
than University, and for the other two locations University is only 1 or 2 percentage points better. If 
bicycle lanes are not possible for University Avenue Freedom would serve as a very viable alternative. 
For the rest of this analysis University will be modeled as a bike lane because it is the preferred route. 
 

Table 3: Breakdown of Improvements in Analysis 1 for University Avenue Bike Lanes. 

 
 
 

Table 4: Breakdown of Improvements in Analysis 1 for Freedom Boulevard Bike Lanes 

 

Base
University 

Ave.
Base

University 

Ave.
Base

University 

Ave.
Base

University 

Ave.
Base

University 

Ave.

% Parcels with ViaCity 

Score > 65
37 40 64 65 27 35 64 67 48 52

# of Improved Parcels 513 105 1093 384 524

% Parcels in Bikeshed 

(10 min.)
54 57 87 88 53 54 82 83 69 71

# of Improved Parcels 340 259 180 137 229

Intermodal Hub Campus AverageNorth University Downtown

Base
Freedom 

Blvd
Base

Freedom 

Blvd
Base

Freedom 

Blvd
Base

Freedom 

Blvd
Base

Freedom 

Blvd

% Parcels with ViaCity 

Score > 65
37 38 64 64 27 35 64 67 48 51

# of Improved Parcels 249 0 1096 343 422

% Parcels in Bikeshed 

(10 min.)
54 56 87 87 53 55 82 83 69 70

# of Improved Parcels 256 0 223 145 156

Intermodal Hub Campus AverageNorth University Downtown
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(a) 

 
(b) 

Figure 7: Connectivity to North University under (a) Existing Conditions and (b) with Bike Lanes on University Ave. 
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Figure 8 shows the total system benefit provided by a central north-south route. This improvement was 
determined by taking the total ViaCityϰ Score improvement from each route and destination in Analysis 
1 and averaging them together. A significant improvement is seen by locations along the corridor; 
however, the largest changes are seen by locations adjacent to University Avenue.  
 

 
Figure 8: Average Connectivity Improvement with bike lanes on University Ave. 

 
 

Analysis 2: North-South Corridor in East Provo 
Figure 9 a and b show the ViaCityϰ ǎŎƻǊŜ ƛƳǇǊƻǾŜƳŜƴǘ ǿƛǘƘ флл 9ŀǎǘ ŀƴŘ тлл 9ŀǎǘ ƳƻŘŜƭŜŘ ŀǎ ōƛƪŜ 
lanes. Locations along the corridor show significant improvement. Even locations in south Provo show 
improvement, especially with 900 East. 700 East does not have as significant affect in south Provo or 
east Provo, but because it is more accessible to locations to the west it is able to impact more residents 
in the south campus area. As previously shown in Table 2, 900 East improves the connectivity of about 
200 more parcels than 700 East and improves the bikeshed of about 100 more parcels. 900 East is the 
better route, but considering the feasibility of construction, 700 East is the selected option. 
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(a) 

 
(b) 

Figure 9: Connectivity improvements with bike lanes on a) 900 E. and b) 700 E. 
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Analysis 3: East-West Corridor in Central Provo 
The east-west corridor analysis shows 500 North as a beneficial route to the bicycle system. Figure 10 a 
and b show the ViaCityϰ {ŎƻǊŜ ǿƛǘƘ ŜȄƛǎǘƛƴƎ ŎƻƴŘƛǘƛƻƴǎ ŀƴŘ ǘƘŜ ViaCityϰ {ŎƻǊŜ ǿƛǘƘ ŀ ōƛƪŜ ƭŀƴŜ ƻƴ рлл 
North, with the Recreation Center as the destination.  Note that this analysis assumes there are already 
bike lanes on 500 North, west of 500 West.  These bike lanes could be easily installed as there is ample 
right-of-way, but even without them the road is very bicycle friendly. The addition of 500 North offers 
significant improvements east of the recreation center. There is even a slight improvement in south 
Provo. This shows how a connected system can benefit cyclists. Someone going to the Recreation Center 
from south Provo could take University or 700/900 East then on to 500 North. This synergy of routes 
proves very effective at providing efficient, useful, well-connected transportation.  
 
Provo River Trail access was also analyzed with 500 North as a bike lane, but the results showed that 
these new bike lanes would not benefit access very much. Because there is trail access at 800 North, 
which already has bike lanes and an access point that is further east/closer to residents, the 500 North 
bike lanes were not valuable to the system.  These observations are supported by the results in Table 5. 
A significant improvement is realized when looking at the Recreation Center as the destination but only 
minimal impacts are seen with the Provo River Trail as the destination. 

 

 
(a) 
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(b) 

Figure 10: Connectivity to Recreation Center under a) Existing Conditions and b) Bike Lanes on 500 N. 

 

 
Table 5: Breakdown of Improvements in Analysis 3 

 
 
 

  

Base 500 North Base 500 North

% Parcels with 

ViaCity Score > 65
47 54 35 36

% Parcels in 

Bikeshed (10 min.)
77 81 48 49

Recreation Center Provo River Trail
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CONCLUSIONS 

Selection of routes for bicycle facilities is based on opinions of groups and individuals, often with little 
fact-based support for their choices. A quantitative method is needed so decisions can be made 
objectively. The Provo Bicycle committee especially is seeking a method to support their goals of 
improving the bicycle facilities in Provo. This study analyzed several proposed routes using ViaCityϰ 
software to quantify the improvement realized by Provo residents. 
 
University Avenue is the most effective north-south route through central Provo. It is recommended 
ǘƘŀǘ ōƛƪŜ ƭŀƴŜǎ ŦƛǊǎǘ ōŜ ƛƴǎǘŀƭƭŜŘ ƴƻǊǘƘ ƻŦ тлл bƻǊǘƘ ŀǎ ǿŀǎ ǎǳƎƎŜǎǘŜŘ ƛƴ άaŜǘƘƻŘƻƭƻƎȅέΦ ¢ƘŜ ƭŀƴŜǎ ǎƻǳǘƘ 
of 700 North should be added during construction of the new bus lane. Freedom Boulevard did not have 
as good of results, but offered significant benefits and would serve well as an alternate bicycle facility if 
it is not possible to put bike lanes on University Avenue south of 700 North. 
 
In east Provo, 700 East is recommended as the preferred north-south route, primarily because of 
significant barriers to implementation on 900 East. 700 East does not offer as significant difference to 
residents as 900 East (Table 2), but the average percent of parcels in the bikeshed is the same so the 
difference between the two routes is not substantial enough to justify bike lanes on 900 East. 700 East 
also poses advantages because it can be constructed in conjunction with road reconstruction scheduled 
to occur in the near future. 
 
The addition of 500 North to the bicycle route network would fill an east-west gap north of downtown 
and improve access to the future recreation center. 
 
Based on the results it is recommended that the following routes be implemented: 
 

1. University Avenue 
a. Add bike lanes north of 700 North as soon as possible 
b. Add bike lanes south of 700 North in conjunction with Bus-Rapid Transit Construction 

i. Possibly develop Freedom Boulevard as an alternative to the southern section 
2. 700 East 

a. Add bike lanes in conjunction with road reconstruction 
3. 500 North 

a. Add bike lanes between 500 West and 700 East 
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Appendix A 

Provo City 2009 General Plan 
Pedestrian Paths, Trails, and On-Street Bikeways Map 
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